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Foreword

Andrology in its widest sense is a fast growing medical discipline with special em-
phasis on the disturbances of male reproductive function including erectile dysfunc-
tion and problems of the ageing male. There is a great need to educate both the spe-
cialists who practise as andrologists, such as endocrinologists, urologists and der-
matologists, as well as the general practitioner, who is often involved in the manage-
ment of these patients. Three international scientists from different medical disci-
plines (dermatology, endocrinology and urology) have created an alternative to a
classical textbook by providing a new format in this book to facilitate the review of
information in the field provided by a large number of international experts.

This textbook is written in two parts. Part I provides easily accessible, brief, prob-
lem-oriented information about modern andrology including male factor infertility,
male contraception, male genital tract infection and tumours. The book is intended
to be of use to the busy clinician and to provide quick access to didactic information
about current practice. Part II is subject-oriented and provides the background sci-
entific information for the recommendations in Part I. The three editors are recog-
nized experts in the field and have invited key international scientists to write vari-
ous sections of this book but, by their extensive sub-editing, have created a homoge-
neous concept. The key features of this book are the clear recommendations about
current practice and easy access to the underlying science. I have no doubt that this
textbook will be an asset to the clinical andrologist by facilitating information on to
the rapidly increasing scientific data in the fast growing field of andrology.

It is the aim of this textbook to reach doctors working in the field of andrology all
over the world but should be of particular value in European countries. The book
will be valuable for urologists, andrologists, dermatologists, endocrinologists, gyn-
aecologists, reproductive biologists, general practitioners, gerontologists, psycholo-
gists, psychiatrists, paediatricians and paramedicals including all professions allied
to medicine as well as pharmaceutical companies working in the field of andrology.
I am sure that the book will be a great success and will be of great value to its readers.

David de Kretser
Monash Institute of Medical Research

Monash University, Melbourne



Preface

Andrology is the medical practice of disorders that afflict men. These include con-
genital and acquired abnormalities of the male reproductive system as well as disor-
ders of the male endocrine system. As these may be treated by different disciplines
including endocrinology, dermatology, urological surgery, plastic surgery, oncology,
venereology, and sexual medicine, it is difficult for doctors in these various special-
ties to have a holistic view of andrology. We hope that this book will be a source of
reference to the broad spectrum of andrological conditions and that it will promote
a holistic view of andrology and catalyse interdisciplinary co-operation in the man-
agement of andrological disorders.

The book is written in two parts: Part I presents current clinical practice, whereas
PartII provides the reader with more detail on the theoretical background. The read-
er will find chapters on the diagnosis and treatment of disorders of male fertility, dis-
orders of male sexual function, sexually transmitted infections, disorders of andro-
gen status, including ageing changes, and chapters on benign and malignant
growths of the male reproductive organs. In addition, we have included chapters on
phytotherapeutics and aesthetic dermatology and medical cosmetics because in
practice many men seek these treatments and the competent andrologist needs to
understand alternative as well as traditional approaches.

Our contributors are from many different countries and each is an acknowledged
expert. Wherever possible, reference has been made to the results of randomized
clinical trials and it has been our intention that the information in this book should
be evidence-based. All contributors were asked to present a comprehensive review of
their field as well as their own work.

In previous years, andrological problems have been relatively ignored but this is
changing because of the development of effective treatments such as phosphodies-
terase inhibitors for erectile dysfunction and 5- [ -reductase inhibitors for prostatic
enlargement, and as a result, greater media coverage of andrological disorders.
Therefore, more men seek treatment and increasingly men expect their clinician to
be well informed about all aspects of andrology. We hope that this book will help ad-
vance towards that objective.

Wolf-Bernhard Schill, Frank Comhaire, Timothy Hargreave
Giessen – Ghent – Edinburgh, February 2006
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Introduction

Andrology: Definition, Clinical Issues and Prevalence
W.-B. Schill, F. Comhaire, T.B. Hargreave

Andrology is a young interdisciplinary medical special-
ty derived linguistically from the Greek word “andros”,
which deals with the male with special emphasis of the
physiology and pathophysiology of male reproductive
functions. Therefore, primarily, its clinical focus is the
diagnosis and therapy of male fertility disturbances.
Thus, andrology is the male equivalent of gynaecology
and deals with the disorders of the male reproductive
organs. In some parts of the world, andrology is closely
connected or even an integral part of in vitro fertiliza-
tion centres. According to the definition of the World
Health Organization (WHO), andrology is engaged in
all aspects of male reproductive health.

In addition, andrology is concerned with problems of
erectile dysfunction. Approximately 10% to 15% of an-
drology patients consult for disturbed sexual dysfunc-
tions. The diagnosis and management of penis problems
includes lack of firmness of penis erection or bending
and deformity of the erect penis (Peyronie’s disease). Re-
cently, treating the ageing male has become another im-
portant issue. Because of dramatic changes in the demo-
graphic development of the age pyramid, there will be a
tremendous change of the ratio old to young men within
the next 20 years. Therefore, consultations on the part of
older men will greatly increase, particularly in terms of
health prevention and hormone dysfunction.

Further areas of andrological activities are the diag-
nosis and management of testicle problems and pros-
tate disorders, for example prostate enlargement, in-
flammation or cancer (the latter being mostly a genu-
ine problem of urology) prevention and rehabilitation,
primary and secondary hypogonadism, delayed puber-
ty, adverse drug side effects and environmental pollut-
ants with regard to fertility, cryopreservation of semen
and testicular tissue, forensic paternity problems, fam-
ily planning, male contraception and basic andrologi-
cal research. All these issues are of increasing impor-
tance for the further development of clinical andrology.

In summary, the following subjects are within the
field of responsibility of andrology:

1. Male fertility and infertility
2. Erectile dysfunction and sexual disturbances
3. Ageing male and hormone replacement therapy
4. Male reproductive tract inflammation and

infection
5. Testicle problems (testicular tumours)
6. Prostate disorders (BPH, carcinoma)
7. Primary and secondary hypogonadism
8. Delayed puberty
9. Prevention and rehabilitation

10. Adverse drug side effects
11. Environmental pollutants
12. Cryopreservation of semen and testicular tissue
13. Forensic paternity problems
14. Family planning
15. Male contraception
16. Basic andrological research

Historically, the term “andrology” was introduced in
Germany in 1951 by the gynaecologist Harald Siebke
from the university of Bonn, who considered androlo-
gy as a counterpart to gynaecology (Schirren 1985).
Thereafter, andrology developed within the field of
dermatovenereology (as in Egypt), where it was associ-
ated with names such as Döpfmer, Heinke, Adam, Mey-
höfer, and Schirren (Adam 1986; Schirren 1989). The
importance of andrology was acknowledged in 1958
when the newly established German Society for the
Study of Fertility and Sterility considered andrology as
a main part of its activities. In 1970, the Comité Inter-
national de Andrologı́a (CIDA) was founded in Barce-
lona, followed in 1973 by the Nordic Association of An-
drology, in 1974 by the American Association of An-
drology, and in 1975 by the German Society of Andro-
logy. In 1976, the American Society of Andrology was
established, followed in 1981 by the formation of the
International Society of Andrology (www.androlo-
gy.org), which in 2005 was made up of 41 national
member societies with more than 10,000 members. In
1992, the European Academy of Andrology was found-



ed with the formation of andrology training centres on
a European level (European Academy of Andrology,
2001). Today more than 16 training centres in Europe
(Belgium, Denmark, Germany, Italy, the Netherlands,
Poland, and Spain) have been appointed after a strin-
gent international reviewing process by the European
Academy of Andrology. Andrological activities have al-
so been strengthened by ESHRE and other internation-
al societies involved in reproductive medicine. Dra-
matic changes have occurred after the availability of in
vitro fertilization in the years after 1978, followed by in-
tracytoplasmic sperm injection in the early 1990s. It is
particularly remarkable that apart from infertility
treatment, the spectrum of diseases treated is expand-
ing via erection and ejaculation disorders to problems
of the ageing male as well as to urological issues con-
cerning inflammatory and neoplastic diseases of the
testes, epididymides, and the prostate.

The international development of andrology shows
that the field is mainly represented by clinicians from
urology, endocrinology, dermatology, and gynaecology,
depending on history and scientific activities. Thus the
rapid development of andrology over the past 25 years
(Prins and Bremner 2004) is reflected by the fact that in
addition to several national andrological journals there
are presently five international andrological periodicals
available (Andrologia as the first international journal
founded by Carl Schirren in 1969, Journal of Andrology,
International Journal of Andrology, Asian Journal of An-
drology, Archives of Andrology) and at least ten journals
that are exclusively concerned with scientific questions
of reproductive medicine and reproductive biology.

Curiously, the term “andrology” was first anecdotal-
ly used as early as 1891, when JAMA published an edi-
torial entitled “Andrology as a speciality” (Niemi 1987).
This editorial was soon forgotten but contained pas-
sages that are still valid today, after more than
110 years, and can therefore be considered a milestone
of reproductive medicine. Later, in 1902, the first sur-
geon to treat the problem of obstructive azoospermia
successfully was Edward Martin (1859–1938), who as a
clinician already pointed out the need for accurate di-
agnosis in the treatment of male infertility and thus
was recently considered as the founding father of mod-
ern clinical andrology (Jequier 1991).

Remarkably, from the historical point of view, one of
the first books on human semen came from Joel (1953),
Thaddeus Mann (1964, 1981) and Rune Eliasson
(1971), the two latter particularly on seminal plasma
biochemistry. In 1960, two German books were pub-
lished on the subject of andrology: Male Fertility Dis-
turbances, with more than 880 pages edited by the der-
matologists Schuermann and Döpfmer, and The Male
Gonad by the anatomist Tonutti in collaboration with
colleagues from internal medicine and dermatology.
Thus today most of the German university clinics of

dermatology have training facilities and departments
in andrology. In addition, during the last 50 years an-
drology was substantially influenced by urology (Mac-
leod 1951; Macleod and Gold 1951a–c; Macleod et al.
1964; Tulloch 1953; Amelar et al. 1977; Kelami 1980;
Whitfield et al. 1998) endocrinology (Hellinga 1950,
1957, 1976; Rosemberg and Paulsen 1970; Steinberger
1970, 1971; Comhaire 1996; Nieschlag and Behre 2000),
immunology (Rümke and Hellinga 1959; Rümke 1965,
1970), and gynaecology (Schoysman 1961, 1964, 1968;
Insler and Lunenfeld 1986). For example, andrology
has been firmly integrated into the graduation rules for
urologists, where important surgical procedures to
overcome a severe male factor had been established.
Historically, the term “andrology” as a medical subspe-
cialty officially has been used in Italy since 1989, in
France since 1993, in Poland since 1995, and in the
Netherlands since 2003. Also, the European Dermatol-
ogy Forum (EDF) is using the term “andrology”.
Therefore, the activities of the European Academy of
Andrology (EAA) are of particular importance for the
proclamation of andrology to receive more attention
and awareness by the European health politicians. The
most recent progress is the acceptance of andrology as
a medical specialty by the medical associations of Indo-
nesia (2002), and Germany (2003). In the latter, the ac-
quisition of an additional skill in andrology may be ac-
quired by dermatologists, endocrinologists, and urolo-
gists, but not by gynaecologists. A medical qualifica-
tion officially certified by the medical association al-
lows the identification of the specialist by the patient,
guarantees quality control and efficiency assurance,
and attracts more medical professionals to the field.

The diagnosis and treatment of childless couples re-
quire a particularly close cooperation between andro-
logy and gynaecology, which has been conducted to the
formation of centres of reproductive medicine in many
places throughout the world. The causes of barren mar-
riage stem equally from the female and the male, but in
some cases may be compensated by the high fertility of
the other partner. If there is coincidentally a sterility
factor in both partners, a compensation is no longer
possible, leading to a severe infertility problem. The
definition of infertility commonly used is that more
than 12 months are required to conceive. However, in-
fertility shows considerable geographic variation. In
general, the male factor contributes one-third to one-
half of all factors that contribute to a couple’s problem
with conception (Hull et al. 1985). The prevalence of
primary and secondary infertility is estimated to be
15% or more of all couples in their reproductive age
(Bruckert 1991). Thus, the percentage of couples seek-
ing medical advice and treatment for infertility is in the
range of 5% to 17%. Lastly, 3% to 4% of all couples re-
main involuntarily childless at the end of their repro-
ductive life phase (Templeton 1992).

2 Introduction



Concerning the prevalence of male factor infertility,
it is estimated to be in the range of 7% of all men, under
the assumption that a male factor is responsible in
about half of the involuntarily childless couples. This
incidence is above the prevalence of diabetes mellitus
(Nieschlag and Behre 2000). In contrast to earlier re-
ports that the male’s age does not influence the couple’s
fertility, new data suggest that in addition to the female
age factor, the age of the male should not be neglected
(Dunson et al. 2004).

Besides a careful medical history, physical examina-
tion, and at least two spermiograms, andrological diag-
nosis comprises the enlarged semen analysis, including
biochemical parameters and sperm function tests, hor-
monal diagnosis, immunological and microbiological
examinations, cytogenetic analysis and, if necessary,
testicular biopsies. Further diagnostic and therapeutic
procedures may be required in interdisciplinary coop-
eration with urology, gynaecology, endocrinology, ra-
diotherapy, sexology, psychosomatic medicine, neurol-
ogy, psychiatry, and cytogenetics.

Both history taking and clinical examination of the
male patient are essential for the andrological workup
and the diagnosis of a male factor in the case of infertil-
ity. Often only the clinical examination of the patient
allows the correct interpretation of the semen parame-
ters, leading to an aetiopathologically orientated thera-
py. Therefore, to improve the management of androlo-
gical problems, formal training and training courses in
clinical andrology are urgently required (Jequier 2004).
This is underscored by the fact that presently only a few
textbooks and WHO guidelines on the subject of an-
drology are available (Rowe et al. 1993, 2000; WHO
1999; Nieschlag and Behre 2000), together with some
international congress proceedings (Waites et al. 1997;
Robaire et al. 2001). In conclusion, further training and
education in all aspects of clinical andrology is urgently
needed.

References

Adam W (1986) Where stands andrology today? Retrospection
and perspectives (in German) Hautarzt 37:472–475

Amelar RD, Dubin L, Walsh PC (1977) Male infertility. Saun-
ders, Philadelphia, Pa.

Bruckert E (1991) How frequent is unintentional childlessness
in Germany? Andrologia 23:245–250

Comhaire FH (1996) Male infertility. Clinical investigations,
cause evaluation and treatment. Chapman and Hall Medical,
London

Dunson DB, Baird DD, Colombo B ( 2004) Increased infertility
with age in men and women. Obstet Gynecol 103:51–56

Eliasson R (1971) Standards for investigation of human semen.
Andrologie 3:49–64

European Academy of Andrology (2001) Membership list
2001, statutes, andrology centres. Int J Androl 24, Suppl 1

Hellinga G (1957) Classification of male hypogonadism. Acta
Endocrinol 31:148

Hellinga G (1959) Analysis of the seminal picture in the etio-

logic diagnosis of seminal pathology (Dutch). Ned Tijdschr
Verloskd Gynaecol 50:267–284

Hellinga G (1976) Clinical andrology. William Heinemann
Medical, London

Hull MG, Glazener CM, Kelly NJ, Conway DI, Foster PA, Hinton
RA, Coulson C, Lambert PA, Watt EM, Desai KM (1985) Pop-
ulation study of causes, treatment and outcome of infertility.
Br Med J 291:1693–1697

Insler V, Lunenfeld B (1986) Infertility: male and female. Chur-
chill Livingstone, Edinburgh

Jequier AM(1991) Edward Martin (1859–1938).The founding
father of modern clinical andrology. Int J Androl 14:1–10

Jequier AM (2004) Clinical andrology- still a major problem in
the treatment of infertility. Hum Reprod 19:1245–1249

Joel CA (1953) Studies an human semen (in German). Schwa-
be, Bale

Kelami A (1980) Atlas of operative andrology. Selected opera-
tions on male genitalia and their accessory glands. Walter de
Gruyter, Berlin

Macleod J (1951) Semen quality in 1000 men of known fertility
and in 800 cases of infertile marriage. Fertil Steril 2:115–139

Macleod J, Gold RZ (1951a) The male factor in fertility and infer-
tility. II. Spermatozoon counts in 1000 men of known fertility
and in 1000 cases of infertile marriage. J Urol 66:436–449

Macleod J, Gold RZ (1951b) The male factor in fertility and in-
fertility. III. An analysis of motile activity in the spermato-
zoa of 1000 fertile men and 1000 men in infertile marriage.
Fertil Steril 2:187–207

Macleod J, Gold RZ (1951c) The male factor in fertility and in-
fertility. VI. Sperm morphology in fertile and infertile mar-
riage. Fertil Steril 2:394–414

Macleod J, Pazianos A, Ray BS (1964) Restoration of human
spermatogenesis by menopausal gonadotrophins. Lancet
1:1196

Mann T (1964) The biochemistry of semen and of the male re-
productive tract. Methuen, London

Mann T, Lutwak-Mann C (1981) Male reproductive function
and semen. Springer, Berlin Heidelberg New York

Niemi M (1987) Andrology as a speciality – its origin. J Androl
8:201–202

Nieschlag E, Behre HM (2000) Andrology. Male reproductive
health and dysfunction 2nd edn. Springer, Berlin Heidelberg
New York

Prins GS, Bremner W (2004) The 25th volume: President’s mes-
sage: Andrology in the 20th century: a commentary on our
progress during the past 25 years. J Androl 25:435–440

Robaire B, Chemes H, Morales CR (2001) Andrology in the 21st
century. Proceedings of the VIIth International Congress of
Andrology, Montreal, Canada. Medimond, Englewood, N.J.

Rosemberg E, Paulsen CA (1970) The human testis. Plenum,
New York

Rowe PJ, Comhaire FH, Hargreave TB, Mellows HJ (1993, 2000)
WHO manual for the standardized investigation and diag-
nosis of the infertile couple. Cambridge University Press,
Cambridge

Rümke P (1965) Autospermagglutinins: a cause of infertility in
men. Ann N Y Acad Sci 1234:696–701

Rümke P (1970) Sperm antibodies and their action upon hu-
man spermatozoa. Ann Inst Pasteur (Paris) 118:525–528

Rümke P, Hellinga G (1959) Autoantibodies against spermato-
zoa in sterile men. Am J Clin Pathol 32:357–363

Schirren C (1985) Andrology: origin and development of a
special discipline in medicine. Andrologia 17:117–125

Schirren C (1989) History of andrology within dermatology
(in German). Andrologia 21 [Suppl 1]

Schoysman R (1961) Exploration and physiological treatment
of a case of male infertility (in French). Bull Soc R Belge Gy-
necol Obstet 31:445–450

Andrology: Definition, Clinical Issues and Prevalence 3



Schoysman R (1964) Preliminary studies of the treatment of
average oligospermia by human gonadotropins extracted
from the urine of menopausal women (H.M.G.) (in French).
Bull Soc R Belge Gynecol Obstet 34:399–407

Schoysman R (1968) Creation of an artificial spermatocele in
agenesis of the deferent duct (in French). Bull Soc R Belge
Gynecol Obstet 38:307–317

Schuermann H, Doepfmer R (1960) Fertility disturbances in
man (in German) In: Jadassohn J (ed) Handbook of skin and
venereal diseases. Supplementum VI/3. Springer, Berlin
Heidelberg New York

Steinberger A, Steinberger E (1970) In vitro growth and devel-
opment of mammalian testes. In: Johnson AD, Gomes WR,
Vandemark NL (eds) The testis, vol II. Academic, New York,
pp 363–391

Steinberger E (1971) Hormonal control of mammalian sper-
matogenesis. Physiol Rev 51:1

Templeton AA (1992) The epidemiology of infertility. In: Tem-
pleton AA, Drife JO (eds) Infertility. Springer, Berlin Heidel-
berg New York, pp 23–32

Tonutti E, Weller O, Schuchardt E, Heinke E (1960) The male
gonad-structure, function, clinic – main features of andro-
logy (in German). Georg Thieme, Stuttgart

Tulloch WS (1953) Testicular biopsy: indications and tech-
nique. Proc R Soc Med 46:838–839

Waites GMH, Frick J Baker GWH (1997) Current advances in
andrology. Proceedings of the VI International Congress of
Andrology, Salzburg, Austria. Monduzzi Editore, Bologna,
Italy

Whitfield HN, Hendry WF, Kirby RS, Duckett JW (1998) Text-
book of genitourinary surgery, 2nd edn, vol 1, 2. Blackwell,
Oxford

World Health Organization (1999) WHO laboratory manual
for the examination of human semen and sperm-cervical
mucus interaction, 4th edn. Cambridge University Press,
Cambridge

Layout and How to Use the Book
F. Comhaire

In everyday practice, the clinician is faced with patients
consulting for different problems related to the broader
field of andrology.

The first concern will be to rapidly gain information
that is immediately applicable for the management of
the patient.

The first part of the present book aims at providing
this “express” information in a condensed manner and
using a systematic sequence. Under the heading “Prob-
lem: . . .,” the following items are addressed in sequence:

1. Definition of the disease
2. Aetiology and pathogenesis
3. History taking, physical examination, technical

and laboratory findings
4. Differential diagnosis (when applicable)
5. Treatment
6. Expected treatment results
7. Prognosis
8. Prevention (when applicable)
9. Complementary considerations

The second part of the book includes more extended
and detailed information giving the rationale, scientific
background, and literature references and is organized
into four major sections:

1. Understanding normal anatomy and function
2. Mechanisms of dysfunction and pathogenesis
3. Diagnostic tools
4. Therapeutic options

Whenever required or desired, the clinician can cross-
reference from Part I to Part II in order to discover or
ascertain the consensus-based and current knowledge
supporting the guidelines that are summarized in
Part I.

Although this book can perfectly serve as a teaching
instrument, this is not its primary purpose. The editors
have instead aimed at creating a working instrument
for the everyday practice of the busy clinician. Neither
the choice of the topics nor the contents of the book fo-
cus on completeness or considerations which are most-
ly irrelevant for clinical practice.
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General Considerations

Evidence-Based Medicine in Reproductive Medicine
and Andrology
F. Comhaire, A. Mahmoud

In modern, rational and scientific medicine, the pres-
sure of society on practitioners is continuously increas-
ing. Good health is considered a right, rather than a
privilege, and the population expects diseases to be
overcome promptly and efficiently. This applies to all
diseases, including infertility.

More than before, it is emphasized that diagnosis
and treatment must be based on the current best evi-
dence that is acquired by high-standard scientific re-
search and is applied judiciously and conscientiously.

Good clinicians have always relied on their personal
experience and judgment to decide on the treatment
strategy for individual patients, which may sometimes
differ from current evidence (Kirk-Smith and Stretch
2001). The approach based on personal experience is
sometimes questioned and even rejected as “authority-
based” and, therefore, unscientific. The seeming differ-
ence between experience and evidence may result in
conflicting views on, for example, the treatment of the
infertile male with far-reaching ethical and economic
consequences. The problem is complicated by the fact
that different therapeutic strategies affect not only the
consulting couple, but also the health and happiness of
the future child.

First of all, there may be problems in defining the out-
comes of treatment, e.g. of infertility. In the heterosexual
couple, it is not just the dichotomy between whether or
not there is a successful delivery, but several nuances
must be considered. The time needed to reach the de-
sired pregnancy, the physical and emotional invasive-
ness of treatment and its economic impact on society
and the couple, possible adverse effects of the treatment
for the mother, and the health of the offspring must be
included in the decision-making process.

Men can only prove their fertility through the inter-
mediate of their female partner (Steinberger et al. 1981),
and the potential fertility of the latter is suboptimal in
approximately half of the couples consulting for male

infertility (WHO 1987). Therefore, some trials rely on
an intermediate end-point to estimate the effect of treat-
ment, namely sperm quality. However, the relation be-
tween semen characteristics and men’s fertility is com-
plicated, and techniques of sperm analysis are often
poorly reproducible. So far, there is no single test on se-
men that can confidently predict the fertilizing poten-
tial. Treatment by means of in vitro fertilization (IVF)
with or without ICSI hold an increased risk for congeni-
tal malformations (In’t Veld et al. 1995; Sutcliffe et al.
1999; Koudstaal et al. 2000; Wennerholm et al. 2000;
Hansen et al. 2002) or impaired development of the off-
spring (Strömberg et al. 2002), and must be used with
extreme restraint. Such techniques should be reserved
as an ultimate option when other solutions are excluded
or have turned out to be ineffective (Mitchell 2002).
Otherwise “children may become the nameless, face-
less, voiceless victims of reproductive technology, be-
cause they do not have standing to oppose the use of
those new technologies” (Berry 2002).

In the second place, the quality of current best evi-
dence must be questioned and put through serious
scrutiny. Evidence-based medicine attaches the highest
value to evidence gained from double-blind random-
ized prospective trials (Ellis and Adams 1997). The
crossover method should, however, be avoided in trials
of reproductive medicine (Khan et al. 1996). Meta-anal-
ysis of selected trials is also considered highly valuable;
whereas prospective (open label) cohort trials score
much lower as to their scientific reliability. The lowest
level is awarded to retrospective cohort studies and
case studies. The reliability of meta-analysis is, howev-
er, highly questionable (Editorial 1997). It has indeed
been documented that the correspondence between the
conclusions of meta-analysis as compared to those of
(subsequent) large-scale randomized trials is only 67%
(LeLorier et al. 1997), so hardly better than by chance
(50%). Hence, selecting treatment based on the evi-



dence of meta-analyses may be incorrect in as many as
one-third of patients! We should not bestow too much
confidence to the conclusions of meta-analyses, particu-
larly if these contradict medical experience or results of
either prospective or retrospective cohort studies. This
is particularly true if the trials on which the meta-analy-
sis is based yield highly divergent outcomes (Comhaire
and Mahmoud 2004; Evers and Collins 2004).

In addition, concern has risen about the reliability of
the published randomized trials. Many of these are co-
ordinated and financed (“sponsored”) by companies
(Miller and Shorr 2002) that have direct interest in a fa-
vourable outcome of the trial (Smith 1998; Stelfox et al.
1998), whereas the results of trials not generating the
expected positive outcome may never be published,
disclosed or cited (Kjaergard and Gluud 2002). Similar-
ly, centres that dispose of particular techniques have a
commercial interest in claiming high success rates
(Teris 1998; Van Steirteghem 1998; Wilson 2002), and it
may take years or even decades before the statistical
manipulations are unveiled. For example, recent publi-
cations report the “real” effective success rate of assist-
ed reproductive techniques such as IVF and ICSI to be
more than 40% lower than those claimed or extrapolat-
ed from theoretical models (Schroder et al. 2004).

There are many pitfalls that are inherent to the proper
methodology of randomized trials (Cleophas 1996;
Schulz and Grimes 2002). In correctly performed trials,
the “blind” assignment to patients to groups is done by
an external and independent body (Kiene 1996a, b; Fer-
gusson et al. 2004), and not by the clinician or the centre
directly involved in patient care. Furthermore, inevita-
bly an unintentional bias in selecting cases will take
place as soon as patients must consent to participate in a
placebo-controlled trial, since a particular type of per-
son may refuse to do so, or indeed accept recruitment
because of perceived opportunistic self-interest.

It is usually accepted as self-evident that results ob-
tained in randomized trials may confidently be extra-
polated to the general population. However, partici-
pants of such trials are recruited on the basis of well-
defined inclusion and exclusion criteria, and the select-
ed “cases” may not be representative of the real-life pa-
tient population seen by clinicians. In the case of infer-
tility treatment, many different factors can coincide in
each particular couple and the implementation of rec-
ommendations gained from another (trial) population
to individual couples may be unwarranted (Ellis and
Adams 1997). Examples of confusing factors that are
usually not considered are lifestyle (tobacco, alcohol,
sedentary lifestyle, stress), educational and social sta-
tus, exposure to environmental or professional agents,
ethnic background, genetic constitution, etc.

Too often, no (statistical) evidence of effect is inter-
preted as evidence of no effect. Whereas the latter may
be true, there are many reasons why it may in fact not be

correct. Evidencing the effect of a particular treatment
that results in relatively minor improvement (e.g. from
15% to 25% success) requires a large number of cases in
the treated and the control groups in order to reach a
reasonable power of confidence. Any trial not reaching
this number of participants will suffer from a type 2 or
beta error, and the conclusions are invalid. Large trials
commonly require a multi-centre effort, which intro-
duces additional confounders such as the diagnostic ad-
equacy (Kassirer and Kopelman 1989) and the therapeu-
tic (surgical) expertise of the clinicians (Nilsson et al.
1979; Olive 1996), the quality of the laboratory (Cle-
ments et al. 1995; Neuwinger et al. 1990), etc.

Finally, randomized trials are subjected to ethical
concerns when the implementation of a reasonably val-
idated treatment comes into conflict with the require-
ments of trial protocol (Hope 1995). From the philo-
sophical point of view, evidence suggests that some-
thing is scientifically proven, and therefore the obser-
vations are in agreement with the “truth” (Kaptchuk
2001). Whether the truth always corresponds to the
“good” is another question (Hope 1995).

Progress in medicine depends on high-quality scien-
tific research and on the evidence gained from this. But
the outcome of trials and meta-analyses must be con-
fronted with the knowledge on, for example, pathogene-
sis and epidemiology, as well as the experience from in-
dividual and cohort observations, which may all con-
tribute valuable indirect evidence. Furthermore, the
quality of current practice must continuously be con-
trolled by means of auditing. The judicious amalgam-
ation of the so-called hard direct evidence with more
soft indirect evidence, well-balanced and validated by a
group of experts, will produce the best possible evidence
by consensus. It is this consensus-based evidence that is
implemented in the present book.
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Economic Cost and Cost-Effectiveness
F. Comhaire, A. Mahmoud

Optimal health care is a universal human right. Alas,
this right can be claimed by only a fraction of the
world’s population, and many persons in large areas are
deprived of this right. On the other hand, the financial
cost to implement this right in both poor and wealthier
parts of the world is enormous. In addition, providing
adequate health care to the population seems to be a
rather low priority in certain countries where greater
financial means are being invested in other projects
(e.g. waging wars). In so-called developed and wealthi-
er countries, the care for an increasing proportion of
ageing persons, the enhanced prevalence of certain dis-
eases related to the modern lifestyle, unsuitable nutri-
tion and environmental contamination, for example,
and the availability of new but commonly expensive
modalities of treatment make the cost of medical care
for the entire population hardly bearable.

Therefore it is mandatory and, in fact, part of the de-
ontological obligation of all clinicians to make the best
possible use of financial means, both public and private
money, by selecting the most cost-effective modalities
for diagnosing and treating the patient. Also, the cost-
effectiveness of methods for the prevention and/or
early detection of diseases, or of impaired health and
function must be assessed.

For the majority of problems in the field of clinical
andrology, there are several possible options with re-
gard to investigation and management. Aside from the
fact that internal and external auditing is required to
assess the good quality of the care delivered, medical
strategies must continuously be evaluated as to their
cost-effectiveness and the optimal approach.

In the field of surgery, the endoscopic approach may
sometimes be as effective but less expensive compared
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For the majority of problems in the field of clinical
andrology, there are several possible options with re-
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fact that internal and external auditing is required to
assess the good quality of the care delivered, medical
strategies must continuously be evaluated as to their
cost-effectiveness and the optimal approach.

In the field of surgery, the endoscopic approach may
sometimes be as effective but less expensive compared
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to open surgery, by shortening the duration of hospital
stay and the time needed to recover and to resume eco-
nomically rewarding work, for example.

Also, in vasectomized patients surgical reversal is
more cost-effective than IVF with ICSI (Pavlovich and
Schlegel 1997).

Another example relates to the systematic and peri-
odic measurement of prostate-specific antigen (PSA) in
the blood of men over a certain age, in view of the early
detection and more effective treatment of cancer of the
prostate.

With respect to the management of reproductive dis-
orders, the World Health Organization and the United
Nations Population Fund have set the goal to universal
access to reproductive health care no later than 2015, in-
cluding the prevention and appropriate treatment of in-
fertility (WHO 2003). Considering the enormity of this
task and its massive financial consequences (Collins et
al. 1997), methods for the diagnosis and management of
the infertile male in particular should be scrupulously
evaluated for their cost-effectiveness (Comhaire 1995).
Cost not only refers to expenses carried by the public
healthcare systems and insurance, but also by the pa-
tients involved (Collins 2002; Pratt 2004). In doing so, it
is the cost per delivery of a healthy singleton that must
be the end-point, but the effective cumulative pregnan-
cy rate and the time needed to attain the desired preg-
nancy are also important (Comhaire et al. 1996).

Calculation of the direct cost per delivery is rather
simple and can be done by dividing the cost per treat-
ment by the rate of success in terms of the probability of
a healthy singleton will result from that particular treat-
ment. A clear-cut example of this calculation is the cost
per delivery after in vitro fertilization in case of couple
infertility due to oligozoospermia (Neumann et al.
1994). The net cost per treatment cycle, including medi-
cation for ovarian hyperstimulation, cycle monitoring,
pick-up and laboratory expenses amounts to a mini-
mum of 2,500 c. The take-baby-home rate per treatment
cycle is approximately 20%, so the direct cost per deliv-
ery is between at least 12,500 c. Other estimations result
in a cost per successful outcome in the first treatment
cycle of US $60,000 (Griffin and Panak 1998). This cost
increases with the increasing number of treatment cy-
cles (Trad et al. 1995), reaching approximately US
$114,000 in the 6th cycle (Neumann et al. 1994). Estima-
tions do not include indirect costs and economic fac-
tors, such as time away from work, cost for postnatal
care of the newborn which is approximately five times
higher than after natural conception (Callahan et al.
1994; Wolner-Hanssen and Rydhstroem 1998), and
complementary expenses for the treatment of congeni-
tal defects or problems during development.

Using this approach, it is possible to estimate the cost
per successful delivery for different modes of treatment
of the infertile male (Fig. 1; Comhaire 1995). The best

Fig. 1. Cost per delivery in euros. [1 First cycle, 2 second cycle,
3 third cycle, ICSI in vitro fertilization plus intracytoplasmic
sperm injection (first cycle), IUI intrauterine insemination,
IVF in vitro fertilization (first cycle), TAM treatment with ta-
moxifen, TLC tender loving care, or treatment-independent
pregnancies, VAR varicocele treatment]

cost-effectiveness is, in order: tamoxifen treatment,
one or two cycles of IUI (Goverde et al. 2000; Philips et
al. 2000), and varicocele treatment (Schlegel 1997; Pen-
son et al. 2002). Since the spontaneous pregnancy rate
during counselling (also referred to as treatment-inde-
pendent pregnancy rate or tender loving care) is rela-
tively low, the cost-effectiveness of this approach is
poor, particularly in couples with longer duration of
infertility (Mol et al. 2000). Also, the cost per delivery
of IUI is high in the 3rd and 4th cycles of IUI, because
of the decreasing conception rates. There is prelimi-
nary evidence that complementing established treat-
ment modalities by food supplementation may de-
crease the time to pregnancy, reducing the cost per
delivery. The cost per delivery of IVF for male subfer-
tility is highest, even more when used in older women
(Legro et al. 1997), while ICSI may be slightly better
from this point of view because of the higher immedi-
ate success rate. It is a matter of debate whether or not
insemination with donor semen should also be includ-
ed in the comparison of cost-effectiveness (Granberg
et al. 1996).

Knowing the frequency of particular aetiological
andrological diagnoses in the patient population visit-
ing infertility clinics, the effective cumulative pregnan-
cy rates and cost per successful outcome of various
treatment modalities, it is estimated that no more than
80 deliveries can be obtained with an investment of 1
million c when IVF is used as primary treatment, as
compared to approximately 300 deliveries when treat-
ing the subfertile men in agreement with the WHO
guidelines (Comhaire 1995). Therefore, the latter ap-
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proach must be taken as part of good medical practice
(Collins 1994; Karande et al. 1999).
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■ Consideration of these principles has to be
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future child, the family and society as a whole.

■ In general, consideration of the interests of the
future child takes precedence over consider-
ation of other parties.

■ Consent is a process of giving the individual all
the information necessary for that individual
to make a free choice.

■ Consent is not just signing a piece of paper.
■ Reproductive advances such as intracyto-
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help the clinician think about the ethical issues.

Ethics of Reproductive Research and Treatment 9



proach must be taken as part of good medical practice
(Collins 1994; Karande et al. 1999).
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Basic Principles Underlying Ethical
Considerations

Three principles underlying ethical considerations
have been stated namely autonomy, beneficence and
justice (Beauchamp and Childress 1983).

Respect for Autonomy

Individuals should be able to choose freely what they
will do, unless or until their actions cause (serious)
harm to others or (seriously) limit others’ liberty.

Beneficence

There are two aspects of beneficence:

■ Promoting the welfare of others
■ Doing no harm to others.

Justice

Justice concerns the distribution of liberties, benefits
and harms. The subject is controversial because there is
no agreed answer to the question “What is due to
various individuals and on what basis is it due?”
Possible answers include:

■ To everyone according to his or her merit
■ To everyone according to his or her need
■ To everyone an equal share
■ To everyone what he or she has acquired by proper

means.

Dignity

The principle of respect for human dignity is separated
by some authorities from the principle of autonomy,
especially when a narrow definition of autonomy is
used. For some, human dignity begins at the moment
of conception although the degree of autonomy of an
early embryo is very limited.

Proportionality

Proportionality means using the appropriate and least
risky means to an end.

The Precautionary Principle

Where risks are unquantifiable, certain lines of
research or treatment may not be appropriate until
more is known.

It is also helpful to list the interested parties:

■ Society as a whole
■ The couple (a man and a woman trying to have a

child; in certain circumstances this may be a
woman alone)

■ Any third party (gamete donor, surrogate mother,
laboratory animal)

■ The products of conception (pre-embryo, embryo,
foetus, child and ultimately another person).

Consent

In almost all circumstances, people should be given the
opportunity to consent before any medical interven-
tion. Special situations include the very young and
those who are unconscious or have mental incapacity.
Proper consent has nothing to do with signing docu-
ments but is all about giving the patient all relevant
information in a way that the patient can understand,
including all appropriate information about risks and
benefits of receiving or not receiving the medical inter-
vention. Patients expect and trust their doctor to give
impartial advice and if there is any reason why advice
might be biased, then the patient should be made
aware of this; for example, if the doctor is receiving a
personal payment for recruiting the patient into a
clinical trial.

It is usual to document the consent process with a
consent form. In general, the consent form should be a
simple document where the patient is able to sign con-
sent to a specific treatment. Unfortunately many con-
sent forms are taken as a substitute for giving proper
information and often institutional authorities add
wording that has nothing to do with consent but is all
about protecting the institution. “I understand” state-
ments on consent forms are in general bad practice, as
it is for the clinician to communicate the necessary in-
formation in a comprehensible fashion and to ensure
that, as far as possible, the patient has understood. A
very simple guideline for the consent process is to give
your patient the information that you would wish to be
given yourself or would give to your brother, sister,
mother or father. It is always a good idea to document
the information that you have given, and a helpful way
to do this is to include the information in the form of a
letter and send this to your patient after the consulta-
tion and before the medical intervention starts. Further
information about consent is included in the extension
to this chapter, including consent for blood and tissue
for research is given in the second part of this chapter.
Except in emergency, people should be given sufficient
time to consider information before giving consent.
Thus in andrology, a young man with a testicular tor-
sion may be asked to sign a consent form for treatment
almost as soon as he has been seen by a doctor, but in
almost all other situations patients can be given a mini-
mum of 24 h before giving consent to an invasive proce-
dure.
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Applying the Principles to Reproductive
Medicine

Thus when considering ethics of reproduction and re-
production-related research, the above principles
should be implemented in relation to each of the inter-
ested parties. When this is done, there are often con-
flicts of interest. As a general rule, the interests of a fu-
ture child take precedence over the interests of the par-
ents. The following is a brief survey of some common
reproduction-related ethical problems. Extensive refer-
ence has been made to three major inquiries, namely
the Warnock Committee (Warnock 1984), the Ethics
Committee of the American Fertility Society (Ameri-
can Fertility Society 1986) and Adoption of an Opinion
on Ethical Aspects of Human Stem Cell Research and
Use of the European Commission (Anonymous 2000).

The Right to Procreate

There are a number of issues to be addressed:

■ Does the couple have a right to procreate?
■ Should this right be curtailed by the needs of

society, e.g. overpopulation?
■ Is it ethical to provide care for couples with an

infertility problem in those countries which have
insufficient resources for general medical care?

The Universal Declaration of Human Rights speaks of
the “right of men and women of suitable age to marry
and found a family” (UN 1978). In the USA, the right
not to procreate has been legally ratified but the right to
have children is not clearly indicated in the American
constitution or legally tested. In the People’s Republic
of China, there is a State policy of only one child per
couple. It is relevant to note that this stricture is applied
to the vast majority of couples in the interests of the
State because of overpopulation. In the UK, the point
was made that it is very difficult to balance the needs of
society against the desires of an individual. A further
point was made that the number of children born as a
result of treatments of infertility will always be insignif-
icant in comparison with the naturally increasing
world population. In summary, it seems that there is a
right to reproduce but the extent of reproduction may
be censored by the overwhelming needs of society, pro-
vided this censorship is applied equally to all couples.

Artificial Insemination with Husband’s Semen

Artificial insemination with husband’s semen (AIH) is
generally acceptable. The point was made that the re-
sults of AIH are uncertain when it is used for indica-
tions such as oligozoospermia and in that context it
must be regarded as a clinical trial.

Sex Selection

Sex selection is possible by separating X- and Y-bear-
ing sperm, by embryo biopsy and selective sex replace-
ment during in vitro fertilization (IVF), by amniocen-
tesis and sex determination and selective termination,
and by infanticide. In Asian societies where there is
strong cultural preference for a son and heir, and par-
ticularly in the People’s Republic of China and in India
(Kusum 1993) these techniques are being used exten-
sively, with the result that by 1990 it was estimated that
there are 100 million missing women in Asia and South
East Asia (Benagiano and Bianchi 1999). The use of em-
bryo biopsy and selective replacement has been called
“Girl Interrupted” by Ms Puri (Times of India 2001).
Many people feel that sex selection for social reasons is
not acceptable, but the European experience indicates
that families choose more girls than boys and that the
technique does not threaten population sex ratios as is
the case in parts of China and India. Most people accept
that sex selection is justified for prevention of sex-
linked disease, but concerns remain on sex selection for
nonmedical reasons. These concerns centre on the
threat to population ratios, the charge of sexism, the
danger of reinforcing gender stereotypical behaviour
in sex-selected children, and the fear of the slippery
slope towards designer babies (Dahle 2003).

The use of sex selection for family balancing would
seem to overcome many concerns because the inten-
tion is to provide a child of the missing or underrepre-
sented sex in the family and there is evidence that a sec-
ond, third or subsequent child who does not have the
sex desired by the parents would receive less affection
and attention than if the child is of the desired sex. Sex
selection based on sperm separation is to be preferred
over any other technique because the intervention is
before conception and is less risky.

There is also the question of whether a technique
can be unethical on one continent if it is acceptable
somewhere else in the world.

Insemination of Donor Semen

Insemination of donor semen (DI) is much more con-
troversial. The majority view in both the USA and UK
reports was that artificial insemination by donor se-
men is acceptable because there is no evidence of sub-
stantial risk to the couple concerned or the resulting
child. Also, the benefit of a child that is at least geneti-
cally the mother’s is deemed to outweigh any concerns.
There is no evidence that giving sperm is harmful to the
donor either physically or psychologically.

However, there was a lack of uniformity of opinion
amongst the expert committees drawing up the reports
and, although reports concluded that the procedure
was ethical, a formal note of dissent was recorded in the
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USA report. The main worry is that DI introduces a
third party in the (marriage) relationship and there is a
body of opinion that this is never acceptable. This view
also applies to surrogacy and ovum donation. DI and
indeed all “artificial methods” are considered unac-
ceptable by the Roman Catholic Church, but acceptable
– albeit under particular circumstances – by the Protes-
tant and Jewish religions.

There is ongoing controversy about the anonymity
of the donor, in relation to the alleged “universal” right
of children to know their biological parents. In this re-
spect, legal constraints are different in different coun-
tries.

Egg Donation

The major ethical considerations of egg donation are
the same as for sperm donation, namely concerns
about third-party intrusion, legal considerations, par-
ticularly who is the parent, and possible genetic risks.
This practice was considered acceptable for certain in-
dications in both the USA and UK reports. The extra di-
mension compared with sperm donation is because
there may be additional risk to the donor associated
with obtaining the eggs. In situations where eggs are
being obtained anyway, for example if the donor herself
is undergoing IVF attempts and there are spare eggs,
there will not be any additional risk. In this situation,
the ethical considerations will be analogous to those
relevant to donation of sperm.

In many countries, egg donation is considered ethi-
cally acceptable under certain conditions, but the prob-
lem of anonymity remains a matter of debate in view of
the perceived right of all children to know their biologi-
cal parents.

Surrogacy

There is divided opinion about surrogacy. In the USA,
surrogate motherhood was acceptable only as an exper-
iment until such time as adequate data were assembled
to assess risk and benefits. The US committee recog-
nized surrogacy as one of the most problematical areas
of the new reproductive technologies. In the UK, surro-
gacy was generally considered unacceptable, although
it was recognized that it is impossible to legislate
against private noncommercial arrangements. It was
emphasized that should this happen the child from
such an arrangement must not be stigmatized.

The main arguments centre on:

1. The degree of involvement of the third party.
– The involvement of the third party is much

greater than with egg or sperm donation.
– The effects of bonding between the surrogate

and the foetus in utero.

2. Whether the surrogate mother will exercise due
care during pregnancy.

3. The fate of the child, should it prove to have a
nonlethal abnormality or handicap.

4. The surrogate mother will run risks associated
with pregnancy without benefit.

5. In the case of close relatives, there may be a degree
of coercion.

6. Adults should be free to take decisions, even if
these involve risk. A rather similar situation is seen
when a person gives a kidney to a relative (living
related kidney donation).

7. Commercialization of surrogacy.

In the UK, the committee recommended that all surro-
gacy agreements should be regarded as illegal con-
tracts, and therefore unenforceable in courts of law.
The second recommendation was that it should be re-
garded as a criminal offence for professionals or others
to assist in surrogacy arrangements. In several other
countries, surrogacy is either not regulated by law, or it
is considered acceptable under strict conditions. Com-
mercial surrogacy is always formally rejected.

IVF and ICSI

IVF and ICSI are considered acceptable practice in both
the USA and UK and in almost all other countries in the
world. The objections to IVF have much in common
with the objections to any of the new reproductive tech-
nologies:

■ Separation of procreation from sexual union; it is
held by some that children should be conceived in
the act of sexual love-making.

■ The procedure may result in foetal abnormality.
There are ongoing concerns about the level of risk
to babies born of ICSI.

■ IVF is the start of a slippery slope to unacceptable
forms of manipulation.

■ Infertility is not life-threatening, and it is inappro-
priate to devote expensive healthcare resources to
this form of help. IVF involves the use of expertise
and resources to produce offspring in an already
overpopulated world.

■ IVF will produce more embryos than can be trans-
ferred, and it is morally unacceptable to create
embryos and then to allow them to die.

■ In both the USA and UK reports, much emphasis
was placed on the need for quality control of IVF
and indeed all the reproductive technologies.

Research on Embryos

This is one of the most difficult areas because of the fear
that by allowing work on human material this is the
“thin end of the wedge” or what others have called the
“slippery slope” to unacceptable forms of experimenta-
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Characteristics of the
products of conception

Human Alive Brain
life

Potential to
develop into

more than one
individual

Longer
term

viability

Gametes yes yes no no no
Fertilised egg (Zygote) yes yes no yes no
Pre-embryo (8 cells) yes yes no yes no
Embryo yes yes no no no
Foetus <24 weeks yes yes yes no perhaps
Foetus >24 weeks yes yes yes no yes
New born baby yes yes yes no yes
Organ for transplant e.g. Kidney yes yes no no no
Hamster egg – human sperm Half yes no no no
Organ culture from stem cells yes yes no no no

tion. The table may be helpful for thinking about exper-
imentation on human products of conception. The
concept of “brain life” has been used to help thinking
about the early stages of human life. In transplantation
practice, it is now acceptable in a number of countries
to remove organs for transplantation when there is evi-
dence that the brain stem is dead, “brain death”. What
has been proposed is the exact opposite, i.e. “brain life”.
Clearly a certain degree of organization of tissues is
necessary before there is any form of brain life, and by
restricting research on embryos to a time before the
central nervous system develops, there can be no possi-
bility of “brain life”. In various reports (the Waller
Commission in Australia 1983, the Ethics Committee of
the American Fertility Society 1986 and the Warnock
Enquiry UK 1984), an arbitrary limit has been set at
14 days.

Manipulation of Embryos

Various forms of manipulation are possible and there
are two main areas of concern. In those situations
where embryos are to be used for experiments or as a
source of stem cells, the debate is about the value and
dignity of human life in the early embryo and whether
such techniques can ever be legitimate. In those situa-
tions where there is manipulation to the embryo prior
to embryo replacement, the debate is about risks to the
future baby. These areas of concern have to be consid-
ered in relation to the following techniques:

■ Embryonic biopsy to determine genetic details
prior to IVF transfer

■ Nucleus substitution (nuclear cloning)
■ Cloning by dividing the embryo before the eight-

cell stage.
■ Parthenogenesis (manipulation of the unfertilized

egg to induce development). For example, it might
be possible to fuse two eggs to create a diploid cell
that will develop into an embryo.

Some of these are speculative. There are two ap-
proaches to dealing with future new reproductive tech-

nology. One approach is to issue guidelines including
moratoria on particular techniques; another is to have
national ethical review bodies or, as in the UK, a statu-
tory body (Human Fertilization and Embryo Authori-
ty, HFEA) to license new technologies. In ethical guide-
lines issued by the Council of Europe, the following
procedures have been censored:

■ Implantation of human embryos into another
species

■ Cross-species fertilization
■ Creation of embryos with sperm of different indi-

viduals
■ The creation of chimaeric individuals
■ The bringing to term of an embryo outside the

female uterus
■ The creation of an individual from parents of the

same sex
■ The choice of sex of offspring except for thera-

peutic reasons
■ The creation of identical twins
■ The creation of embryos specifically as a source of

tissue or for research.
There is varying opinion about the use of embryos
left over after IVF.

However, such lists of rules reflect public prejudice at
the time and are constantly challenged by technology.
For example, is it really wrong to take a cell from an
early embryo and use this to culture replacement tissue
such as bone marrow cells?

Conclusion

In this chapter, few answers are given but instead there
is a framework for thought about ethical matters. An-
drologists must be equipped to join the debate about
what is right and what is wrong, or more importantly –
to keep an open mind and to see the pros and cons
of new developments. It is particularly important for
those who have an understanding of andrological med-
icine and biology to be able to contribute to public de-
bate on ethical questions in andrological practice.

Ethics of Reproductive Research and Treatment 13



References

American Fertility Society (1986) Ethical considerations of the
new reproductive technologies. The Ethics Committee of the
American Fertility Society. Fertil Steril [Suppl 1]46

Anonymous (2000) Adoption of an Opinion on Ethical Aspects
of Human Stem Cell Research and Use, The European Group
on Ethics in Science and New Technologies to the European
Commission, Paris 14th November 2000, revised edn. Ja-
nuary 2001

Beauchamp TL, Childress JF (1983) The principles of biomedi-
cal ethics, 2nd edn. Oxford University Press, New York

Benagiano G, Bianchi P (1999) Sex preselection: an aid to cou-
ples or a threat to humanity? Hum Reprod 14:870–872

Dahle E (2003) Procreative liberty: the case for preconcep-
tion sex selection. Reproductive Biomedicine online: www.
rbmonline.com/article/1105 18 Sept 2003 7:380–384

Kusum (1993) The use of prenatal diagnostic techniques for
sex selection: the Indian scene. Bioethics 7:149–165

Times of India (2001) Interview with Ms Nina Puri, Chairper-
son of the South Asia IPPF, 15 May 2001

Warnock (1984) Report of the Committee of Enquiry into Hu-
man Fertilisation and Embryology – The Warnock Report.
Department of Health and Social Security, HMSO, London

Human Tissue for Research
T. Hargreave

Until recent years much molecular cancer research has
been concerned with single gene defects and using lim-
ited numbers of tissue samples. However, now that the
human chromosome has been sequenced there is a
need to apply techniques to investigate the interaction
of multiple genes. New molecular techniques have been
developed that enable the analysis of many hundreds of
genes, and in order to further this work large banks of
normal and abnormal tissue for research will be need-
ed. Ideally, all abnormal tissue that is in excess of diag-
nostic requirements should be available for research.
However, obtaining consent for tissue for research is
complicated because the most valuable research is
when the tissue can be linked to the individual, but if
the identity link is preserved then the research could
have consequences for the individual and his or her
family.

When samples are to be obtained for research in the
context of a planned therapeutic surgical procedure,
the patient/subject should be told that refusal to con-
sent to provide specimens for research will not preju-
dice their medical or surgical care.

In order that the potential research subject can make
a fully informed decision about whether or not to agree
to her/his samples being used for research, the subject
should be given detailed information verbally and in an
information sheet. This information should also be de-
tailed in the research protocol submitted to the re-
search ethics committee.

Whenever possible, researchers should consider ob-
taining consent for use of the samples in future studies.
However, individuals must be free to consent for the
use of their samples in the immediate specified re-
search only, or for the use of these samples in the imme-
diate specified research and also in future research, ei-
ther of a specified or unspecified nature.

The major consequence and major research benefit
of giving human samples for research depend on
whether the research results can be relayed back to the

donor or not. All research subjects should be given in-
formation about whether the research results can be
linked to them and about the measures taken to ensure
protection of medical confidentiality. The identifying
link between the research subject and the sample or re-
search result may be kept or removed (Table 1). Be-
cause all samples are originally linked to personal clini-
cal information, researchers should ensure appropriate

Table 1. Categories of identification of human tissue research
samples

Unidentified
The identity is removed so that nobody knows from whom
the sample came, and there is no possibility of tracing the do-
nor. Removal of identity may be at the time of sample collec-
tion (samples collected in this way are known as anonymous
samples) or a researcher may remove the identity or unlink
the code from samples after conclusion of the research for
which they were obtained (samples handled in this way are
known as anonymized samples). Research subjects should be
given the information that it will not be possible to provide
them with any personal results from the study, since it will
not be possible to identify their samples

Coded
The sample is labelled with a code known only to certain re-
searchers, rather than with personal identifying information.
Coding of samples may be done by the person collecting the
samples, which are then given to the researcher, or the re-
searcher may arrange with a third party to code samples. It is
not possible for the researcher using the sample to link the
biological information from the sample without breaking the
code. Research subjects should be given information about
who has access to the code and the circumstances in which
the code will be broken

Identified
The sample is labelled with the name of the donor or other
personal identifying information. Any researcher using these
samples would be able to link the biological information
from the sample directly to the individual from whom the
sample was obtained. Research subjects should be given in-
formation about who will have access to the samples and how
personal information will be made secure against invasions
of privacy and breaches of medical confidentiality
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tailed in the research protocol submitted to the re-
search ethics committee.

Whenever possible, researchers should consider ob-
taining consent for use of the samples in future studies.
However, individuals must be free to consent for the
use of their samples in the immediate specified re-
search only, or for the use of these samples in the imme-
diate specified research and also in future research, ei-
ther of a specified or unspecified nature.

The major consequence and major research benefit
of giving human samples for research depend on
whether the research results can be relayed back to the

donor or not. All research subjects should be given in-
formation about whether the research results can be
linked to them and about the measures taken to ensure
protection of medical confidentiality. The identifying
link between the research subject and the sample or re-
search result may be kept or removed (Table 1). Be-
cause all samples are originally linked to personal clini-
cal information, researchers should ensure appropriate

Table 1. Categories of identification of human tissue research
samples

Unidentified
The identity is removed so that nobody knows from whom
the sample came, and there is no possibility of tracing the do-
nor. Removal of identity may be at the time of sample collec-
tion (samples collected in this way are known as anonymous
samples) or a researcher may remove the identity or unlink
the code from samples after conclusion of the research for
which they were obtained (samples handled in this way are
known as anonymized samples). Research subjects should be
given the information that it will not be possible to provide
them with any personal results from the study, since it will
not be possible to identify their samples

Coded
The sample is labelled with a code known only to certain re-
searchers, rather than with personal identifying information.
Coding of samples may be done by the person collecting the
samples, which are then given to the researcher, or the re-
searcher may arrange with a third party to code samples. It is
not possible for the researcher using the sample to link the
biological information from the sample without breaking the
code. Research subjects should be given information about
who has access to the code and the circumstances in which
the code will be broken

Identified
The sample is labelled with the name of the donor or other
personal identifying information. Any researcher using these
samples would be able to link the biological information
from the sample directly to the individual from whom the
sample was obtained. Research subjects should be given in-
formation about who will have access to the samples and how
personal information will be made secure against invasions
of privacy and breaches of medical confidentiality
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measures are in place to provide appropriate protection
of medical confidentiality and privacy.
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Appendix

Summary of Information About Research Samples that

Should Be Given to Research Subjects

What the Sample is and how the Sample will be Obtained

■ Degree of invasiveness
■ In case of invasive procedures, any additional risks
■ Arrangements for treating complications that may

arise during or after invasive procedure to collect
specimens

■ Consequences of any variation in normal histo-
pathological examination caused by specimen
collection

■ In the case of vaginal examination or other inti-
mate examination, how privacy will be protected

What Consent Is Being Asked?

■ Consent for the specific research project only
(fully restricted)

■ Partially restricted consent
■ Unrestricted consent to use sample for any type

of research

Whether Identity Will Be Retained or Not

■ Unidentified (anonymous or anonymized)
■ Coded (linked or identifiable)
■ Identified

How Will Confidentiality Be Ensured

■ How confidentiality and privacy of personal infor-
mation will be protected

■ Where samples and any clinical information will be
kept

■ Who will have access to the samples and the
research results

■ Whether the results of the research will be relayed
back to the research subject

■ How long samples will be kept
■ The final disposition of the samples and informa-

tion

Additional Information

In addition, it may be appropriate to give information
about:
■ Arrangements for disposal of the samples at the

end of the research project
■ If the proposed studies will involve genetic

research
■ The possibility of revealing nonpaternity
■ Detection of infectious disease
■ Whether the results may affect insurability
■ Whether the research involves “fertilization”
■ Whether the research involves alteration to germ

lines or embryos
■ That the research subject will not receive any

money from commercial applications of the
research

■ Who is funding the research
■ Whether the researcher will receive per subject

payments
■ What treatment will be provided in the case of

research-related injury in obtaining the sample,
and whether monetary compensation will be avail-
able for any such injuries
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I.1Problem: Gender Dysphoria and Disorders
of Sexual Differentiation

I.1.1 Gender Dysphoria
G.G.R. T’Sjoen

■ Transsexualism is a condition in which a
person with apparently normal somatic sexual
differentiation is convinced that he or she is
actually a member of the opposite sex.

■ The aetiology of transsexualism remains
uncertain.

■ Clinical examination, like measurement of sex
hormone levels and karyotyping, is unlikely to
yield anything more than confirmation of
biological sex.

■ Hormonal reassignment aims at reducing the
hormonally induced secondary sex character-
istics of the original sex and at inducing the
secondary sex characteristics of the new sex.

■ The quality of surgical construction of the
genitalia is crucial for all transsexuals.

■ Transsexual individuals require long-term
assistance to optimize cross-sex hormone
treatment.

■ Few transsexuals regret undergoing treatment.

Key Messages

I.1.1.1
Definition

Transsexualism is a condition in which a person with
apparently normal somatic sexual differentiation is
convinced that he or she is actually a member of the
opposite sex. It is associated with an irresistible urge to
be hormonally and surgically adapted to that sex.

Gender dysphoria is a self-diagnosis with no support-
ing tests other than persistence of dysphoria for at least
2 years, alleviated by cross-gender identification psycho-
socially, anatomically, and hormonally. Self-diagnosis is
confirmed by psychological assessment, which includes a
trial period, “the real life test”. This period when hor-
monal treatment starts and subjects are required to live
socially the life of the desired sex is necessary before irre-
versible surgical reassignment is considered.

Gender identity disorder has three criteria according to
DSM-IV:

1. The desire to live and be accepted as a member
of the opposite sex, usually accompanied by the
wish to make his or her body as congruent as pos-
sible with the preferred sex through surgery and
hormone treatment.

2. The transsexual identity has been present persis-
tently.

3. The disorder is not a symptom of another mental
disorder or a chromosomal abnormality.

I.1.1.2
Aetiology and Pathogenesis

The aetiology of transsexualism remains uncertain
(Gooren 1990; Zhou et al. 1995). The most recent preva-
lence information from the Netherlands is 1 in 11,900
males and 1 in 30,400 females (van Kesteren et al. 1996).

I.1.1.3
Clinical Findings

Before any physical intervention is considered, extensive
exploration of psychological, family and social issues
should be undertaken. A clear explanation of the irre-
versible effects of hormone therapy on body habitus is
necessary. The physician should counsel the patient
about realistic expectations from treatment and discuss
the treatment options, both hormonal and surgical.

Biologic males, especially those who have not al-
ready reproduced, should be informed about sperm
preservation options, and they can consider banking
sperm prior to hormonal therapy (De Sutter 2001). Bio-
logic females do not presently have readily available
options for gamete preservation, other than cryopres-
ervation of fertilized embryos.

Physical assessment, to be approached with care,
should include a full examination of secondary sexual
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characteristics. Clinical examination, like measurement
of sex hormone levels and karyotyping, baseline choles-
terol, urea and electrolytes, glucose and liver function
tests, is unlikely to yield anything more than confirma-
tion of biological sex, aside from potentially disclosing
evidence of self-treatment (Levy et al. 2003). Basic medi-
cal monitoring should include serial physical examina-
tions relevant to treatment effects and side effects, vital
sign measurements before and during treatment, weight
measurements, and laboratory assessment.

For those receiving oestrogens, the minimum labo-
ratory assessment should consist of a pretreatment
(free) testosterone level, fasting glucose, liver function
tests, and complete blood count with reassessment at 6
and 12 months and annually thereafter. A pretreatment
prolactin level should be obtained and repeated on a
yearly basis. Biologic males undergoing oestrogen
treatment should be monitored for breast cancer and
encouraged to engage in routine self-examination. As
they age, they should be monitored for prostatic cancer
(van Haarst et al. 1998).

For those receiving androgens, the minimum labo-
ratory assessment should consist of pretreatment liver
function tests and haematocrit/complete blood count
with reassessment at 6 months, 12 months, and yearly
thereafter.

I.1.1.4
Treatment

I.1.1.4.1

Standards of Care

The international organization involved with profes-
sional help to transsexuals, the Harry Benjamin Inter-
national Gender Dysphoria Association, has drafted
standards of care. The major purpose of the standards
of care is to articulate this organization’s professional
consensus about the psychological, medical, and surgi-
cal management of gender identity disorders. These
standards provide guidance to professionals practising
in this area.

I.1.1.4.2

Physical Interventions

A staged process is recommended to keep options open
through the reversible stage. Moving from one state to
another should not occur until there has been adequate
time for the person and his or her family to assimilate
fully the effects of earlier interventions. Arguments in-
clude psychosocial reasons and, furthermore, a more
gradual adaptation of the body to a changing hormonal
milieu. It is our belief that a slow transition phase of
usually 2 years, rather than a quick one, may be more
advisable (T’Sjoen et al. 2004).

Reversible Interventions

These interventions involve the use of luteinizing hor-
mone releasing hormone (LHRH) agonists, cyproter-
one acetate or medroxyprogesterone to suppress
oestrogen or testosterone production in order to re-
duce the hormonally induced secondary sex character-
istics of the original sex as much as possible.

Irreversible Interventions

These include hormonal interventions that masculinize
or feminize the body, such as administration of testos-
terone to biologic females and oestrogen to biologic
males, and the surgical procedures.

I.1.1.4.3

Hormonal Sex Reassignment

Hormonal treatment, when medically tolerated, should
precede any genital surgical interventions. Satisfaction
with the hormone’s effects consolidates the person’s
identity as a member of the preferred sex and gender
and further adds to the conviction to proceed. Dissatis-
faction with hormonal effects may signal ambivalence
about proceeding to surgical interventions. Some indi-
viduals who receive hormonal treatment will not desire
genital or other surgical interventions (Table I.1.1).

Table I.1.1. Recommended hormonal treatment regimens and
follow-up for transsexuals

Male to female Female to male

Treatment
Psychological assessment

Hormonal treatment

Reversible phase Antiandrogen Progestin

Irreversible phase Antiandrogen +
oestrogens

Testosterone

Follow-up
Initial visit Karyotype Karyotype

Measurement of sex
hormone levels

Measurement of sex
hormone levels

Weight Weight
Lipid profile Lipid profile
Liver function tests Liver function tests

Every 4 months
preoperative

Testosterone levels Testosterone levels
Weight Weight
Lipid profile Lipid profile
Liver function tests Liver function tests
Serum prolactin Complete blood

count

Every 6 months
to 1 year
postoperative

Same parameters,
include Dexa
scan.

Same parameters,
include Dexa
scan.

Over 50 years: PSA
Encourage breast

exams
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Hormonal reassignment has two aims (Asscheman
and Gooren 1992):

1. To reduce the hormonally induced secondary sex
characteristics of the original sex as much as possi-
ble, but complete elimination is rare. For example,
in male-to-female transsexuals, the previous effects
of androgens on the skeleton, such as the greater
height of men than women, the size and shape of
hands, feet, jaws and pelvis, cannot be reversed.
Conversely, the relatively lower height and the
broader hip configuration of female-to-male trans-
sexuals compared to men will not change with
androgen treatment.

2. To induce the secondary sex characteristics of the
new sex.

Biologic Males

■ Antiandrogens
Several agents are available to inhibit androgen
secretion or action. In Europe, the most widely
used drug is cyproterone acetate (usually 50 mg
daily), a progestational compound with antiandro-
genic properties. If it is not available, medroxypro-
gesterone acetate, 5–10 mg/day, is an alternative,
although less effective. Nonsteroidal antiandro-
gens, such as flutamide and nilutamide, are also
used, but they increase gonadotrophin secretion,
causing increased secretion of testosterone and
oestradiol; the latter is a desirable effect in this
context. Spironolactone (100 mg twice daily), a
diuretic with antiandrogenic properties, has simi-
lar effects. Long-acting gonadotrophin-releasing
hormone (GnRH) agonists, used as monthly injec-
tions, also inhibit gonadotrophin secretion. Fina-
steride (1–5 mg/day), a 5 [ -reductase inhibitor,
might also be considered.

■ Oestrogens
Oestrogen treatment can realistically be expected
to result in breast growth, some redistribution of
body fat to approximate a female body habitus,
decreased upper body strength, softening of skin,
decrease in body hair, slowing or stopping the loss
of scalp hair, decreased fertility and testicular size
and less firm erections. Breast formation starts
almost immediately after initiation of oestrogen
administration. Androgens have an inhibitory
effect on breast formation and, therefore, oestro-
gens will be most effective in a milieu devoid of
androgen action. After 2 years of oestrogen admin-
istration, no further development can be expected.
It is estimated to be quantitatively satisfactory in
40% to 50% of subjects. The attained size is often
disproportional to the male dimension of the chest
and height of the subject, so the subject may desire
surgical breast augmentation. Adult male beard

growth is very resistant to inhibition by combined
hormonal intervention, and in Caucasian subjects
additional measures to eliminate facial hair are
necessary. Sexual hair growth on other parts of the
body responds more favourably (Giltay and
Gooren 2000). Antiandrogens and oestrogens have
no effect on the properties of the voice, so male-to-
female transsexuals may wish to consult a special-
ized phoniatric centre for speech therapy (Van
Borsel et al. 2001).

There is a wide range of oestrogens from which to
choose. The use of transdermal oestrogen patches
should be considered for males over 40 years of age or
those with clotting abnormalities or a history of venous
thrombosis (Moore et al. 2003). Attempts to mimic the
menstrual cycle by prescribing interrupted oestrogen
therapy or substituting progesterone for oestrogen
during part of the month are not necessary to achieve
feminization.

Biologic Females

The goal of treatment in female-to-male transsexuals is
to induce virilization, including a male pattern of sexu-
al hair and male physical contours, and to stop menses.

■ Progestins, e.g. medroxyprogesterone acetate
5–10 mg/day, to stop menstrual bleeding

■ Testosterone

Androgen administration induces the following per-
manent changes: a deepening of the voice after
6–10 weeks, clitoral enlargement, mild breast atrophy,
increased facial and body hair and male pattern bald-
ness. Other changes include increased upper body
strength, weight gain, increased social and sexual inter-
est and arousability, and decreased hip fat. Viable op-
tions of androgen treatment include oral, injectable,
and transdermal delivery systems. Treatment princi-
ples are equal to those for treatment of the hypogonad-
al male patient.

Potential Negative Medical Side Effects

In a review of 816 male-to-female transsexuals and 293
female-to-male transsexuals (total exposure 10,152 pa-
tient years), mortality was no higher than in a compari-
son group (Van Kesteren et al. 1997). However, cross-
sex hormone administration may be associated with
the side effects listed below.

Increased propensity in biologic males treated with
oestrogens and antiandrogens to blood clotting (ve-
nous thrombosis with a risk of fatal pulmonary embo-
lism), development of benign pituitary prolactinomas,
infertility, weight gain, emotional lability, liver disease,
somnolence, hypertension, and diabetes mellitus.
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Side effects in biologic females treated with testos-
terone may include infertility, acne, emotional lability,
increases in sexual desire, and shift of lipid profiles to
male patterns which increase the risk of cardiovascular
disease. Ovaries of female-to-male transsexuals taking
androgens show similarities with polycystic ovaries,
which are also more likely to develop malignancies.
Therefore, it seems reasonable to remove the ovaries of
androgen-treated female-to-male transsexuals after a
successful transition to the male role.

Contraindications against the use of high doses of
either sex steroid are cardiovascular disease, cerebro-
vascular disease, thromboembolic disease, marked
obesity, poorly controlled diabetes mellitus, and active
liver disease. Risk-benefit ratios should be considered
collaboratively by the patient and prescribing physician
(Michel et al. 2001).

Post-transition Follow-up

Postoperative patients may also sometimes exclude
themselves from follow-up with the physician prescrib-
ing hormones, not recognizing that these physicians
are best able to prevent, diagnose and treat possible
long-term medical conditions that are unique to hor-
monally and surgically treated patients. Postoperative
patients should undergo regular medical screening ac-
cording to recommended guidelines for their age.

Close monitoring and yearly reevaluation of treat-
ment are also important to minimize the adverse effects
while maximizing the benefits. After reassignment sur-
gery, including orchiectomy, hormone therapy must be
continued. Continuous oestrogen therapy is required
to avoid symptoms of hormone deprivation and, most
importantly, to prevent osteoporosis. After bilateral oo-
phorectomy, androgen therapy must be continued to
maintain virilization and prevent osteoporosis (Van
Kesteren 1998).

I.1.1.4.4

Surgical Sex Reassignment

The procedures differ depending upon the direction of
the sex change (Monstrey et al. 2001).

Male-to-female: A neovagina is surgically construct-
ed, usually using the penile skin for vaginal lining and
scrotal skin for the labia. If breast development is
judged to be insufficient, the breasts may be surgically
augmented. Because immobilization is also a risk fac-
tor for venous thromboembolic events, oral oestrogen
administration should be discontinued 3–4 weeks
before elective surgical interventions. Once subjects
are fully mobilized again, oral oestrogen therapy may
be resumed.

Female-to-male: The breasts, uterus and ovaries are
surgically removed. In rare cases, the hypertrophied

clitoris may serve as a phallus. In other cases a so-called
metaidoioplasty may be performed. Free flaps removed
from arms or legs can be used to construct a neophal-
lus. These surgical interventions allow the person to
urinate standing. From the labia majora, a scrotum can
be constructed in which testicular prostheses can be
implanted. An erection prosthesis may be optional. The
quality of surgical construction of the genitalia is cru-
cial for all transsexuals to permit them to adopt credi-
bly the role of a member of the new sex.

I.1.1.5
Prognosis

Although more evidence would be welcome, adequate-
ly treated gender dysphoria is likely to be safer than the
untreated condition, which is associated with an en-
hanced risk of depression and suicide. Reassuringly,
few transsexuals regret undergoing treatment (Pfäfflin
1992).

A team of professionals with an interest in the gen-
der identity disorders can provide optimal care. Doubts
about the authenticity of gender dysphoria as a diagno-
sis, lack of approbation from peers and perhaps per-
sonal phobias may lead some members of the medical
profession to withhold treatment. Transsexual individ-
uals require long-term assistance to optimize cross-sex
hormone treatment and should not be subject to dis-
crimination when they seek health care.
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I.1.2 Disorders of Sexual Differentiation
G.G.R. T’Sjoen

■ Individuals who have a genital appearance that
does not permit gender declaration are said to
have ambiguous genitalia.

■ Intersex is not confined to infants at birth.
■ The commonest cause of newborn intersex is

congenital adrenal hyperplasia (CAH) due to
21-hydroxylase deficiency.

■ The commonest cause of the under-masculin-
ized male is the group of androgen insensi-
tivity syndromes.

■ Gonadal histology is needed to confirm a diag-
nosis of hermaphroditism.

■ The urgent medical issue is the possibility of
adrenal crisis (a life-threatening emergency) in
infants with the salt-wasting form of CAH.

■ The birth of an infant with ambiguous geni-
talia is a psychosocial emergency for the
family.

Key Messages

I.1.2.1
Definition

Individuals who have a genital appearance that does not
permit gender declaration are said to have ambiguous
genitalia. This includes infants with perineal hypospa-
dias with bifid scrotum, bilateral cryptorchidism, clito-
romegaly, posterior labial fusion, phenotypic female
appearance with palpable gonad, and infants with dis-
cordant genitalia and sex chromosomes. XY infants
with palpable gonads and simple hypospadias or micro-
phallus, although under-virilized, do not have truly
ambiguous genitalia and are discussed separately in
other chapters. Intersex is not confined to infants at
birth. Nonisosexual development can occur at puberty.
Examples include 17 q -hydroxydehydrogenase defi-
ciency and 5 [ -reductase enzyme deficiencies, late-
onset congenital adrenal hyperplasia (CAH) and partial
androgen insensitivity syndrome (PAIS).

I.1.2.2
Aetiology and Pathogenesis

The investigation and management of disorders of
sexual differentiation is dependent on an understand-
ing of the embryology, genetics and hormonal control
of normal foetal sex development (see Sects. 2.1.2 and
2.2.2 in Chap. 2). Knowledge of postnatal psychosexual
development and an appreciation of the sociocultural
influences on gender is very important. History taking
should include the following information: family tree
with females who are childless or have amenorrhea,
history of consanguinity, prenatal exposure to andro-
gens (e.g. danazol, testosterone) or teratogens or en-
docrine disruptors (phenytoin, aminoglutethimide)
(Dessens et al. 2001), and a history of unexplained in-
fant deaths (CAH).

I.1.2.3
Classification of Intersex

We have traditionally used prefixes to the word, her-
maphroditism, to classify intersex: female pseudoher-
maphroditism (e.g. congenital adrenal hyperplasia)
and male pseudohermaphroditism (androgen insensi-
tivity syndrome) (Table I.1.2).

This terminology is confusing for medical staff and
patients. A simpler format, as has been suggested by ex-

Table I.1.2. Phenotypic characteristics possibly reflecting dis-
ordered sexual differentiation

Female phenotype Ambiguous
phenotype

Male phenotype

Isolated
clitoromegaly

Ambiguous
genitalia

Male with nonpal-
pable testes

Isolated labial
fusion

Micropenis, bifid
scrotum

Palpable gonads,
inguinal herniae

Syndromal geni-
tal anomalies

Severe hypospadias ±
undescended testes
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I.1.2 Disorders of Sexual Differentiation
G.G.R. T’Sjoen

■ Individuals who have a genital appearance that
does not permit gender declaration are said to
have ambiguous genitalia.

■ Intersex is not confined to infants at birth.
■ The commonest cause of newborn intersex is

congenital adrenal hyperplasia (CAH) due to
21-hydroxylase deficiency.

■ The commonest cause of the under-masculin-
ized male is the group of androgen insensi-
tivity syndromes.

■ Gonadal histology is needed to confirm a diag-
nosis of hermaphroditism.

■ The urgent medical issue is the possibility of
adrenal crisis (a life-threatening emergency) in
infants with the salt-wasting form of CAH.

■ The birth of an infant with ambiguous geni-
talia is a psychosocial emergency for the
family.

Key Messages

I.1.2.1
Definition

Individuals who have a genital appearance that does not
permit gender declaration are said to have ambiguous
genitalia. This includes infants with perineal hypospa-
dias with bifid scrotum, bilateral cryptorchidism, clito-
romegaly, posterior labial fusion, phenotypic female
appearance with palpable gonad, and infants with dis-
cordant genitalia and sex chromosomes. XY infants
with palpable gonads and simple hypospadias or micro-
phallus, although under-virilized, do not have truly
ambiguous genitalia and are discussed separately in
other chapters. Intersex is not confined to infants at
birth. Nonisosexual development can occur at puberty.
Examples include 17 q -hydroxydehydrogenase defi-
ciency and 5 [ -reductase enzyme deficiencies, late-
onset congenital adrenal hyperplasia (CAH) and partial
androgen insensitivity syndrome (PAIS).

I.1.2.2
Aetiology and Pathogenesis

The investigation and management of disorders of
sexual differentiation is dependent on an understand-
ing of the embryology, genetics and hormonal control
of normal foetal sex development (see Sects. 2.1.2 and
2.2.2 in Chap. 2). Knowledge of postnatal psychosexual
development and an appreciation of the sociocultural
influences on gender is very important. History taking
should include the following information: family tree
with females who are childless or have amenorrhea,
history of consanguinity, prenatal exposure to andro-
gens (e.g. danazol, testosterone) or teratogens or en-
docrine disruptors (phenytoin, aminoglutethimide)
(Dessens et al. 2001), and a history of unexplained in-
fant deaths (CAH).

I.1.2.3
Classification of Intersex

We have traditionally used prefixes to the word, her-
maphroditism, to classify intersex: female pseudoher-
maphroditism (e.g. congenital adrenal hyperplasia)
and male pseudohermaphroditism (androgen insensi-
tivity syndrome) (Table I.1.2).

This terminology is confusing for medical staff and
patients. A simpler format, as has been suggested by ex-

Table I.1.2. Phenotypic characteristics possibly reflecting dis-
ordered sexual differentiation

Female phenotype Ambiguous
phenotype

Male phenotype

Isolated
clitoromegaly

Ambiguous
genitalia

Male with nonpal-
pable testes

Isolated labial
fusion

Micropenis, bifid
scrotum

Palpable gonads,
inguinal herniae

Syndromal geni-
tal anomalies

Severe hypospadias ±
undescended testes
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perts in this field, is: “the masculinized female” and
“the under-masculinized male”, and reserve the word
“hermaphroditism” to describe its precise meaning:
the presence of both testicular and ovarian tissues in
the same individual.

I.1.2.4
Clinical Findings

I.1.2.4.1

Which Newborns to Investigate?

The examiner should note phallus size, position of the
urethral orifice, fusion of the labia, bifid scrotum and
descent, and size of the gonads (Diamond 2001).

I.1.2.4.2

Technical Investigations

The following is not an exhaustive list of all the possible
investigations in a case of newborn intersex. The clini-
cal assessment will influence the approach (Table I.1.3).

■ Genetics
– Peripheral blood karyotype
– DNA, identification of genetic mutations
– Fluorescence in situ hybridization (FISH) using

SRY (sex-determining region on the Y chromo-
some) -specific probes (useful in clarifying the
results of the karyotype)

■ Endocrine
– 17-Hydroxyprogesterone, 11-deoxycortisol, 17-

hydroxypregnenolone, dehydroepiandrosterone
(DHEA), electrolytes, renin, aldosterone, adre-
nocorticotrophic hormone (ACTH), urine
steroids

Table I.1.3. Simple classification of intersex

Type/cause Result

Masculinized female
Female androgens CAH, placental aromatase

deficiency, adrenal tumours,
ovarian tumours

Maternal androgens

Under-masculinized male
Abnormal testis determi-
nation

Gonadal dysgenesis, XO/XY
mosaicism

Defects in androgen bio-
synthesis and metabolism

17 [ -OH-dehydrogenase
deficiency, 5 [ -reductase
deficiency

Resistance to androgens Partial AIS

True hermaphroditism
Presence of both testicular
and ovarian (with follicles)
tissue

XX, XY, XX/XY

– Testosterone (T), dihydrotestosterone (DHT)
– Androstenedione
– Luteinizing hormone (LH), follicle-stimulating

hormone (FSH), AMH (anti-Müllerian hormone)
– hCG test (human chorionic gonadotrophin)

■ Imaging
– Pelvic ultrasound
– MRI
– Cystourethroscopy

■ Surgical
– Exploratory laparoscopy
– Biopsy of gonads

The commonest cause of newborn intersex is CAH due
to 21-hydroxylase deficiency characterized by a 46, XX
karyotype, increased 17-hydroxyprogesterone levels
and the presence of a uterus (Speizer 2001) (Fig. I.1.1).
The commonest cause of the under-masculinized male
is the group of androgen insensitivity syndromes (Wis-
niewski et al. 2000) (Fig. I.1.2). The diagnostic process
in under-virilized XY infants is more difficult because
of the phenotypic variability and the large number of
potential causes (Ahmed and Hughes 2002).

XY intersex is a diagnostic challenge (Migeon et al.
2002b). The hCG stimulation test is a key investigation,
although consistent protocols and defined normal re-
sponses have not been established for the neonatal pe-
riod and infancy (Forest 1979). Serum AMH is a simple
and useful marker of testis development and probably
function (Lee et al. 1997; Rey et al. 1999; Misra et al.
2002). Gonadal histology is needed to confirm a diag-
nosis of hermaphroditism (Krob et al. 1994). The ge-
netic cause of gonadal dysgenesis is unknown in most
cases.

I.1.2.5
Management

The urgent medical issue is the possibility of adrenal
crisis (a life-threatening emergency) in infants with the
salt-wasting form of CAH. Symptoms of salt-wasting
include vomiting, diarrhoea, hypovolaemia, hypona-
traemia with hyperkalaemia, hypoglycaemia and car-
diovascular collapse (Speiser 2001). To prevent poten-
tially life-threatening manifestations of adrenal crisis,
stress doses of glucocorticoids should be initiated in all
infants in whom CAH is a consideration (25–50 mg hy-
drocortisone i.v., i.m. or p.o. per day), and particularly
so if the infants are medically stressed. Once diagnosis
of salt-wasting is confirmed, infants should begin to re-
ceive glucocorticoid and mineralocorticoid replace-
ment therapy (25–30 mg/m2 per day divided into three
doses administered three times per day).

The birth of an infant with ambiguous genitalia is a
psychosocial emergency for the family. Careful and
complete evaluation by an experienced team of endo-
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Karyotype

46, X X
46, XY or
mosaicism

uterus and
cervix present

uterus and
cervix absent

uterus and
cervix present

uterus and
cervix absent

gonadal biopsy gonadal biopsy gonadal biopsy low testosterone
Testosterone

normal or high

testis and
ovarium

testis streak gonad

Hermaphroditism XX, sex reversal Partial gonadal dysgenesis

T/DHT

5α reductase deficiency

Normal
T/DHT

Partial androgen
insensitivity

-

Deficient testosterone
biosynthesis

Screening Congenital Adrenal

Hyperplasia

normal 17-hydroxyprogesterone 11-deoxycortisol

Karyotype, see Fig. I.1.1 21-hydroxylase deficiency 11 hydroxylase deficiency

Fig. I.1.1. Ambiguous genitalia, palpable gonads

Fig. I.1.2. Ambiguous genita-
lia, nonpalpable gonads

crinologist, geneticists and surgeons, and psycholo-
gists is necessary before an appropriate therapeutic
plan can be developed. The management of infants
with ambiguous genitalia is critical and often contro-
versial in the absence of well-defined outcome-based
guidelines. Many experts have begun to question the
wisdom of previous management paradigms that pro-
moted early genital surgery and gender assignment
based on potential for reproduction and traditional
sexual function (Money 1955; Gourlay et al. 1994; Slij-
per et al. 1998; Migeon et al. 2002a; Berenbaum et al.
2003). The issue of timing and approach to genital re-
construction is controversial and evolving.

I.1.2.6
Prevention

Prenatal diagnosis is possible in pregnant women with
a family history of 21-hydroxylase deficiency. Dexa-
methasone (20 µg/kg per day) is administered starting
in the 5th week of pregnancy. This treatment is contin-
ued throughout the pregnancy when the female foetus
is diagnosed with the condition. If the foetus is male or
the female foetus is not affected, dexamethasone is
stopped (New et al. 2001).
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I.3Male Factor Fertility Problems

I.3.1 The Consensus-Based Approach to Standardized
Diagnosis and Management of the Infertile Male
F. Comhaire, A. Mahmoud

In the past, several workshops and meetings have been
convened trying to reach consensus on different as-
pects of andrology. These have addressed, among other
items, the following questions: the usefulness of ad-
vanced diagnostic techniques of semen analysis (ESH-
RE 1996; Comhaire 1997; Fraser et al. 1997), manage-
ment of testicular germ cell tumours (Krege et al. 2001),
couples’ perception of contraception (Neal and Groat
1976), the role of counselling of the infertile couple
(Monach 2003), vasectomy reversal (Chawla et al. 2004)
and managed care (Hull 1996). In trying to overcome
confusion on terminology in the unregulated field of
infertility (Easton 1998), several working definitions
have been introduced by WHO (Rowe et al. 1993).

The term “infertility” is used to describe the situa-
tion where a couple does not succeed in achieving a
spontaneous pregnancy in spite of the exposure to the
risk of pregnancy during a given period of time. A time
limit of 12 months is commonly accepted (Rowe et al.
2000). Although arbitrary, the time period corresponds
with the fact that the majority (approximately 85%) of
couples who have achieved spontaneous pregnancy did
so within 12 months.

This does not imply, however, that investigation for
infertility must be postponed until the period of
12 months has elapsed, particularly if the couple has
events in the history to suspect infertility in either part-
ner, or the age of the female partner is relatively high,
approaching 35 years or older.

The term “primary male infertility” is used when a
man has never impregnated a woman. Impregnation
means that conception was attained, independent of
the outcome of pregnancy.

“Secondary male infertility” is when the man has
impregnated a woman, irrespective of whether she is
the present partner and irrespective of the outcome of
pregnancy. Certain diagnoses are less likely to be found
in these men, such as congenital disorders, or severe

impairment of sperm quality with azoospermia or ex-
treme oligozoospermia, whereas varicocele and male
accessory gland infection are more common.

The duration of involuntary infertility is defined as
the number of months during which the couple has
been having sexual intercourse without the use of any
contraceptive method. This gives prognostic informa-
tion about the couple’s future probability of spontane-
ous conception (Fig. I.3.1).

The investigation of the infertile couple must always
include the investigation of both partners. In general, a
male factor is detected in half of the couples with de-
monstrable abnormalities. In approximately half of
these, there is a female factor as well (Steinberger et al.
1981; WHO 1987). Treatment should always aim at cre-

Fig. I.3.1. The probability of conception per cycle of exposure
(P/C) is shown in relation to the duration of infertility. Note
that P/C values are plotted on a logarithmic scale

Chapter I.3



ating optimal conditions for impregnation, including
the correction of all causal factors in both partners.
Clearly, improving the fertility potential of the female
partner will increase the probability of the couple, in
which the male partner is subfertile, in attaining con-
ception (Rodriguez-Rigau et al. 1978; Silber 1989).
There is some evidence to suggest that a male factor
may also be involved in certain cases of unexplained re-
current spontaneous abortion (Bernardini et al. 2004).
It is speculated that, in such cases, the DNA quality is
not optimal, e.g. because of a high level of oxidative
damage, whereas sperm–oocyte fusion can occur.

WHO has performed a comprehensive trial includ-
ing a very large number of couples consulting for infer-
tility who where investigated using a fixed protocol and
standardized methodology, complemented by external
quality control by an independent expert group (WHO
1987). After thorough analysis of all the data, a simpli-
fied system for the standardized investigation, diagno-
sis and management was created (Rowe et al. 2000) and
implemented in an expert computer programme. Every
item included in the system was validated as to its con-
tribution to diagnosis and management.

A working group of ten clinical experts, with long-
standing experience in the field of andrology, carefully
reviewed the evidence gained from the WHO study,
from retrospective and prospective cohort studies and
from published randomized trials and meta-analyses.
Also, the results of prospective trials conducted by
WHO were taken into account. In case of contradictory
conclusions from different trial designs, for example,
regarding the effect of treatment with tamoxifen or of
varicocele, the expert group also considered evidence
from physiopathology, anatomy and epidemiology to
formulate recommendations. In doing so, several levels
of quality of evidence were taken into account, and this
was reflected in the choice of phrasing.

In the present chapter covering male factor fertility
problems, the consensus-based viewpoints expressed
in the WHO manual are updated by recently published
findings, both regarding the clinical approach and as-
sisted reproductive technologies.
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I.3.2 The WHO Recommended Diagnostic Flow Chart
F. Comhaire, A. Mahmoud

It is still common practice in many countries for the fe-
male partner of an infertile couple to be investigated,
and possibly treated, before the male partner is evalu-
ated. In other cases, the clinician (usually the gynaeco-
logist, sometimes the general practitioner) has ordered
semen analysis to be performed from the very begin-
ning of the couple’s investigation.

In order to assess the diagnosis of the infertile male,
a systematic approach must be adopted, and it is rec-
ommended to accurately complete the questionnaire
and record of physical findings. This will help to avoid
overlooking details that may be of crucial importance
and may completely change the management and prog-
nosis in particular couples (e.g. effect of hot baths or al-
cohol abuse).

Once all the information has been put together, the
clinician will introduce these into the flow chart
(Fig. I.3.2), which is meant to help with the diagnostic
process, and will lead to one or more applicable diag-
noses, in agreement with objective criteria for the diag-
nostic categories.

Clearly, a man may encounter problems with erec-
tion and/or intromission, or he may be unable to de-
posit his semen into the vagina at the appropriate peri-
od of the cycle. There are several reasons for sexual
and/or ejaculatory inadequacy, which must be ex-
plored and treated whenever possible. In such cases,
the diagnosis of sexual and ejaculatory dysfunction is
applicable and treatment should be applied indepen-
dent of the quality of the spermatozoa. Nonetheless,
semen analysis should be performed, if semen can be
obtained, since the outcome of this analysis will influ-
ence the infertility management. Also, sexual or ejacu-
latory dysfunction may not have been detected during
history taking, and may be revealed by a repeatedly
negative postcoital test with no spermatozoa being
present, in spite of spermatozoa being found upon se-
men analysis.

If sexual and ejaculatory function are normal and
intercourse occurs with adequate frequency and is
timely, semen analysis is of pivotal importance.

Independent of the characteristics of the spermato-
zoa (concentration, motility and morphology), the
presence of antisperm antibodies (ASAs) on motile
spermatozoa will induce the diagnosis of immunologi-
cal cause. In these cases, the management will depend
on several factors, including the type of antibodies and
other characteristics of the spermatozoa.

If sexual and ejaculatory functions are normal and
no antisperm antibodies are detected, the diagnosis
and management will entirely depend on the result of
the semen analysis. If the characteristics of spermato-

zoa are better than the reference limits, possible abnor-
malities of seminal plasma may be involved, such as in-
creased viscosity, abnormal liquefaction or abnormal
ejaculate volume. In these cases, the diagnostic catego-
ry of isolated seminal plasma abnormalities is applica-
ble, and it is recommended to have a postcoital test per-
formed. If this test reveals a normal number of motile
sperm, the isolated seminal plasma abnormality is not
considered the cause of the couple’s infertility. If the
test is abnormal, there are reasons to accept that the
seminal plasma abnormality does contribute to the in-
fertility problem, which will result in appropriate treat-
ment.

The finding of abnormal characteristics of the sper-
matozoa must induce a systematic and state-of-the art
search for causal factors. Information from history tak-
ing often is of primordial importance for the diagnosis
of iatrogenic factors, systemic and congenital causes,
and acquired testicular damage. The diagnoses of vari-
cocele, male accessory gland infection and endocrine
causes are mostly based on clinical examination and
complementary investigations.

In cases with normal sexual and ejaculatory func-
tion and abnormal spermatozoa, but with no demon-
strable causal factor, the classification idiopathic is ap-
plied. It should be stressed that the latter classification
requires the formal exclusion of all possible or probable
causes.

If spermatozoa are present in the ejaculate, the diag-
nostic classification will be either idiopathic oligozoo-
spermia, idiopathic asthenozoospermia, or idiopathic
teratozoospermia, or any combination of these. This
classification is relevant for the prediction of the proba-
bility of spontaneous conception, and for the choice of
treatment. The term “cryptozoospermia” is used for
the situation where no spermatozoa are seen in the
fresh preparation, but some spermatozoa are detected
in the sediment after centrifugation. The approach of
patients belonging to this group is the same as for cases
classified as idiopathic oligozoospermia.

Men in whom no spermatozoa are detected, neither
in the fresh preparation nor after centrifugation, are
classified as suffering from azoospermia. Provided
there is no demonstrable cause for the absence of
spermatozoa, the classification as idiopathic is accept-
ed. Further investigations are needed to differentiate
between obstructive or primary testicular azoosper-
mia.

The diagnoses of idiopathic abnormal sperm quality
(oligospermia and/or asthenospermia and/or terato-
zoospermia or azoospermia) can never be combined
with any causal diagnosis, but several causal diagnoses
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Fig. I.3.2. The WHO recommended diagnostic flow chart
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Genetic abnormalities

- CAVD

- Translocations

- Y-chromosome

  deletions

→ CAVE ICSI

Lifestyle

- Food → Obesity, lipids

- Smoking

- Alcohol, drugs

- Chlothing

- Warm baths

- (Stress)

Environment and

occupation

- Hormone disruptors

  xeno-oestrogens

  antiandrogens

- Toxic substances

  (lead, CS2 , etc)

Diseases

- Varicocele

- MAGI (Chlamydia)

- Antisperm antibodies

- Acquired damage

- Iatrogenic

- Systemic

Fertile

Subfertile

Infertile

may be combined, where, for example, the patient may
suffer from both an immunological factor and male ac-
cessory gland infection (MAGI), or varicocele and sys-
temic causes.

It is recommended to use the flow chart to assist the

clinician in making the diagnosis for each individual
patient. Also, the diagnostic flow chart has been imple-
mented in a computer programme that will automati-
cally generate all applicable diagnoses and suggest the
optimal treatment.

I.3.3 Implications of Multifactorial Aetiology in the
Diagnosis and Management of Male Infertility
F. Comhaire, A. Mahmoud

Similar to many other diseases, the aetiology of male
infertility is commonly multifactorial. Aside from the
typical andrological diseases, as listed in the following
chapters and summarized in the diagnostic flow chart,
there are three complementary groups of factors that
may exert an unfavourable influence on men’s repro-
ductive potential (Fig. I.3.3).

Genetic factors include the well-known abnormali-
ties in the number of chromosomes and structural de-
fects such as translocations. These and the alterations
found in patients with congenital bilateral agenesis of
the vasa deferentia and seminal vesicles associated with
mutant cystic fibrosis transmembrane conductance
regulator (CFTR), and the microdeletions of the DAZ
region of the Y-chromosome, are to be classified as
congenital abnormalities.

However, other minor genetic defects may play a
role in the pathogenesis of sperm deficiency, and may
possibly come to expression if the DNA repair mecha-
nisms (McMurray and Kortun 2003; Karagiannis and El
Osta 2004; Rockett et al. 2004) of spermatogenic cells
are unable to correct the defect(s). The latter could well
result from oxidative overload, which itself may be due
to a number of factors at the testicular level (e.g. varico-
cele), the genital tract (e.g. infection or inflammation)

Fig. I.3.3. Subfertility/infertil-
ity: a multifactorial disease.
CAVD congenital agenesis of
the vasa deferentia, CAVE
ICSI beware of transmission
by intracytoplasmic sperm
injection, MAGI Male acces-
sory gland infection

(Depuydt et al. 1996), or from external origin (Aitken
2003; Schrader and Cooke 2003).

Lifestyle factors include nutritional state and intake
of certain subgroups of essential fatty acids, obesity
and overweight, abuse of alcohol (more than 6 units per
day) or tobacco (more than ten cigarettes per day)
(Mahmoud et al. 1998), the regular use of hot baths,
tight clothing, and severe stress. These may directly
suppress spermatogenesis and/or are associated with
the generation of excessive amounts of reactive oxygen
species.

Another group of factors with adverse effects are the
exposure to toxic substances such as heavy metals
(Bonde et al. 2002), carbon disulphide (Vanhoorne et
al. 1994), or benzenes at the workplace. Also, exposure
to high ambient temperature may suppress spermato-
genesis. In addition, internal exposure to environmen-
tal agents that disrupt the hormonal balance, including
xeno-oestrogens or antiandrogens, seem to play an im-
portant role.

Finally, several causal diagnoses may be given in the
same patient, reinforcing each other’s impact because
of (negative) synergy.

Evaluating the population of men consulting be-
cause of infertility by means of the sperm production
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index demonstrates a cumulative distribution (Fig.
I.3.4). The sperm production index is calculated by di-
viding the sperm output per ejaculate (sperm concen-
tration multiplied by ejaculate volume) by the total tes-
ticular volume. In normal men, the sperm production
index is estimated at 4.9 or more million spermatozoa
per millilitre of testicular volume per ejaculate. The
distribution observed in Fig. I.3.4 suggests a multifac-
torial causality in a large proportion of infertile men
(Everaert et al. 2003). For instance, smoking and vari-
cocele have an additive effect in decreasing the sperm
production index (Fig. I.3.5). This index is decreased in
men with more than 2 million peroxidase-positive
white blood cells who present no other abnormalities of
the genital organs. In contrast, a decrease in the index is
already observed when 0.3 million white blood cells are
found in the ejaculate of men with varicocele, again
suggesting a synergy between these two factors.

Fig. I.3.4. Cumulative effect of different factors on sperm pro-
duction (non-azoospermic subfertile men). VAR varicocele,
AbnEPID abnormal epididymis, CRYPT cryptorchidism

Fig. I.3.5. Effect of smoking
on sperm production in sub-
fertile men with varicocele
(azoospermia, cryptorchi-
dism, abnormal epididymis
excluded)

The body mass index of men consulting for infertili-
ty was higher than that of the average male population
of the same region (Fig. I.3.6), with more patients being
classified as overweight or obese. Furthermore, the in-
take of essential fatty acids belonging to the omega-3
group was lower in infertile men than in fertile con-
trols, and there was a positive correlation between the
nutritional intake of alpha-linolenic acid (18 :3 K 3) and
both sperm concentration and progressive motility
(Christophe et al. 1998).

In view of these and many other findings, it is man-
datory to take into account that fertility in a particular
man may result from the synergistic interaction be-
tween several factors, namely the genetic constitution,
the patient’s lifestyle, the amount of toxic agents he is
exposed to in his workplace and local environment,

Fig. I.3.6. Body mass index in subfertile men compared to a
matched normal population
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and the possible presence of disease(s) of the urogenital
region. Hence, management may not be limited to
treating the latter, but it must also improve the circum-
stantial factors as part of a holistic approach.
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I.3.4 Sexual Dysfunction and Male Fertility
T.B. Hargreave

■ Sexual dysfunction is the primary cause in
approximately 1% of cases of infertility.

■ Male sexual dysfunction as a consequence of
infertility is common and this should be
considered in the overall management of the
couple.

■ Assessment of the man should include a
complete clinical examination including exam-
ination of the penis, and the foreskin should be
retracted to ensure the diagnosis of minor
anatomical problems such as phimosis or tight
frenulum.

■ Performance anxiety is often a problem follow-
ing surgical procedures such as circumcision
or correction of congenital penile deformity,
and in such cases postsurgical treatment with
type-5 phosphodiesterase (PDE5) inhibitors
may prevent subsequent sexual dysfunction.

Key Messages

I.3.4.1
Definition of the Disease

Sexual dysfunction as a cause of male infertility can be
defined as those physical or psychological problems
causing inadequate erection and or inadequate fre-
quency of sexual intercourse, sufficient to prevent de-
position of semen in the vagina. Ejaculatory problems

include anejaculation, retrograde ejaculation or psy-
chological or physical problems resulting in ejaculation
outside the vagina, for example epispadias. Erectile
problems include failure of development of the penis,
insufficient rigidity of erections or deformity of erec-
tion sufficient to penetration. Sexual dysfunction as a
primary cause of male infertility accounts for approxi-
mately 1% of cases (Fertility Problems Clinic, Western
General Hospital, Edinburgh, unpublished data). Sexu-
al dysfunction as a consequence of male infertility is
more common.

I.3.4.2
Aetiology and Pathogenesis

Anatomical problems sufficient to interfere with erec-
tions include congenital abnormalities such as micro-
penis, hypospadias and epispadias and acquired abnor-
malities such as phimosis, scarring of the frenulum,
and trauma including paraplegia. Although primary
psychological problems account for a proportion of
cases, failure of erection secondary to infertility prob-
lems is much more common, although not the cause of
the infertility per se. Anejaculation is rare but may
occur in association with spinal cord disease. Prema-
ture ejaculation is common in young men with a new
sexual partner, but more recently it has been shown
that there are a proportion of men with lifelong prema-
ture ejaculation. Retrograde ejaculation is another
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Table I.3.1. Causes of retro-
grade ejaculationNeurogenic Spinal cord + cauda

equina lesion
Injury
Tumour
Stenosis
Tethered spinal cord (Shibahara et al. 2000)
After anterior interbody lumbar fusion
(Tiusanen et al. 1995)

Neuropathies Multiple sclerosis
Diabetes

Surgical injury to nerves Retroperitoneal lymph node dissection
(men with testicular cancer)
Sympathectomy
Abdominoperineal resection

Bladder neck
incompetence

Congenital defects Exstrophy
Hemitrigone

Congenital dysfunction
Bladder neck resection

Prostatectomy Effect more pronounced after open prosta-
tectomy compared with TURP or TUIP
(De Paula et al. 1997)

Obstruction Congenital Ectopic ureterocele
Urethral valves

Acquired Urethral stricture

common ejaculatory problem. This may be congenital
or acquired (see Table I.3.1). In acquired cases, there
may be history of pelvic fracture or urological surgery
in childhood or infancy such as treatment of urethral
valves.

I.3.4.2.1

Sexual Dysfunction as a Consequence of Infertility

A typical problem is a man who has erectile dysfunc-
tion because he and his wife understand that sexual in-
tercourse for procreation has to occur on day 14 of the
cycle and her drive for pregnancy becomes so consum-
ing that eroticism is lacking and sexual intercourse be-
comes stressful. This problem can be aggravated by
lack of proper organization in the fertility clinic and
can often be prevented by ensuring that couples are giv-
en proper information about tests and treatments and
are not subject to long trials of unproven treatments.
Occasionally, one may see a couple where secondary
psychosexual problems have caused major disharmony
and in such cases referral for counselling or psycho-
therapy should be in parallel to any fertility treatment.

I.3.4.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

Erectile deficiency as a cause of male infertility can be
difficult to diagnose because the man with psychologi-
cal problems may hide the problem, which only be-
comes apparent to the clinician after talking to both
partners and once both partners have gained confi-

dence in the treating physician. This process may take
more than one consultation and the time required can
be difficult to find in the context of a busy fertility clin-
ic. Indicators of a possible sexual problem are the in-
ability of the man to provide semen samples and or an
unexpectedly poor postcoital test. If the man says he is
unable to produce a semen sample by masturbation,
then many clinics encourage the couple to collect a se-
men sample using a silicon condom; however, if the
man is still unable to comply the clinician should take
the time to question the couple about sexual inter-
course, including finding out whether the man and his
partner have a basic understanding of penetrative in-
tercourse and female anatomy. It can help to take a his-
tory about sexual technique at the same time as genital
and vaginal examination, posing the question about
whether penetration is successful or not. If it is estab-
lished that the man is unable to try to have penetrative
intercourse and after penile anatomical abnormalities
have been excluded, further management is with pro-
fessional psychosexual assessment (see Chap. II.4.8).

Anatomical penile problems such as phimosis can
be detected during clinical examination by retraction
of the foreskin or by asking the man to do this. It may be
necessary to examine the penis when erect (see
Chap. I.4), especially if the man complains of erectile
deformity and there is no significant abnormality on
examination of the flaccid penis.

Diagnosis of retrograde ejaculation may be suspect-
ed if the man gives the history of no external ejacula-
tion or if he is unable or only produces a very small vol-
ume of ejaculate and particularly if he describes pass-
ing cloudy material in his urine after orgasm. The diag-
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nosis may be confirmed by asking the man to produce
a postorgasm urine sample and the finding of a large
numbers of sperm in the centrifuged deposit.

I.3.4.4
Differential Diagnosis

The main differential diagnosis when considering pe-
nile erection problems and fertility is between organic
and psychological causes. In general in younger men
and in the absence of any clear indication on physical
examination, psychological problems are more likely
but can be difficult to diagnose.

The main differential diagnosis when there is a lack
of external ejaculation is between retrograde ejacula-
tion and ejaculatory duct obstruction and congenital
absence of the seminal vesicles. This latter condition is
usually associated with congenital bilateral absence of
the vas deferens and thus the distinction is usually by
means of clinical examination and the finding of absent
vasa. Retrograde ejaculation can be distinguished from
the various obstructive disorders by the finding of
sperm in the postorgasm urine.

I.3.4.5
Treatment

Treatment depends on the cause of the problem. Usu-
ally severe congenital problems such as epispadias,
exstrophy and micropenis are evident from infancy
and treatment of the fertility problem is in the context
of a series of treatments from infancy onwards to re-
store anatomical integrity and urinary and sexual
function. In this situation, it is often best to use treat-
ments to enable fertility such as microscopic epididy-
mal sperm aspiration and intracytoplasmic sperm in-
jection (MESA, ICSI) separately from treatments to
restore sexual function such as penile reconstructive
surgery. Minor anatomical problems may need surgi-
cal correction, e.g. circumcision for a tight phimosis.
In addition to the anatomical problem, there is nearly
always considerable performance anxiety, and follow-
ing any surgical treatment, it is usually helpful to offer
adjunctive treatment in the postoperative period with
PDE inhibitors such as sildenafil. For men with pri-
mary psychopathology, treatment should be under-
taken by a psychiatrist with special expertise in sexual
problems. In this situation, the couple may be helped
towards fertility with artificial insemination tech-
niques but this should only be offered in the context of
psychotherapy and with the agreement of the treating
psychiatrist.

Treatment to restore antegrade ejaculation is rela-
tively unsuccessful, whereas treatment of the fertility
problem can be done by obtaining sperm and using ar-
tificial insemination or IVF techniques. The various

types of treatment that can be used are shown in the Ta-
ble I.3.2.

I.3.4.5.1

Achieving Fertility for Men with Paraplegia

The andrologist may be concerned with helping men
with paraplegia in two respects – firstly to achieve fer-
tility and secondly to enable sexual intercourse. In gen-
eral, treatment to improve these functions is separate.
Various treatments to obtain sperm are shown in Ta-
ble I.3.3. Treatments to help the man achieve sexual in-
tercourse are described in Chap. I.4

Men with paraplegia have on average lower sperm
concentration and motility than intact men. This is be-
cause of nondrainage, genitourinary infection and
raised testicular temperature when sitting in a wheel
chair. Semen quality can be improved by regular ejacu-
lation. This is easily achieved if the man has a hypogas-
tric plexus stimulator or if he is able to achieve ejacula-
tion with a vibrator. Although improvement has been
reported with repeated electro-ejaculation this is much
more difficult to organize (Chen et al. 1999). Genital
tract infection is reduced by good management of the
bladder as well as regular ejaculation. Testicular tem-
perature when in a wheelchair can be reduced by prop-
ping the legs apart and attention to clothing.

I.3.4.6
Results of Treatment

When there is a sexual problem, the results of treat-
ment may be assessed in terms of the couple achieving
fertility and the couple achieving penetrative sexual in-
tercourse. Ideally, conception occurs as a result of natu-
ral intercourse but in some of the above problems this
will not be so. As a general rule, spermatogenesis is
normal and sperm are of normal quality; therefore it is
nearly always possible to obtain sperm and the results
of fertility treatments are the same as the results of in-
tracytoplasmic sperm injection (ICSI). Sexual dysfunc-
tion in the context of severe psychopathology can be
very resistant to treatment and difficult to manage.
When there is a simple problem such as phimosis, the
results of treatment are excellent, especially if adjuvant
PDE inhibitor treatment is offered.

I.3.4.7
Prevention

Young men with erectile or ejaculatory problems often
have secondary performance anxiety and if unrecog-
nized this can be the cause of failure of treatment. The
problem can be prevented by proper organization of
the fertility problems clinic and by offering adjunctive
PDE5 therapy after surgical correction. Proper organi-

I.3.4 Sexual Dysfunction and Male Fertility 37

I.3



Table I.3.2. Treatment of retrograde ejaculation

Treatment Description of treatment Comment about success and risks

Treatment to restore antegrade ejaculation
Drugs which stimulate alpha
receptors in the bladder neck
(Sandler 1979)

Ephedrine taken 1 h before intercourse. Desipramine
50 mg alternate days

These are often used as a first-line
treatment but do not work in the
majority of cases

Pyridazines (new antihyper-
tensive)

Amezinium 10 mg once a day (Ichiyanagi et al. 2003)

Imipramine 25–50 mg for 7 days Reported after node dissection
(Ochsenkuhn et al. 1999)

Intercourse with a full
bladder

The man has intercourse with an uncomfortably full
bladder. In this situation, the bladder neck tends to
close more firmly and sometimes antegrade ejacula-
tion results (see Shibahara et al. 2000)

Simple inexpensive treatment that
most couples can try but more often
than not does not work. The dis-
comfort from the overfull bladder is
not very sexy

Bladder neck surgery (Pryor
1988)

In theory it is possible to tighten the bladder neck by
surgery or injection of bulking agents

However, the risks include urinary
tract obstruction and as the conse-
quence of this could be very damag-
ing; most clinicians would not rec-
ommend surgical treatment

Treatment to achieve fertility
Extraction of sperm from
urine and artificial insemina-
tion

Acidic urine is harmful to sperm (Crich and Jequier
1978). The man is taught how to test the pH of his
urine and is then instructed to take sufficient sodium
bicarbonate (baking powder) to alkalinize the urine.
After 24–48 h when the urine PH is alkaline he mas-
turbates to orgasm and then immediately voids urine
into a container with a buffer solution. This solution is
centrifuged and the sperm are resuspended in tissue
culture medium. Depending on sperm number, the
sperm are used for artificial insemination or IVF

The whole process is quite labori-
ous and requires that the man is
able to understand what needs to be
done and can comply with the in-
structions. When artificial insemi-
nation is used, this methodology
avoids the need for any invasive
procedure to obtain sperm and
avoids IVF

Catheterization shortly after
orgasm. Hotchkiss procedure
(Ranieri et al. 1995; Silva et
al. 2000). Introduction of
modified Hams F10 solution
into the bladder (Saito et al.
1998)

The man alkalinizes his urine as above. Immediately
before orgasm he empties his bladder. Immediately af-
ter orgasm a silicon catheter is passed and the bladder
is washed out with a buffer solution

This treatment requires a lot of co-
operation from the man but when
successful may avoid the need for
IVF, as sometimes large numbers of
sperm are obtained

Electro-ejaculation Except for men with paraplegia, the procedure is pain-
ful and general anaesthesia is required. The bladder is
washed out with buffer solution and then electro-ejac-
ulation is performed and the bladder washed out again
to obtain sperm

This treatment requires a general
anaesthetic and is therefore more
difficult to organize and more ex-
pensive. Also the equipment and
expertise for electro-ejaculation are
not universally available

ICSI with sperm extracted
from the urine

Sperm are extracted from the urine (Nikolettos et al.
1999)

Only small numbers of sperm can
be obtained and IVF or IVF ICSI is
required

ICSI with sperm from MESA This technology is widely available in IVF units and
MESA is more and more frequently offered for men
with retrograde ejaculation because of the lack of an-
drological expertise in any of the above techniques in
many IVF clinics (Ranieri 1998)

zation of the fertility problems clinic includes allowing
the time to take a full medical history and complete
physical examination, giving the couple a realistic
prognosis and not recommending time-consuming un-

proven treatments. Also, wherever possible, the couple
should see the same clinician at successive consulta-
tions.
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Table I.3.3. Obtaining sperm from men with paraplegia

Reflex ejaculation in coitus or by mas-
turbation (with or without drugs – see
below)

This is achieved by 5% of men with
complete cervical, upper thoracic and
midthoracic lesions (Brindley 1994)

Vibrator 60–100 Hz with amplitude of
3 mm peak to peak when the vibrator
knob is held against the glans penis
(Brindley 1994). Many vibrators avail-
able from sex shops do not fulfil these
criteria with an amplitude of only 1 mm

Does not work unless T11–S4 segments
are intact. Whether these segments are
intact can be determined by checking
that hip flexion occurs in response to
scratching the sole of the foot

Vibrators
Ling 201 (Ling dynamic systems of

Royston Herts. UK)
Ferticare (Multicept ApS, 95 Gentofte

gade 2820 Gentofte, Denmark
Wahl 2 speed massager Wahl clipper

corporation, 2902 Locust St, Sterling,
IL 61081

Vibrion, 15 Rue Charles de Gaulle,
42000 Saint Etienne, France

Whirlimixer Fisons scientific instru-
ments

Drugs to facilitate reflex ejaculation Physostigmine (Chapelle 1984) Side effect of vomiting
Alpha-2 adrenoreceptor blockers Idazoxan

Yohimbine
Dopamine receptor stimulants Bromocriptine

Apomorphine

Electro-ejaculation Seager rigid electrode probe and sinu-
soidal stimulation of 50–60 Hz. Equip-
ment modified from veterinary prac-
tice. Most widely used technique

Small risk of rectal injury. Rectal
probes are fitted with temperature sen-
sor and cut out device

Hypogastric plexus stimulators
(Brindley et al. 1989)

The stimulator is implanted surgically
and once implanted has a long life with
function up to 10 years postimplanta-
tion

Allows the couple to obtain sperm at
home and practice home insemination.
Disadvantage of the need for a surgical
procedure and limited availability of
the necessary expertise

Sperm reservoirs (Brindley et al. 1986)
and vas cannula

These reservoirs are no longer used be-
cause of limited success and the nowa-
days widespread availability of MESA

MESA The widespread availability of MESA is
such that the technique has superseded
most of the above techniques with per-
haps the exception of electro-ejacula-
tion

Lack of andrology expertise in some
IVF units results in MESA being offered
as the first-line treatment when some of
the above treatments may be more ap-
propriate
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I.3.5 Reference Values of Semen Variables
and Their Interpretation
F. Comhaire, A. Mahmoud

■ Approximately half of the couples consulting
for an infertility problem present a “male
factor”.

■ Commonly, the male partner is subfertile
rather than infertile.

■ The level of relative fertility can be expressed
as probability of treatment-independent, natu-
rally attained conception per menstrual cycle
(or month) of exposure to the risk of preg-
nancy.

■ The relative fertility potential depends on the
degree of impairment of semen quality.

■ Interpretation of the result of semen analysis
must take into account the variability of fertil-
izing potential.

Key Messages

The majority of couples coming to consultation be-
cause they fail to initiate the desired pregnancy are sub-
fertile rather than infertile or sterile (Comhaire et al.
1988). Fertility should be considered as a spectrum
varying from as good as normal to completely sterile.
The relative probability of each couple depends on sev-
eral factors and is rather constant (Majumdar and
Sheps 1970; Leridon 1980). Changes in the relative fer-
tility can be brought about by many factors, either de-
creasing the probability of spontaneous conception
(such as intercurrent disease) or improving it thanks to
treatment (Wood et al. 1984; Comhaire and Kunnen
1985).

It has been demonstrated that the probability of
treatment-independent conception in subfertile cou-
ples decreases with the duration of infertility (Schwartz
et al. 1981; Hargreave and Nillson 1984). Other factors
that can influence the treatment-independent concep-
tion rate include the type and severity of the causal pa-
thology in the male, the age and possible pathology of

the female partner, and whether or not the couple has
previously achieved a pregnancy (Collins et al. 1983;
Eimers et al. 1994).

Based on empirical observations, a model has been
developed estimating the treatment-independent or
spontaneous pregnancy rate for each individual couple
(Comhaire et al. 1987) (Table I.3.4).

The relative fertility of a couple can be expressed
as probability of conception per cycle of exposure
(also called fecundability), which may vary from 0 in
sterile couples to 30% or more in couples with high
fertility. For practical reasons, fecundability is gener-
ally expressed as the probability of successful concep-
tion per month (P/M). The application of this concept
is exemplified in two hypothetical model populations
with fecundability of 15% and 5%. The cumulative
probability of conception was calculated after differ-
ent durations of exposure up to 12 months (Fig. I.3.7).
In model A, a theoretic population of 100 couples is
considered all having an identical fecundability of
15% per month. If all these couples try to achieve
pregnancy starting at time 0, 15 (15% of 100) will be
successful in the first cycle. Of the remaining 85 cou-
ples, 13 (15% of 85) will achieve pregnancy in the sec-
ond cycle, 11 (15% of 72) in the third cycle, etc.
(Fig. I.3.7). After 12 cycles of exposure, the cumula-
tive conception rate is 86, whereas the remaining 14
couples will be considered “infertile” in agreement
with the working definition. Model B consists of a
population of 100 couples with reduced fertility and
fecundability of 5% per month. When calculations
are performed as above, 54% of couples will remain
infertile after 12 cycles. It is important to realize that
a couple can be categorized as infertile with highly
variable degrees of fertility in terms of probability of
conception per month.

Sperm quality is a major determinant of the proba-
bility of spontaneous conception. Not only the severity

40 I.3 Male Factor Fertility Problems

I.3



lation and intrauterine insemination with sperm recovered
by a modified Hotchkiss procedure from a patient with ret-
rograde ejaculation. Fertil Steril 64:1039–1042

Saito K, Kinoshita Y, Yumura Y, Iwasaki A, Hosaka M (1998)
Successful pregnancy with sperm retrieved from the blad-
der after the introduction of a low-electrolyte solution for
retrograde ejaculation. Fertil Steril 69:1149–1151

Sandler B (1979) Idiopathic retrograde ejaculation. Fertil Steril
32:474–475

Shibahara H, Toji H, Shigeta M, Yoshimoto T, Shima H, Koya-
ma K (2000) Successful pregnancies in a case of retrograde

ejaculation associated with tethered spinal cord syndrome.
J Assist Reprod Genet 17:233–237

Silva PD, Larson KM, Van Every MJ, Silva DE (2000) Successful
treatment of retrograde ejaculation with sperm recovered
from bladder washings. A report of two cases. J Reprod Med
45:957–960

Tiusanen H, Seitsalo S, Osterman K, Soini J (1995) Retrograde
ejaculation after anterior interbody lumbar fusion. Eur
Spine J 4:339–342

I.3.5 Reference Values of Semen Variables
and Their Interpretation
F. Comhaire, A. Mahmoud

■ Approximately half of the couples consulting
for an infertility problem present a “male
factor”.

■ Commonly, the male partner is subfertile
rather than infertile.

■ The level of relative fertility can be expressed
as probability of treatment-independent, natu-
rally attained conception per menstrual cycle
(or month) of exposure to the risk of preg-
nancy.

■ The relative fertility potential depends on the
degree of impairment of semen quality.

■ Interpretation of the result of semen analysis
must take into account the variability of fertil-
izing potential.

Key Messages

The majority of couples coming to consultation be-
cause they fail to initiate the desired pregnancy are sub-
fertile rather than infertile or sterile (Comhaire et al.
1988). Fertility should be considered as a spectrum
varying from as good as normal to completely sterile.
The relative probability of each couple depends on sev-
eral factors and is rather constant (Majumdar and
Sheps 1970; Leridon 1980). Changes in the relative fer-
tility can be brought about by many factors, either de-
creasing the probability of spontaneous conception
(such as intercurrent disease) or improving it thanks to
treatment (Wood et al. 1984; Comhaire and Kunnen
1985).

It has been demonstrated that the probability of
treatment-independent conception in subfertile cou-
ples decreases with the duration of infertility (Schwartz
et al. 1981; Hargreave and Nillson 1984). Other factors
that can influence the treatment-independent concep-
tion rate include the type and severity of the causal pa-
thology in the male, the age and possible pathology of

the female partner, and whether or not the couple has
previously achieved a pregnancy (Collins et al. 1983;
Eimers et al. 1994).

Based on empirical observations, a model has been
developed estimating the treatment-independent or
spontaneous pregnancy rate for each individual couple
(Comhaire et al. 1987) (Table I.3.4).

The relative fertility of a couple can be expressed
as probability of conception per cycle of exposure
(also called fecundability), which may vary from 0 in
sterile couples to 30% or more in couples with high
fertility. For practical reasons, fecundability is gener-
ally expressed as the probability of successful concep-
tion per month (P/M). The application of this concept
is exemplified in two hypothetical model populations
with fecundability of 15% and 5%. The cumulative
probability of conception was calculated after differ-
ent durations of exposure up to 12 months (Fig. I.3.7).
In model A, a theoretic population of 100 couples is
considered all having an identical fecundability of
15% per month. If all these couples try to achieve
pregnancy starting at time 0, 15 (15% of 100) will be
successful in the first cycle. Of the remaining 85 cou-
ples, 13 (15% of 85) will achieve pregnancy in the sec-
ond cycle, 11 (15% of 72) in the third cycle, etc.
(Fig. I.3.7). After 12 cycles of exposure, the cumula-
tive conception rate is 86, whereas the remaining 14
couples will be considered “infertile” in agreement
with the working definition. Model B consists of a
population of 100 couples with reduced fertility and
fecundability of 5% per month. When calculations
are performed as above, 54% of couples will remain
infertile after 12 cycles. It is important to realize that
a couple can be categorized as infertile with highly
variable degrees of fertility in terms of probability of
conception per month.

Sperm quality is a major determinant of the proba-
bility of spontaneous conception. Not only the severity

40 I.3 Male Factor Fertility Problems

I.3



Table I.3.4. A model for the calculation of the expected probability of spontaneous conception per month (P/M) in couples con-
sulting for infertility

Formula I
Proportion of infertile and fertile couples (in %) related to

the conception rate per cycle (P/C) and duration of expo-
sure (n = number of months of trial to conceive).

Ia infertile couples = (1 – P/M)n × 100
Ib fertile couples = [1 – (1 – P/M)n ] × 100

Formula II
IIa Probability of conception per cycle (P/M in %) related

to the duration of infertility (n in months) in couples
consulting for infertility of 12–48 months duration.

P/M = 4 × 0.97n
IIb Probability of spontaneous conception per cycle in cou-

ples consulting for infertility of more than 4 years dura-
tion (X is the number of years of unsuccessful exposure).

P/M = 1.3–0.1 X

Formula III
Probability of conception per cycle (P/M in %) related to

duration of infertility (n in months), type of infertility
(a), severity of male (bm) and female factor (bf).

P/M = 4 × 0.97n × (a) × (bm) × (bf)
Estimated coefficients expressing the relative influence of

different factors affecting the spontaneous conception
rate of infertile couples:

IIIa Primary infertility =0.9
Secondary infertility = 1.35

of impairment of sperm quality, but also the presence
or absence of any demonstrable causal factor affects the
conception rate (Comhaire et al. 1992). In general, the
probability of conception in cases with sperm concen-
tration exceeding 20 million/ml depends to a lesser ex-
tent on sperm motility and morphology (Zaini et al.
1985). The rather poor prognostic significance of the
latter sperm characteristics contrasts with the fact that
their power is relatively high to discriminate between
semen of fertile as compared to subfertile men (Com-
haire et al. 1987).

Men with sperm concentration over 20 million/ml,
but abnormal motility or morphology of unknown ori-
gin (idiopathic astheno- and/or teratozoospermia)
have a 40% higher probability of achieving spontane-
ous conception than men in whom the sperm abnor-

Fig. I.3.7a, b. The hatched
area indicates the calculated
cumulative conception rate
related to the number of
cycles of exposure in a mod-
el population of 100 couples
with probability of concep-
tion of 15% per cycle (a) or
5% per cycle (b). The broken
line shows the number of
couples at risk

bm: Male factors
No antisperm-antibodies present
Sperm concentration >20 million/ml = 1.25
Sperm concentration 1.9–19.9 million/ml = 0.8
Sperm concentration 0.1–1.9 million/ml = 0.4
Idiopathic azoospermia = 0.08
Significant presence of antisperm antibodies on

spermatozoa
Sperm concentration >20 million/ml = 0.4
Sperm concentration 1.9–19.9 million/ml = 0.25
Sperm concentration 0.1–1.9 million/ml = 0.15

bf: Female factors
No demonstrable abnormality or minimal endometriosis

(AFS I)
Age 20–30 years = 1.25
Age 30–40 years = 0.75
Age >40 years = 0.50
Demonstrable pathology present
Functional ovulatory disturbances = 1.2
Cervical factor or mild endometriosis (AFS II) = 0.8
Minor tubal pathology or moderate endometriosis

(AFS III) = 0.6
Bilateral tubal occlusion on hysterosalpingography or

severe endometriosis (AFS IV) = 0.3

malities are related to a demonstrable cause such as
varicocele, accessory gland infection, or congenital
causes. Also, the fecundability of semen with sperm
concentration over 20 million/ml but presence of anti-
sperm antibodies is decreased (Table I.3.4).

Moderate oligozoospermia with sperm concentration
between 3 and 19.9 million/ml results in a roughly 40%
reduction of fecundability, while severe oligozoospermia
between 0.1 and 2.9 million/ml reduces the probability of
conception to almost zero (Collins et al. 1983).

It should be clear that answering the question “what
is a normal semen analysis result?” is complex (Rogers
et al. 1983) and hotly debated. In order to find a scien-
tifically founded response, two approaches can be tak-
en. The first one assesses the sperm characteristics of
normally fertile men (who have attained successful
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pregnancy within 12 months of exposure) and compare
these with the characteristics of the spermatozoa of
men who either did attain pregnancy but needed longer
than 12 months to do so (subfertile group), and sterile
men who completely failed in attaining spontaneous
pregnancy in spite of the absence of demonstrable ab-
normalities in the female partner (Wang et al. 1988).
Statistical methods such as the receiver-operating char-
acteristic curves (ROC) (Schoonjans et al. 1996; Ombe-
let et al. 1997) are used to determine the accuracy of the
different sperm characteristics in discriminating be-
tween the three groups (Fig. I.3.8). The 5th percentile of
characteristics of the fertile and subfertile groups are
used as lower reference values, and the 95th percentile
as higher reference value, when applicable (Comhaire
et al. 1987; Menkveld et al. 2001).

Another approach consists of performing semen
analysis in first-pregnancy planners, and to relate the
result of this analysis with the subsequent occurrence
of pregnancy and time to pregnancy (Bonde et al. 1998)
(Fig. I.3.9).

Comparison of the results of these approaches is fea-
sible for those measurements where the same or com-
parable techniques of semen analysis have been used,
e.g. ejaculate volume, sperm concentration, and per-
centage of progressive motility. The power of discrimi-
nation may also be better when objective methods for
the assessment of, for example, sperm motility are im-
plemented (Hinting et al. 1988). For other variables,
comparison is impossible because different criteria are
applied, for example in assessing sperm morphology
(Panidis et al. 2003).

It should also be remembered that the discriminat-
ing power between fertile, subfertile and sterile is dif-

Fig. I.3.8. Receiver operating characteristics curves of the char-
acteristics of spermatozoa in fertile compared to subfertile
men (Comhaire et al. 1987). [1 Peroxidase-negative cells per
100 spermatozoa, 2 sperm count, 3 sperm concentration,
4 grade (a) and (b) motile sperm concentration, 5 grade (a)
motile sperm concentration]

ferent for the different variables. Therefore, the finding
of a concentration of type (a) motile sperm below the
reference value gives a higher level of probability than
a particular sample that belongs to, for example, sub-
fertile man rather than a fertile man (accuracy of cor-
rect classification 87%), than if only the sperm concen-
tration is lower than the reference value (accuracy of
correct classification 66%) (Marmar et al. 1979; Ho-
monnai et al. 1980).

Fig. I.3.9. Relation between sperm characteristics and the fe-
cundability in first pregnancy planners (Bonde et al. 1998)
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Table I.3.5. Reference values
and areas

Sterile Subfertile Fertile

Concentration (million/ml) 3–4 35–40
Grade (a) motility (%) 3 25–28
Grade (a) + (b) motility (%) 14 48–50
Grade (a) motile sperm concentration

(million/ml)
0.3 8–10

Grade (a) + (b) motile sperm concentration
(million/ml)

0.6 20

Morphology (% ideal) 4 14–15

White blood cells <1.0 million/ml
Ejaculate volume 1.5–6 ml
pH 7.2–7.9
Direct IgG MAR test Suspect 10%–40%

Positive >40%

Table I.3.5 lists reference values for the basic charac-
teristics of semen and spermatozoa. The reference val-
ues divide the spectrum of semen data into three
groups. If all the characteristics of the semen sample
are better than the higher reference values, it is 95%
probable that the semen originates from a man who is
potentially fertile (green area). If the results are lower
than the lower reference values, the semen originates
from a man whose probability to (ever) attain preg-
nancy by natural conception is less than 5% and,
therefore, he will be considered sterile (red area) (Du-
cot et al. 1988). If the results are situated between the
two limits, and so are lower than the highest reference
values but higher than the lowest reference values (or-
ange area), the man is subfertile. This means that the
probability that he will attain spontaneous conception
with his partner is decreased. He may still attain con-
ception, but the time needed may be longer than “nor-
mal” (Bostofte et al. 1990). Clearly, the closer the
sperm results are to the higher reference values, the
less severe is the degree of subfertility, and vice versa.
With regard to sperm concentration, it has become
usual to assign the term “oligozoospermia” to semen
samples with less than 20 million spermatozoa per
millilitre (Small et al. 1987)

The reference values given in Table I.3.5 may only be
applied if semen analysis is performed following the
methods described in Chap. II.3.2. It must again be
stressed that the values are no more than indicative,
and that their power to differentiate between fertile and
subfertile semen is higher than to differentiate between
subfertile and infertile semen. Also, the values refer to
the occurrence of spontaneous conception, and may
not be extrapolated for the selection of cases for intra-
uterine insemination or in vitro fertilization. Finally,
semen characteristics may present a relatively high var-
iability in the same person, so that classification may
differ between semen samples produced at a different
moment in time (Schaefer et al. 1991; Cooper et al.
1993).
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I.3.6 Normal Spermatozoa and Isolated Abnormalities
of Seminal Plasma
F. Comhaire, A. Mahmoud

■ Men producing ejaculates with normal
concentration, motility and morphology of
spermatozoa, but abnormal seminal plasma,
may not be optimally fertile.

■ Isolated abnormalities of seminal plasma may
result from multiple causes affecting the func-
tion of the accessory sex glands, which usually
is irreversible.

■ If the postcoital test is abnormal, intrauterine
insemination of spermatozoa prepared in vitro
yields excellent success rates.

Key Messages

I.3.6.1
Definition

The diagnostic classification of normal spermatozoa and
isolated seminal plasma abnormalities is given when
sperm concentration, sperm motility and sperm mor-
phology are better than the reference values for fertile
men, but there are abnormalities in the physical, bio-
chemical or bacteriological composition of the seminal
plasma, an increased number of white blood cells, or ag-
glutination with a negative test for antisperm antibodies.

These patients do not fulfil the criteria for the diagnosis
of male accessory gland infection or any other patholo-
gy. The significance of isolated abnormalities of semi-
nal plasma for the couple’s infertility has to be assessed
by means of complementary tests (Rowe et al. 2000).

I.3.6.2
Aetiology and Pathogenesis

Seminal plasma is composed of the secretion products
of the accessory sex glands: mainly the epididymides,
the seminal vesicles and the prostate (Mann and Lut-
wak-Mann 1951; Eliasson 1968). During normal ejacu-
lation, the fluids from the prostate and epididymides
are expelled first (Bjorndahl and Kvist 2003). This first
fraction of the ejaculate has a volume of 0.5–1.0 ml, is
liquid, and has an acidic pH (6.0–6.5). The second frac-
tion contains the secretions of the seminal vesicles. It is
coagulated (Robert and Gagnon 1999), has an alkaline
pH and the normal volume varies between 1.0 and
5.0 ml. In vitro, the coagulum is liquefied after approxi-
mately 30 min thanks to the enzymatic activity of the
prostate-specific antigen (PSA) (Robert et al. 1997). In-
adequate secretion by the accessory sex glands, in
quantity and/or in quality, will result in abnormal ejac-
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ulate volume (less than 1.5–2 ml or more than 6 ml),
and/or abnormal seminal pH, and/or poor or absent
liquefaction. Normal seminal plasma is relatively clear.
It may become cloudy due to the presence of mucous
streaks or an increased number of white blood cells.
Poor liquefaction occurs in case of decreased secretion
of PSA by the prostate (Elzanaty et al. 2002, 2004).
These abnormalities may impair the transition of sper-
matozoa, which are normal in number, motility and
morphology, from the semen into the cervical mucus,
decreasing the probability of conception.

Also, the osmolarity of the seminal plasma may be
abnormal, decreasing the longevity of the spermatozoa
and inducing curling of the sperm tails.

There is some evidence suggesting that abnormal
seminal plasma may impair sperm function (Carpino
et al. 1994; Lin et al. 2000) and chromatin stability
(Gonzales and Sanchez 1994; Elzanaty et al. 2002) be-
cause of the inadequate amount of substances such as
zinc (Malm et al. 2000) or calcium. Also, the secretions
of the epididymides and the prostate are the major
source of antioxidants in semen. Impaired epididymal
function may be associated with decreased antioxidant
capacity of the seminal plasma, causing an imbalance
between oxidative stress and antioxidant protection
(Gavella et al. 1996; Koca et al. 2003). This then will
damage both the sperm membrane and the DNA com-
position.

Isolated seminal plasma abnormalities may be
found after successful eradication of male accessory
gland infection, or in cases with inflammation but no
current infection. It may be associated with varicocele
or hypoandrogenism, but in these cases the character-
istics of the spermatozoa are commonly abnormal, ex-
cluding the diagnosis of isolated seminal plasma ab-
normalities.

I.3.6.3
Clinical and Laboratory Findings

History taking may reveal an episode of infection of the
urinary tract that has disappeared either spontaneous-
ly or after treatment. Some patients report decreased
orgasmic feeling or may have observed either a de-
creased volume or abnormal appearance of the ejacu-
late.

The epididymides may be enlarged or nodular upon
palpation, or painful in case of current inflammation.
Usually testicular volume and consistency are normal.

Echography of the pelvic organs may reveal signs of
past infection of the prostate, or abnormal appearance
of the seminal vesicles.

Analysis of blood, including tests for infection and
hormone measurements, are normal. There should be
no antisperm antibodies in serum. The test for anti-
bodies against Chlamydia trachomatis may be positive.

Urine analysis may reveal signs of inflammation of the
urinary tract, and the urine obtained after massage of
the prostate may contain an increased number of white
blood cells.

Upon semen analysis, the concentration, motility
and morphology of spermatozoa must be better than
the reference values. Obviously and by definition, the
seminal plasma must be abnormal from the physical,
biochemical or bacteriological point of view, or contain
an increased number of white blood cells, or spermato-
zoa may present agglutination. A test for the detection
of antibodies attached to the spermatozoa must be per-
formed, and should be negative.

In order to assess the importance of the isolated
seminal plasma abnormality as a cause of the couple’s
infertility, an in vivo test of semen–cervical mucus in-
teraction is recommended, namely the postcoital test
(also called the Sims-Huhner test) (see WHO 1999). If
the result of this test is normal, the isolated seminal
plasma abnormalities are considered not to be the
cause of the infertility. Nonetheless, the functional ca-
pacity of the spermatozoa may be impaired due to oxi-
dative stress, and treatment with food supplements is
suggested to counteract this. If, by contrast, the postco-
ital test is abnormal (poor or negative after repeated
performance), the isolated abnormality of the seminal
plasma may be relevant for the infertility problem, and
treatment by means of intrauterine insemination may
be indicated.

I.3.6.4
Differential Diagnosis

Abnormal seminal plasma may occur in combination
with abnormal spermatozoa in diseases such as male
accessory gland infection, varicocele, or endocrine
cause. The diagnosis of isolated seminal plasma abnor-
malities is not applicable in these cases, since this re-
quires spermatozoa to be normal. Also, immunological
infertility must be excluded by means of a test detecting
the presence of antisperm antibodies on the spermato-
zoa.

I.3.6.5
Treatment

It is generally not possible to correct an abnormality of
the seminal plasma, since it is commonly related to a
permanently inadequate function and secretion of the
accessory sex glands. This implies that the secretory
cells have been damaged beyond repair. Since the sper-
matozoa are normal, and in case the postcoital test is
abnormal, insemination should be recommended. For
optimal results, artificial insemination is performed
within 5–6 h after ovulation, which requires careful
monitoring of the cycle, possibly associated with in-
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duction of ovulation by means of human chorionic go-
nadotrophin. The semen is ejaculated directly into a re-
ceptacle containing culture medium with 3% human
serum albumin, in an amount equal to the volume of
semen. Alternatively, a small amount of bromelain or
alpha-chymotrypsin can be added to the semen after
ejaculation in order to liquefy it in cases of hypervis-
cosity of the seminal plasma. It is suggested to immedi-
ately prepare the semen for insemination using a densi-
ty gradient column. Intrauterine insemination may be
preferable, but intracervical insemination can be con-
sidered as well. There is no advantage to inducing hy-
perovulation, since this will increase the risk of multi-
ple pregnancies, without increasing the clinical preg-
nancy rate (Guzick et al. 1999).

Giving the male patient a combination of antioxi-
dants in the form of a food supplement will reduce the
oxidative damage to the spermatozoa. This improves
their functional capacity, increases the induced acro-
some reaction, improves the rate of sperm–oocyte fu-
sion, and increases the probability of successful preg-
nancy.

In vitro fertilization with or without intracytoplas-
mic sperm injection is rarely indicated.

I.3.6.6
Results of Treatment

Provided there is no demonstrable abnormality in the
female partner or a possible abnormality has been cor-
rected, the result of the treatment described above is
excellent. In cases with abnormal postcoital test, more
than 75% of couples attain normal pregnancy upon the
first insemination cycle. Up to 90% of couples are suc-
cessful within three cycles of insemination. Some cases
with normal postcoital test may also benefit from in-
semination and food supplementation of the male part-
ner.

If correctly performed insemination remains unsuc-
cessful, in vitro fertilization with ICSI may be indicat-
ed, and will have the success rate that is typical for this
treatment.

I.3.6.7
Prognosis

Isolated seminal plasma abnormalities usually remain
present, but they may sometimes disappear spontane-
ously after some time. The number of white blood cells
may decrease spontaneously with time, and this is ac-
celerated by the intake of an antioxidant food supple-
ment.

I.3.6.8
Prevention

The early diagnosis and correct treatment of every infec-
tious or inflammatory condition of the urogenital tract
can prevent inadequate functioning of the accessory sex
glands and abnormalities of the seminal plasma.

I.3.6.9
Other

In summary, the finding of isolated seminal plasma ab-
normalities in the male partner of infertile couples
needs careful evaluation. The condition may be perma-
nent, but the negative effects on sperm function may be
reversible. Insemination, if performed under optimal
circumstances, will result in a high probability of suc-
cessful pregnancy, and in vitro fertilization is rarely in-
dicated.
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I.3.7 Immunological Causes
A. Mahmoud, F. Comhaire

■ Antisperm antibodies (ASAs) in the male are a
cause of subfertility and low spontaneous
pregnancy rates.

■ ASA formation may follow infection/inflam-
mation, surgery, trauma and obstruction of
the (uro)genital tract.

■ Test every subfertile patient for ASA using
direct mixed antiglobulin reaction (MAR) or
the immunobead test.

■ If positive (>50%), evaluate the biological
significance of ASAs (e.g. sperm–cervical
mucus interaction).

■ Treat the accompanying pathology if feasible.
■ If treatment of the cause is not successful try

intrauterine insemination (IUI) or in more
severe cases in vitro fertilization/intracyto-
plasmic sperm injection (IVF/ICSI).

■ When most spermatozoa are ASA-coated
(>80%), ICSI is usually recommended,
although some success was reported using
chymotrypsin-treated spermatozoa for IUI.

■ In patients with azoospermia, ASAs >40% in
serum may indicate a better chance of sperm
retrieval during testicular sperm extraction
(TESE).

Key Messages

I.3.7.1
Introduction

Rümke (1954) and Wilson (1954) demonstrated half a
decade ago that the occurrence of antisperm antibodies
(ASAs) in man was associated with infertility. Since
that time, many studies have shown that immune infer-
tility may result from immunological response against
spermatozoa, both cellular and humoral. Several re-
ports have indicated that immunological causes may be
present in 3%–36% of infertile couples (WHO 1987;
Naz 2004). Although ASAs were considered to cause a
relative reduction in fertility, but not to absolutely pre-
vent conception, it is now clear that the presence of
ASAs on the surface of spermatozoa can impair the

sperm fertilizing capacity at different levels, including
diminished sperm vitality, motility and mucous pene-
tration, and impaired sperm-egg interaction (Mah-
moud et al. 1996; Lombardo et al. 2001; Marin-Briggiler
et al. 2003). Antisperm antibodies are associated with
excessive generation of reactive oxygen species, which
may adversely affect sperm quality via oxidation of the
sperm plasma membranes, axonemal proteins and
DNA (Zalata et al. 1995).

I.3.7.2
Mechanisms of Male Immunity to Spermatozoa

Spermatozoa are not present at the time when, during
embryological development, the immune system estab-
lishes tolerance to self antigens (Billingham et al. 1953).
Furthermore, spermatozoa have a different chromo-
somal make-up than the somatic cells. As a conse-
quence, sperm-specific antigens are viewed as foreign
antigens by the immune system. As soon as the sper-
matozoa appear during puberty, these foreign cells
must be completely isolated from the immune system.
Within the testis, this isolation is achieved relatively
completely by the blood–testis barrier formed by tight
junctional complexes between the tubular cells of Ser-
toli (Dym and Fawcett 1970). In other regions of the
male genital tract, the epithelial lining, probably sup-
plemented by a local immunosuppressive barrier, are
responsible for this isolation (el Demiry et al. 1985). Al-
ternatively, the immunosuppression theory (Tung
1980) postulates that small amounts of spermatozoal
antigens continuously leak from the genital tract, lead-
ing to the activation of suppressor T lymphocytes,
which inhibit immune responsiveness.

The pathogenesis of the formation of antisperm an-
tibodies is still a matter of discussion. Antisperm im-
mune responses occur probably as a result of the dis-
ruption of the epithelial or blood–testis barrier (Men-
gel and Zimmermann 1982; Haas 1987), an immuno-
suppression defect (Witkin 1988), or as a result of an in-
sult to the genital tract that would provide an excess of
spermatozoal antigens that could override the mecha-
nism of immunosuppression (Haas 1991). Vasectomy is

I.3.7 Immunological Causes 47

I.3



Robert M, Gagnon C (1999) Semenogelin I: a coagulum form-
ing, multifunctional seminal vesicle protein. Cell Mol Life
Sci 55:944–960

Robert M, Gibbs BF, Jacobson E, Gagnon C (1997) Character-
ization of prostate-specific antigen proteolytic activity on its
major physiological substrate, the sperm motility inhibitor
precursor/semenogelin I. Biochemistry 36:3811–3819

Rowe PJ, Comhaire FH, Hargreave TB, Mahmoud AMA (2000)
WHO manual for the standardized investigation, diagnosis
and management of the infertile male. Cambridge Universi-
ty Press, Cambridge

WHO (1999) WHO laboratory manual of the examination of
human semen and sperm-cervical mucus interaction. Cam-
bridge University Press, Cambridge

I.3.7 Immunological Causes
A. Mahmoud, F. Comhaire

■ Antisperm antibodies (ASAs) in the male are a
cause of subfertility and low spontaneous
pregnancy rates.

■ ASA formation may follow infection/inflam-
mation, surgery, trauma and obstruction of
the (uro)genital tract.

■ Test every subfertile patient for ASA using
direct mixed antiglobulin reaction (MAR) or
the immunobead test.

■ If positive (>50%), evaluate the biological
significance of ASAs (e.g. sperm–cervical
mucus interaction).

■ Treat the accompanying pathology if feasible.
■ If treatment of the cause is not successful try

intrauterine insemination (IUI) or in more
severe cases in vitro fertilization/intracyto-
plasmic sperm injection (IVF/ICSI).

■ When most spermatozoa are ASA-coated
(>80%), ICSI is usually recommended,
although some success was reported using
chymotrypsin-treated spermatozoa for IUI.

■ In patients with azoospermia, ASAs >40% in
serum may indicate a better chance of sperm
retrieval during testicular sperm extraction
(TESE).

Key Messages

I.3.7.1
Introduction

Rümke (1954) and Wilson (1954) demonstrated half a
decade ago that the occurrence of antisperm antibodies
(ASAs) in man was associated with infertility. Since
that time, many studies have shown that immune infer-
tility may result from immunological response against
spermatozoa, both cellular and humoral. Several re-
ports have indicated that immunological causes may be
present in 3%–36% of infertile couples (WHO 1987;
Naz 2004). Although ASAs were considered to cause a
relative reduction in fertility, but not to absolutely pre-
vent conception, it is now clear that the presence of
ASAs on the surface of spermatozoa can impair the

sperm fertilizing capacity at different levels, including
diminished sperm vitality, motility and mucous pene-
tration, and impaired sperm-egg interaction (Mah-
moud et al. 1996; Lombardo et al. 2001; Marin-Briggiler
et al. 2003). Antisperm antibodies are associated with
excessive generation of reactive oxygen species, which
may adversely affect sperm quality via oxidation of the
sperm plasma membranes, axonemal proteins and
DNA (Zalata et al. 1995).

I.3.7.2
Mechanisms of Male Immunity to Spermatozoa

Spermatozoa are not present at the time when, during
embryological development, the immune system estab-
lishes tolerance to self antigens (Billingham et al. 1953).
Furthermore, spermatozoa have a different chromo-
somal make-up than the somatic cells. As a conse-
quence, sperm-specific antigens are viewed as foreign
antigens by the immune system. As soon as the sper-
matozoa appear during puberty, these foreign cells
must be completely isolated from the immune system.
Within the testis, this isolation is achieved relatively
completely by the blood–testis barrier formed by tight
junctional complexes between the tubular cells of Ser-
toli (Dym and Fawcett 1970). In other regions of the
male genital tract, the epithelial lining, probably sup-
plemented by a local immunosuppressive barrier, are
responsible for this isolation (el Demiry et al. 1985). Al-
ternatively, the immunosuppression theory (Tung
1980) postulates that small amounts of spermatozoal
antigens continuously leak from the genital tract, lead-
ing to the activation of suppressor T lymphocytes,
which inhibit immune responsiveness.

The pathogenesis of the formation of antisperm an-
tibodies is still a matter of discussion. Antisperm im-
mune responses occur probably as a result of the dis-
ruption of the epithelial or blood–testis barrier (Men-
gel and Zimmermann 1982; Haas 1987), an immuno-
suppression defect (Witkin 1988), or as a result of an in-
sult to the genital tract that would provide an excess of
spermatozoal antigens that could override the mecha-
nism of immunosuppression (Haas 1991). Vasectomy is

I.3.7 Immunological Causes 47

I.3



a major cause of antigen leakage causing ASA forma-
tion (Hendry 1989; Meinertz et al. 1990; Wen et al.
1994). Other conditions may also stimulate ASA forma-
tion such as vas obstruction (Hendry 1989), testicular
trauma, torsion, malignancy, infection of the genital
tract, semen deposition at nongenital tract sites, and
perhaps, varicocele (WHO 1987; Knudson et al. 1994;
Mahmoud et al. 1996) and intolerance to heavy metals
(Podzimek et al. 2003).

I.3.7.3
Detection of Antisperm Antibodies

Four major types of tests are used in practice to detect
and quantify antisperm antibodies, namely agglutina-
tion tests, complement-dependent tests, immunoglob-
ulin binding, and ELISA tests.

I.3.7.3.1

Agglutination Tests

Agglutination tests detect the presence of antibodies to
the surface antigens on spermatozoa by their ability to
cause agglutination of normal spermatozoa. This ag-
glutination may be observed macroscopically (Kibrick
et al. 1952) or microscopically (for details, see Andreou
et al. 1995). A drawback of these tests is that agglutina-
tion can also occur in the absence of specific antibodies
as a result of the presence of bacteria, fungi, or amor-
phous material in seminal plasma, or under the influ-
ence of sex steroids or nonimmunoglobulin proteins in
serum (Beer and Neaves 1978; Jones 1980; Bronson et
al. 1984). The reference test commonly used is the tray
agglutination test (TAT), introduced by Friberg (1974,
1980). The titre, type, and degree of agglutination can
adequately be determined with TAT. Nonimmunologi-
cal agglutination may, however, occur in TAT, particu-
larly when female sera are tested, and at low serum di-
lutions (Ingerslev 1981).

I.3.7.3.2

Complement-Dependent Tests

Complement-dependent tests detect the presence of
antibodies reacting with antigens of the sperm mem-
brane by the induction of a cytotoxic effect which oc-
curs in the presence of complement. Cytotoxicity re-
sults in the loss of sperm motility, which is used as a
marker in the sperm immobilization test (SIT) (Isojima
et al. 1968) or in membrane damage. The latter is re-
vealed by the fact that the cell membrane allows specif-
ic dyes to enter the head portion of the spermatozoa
(Eliasson 1977) or by leakage of adenosine triphos-
phate (ATP) out of the cell. The results of the ATP re-
lease cytotoxicity test (ARCT) present an excellent cor-
relation with those of the sperm immobilization test

(Linnet and Suominen 1982). We have simplified the
method by testing only one serum dilution (1/4) and
calculating the sperm toxicity index. The latter is close-
ly correlated with the sperm cytotoxic titre. Our study
confirms that sperm cytotoxic antibodies belong main-
ly to the IgG class. The simplified ARCT appears to be
useful as an objective and specific method to detect and
quantify cytotoxic ASAs in serum (Hinting et al.
1988a). In general, complement-dependent tests are
considered to be specific and reproducible, but they
have the disadvantage of not detecting IgA class anti-
bodies (Clarke et al. 1985b).

I.3.7.3.3

Immunoglobulin Binding Tests

The presence of antibodies on spermatozoa can be de-
tected by means of antibodies directed against human
immunoglobulin. These antiglobulins can either be la-
belled or bound to indicator cells or particles. The anti-
globulin labels commonly used are a fluorescence mol-
ecule in the immunofluorescence technique (Cross and
Moore 1990), a radioactive isotope in the radiolabelled
antiglobulin assay (Haas et al. 1980), or an enzyme in
the enzyme-linked immunosorbent assay (Ackerman
et al. 1981). Antiglobulin indicators are either red blood
cells, as in the original mixed antiglobulin reaction, or
latex particles as in the Latex-MAR test (Jager et al.
1978), or polyacrylamide beads, as in the immunobead
binding technique (Clarke et al. 1985a).

Mixed Antiglobulin Reaction and Immunobead Tests

In 1978, Jager and co-workers described the direct
mixed antiglobulin reaction (MAR) test for the detec-
tion of ASAs bound to spermatozoa in fresh semen (Ja-
ger et al. 1978). In this test, the presence of immuno-
globulins bound to spermatozoa is revealed by the oc-
currence of a mixed agglutination of red blood cells
coated with immunoglobulins with motile spermato-
zoa in the presence of an antiglobulin. By selecting the
class of the immunoglobulins on the indicator cells and
the type of antiglobulin, it is possible to identify the
class of immunoglobulins bound on the spermatozoa.
Initially, only IgG class antibodies could be detected,
but this technique has recently been adapted to allow
for the detection of IgA class antibodies. The test can al-
so be performed indirectly to detect ASAs in serum or
in seminal plasma (Vermeulen and Comhaire 1983).

In order to make the test more practical and sensi-
tive, the coated red blood cells have been replaced by
coated latex particles (Vermeulen and Comhaire 1983).
The MAR test with latex particles is simple to carry out
since it is performed in untreated semen. Moreover, the
test provides information on the presence, the localiza-
tion, and the Ig class of ASAs.
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In the immunobead test (Clarke et al. 1985a), poly-
acrylamide beads are coated with polyclonal anti-
bodies against human IgG, IgA, or IgM. This test re-
quires washing the spermatozoa through repeated cen-
trifugation-resuspension, in order to remove the bulk
of immunoglobulins present in seminal plasma. The
adequate diagnostic performance of the SpermMAR
test has been established in many laboratories (Acker-
man et al. 1988; Kay and Boettcher 1992; Eggert-Kruse
et al. 1993). The presence of 50% or more adherence of
particles to the motile spermatozoa is strong evidence
for an immunological cause of infertility. If the result of
the test was doubtful or the test was not feasible due to
low sperm motility, detection may be performed on the
serum sample. In general, the performance of the im-
munobead test was found to be less adequate, with both
lower specificity and sensitivity than the SpermMAR
test (Khoo et al. 1991; Kay and Boettcher 1992; Andreou
et al. 1995). Neither test can be performed if the num-
ber of motile spermatozoa in the ejaculate is too low
but the number of motile spermatozoa needed for the
MAR test is smaller.

We have developed a simple procedure for the detec-
tion of ASAs of the IgG class in human serum using the
indirect MAR test. The test uses only one dilution of se-
rum (1/16) and no washing procedures (Hinting et al.
1988b).

Our data indicate that the direct MAR test result for
IgG correlated better with the indirect MAR result for
IgG in seminal plasma and serum than did the direct
immunobead test result for IgG (Andreou et al. 1995).
The latter could be expected since the bulk of IgG in se-
men is probably derived from serum, and enters the
ejaculate via the prostate (Rumke 1974; Tauber et al.
1975). Furthermore, the results of indirect MAR IgG
test on serum correlate better than the immunobead
test with the results of TAT and ARCT on serum. Using
the cut-off value of 40%, motile spermatozoa attached
to coated latex particles as the lower limit of significant
activity, the indirect MAR test has a sensitivity of 96%
and specificity of 87% (Andreou et al. 1995) in compar-
ison with the TAT test as a reference. Few studies have
evaluated the clinical relevance of antisperm anti-
bodies in the male serum. The presence of IgG in serum
in cases with azoospermia is probably a marker of both
seminal tract obstruction and the presence of some de-
gree of spermatogenesis. The majority of our vasecto-
mized men develop high percentages of IgG antibodies
at follow-up. A recent study also indicated that, in men
with azoospermia, the presence of IgG antibodies in se-
rum is predictive of sperm recovery from the testis in
testicular sperm extraction (TESE). In the majority of
patients with a serum IgG over 10% and in all with a se-
rum IgG greater than 40%, at least one sperm could be
retrieved during TESE (Kazemeyni 2003).

I.3.7.3.4

Enzyme Linked Immunosorbant Assays

Antibody-enzyme-immunoglobulin complexes are de-
tected by addition of a specific enzyme substrate, usually
resulting in a colour change. The advantage of this meth-
od is that it is both specific and quantitative. The major
disadvantage of the enzyme linked immunosorbant as-
say (ELISA) is that samples are generally subjected to fix-
ation, disrupting the plasma membrane of spermatozoa,
which may result in the detection of internal antigens.
Binding to nonspecific antigens, the time and cost in-
volved, poor sensitivity, and inability to determine ASA
location and isotype are the main disadvantages (Ma-
zumdar and Levine 1998). Recently, an ELISA test based
on the detection of antiprostasome antibodies was able
to identify most TAT-positive sera (Carlsson et al. 2004).

I.3.7.3.5

Other Tests

Other techniques are continuously emerging, such as
the panning procedure for ASA detection on spermato-
zoa (Hancock and Faruki 1984), polyacrylamide gel
electrophoresis and immunoblotting for detailed anal-
ysis of both spermatozoal antibodies and antigens
(Snow and Ball 1992; Bohring and Krause 2001), and
flow cytometry (for a review, see Mazumdar and Levine
1998). In this regard, the immunoblotting technique
provides more information on the molecular nature of
the antigen that elicits ASAs. These techniques are
mostly applied for research purposes and sometimes
do not seem to give reliable results. They also offer little
advantage over the less costly and user-friendly immu-
noglobulin binding tests (Eggert-Kruse et al. 1993; Ma-
zumdar and Levine 1998).

I.3.7.4
Antisperm Antibodies in Male Infertility

Routine testing for antisperm antibodies is an essential
step in the diagnosis and management of male infertili-
ty (Bronson 1999a; WHO 1999; Rowe et al. 2000). Sever-
al techniques are available for ASA detection in serum
as well as in genital secretions. Important questions are
whether the assay actually measures antibodies against
spermatozoa, and whether the antibodies that are de-
tected do interfere with fertility. It seems that no single
test is capable of detecting ASA with 100% accuracy,
for all classes of immunoglobulins and against all anti-
body activities. Hence, the evaluation of male immune
infertility should employ several tests, starting with the
most sensitive one for screening, and confirming with
the most specific one.

The presence of antibodies coating the spermatozoa
reduces the sperm fertilizing ability independently of
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other sperm characteristics (Mahmoud et al. 1996;
Lombardo et al. 2001; Marin-Briggiler et al. 2003).
Therefore, the detection of IgG-coated spermatozoa by
means of the MAR or immunobead tests has been in-
cluded as a standard procedure in the World Health Or-
ganization’s recommended methodology of routine se-
men analysis (WHO 1999). Although the effect of anti-
sperm antibodies on fertility is regarded as a continu-
um (Bronson 1999b), results from our studies using the
MAR test indicated that the finding of 40% or more ad-
herence of particles to motile spermatozoa must be
considered strong evidence for an immunological
cause of infertility (Comhaire et al. 1988). The limit of
40% reaction is close to that recommended by the
World Health Organization, which suggests 50% mo-
tile spermatozoa coated by IgG as the critical limit
(WHO 1999).

The direct tests for IgG seem to be ideal screening
procedures for ASA detection since they are simple and
sensitive. In positive cases, however, one should per-
form more specific tests such as complement-depen-
dent tests. Further, in order to ascertain that fertility
prognosis is adequately assessed, ASA class must also
be detected. ASAs of the IgA class appear to be more
important than ASA of the IgG class in impairing
sperm migration through the female reproductive tract
(Steen et al. 1994; Yeh et al. 1995). Since the bulk, if not
all, of IgA is produced locally, these must be detected on
spermatozoa rather than in serum. It should be
stressed that ASAs of the IgA class rarely occur without
ASAs of the IgG class (Andreou et al. 1995). Hence, IgA
testing is not considered necessary as a routine diag-
nostic screening procedure.

Several biological tests are available to assess the
functional impact of ASAs. These include the sperm-
cervical mucuscontact test (Jager et al. 1979) in which
fresh sperm is mixed with cervical mucus. In case ASAs
are present on the spermatozoa, a shaking phenome-
non of the motile spermatozoa is observed. Other func-
tional aspects of ASAs can be evaluated in the human
zona-binding assay (Burkman et al. 1988), the acro-
some reaction test (Talbot and Chacon 1981), and the
zona-free hamster oocyte test (Yanagimachi et al.
1976). Antisperm antibodies are associated with exces-
sive generation of reactive oxygen species, which may
adversely affect sperm quality via oxidation of the
sperm plasma membranes, axonemal proteins and
DNA (Zalata et al. 1995).

I.3.7.5
Clinical Aspects of Men with Antisperm
Antibodies

Clinical evaluation can give relevant information in
men with ASAs. Medical history of urogenital tract in-
fection, sexually transmitted diseases, varicocele, auto-

immune disease and surgery of the urogenital tract or
in the groin are very common (Sinisi et al. 1993; Hint-
ing et al. 1996; Mahmoud et al. 1996). A high frequency
of epididymal thickness is also found on physical ex-
amination (Mahmoud et al. 1996). It seems that the
pathogenesis of male immune infertility may originate
from inflammation of the genital tract, vas lesion and/
or partial obstruction (Hinting et al. 1996).

Treatments to overcome immunological infertility
at present are still controversial. Pathology suspected
as aetiological should be initially treated, such as ap-
propriate antibiotics in cases of actual infection, and
nonsteroidal anti-inflammatory medication in patients
with signs of inflammation but no actual infection (Ro-
we et al. 2000). In some clinics, surgical treatment has
been performed for partial obstruction (Hendry 1989)
but is rarely done nowadays due to the availability of
ICSI.

In cases where no infective or obstructive cause can
be found, empirical immunosuppressive treatment has
been attempted (Shulman and Shulman 1982; Hendry
1989). Recent studies clearly indicated that high-dose
corticosteroid therapy was ineffective, and it carries a
serious risk of side effects (Bals-Pratsch et al. 1992).
Another approach has been the use of assisted repro-
ductive technology with special sperm treatment. In
assisted reproduction, the sperm preparation may re-
duce the agglutinating and cytotoxic effects of antibody
bound to spermatozoa (Hinting et al. 1989). It is sug-
gested that three to six cycles of intrauterine insemina-
tion (IUI) of motile sperm concentration was reason-
able. This results in a pregnancy rate of about 9% per
cycle (Grigoriou et al. 1996; Mahmoud et al. 1996). In a
comparative crossover study, IUI has been found to re-
sult in higher pregnancy rates compared to low-dose
cyclic corticosteroid therapy of the male with immuno-
logical factor (Lahteenmaki et al. 1995).

In severe cases with lower motile sperm concentra-
tion or after failing IUI, IVF or ICSI should be attempt-
ed. When most of the spermatozoa (>80%) are anti-
body-coated, ICSI is usually recommended, although a
recent retrospective study indicated that in vitro treat-
ment of these spermatozoa with chymotrypsin prior to
IUI with semen samples where all spermatozoa were
antibody-coated results in a pregnancy rate per cycle of
11% (Check et al. 2004).

I.3.7.6
Perspectives

Several antibody-binding proteins have been described
in human seminal plasma. These proteins potentially
have the ability to reduce the actions of antisperm anti-
bodies (for a review, see Chiu and Chamley 2003). How-
ever, knowledge of their physiological role is limited.
The immunological characterization of sperm proteins
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as cognate antigens has identified many antibodies that
affect sperm functions. This line of research may lead
to a better delineation of antibodies that are relevant
for fertilization and the development of immunological
contraceptives (for a review, see Bohring and Krause
2003).
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Wen RQ, Li SQ, Wang CX, Wang QH, Li QK, Feng HM, Jiang YJ,
Huang JC (1994) Analysis of spermatozoa from the proximal
vas deferens of vasectomized men. Int J Androl 17:181–185

WHO (1987) Towards more objectivity in diagnosis and man-
agement of male infertility. Int J Androl Suppl 7

WHO (1999) WHO laboratory manual of the examination of
human semen and sperm-cervical mucus interaction. Cam-
bridge University Press, Cambridge

Wilson L (1954) Sperm agglutinins in human semen and
blood. Proc Soc Exp Biol Med 85:652–655

Witkin SS (1988) Mechanisms of active suppression of the im-
mune response to spermatozoa. Am J Reprod Immunol Mic-
robiol 17:61–64

Yanagimachi R, Yanagimachi H, Rogers BJ (1976) The use of
zona-free animal ova as a test-system for the assessment of
the fertilizing capacity of human spermatozoa. Biol Reprod
15:471–476

Yeh WR, Acosta AA, Seltman HJ, Doncel G (1995) Impact of
immunoglobulin isotype and sperm surface location of an-
tisperm antibodies on fertilization in vitro in the human.
Fertil Steril 63:1287–1292

Zalata A, Hafez T, Comhaire F (1995) Evaluation of the role of
reactive oxygen species in male infertility. Hum Reprod
10:1444–1451

52 I.3 Male Factor Fertility Problems

I.3



I.3.8 Iatrogenic Causes of Abnormal Spermatozoa
G. Haidl

■ Many drugs, in particular cytostatic and
hormonally active agents, can exert deleterious
effects on male fertility.

■ Vasectomy and vasectomy reversal can result
in formation of antisperm antibodies; there-
fore patients should be counselled accordingly.

■ Inguinal hernia repair may be complicated by
obstruction of the vas deferens.

■ Lumbar sympathectomy can result in ejacula-
tory disorders.

■ Cryobanking of spermatozoa for patients
undergoing unavoidable drug treatment
affecting male fertility or irradiation is
strongly recommended.

Key Messages

I.3.8.1
Definition

Iatrogenic causes of male fertility disturbances are cod-
ed when the abnormal spermatozoa are considered to
stem from medical or surgical causes. This diagnosis
requires the following to be true:

■ History of medical treatment with possible adverse
effect on fertility

■ And/or history of surgery with possible adverse
effect on fertility

I.3.8.2
Aetiology and Pathogenesis

I.3.8.2.1

Medical Treatments

Therapeutic drugs may cause a temporary or perma-
nent disturbance of male fertility by impairment of
the following functions: spermatogenesis, epididymal
sperm maturation, sperm transport, sperm metabo-
lism, motility, capacitation and egg penetration.

I.3.8.2.2

Gonadotoxic Interventions

Testicular cancer, Hodgkin’s disease, non-Hodgkin
lymphomas and leukaemia may affect young people,
and the disease or its treatment may have deleterious
effects on fertility. Impairment of spermatogenesis
substances with direct antiproliferating effects on
the germinal epithelium is caused by alkylating
substances such as cyclophosphamide and chloram-
bucil and after cytostatic treatment with cisplatin and

adriamycin as well as methotrexate and vincristine or
bleomycin.

I.3.8.2.3

Further Drugs with Possible Negative Influence on

Fertility

Apart from cytostatic agents, direct inhibition of
proliferation of the spermatogenesis can be caused by
neuroleptics and tricyclic antidepressives (Neumann
1984), by antiemetics and antiepileptics, as well as by
antibiotics and chemotherapeutics at higher dosages
and long-term treatment (nitrofurantoin, co-trimoxa-
zole, gentamicin and niridazole). Salazosulphapyridine
leads to a direct inhibition of spermatogenesis by
absorption of toxic metabolites (sulphapyridine). More
agents with potentially blocking effects on spermato-
genesis belong to the groups of analgesics and immu-
nosuppressants. However, reliable studies are not avail-
able for most of these frequently used drugs.

I.3.8.2.4

Hormones and Hormone Antagonists

Hormonal active drugs influence spermatogenesis
indirectly by inhibition of the gonadotrophic functions
of the pituitary. Impairment of spermatogenesis is
possible by oestrogens, gestagens, androgens, anabo-
lics, antiandrogens, luteinizing hormone releasing
hormone (LHRH), gonadotrophin releasing hormone
(GnRH) (super)agonists or antagonists and glucocorti-
coids. Drugs may interfere with androgen production
by different mechanisms, for example, a decrease in LH
production by opiates, blockage of enzymes for steroid
production by aminoglutethimide and ketoconazole,
an increase in testosterone metabolism by barbiturates,
anticonvulsives and further liver enzyme-inducing
agents, blockage of the effects of testosterone by
androgen receptor antagonists such as cimetidine,
spironolactone, cyproteronacetate, an influence such
as the physiologic antagonist of androgen effects by
digoxin with oestrogenic mode of action and drugs
causing hyperprolactinaemia.

Reduction in sperm count, motility and percentage
of normally formed sperm is reversible after discontin-
uation of administration of androgenic hormones. In
bodybuilders who have taken anabolic steroids at
doses exceeding those generally applied for clinical
purposes by up to 40-fold, recovery of sperm numbers
into the normal range may vary considerably after
stopping the steroids. Time intervals between 4 and
12 months are reported (Knuth et al. 1989; Gazvani et
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al. 1997). In another case, the patient remained azoo-
spermic even after 12 months of abstinence from the
steroid and subsequent treatment with gonadotrophins
was initiated (Menon 2003).

I.3.8.2.5

Drugs Affecting Sperm Function

Despite the major clinical significance of therapeutic
drugs which may have an influence on gamete func-
tions, there is only scarce knowledge on this subject be-
cause of the lack of epidemiological studies. There are
reports on certain drugs demonstrating influences on
sperm functions or sperm–egg interaction by in vitro
tests or by application to small groups of patients. For
example, treatment with the calcium-channel blocker
nifedipine was shown to block sperm–egg interaction,
obviously by alteration of the lipid composition of the
cell membranes (Benoff et al. 1994). More relevant sub-
stances may be verapamil (alteration of sperm mem-
branes, decline of sperm motility), antiepileptics (dam-
age of sperm membranes, decline of motility), sulpha-
salazine (decrease in sperm count and motility), tetra-
cyclines (in vitro direct toxic effect), macrolides at high
concentrations (in vitro decrease in sperm motility),
and amantadine and colchicine (impairment of sperm–
egg interaction).

Finally, sperm motility can be impaired by damage
of sperm membrane-bound functions. Drugs with
motility-disturbing effects in vitro are nitrofurantoin,
2,6-diamino-3-phenazopyridine, tetracyclines, genta-
micin, metoclopramide, imipramine, chlorpromazine,
nortriptyline, lithium, trifluoperazine, levamisole,
propranolol, phentolamine, dibenamine, stropine and
bentropinmesylate (Table I.3.6).

Table I.3.6. Drugs with possible influence on male fertility

Suppression of spermatogenesis
Cytostatic agents
Hormones and hormonally active drugs: androgens, antian-

drogens, oestrogens, progestagens, glucocorticoids, ana-
bolics, cimetidine, spironolactone, digoxin, ketoconazole

Psychotropic drugs, antiepileptics, antiemetics, analgesics,
certain antibiotics and chemotherapeutics, anthelmintics
such as niridazole, salazosulphapyridine

Impairment of sperm function
Calcium channel blockers (sperm motility and sperm-egg

binding)
Antiepileptics (sperm motility)
Sulphasalazine (sperm count and motility)
Antibiotics (sperm motility)
Amantadine and colchicine (Sperm–egg interaction)
Psychotropic drugs, alpha- and beta-blockers (sperm

motility)

Inhibition of sperm transport
Antihypertensive drugs
Psychotropic drugs

I.3.8.2.6

Inhibition of Sperm Transport

[ -Adrenolytic acting substances influence sperm
transport by inhibition of the emission phase (chemical
sympathectomy) of the ejaculatory reflex: antihyper-
tensive drugs (guanethidine, reserpine, methyldopa),
psychotropic drugs (thioridazine, chlorprothixene, tri-
cyclic antidepressives, chlordiazepoxide), ganglion
blockers (hexamethonium, mecamylamine) as well as
alpha receptor blockers (phentolamine, phenoxyben-
zamine) (Forman et al. 1996; Rowe et al. 2000) (Ta-
ble I.3.6).

I.3.8.2.7

Surgery

There may be temporary depression of fertility, which
may last for 3–6 months after any surgical procedure,
particularly after general anaesthesia has been admin-
istered.

Testicular biopsy may result in a temporary suppres-
sion of spermatogenesis. Unsuccessful operations such
as herniotomies or corrections of testicular maldescent
may result in damage to the vas deferens and testis, re-
spectively, with subsequent loss of testicular function.
Iatrogenic obstructions may have been provoked by
herniotomies (particularly during infancy) or surgical
procedures at the ejaculatory ducts or vasographs of
the ductus deferentes using irritating contrast media.
Incidentally performed epididymal incisions or biop-
sies during testicular biopsies usually result in obstruc-
tions as well. Hernia repair may additionally result in
an immunological reaction with production of anti-
sperm antibodies. This may also occur after hydroce-
lectomy or any other genital or inguinal surgery. Vasec-
tomy is the most common cause of surgical obstruction
and also results in production of antisperm antibodies.

Aspermia may be caused by disturbances of the
function of the bladder neck after transurethral prosta-
tectomy, treatment of urethral valves in infancy, blad-
der neck incision for outflow obstruction, lumbar sym-
pathectomy, retroperitoneal lymphadenectomy as well
as abdominoperineal surgery.

Urinary catheterization may be complicated by uri-
nary tract infection or by urethral stricture. Urethral
stricture repair may result in pooling of ejaculate mate-
rial in a flaccid segment of the urethra and its contami-
nation with urine. There may be ejaculatory distur-
bance after reconstructive surgery for hypospadias,
epispadias and vesicular exstrophy.

Operations for varicocele, testicular torsion or tes-
ticular maldescent are recorded separately. Other oper-
ations should be noted if the investigator suspects rele-
vance to infertility (Rowe et al. 2000).
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I.3.8.2.8

Irradiation

Irradiation in the genital region will most probably
cause irreversible arrest of spermatogenesis with sub-
sequent sterility. An organ dosage of 3 Gy, which usual-
ly is achieved by irradiation of the inguinal region or
the contralateral testicle, is lethal for spermatogenesis
or leads at least temporarily to extensive suppression of
spermatogenesis (Rowley et al. 1974).

I.3.8.3
Clinical and Laboratory Findings

History taking should reveal medical or surgical treat-
ment with possible negative influences on fertility.

In patients with a history of gonadotoxic chemothera-
py for reasons other than testicular cancer, testicular vol-
ume and consistency usually are normal; in patients with
testicular cancer in their history, the testicle being left af-
ter operation may either be normal or may reveal a small-
er volume in cases with a history of cryptorchidism. In
patients treated with hormonally active compounds, tes-
ticular atrophy, gynaecomastia or skin alterations such as
acne may be observed. In patients presenting with a his-
tory of vasectomy, the epididymis may be enlarged; fur-
ther physical signs depend on the procedure done.

There may be a large variability of semen parame-
ters ranging from azoospermia after chemotherapy
with alkylating substances or after irradiation to severe
oligoasthenoteratozoospermia and only minor aberra-
tions in patients, for example after treatment with
drugs affecting only sperm motility. In cases of sperm
transport disturbances with complete retrograde ejac-
ulation, aspermia will be observed with spermatozoa
present only in the postejaculatory urine.

The biochemical marker substance [ -glucosidase
will be markedly decreased after procedures causing
obstruction (vasectomy or failed hernia repair).

After operations for testicular torsions and refertili-
zation after vasectomy, frequently antisperm anti-
bodies, as reflected by a positive MAR test, and aggluti-
nations of spermatozoa in combination with low sperm
motility and vitality are observed.

Elevated levels of FSH and decreased concentrations
of inhibin-B may occur after orchidectomy due to tes-
ticular cancer and after chemotherapy as well as after
irradiation.

In patients with epilepsy, frequently low testoster-
one levels are observed, which is deteriorated by anti-
epileptic drugs; these also may lead to impaired sperm
motility and morphology (Isojärvi et al. 2004). Low tes-
tosterone concentrations can also be caused by other
drugs interfering with the testosterone metabolism.

In patients with a history of vasectomy, antisperm
antibodies are also detected in the serum.

I.3.8.4
Differential Diagnosis

Further factors contributing to the fertility disturbance
such as varicoceles, inflammations of the genital tract,
genetic causes or anatomical aberrations have to be ex-
cluded before establishing the diagnosis of iatrogenic
fertility disorder.

I.3.8.5
Treatment

Toxic medication should be replaced with an alterna-
tive treatment whenever possible. In vasectomized pa-
tients, a microsurgical reversal is recommended
(Schroeder-Printzen and Weidner 2003). If vasectomy
reversal fails, treatment as idiopathic azoospermia or
oligoasthenozoospermia is indicated, but genetic eval-
uation may be omitted. If toxic medication cannot be
replaced or if there is no restoration of normal fertility,
treatment as idiopathic abnormality according to se-
men quality should be given.

I.3.8.6
Results of Treatment

Microsurgical vasovasostomy is the most frequently per-
formed procedure for refertilization. Usually patency
rates of about 90% are achieved, the pregnancy rates are
partly dependent on the interval between vasectomy and
vasovasostomy, pregnancy rates of 49% are reported af-
ter an obstruction interval of 15–19 years, and spouses
of men with obstruction for 20–25 years had pregnancy
rates of 33% (Fuchs and Burt 2002). Refertilization after
childhood herniorrhaphy achieves patency rates of 44%
and pregnancy rates of 36% (Matsuda 2000). Some au-
thors suggest that a second trial of refertilization after
failure of vasovasostomy may be worthwhile since they
found it to be more cost effective than ICSI with epididy-
mal spermatozoa (Donovan et al. 1998).

I.3.8.7
Prognosis

Impairment of spermatogenesis finally resulting in
azoospermia by substances with direct antiproliferat-
ing effects on the germinal epithelium is caused by al-
kylating substances such as cyclophosphamide and
chlorambucil, which lead to mostly irreversible azoo-
spermia.

Recovery of spermatogenesis has been observed af-
ter cytostatic treatment with cisplatin and adriamycin
as well as after treatment with methotrexate and vin-
cristine or bleomycin (Forman et al. 1996).

Vasectomy is the most common cause of surgical ob-
struction and also results in production of antisperm
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antibodies. These antibodies persist after the repair op-
eration and may hinder natural conception, even if ob-
struction has been relieved correctly. Therefore, meth-
ods of assisted fertilization may be necessary in a con-
siderable percentage of couples after successful referti-
lization surgery (Rowe et al. 2000).

Irradiation in the genital region will most probably
cause irreversible arrest of spermatogenesis with sub-
sequent sterility. Recoveries have been observed after a
time interval up to 5 years (Rowley et al. 1974).

Prognosis of medical therapy in patients finally clas-
sified as idiopathic depends on the degree of the distur-
bance provoked by the causative agent.

I.3.8.8
Prevention

Prior to chemotherapy or radiotherapy, sperm banking
should be offered to all patients.

Any drug treatment with possible influence on fer-
tility should be carefully deliberated in younger men
whose family planning is not completed.

I.3.8.9
Other

Iatrogenic causes of male infertility cannot simply be
avoided. Therefore, extensive counselling of patients
undergoing vasectomy with regard to the problems
arising from a potential reversal is necessary. Cryopres-
ervation of sperm must be offered to cancer patients
before chemo- or radiotherapy, and this could also be
an option for patients receiving drug treatment with
possible adverse effects on fertility.
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I.3.9 Systemic Causes of Male Infertility
A. Mahmoud, F. Comhaire

■ Many systemic diseases can negatively affect
male fertility and sperm quality, but only in a
small percentage of infertile men.

■ A good general physical examination and
selective screening tests are essential.

■ In addition to genetic and endocrine causes,
organ failure, infectious diseases, obesity, and
exposure to toxins, drugs and medications can
cause male infertility.

■ If possible, treatment of the underlying
cause(s) of infertility is advisable before
resorting to assisted reproductive techniques.

Key Messages

I.3.9.1
Introduction

Although the majority of infertile men are otherwise
asymptomatic and healthy, many systemic diseases can
negatively affect male fertility and sperm quality.
Therefore a good general physical examination and se-
lective screening tests are essential (Rowe et al. 2000).
Systemic diseases may cause the so-called dual defect,
i.e. a combination of both primary (hypergonadotro-
phic) and secondary (hypogonadotrophic) testicular
failure. Transient secondary hypogonadism is predom-
inant in acute illnesses, while in chronic illnesses pri-
mary hypogonadism prevails. Genetic factors are re-
sponsible for the diverse responses in men with the
same illness (for a review, see Baker 1998).

I.3.9.2
Systemic Causes

I.3.9.2.1

Fever

A fever exceeding 38.5°C may suppress spermatogene-
sis for a period of up to 6 months (WHO 1987).

Carlsen et al. (2003) found that sperm concentra-
tion, morphology and motility parameters were ad-
versely affected by a febrile episode during the post-
meiotic period of human spermatogenesis (spermio-
genesis). Their study indicated that sperm concentra-
tion was also adversely affected by fever during the pe-
riod of meiosis, whereas fever at other time points dur-
ing spermatogenesis did not seem to significantly affect
these sperm parameters. The adverse effect seemed to
be dependent upon the number of days with fever. Fe-
ver may also be associated with sperm DNA damage
(Evenson et al. 2000).

Details should be recorded of the disease or condition
causing the hyperthermia, its duration and treatment.
It is not known, for example, whether the deleterious
influence of an attack of influenza may be less than that
following a severe malarial episode.

I.3.9.2.2

Excessive Heat

Excessively hot environments may depress spermato-
genesis (Thonneau et al. 1996, 1998) and some studies
suggest that exposure of the testis to elevated tempera-
ture may temporarily have the same effect. Examples
include hot bathing, prolonged car driving and lap top
computer use in a laptop position (Mieusset and Bujan
1995; Bujan et al. 2000; Sheynkin et al. 2005).

I.3.9.2.3

Mumps and Other Viral Diseases

Orchitis

The classical orchitis is associated with infectious paro-
titis (mumps), but orchitis is seen with other viral in-
fections such as coxsackie or herpes. Following an at-
tack of mumps orchitis, the recovery of fertility is vari-
able; some men remain sterile and in other cases the
time to recovery of sperm production may take as long
as 2 years. Mumps occurring before puberty and
mumps not accompanied by orchitis do not interfere
with fertility. Orchitis associated with infectious paro-
titis (mumps) is actually a possible cause of acquired
testicular damage rather than a systemic disease.

Human Immunodeficiency Virus Infection

In patients with HIV infection, the impairment of sper-
matogenesis is related to the severity of the disease (Po-
litch et al. 1994; Muller et al. 1998). The mechanisms of
HIV-associated infertility include primary and later
secondary hypogonadism, leucocytospermia, cytokine
release, direct involvement of the testes or epididymi-
des by HIV, opportunistic infections, malignancy (for a
review, see Baker 1998; Umapathy et al. 2001), and the
popular use of anabolic steroids (Pena et al. 2003).

Using sperm processing accompanied by antiretro-
viral therapy, assisted reproductive techniques are of-
fered by some centres to HIV-serodiscordant couples
where the man is seropositive to achieve pregnancy
while minimizing the risk of HIV transmission (Sauer
2005).
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I.3.9.2.4

Chronic Renal Failure

Reduced sexual activity and libido as well as dimin-
ished fertility have consistently been reported in the di-
alysis population. These factors may reduce the well-
being and quality of life of these patients. The reasons
for these disturbances are complex. Recent develop-
ments, however, improved therapeutic possibilities.

Mechanism of Male Infertility

Azoospermia, severe oligozoospermia, and decreased
sperm viability are common in patients with chronic
renal failure. Especially when FSH is elevated, sperm
deficiency is usually severe (Mastrogiacomo et al. 1984;
Prem et al. 1996). Studies in rats suggest chronic renal
failure also has adverse effects on the overall sperm fer-
tilizing capacity (Yamamoto et al. 1997). Spermatogen-
esis is impaired and testicular histology frequently
shows hypospermatogenesis, maturation arrest or
germ cell aplasia (Mastrogiacomo et al. 1984; Prem et
al. 1996; Schmidt and Holley 1998; Kheradmand and Ja-
vadneia 2003). Also, the rete testis may present cystic
transformation (Nistal et al. 1989).

Many investigators believe that these defects repre-
sent primary gonadal damage by uremic toxins (Maha-
jan et al. 1984; Lim 1987), probably via impairing the
activity of the enzyme 17-beta-hydroxysteroid-dehy-
drogenase. A derangement of the peripheral conver-
sion of steroids cannot, however, be excluded. In-
creased oestradiol secretion by patients with renal fail-
ure has been described, and this may interfere with ste-
roid biosynthesis. The coexistence of central neuroen-
docrine disorders in the regulation of gonadotrophin
secretion has been proposed (Lim 1987). Other changes
in reproductive hormones include suboptimal serum
testosterone with elevated LH, FSH, and prolactin lev-
els (Kheradmand and Javadneia 2003).

Treatment of Renal Failure and Male Infertility

Earlier studies came to the contradictory conclusions
that maintenance haemodialysis either had no effect or
exerted a deleterious influence on sperm concentration
(Holdsworth et al. 1978; Tourkantonis et al. 1981; Ma-
strogiacomo et al. 1984). A more recent study, however,
reported improvements of sperm motility during hae-
modialysis (Kheradmand and Javadneia 2003).

After successful renal transplantation, semen quali-
ty and testicular histology may show a striking im-
provement, sometimes reaching complete recovery of
spermatogenesis (Mastrogiacomo et al. 1984; Prem et
al. 1996) with reversal of azoospermia (Kheradmand
and Javadneia 2003) and restoration of fertility (Phadke
et al. 1970; Holdsworth et al. 1978; Prem et al. 1996).

Abnormalities in reproductive hormones are frequent-
ly corrected following transplantation (Kheradmand
and Javadneia 2003). Nevertheless, a high prevalence of
abnormalities of the hypothalamic–pituitary–testicu-
lar axis was demonstrated in renal transplant recipients
with well-functioning allografts. Alterations of the hy-
pothalamic–pituitary–testicular axis are probably mul-
tifactorial, being influenced prevalently by immuno-
suppressive treatments with further influence by allo-
graft function and time elapsed from transplant
(Tauchmanova et al. 2004).

Immunosuppressive therapy with cyclosporine A
does not seem to adversely affect fertility in renal trans-
plant patients (Haberman et al. 1991), although anoth-
er study reported negative correlations between the
levels of this medication in whole blood and both
sperm concentration and motility parameters (Eid et
al. 1996). Corticosteroids apart, little is known about
the effect of other immunosuppressants used in renal
transplant patients on sperm quality.

In patients with symptomatic secondary hyper-
parathyroidism, a marked improvement in sperm
motility has been reported following total parathy-
roidectomy combined with partial autotransplanta-
tion of 60–90 mg of parathyroid tissue subcutaneous-
ly (Chou et al. 2003).

Studies on zinc therapy give contradictory results,
which may (Mahajan et al. 1982) or may not cause sig-
nificant improvement in sperm characteristics (Rodger
et al. 1989).

Stimulation of Leydig cell function by human chori-
onic gonadotrophin (hCG) for 4 months did not im-
prove fertility (Bundschu et al. 1976); neither were
there any significant changes in sperm counts after per-
golide administration (Rodger et al. 1989).

The effect of clomiphene citrate on spermatogenesis
in dialysis patients is inconclusive, as either improve-
ment or deterioration may occur (Lim and Fang 1976).
This is similar to observations in men with idiopathic
oligozoospermia, and may be related to the combined
anti-oestrogenic and slightly oestrogenic activity of
this drug. So far, there are no data on the use of the pure
anti-oestrogen tamoxifen in the treatment of male in-
fertility associated with renal failure.

Present-day assisted reproductive technology, espe-
cially in vitro fertilization (IVF) with intracytoplasmic
sperm injection (ICSI), offers new hope for subfertile
men with otherwise untreatable severely impaired se-
men quality.

I.3.9.2.5

Alcoholism

Excessive alcohol consumption causes systemic disease
in multiple organs, including the liver and probably in-
directly the testis. Chronic excessive alcohol consump-

58 I.3 Male Factor Fertility Problems

I.3



tion may interfere with spermatogenesis and also re-
duce sexual function through inhibition of testosterone
biosynthesis. These effects are prominent if alcohol
abuse occurs on an almost daily basis and exceeds ap-
proximately 6 units per day.

I.3.9.2.6

Liver Cirrhosis

Hypogonadism and feminization are common features
of liver cirrhosis and are related to the severity of cir-
rhosis. Serum oestradiol, sex hormone-binding globu-
lin and gonadotrophins are elevated, while testosterone
levels are low (for a review, see Kaymakoglu et al. 1995;
Baker 1998). Loss of libido, erectile dysfunction, infer-
tility, reduced secondary sex hair, testicular atrophy,
and gynaecomastia are frequent. The pathogenesis of
hypogonadism in liver cirrhosis is not well understood.
This has been attributed to oestrogen excess, primary
testicular failure, or a dual defect (see introduction)
(for a review, see Baker 1998). Animal experiments,
however, indicate the blood-testis barrier is altered
from an early stage of cirrhosis and that insulin-like
growth factor 1 deficiency might play a pathogenetic
role in hypogonadism of cirrhosis. The administration
of this growth factor for a short period of time reverted
the testicular atrophy associated with advanced experi-
mental cirrhosis in rats (Castilla-Cortazar et al. 2004).

In the majority of men with chronic liver failure, the
hypothalamic-pituitary-testicular hormone axis and
gonadal tissue resume normal function after liver
transplantation (Madersbacher et al. 1994).

I.3.9.2.7

Cancer

Testicular cancer, Hodgkin’s disease, non-Hodgkin
lymphomas and leukaemia may affect young people
and the disease or its treatment may have deleterious
effects on fertility (Bahadur et al. 2005). As a result of
the increasing incidence of many cancers and improve-
ments in cancer therapy, an increasing proportion of
boys and young men with cancer will survive their dis-
ease and desire fertility. Unfortunately, cancer treat-
ment may have a negative and in many cases perma-
nent impact on the individual’s fertility potential (see
Chap. II.2.7). This effect is highly dependent on the
type and dose of therapy as well as the age at which it
was given (Giwercman and Petersen 2000). Irradiation
in the genital region will most probably cause irrevers-
ible arrest of spermatogenesis with subsequent sterili-
ty. Among cancer chemotherapy, the alkylating agents
usually cause irreversible damage. Cisplatin-based reg-
imens for testis neoplasm induce temporary azoosper-
mia but permanent damage can occur with high doses
(400–600 mg/m2) (Colpi et al. 2004). Recovery, if it oc-

curs, is expected up to roughly 5 years after cancer
treatment (Bahadur et al. 2005). Another aspect of the
relationship between cancer and infertility is the possi-
bility that men with testicular dysfunction may have an
increased risk of testicular cancer. Screening for early
testicular malignancy may therefore be advisable in
some groups of men with poor semen quality (Giwer-
cman and Petersen 2000). Additional risk factors for
testicular cancer include cryptorchidism, low testicular
volume, gonadal dysgenesis, testicular (micro)lithiasis
and most importantly, carcinoma in situ testis (Otite et
al. 2001; Dieckmann and Pichlmeier 2004) (Chap.
II.2.8). All these abnormalities occur with an increased
frequency in subfertile men.

Management

Because cancer treatment may be associated with
sperm DNA damage (Morris 2002; Deane et al. 2004),
semen cryopreservation should be offered prior to
treatment and not during treatment in all cases where
fertility is desired (Meistrich 1993). Multiple samples
should be frozen, especially when the sperm quality is
impaired. In cases with ejaculatory problems, the use of
a vibrator or medical induction of an erection may be
attempted. Many children and young adolescents, how-
ever, are unable to ejaculate, although the testis may
contain spermatozoa or their precursors. Freezing of
testicular tissue may be considered in these cases, al-
though the fertilizing potential of the spermatozoa is
unknown. It is hoped that the recent advances in the
fields of in vitro sperm culture and maturation tech-
niques (Tesarik and Mendoza 2003) and autotransplan-
tation of germ cells (McLaren 1998) will help to achieve
successful fertilization using frozen testicular cells
from this young population. Proper protection of the
gonads is essential during radiotherapy in the proximi-
ty of the gonads; precautions to protect the bowel and
bladder must also be taken when a radioactive sub-
stance is administered parenterally, e.g. radioactive io-
dine for thyroid cancer.

I.3.9.2.8

Respiratory Tract Diseases

Chronic respiratory tract disease includes chronic si-
nusitis, chronic bronchitis, and bronchiectasis. These
conditions are sometimes associated with disorders of
the sperm flagellum such as in the immotile cilia syn-
drome, or with secretory disturbance in the epididymis
with obstructive azoospermia. The latter problem may
also occur in men with cystic fibrosis; these men have
an increased incidence of dysgenesis or absence of the
vas deferens based on the same genetic defect
(Chap. I.3.7).

I.3.9 Systemic Causes of Male Infertility 59

I.3



I.3.9.2.9

Body Composition

Several syndromes are typically associated with child-
hood obesity and hypogonadism (see Chap. I.3.11).
Obesity is associated with relatively low androgen/oe-
strogen ratio due to increased peripheral conversion of
androgens to oestrogens by the enzyme aromatase in
adipose tissue. Disturbed testicular thermoregulation
has also been proposed as a mechanism for impaired
testicular function in obese men (for a review, see Bak-
er 1998). In addition to their possible role as a cause of
male infertility, the chemical calorie theory suggests
that endocrine disruptors (see Chap. I.3.11) are, at least
in part, responsible for the pandemic of obesity in the
last few decades (Baillie-Hamilton 2002). Our data indi-
cates that subfertile men have a significantly higher
body mass index (BMI) than the general population
(see Fig. I.3.10). An abnormal BMI of less than 19 or
over 30 kg/m2 has been associated with reduced testic-
ular volume (WHO 1987) and reduced semen quality,
suggesting impairment of spermatogenesis (Jensen
et al. 2004).

I.3.9.2.10

Medication

Certain medical treatments may cause temporary or
permanent damage to spermatogenesis (see Chap. I.3.5).

Fig. I.3.10. Frequency distribution of body mass index in infer-
tile men and an age-matched general population

I.3.9.2.11

Environmental Factors

Chronic exposure to heavy metals, e.g. lead, cadmium
and mercury or other substances, e.g. pesticides, herbi-
cides, carbon disulphide may also reduce fertility (see
Chap. I.3.11).

I.3.9.2.12

Smoking and Recreational Drugs

Recent literature meta-analyses indicate tobacco smok-
ing is associated with modest reductions in semen
quality, increased oxidative damage to the sperm DNA,
and alterations in serum hormone levels. It has been re-
ported that excessive tobacco smoking can enhance the
deleterious effects of genital diseases (e.g. varicocele)
(Klaiber et al. 1987; Mahmoud et al. 1998) or other en-
vironmental factors on spermatogenesis. In addition,
men who smoke have a higher number of white blood
cells in semen (Close et al. 1990), an increased risk of
urethritis (Martin-Boyce et al. 1977) and impaired se-
cretory functions of male accessory sex glands (Pakras-
hi and Chatterjee 1995). Male smoking is associated
with lower spontaneous pregnancy rates and lower suc-
cess rates following intrauterine insemination (Mah-
moud et al. 1998), in vitro fertilization and ICSI (Zitz-
mann et al. 2003).

There have been reports that marihuana smoking is
associated with reduction in fertility. Men who become
addicted to opiate drugs often have multiple episodes
of septicaemia and poor general health, and it is diffi-
cult to know if any damage to fertility is a direct result
of the drug or rather self-neglect.

I.3.9.2.13

Others

Tuberculosis may cause epididymitis and prostatitis as-
sociated with impairment of sperm transport. Diabetes
mellitus and neurological disease may cause erectile
impotence and disorders of ejaculation. In addition,
both conditions may damage spermatogenesis and the
function of the accessory sex glands (Colpi et al. 1987;
Padron et al. 1997; Sexton and Jarow 1997). Other non-
genital diseases may be associated with infertility (see
Table I.3.7).
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Table I.3.7. Diseases associat-
ed with male infertility
(adapted from Hargreave
1994)

Disease Mechanism

Congenital disorders
Genetic disorders
Kartagener’s syndrome Immotile sperm
Cystic fibrosis Associated with agenesis of vas deferens and also with

secretory disturbance in epididymis
Androgen receptor deficiency Lack of development of genitalia
Prune Belly syndrome Testicular maldescent
Coeliac disease Testicular damage
Testicular maldescent Testicular damage
Von-Hippel-Lindau syndrome Cystadenoma of epididymis

Acquired disorders
Infections

Infectious parotitis (mumps) Orchitis
HIV infection See text
Tuberculosis Obstruction and orchitis
Bilharziasis Obstruction
Gonorrhoea Obstruction (and orchitis)
Chlamydial epididymitis Obstruction
Filariasis Obstruction
Typhoid Orchitis
Influenza Orchitis
Undulant fever (Brucellosis) Orchitis
Syphilis Orchitis
Pemphigus foliaceus in South

America
Azoospermia (? obstruction)

Endocrine disease
Thyrotoxicosis Hormonal abnormality
Diabetes mellitus Testicular failure and ejaculatory disturbance
Hepatic failure Hormonal abnormality
Renal failure Testicular failure and loss of libido

Secondary testicular failure Pituitary failure; usually there will also be androgen
deficiencyChromophobe adenoma

Astrocytoma
Hamartoma
Teratoma
Sarcoidosis

Neurological disease
Paraplegia

Erectile impotence and disorders of ejaculation; damage
to spermatogenesis; damage to accessory sex glands

Chronic respiratory tract disease
Bronchiectasis May be associated with abnormal sperm cilia in the im-

motile cilia syndrome, situs inversus or secretory distur-
bance in the epididymis such as in Young’s syndrome

Chronic sinusitis
Chronic bronchitis
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I.3.10 Congenital Disorders and Male Infertility
T. Hargreave

■ Newborn male babies should be examined to
check that both testicles are in the scrotum.
Babies with suspected testicular maldescent
should be re-examined at 1 year of age.

■ There is a need for long-term studies of the
fertility of men who had orchiopexy for testic-
ular maldescent in infancy but such studies are
very difficult to undertake. At present, treat-
ment recommendation is for orchiopexy as
soon as it is safe and ideally before the age of
2–3 years.

■ Klinefelter syndrome is probably under-diag-
nosed and should be considered in all men
with azoospermia or very low sperm counts
who also have small testicles.

■ Long-term follow-up of androgen status and if
necessary androgen replacement should prob-
ably be offered to all men with Klinefelter syn-
drome and especially to those men who have
had extensive testicular biopsy to recover sperm.

Key Messages

I.3.10.1
Definition of the Disease

Included in this category are karyotype disorders, ge-
netic disorders, and congenital phenotypic disorders
where the genetic basis is complex or unknown such as
testicular maldescent. Chromosomal and genetic dis-
orders are more fully described in Chap. II.3.10. Con-
genital anatomical disorders of the penis sufficient to
prevent sexual intercourse are included in the chapter
on sexual dysfunction (Chap. I.4). Most of the condi-
tions discussed in this chapter are more fully described
elsewhere in this book, and for underlying references
the reader is referred to the numerous cross-references
to the appropriate chapters.

I.3.10.2
Aetiology and Pathogenesis

Karyotype and genetic disorders may be inherited
from parents. Karyotype abnormalities may also occur
during meiosis. Testicular maldescent may occur in as-
sociation with defined chromosome abnormality but
may also occur because of environmental and endo-
crine factors during foetal development. The cause of
penile abnormalities such as unilateral agenesis of the
corpus cavernosa is unknown but may relate to fusion
abnormalities of the two genital tubercles and this in
turn may relate to unknown genetic factors, or me-
chanical or environmental factors, at this stage in foetal
development.

I.3.10.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

The history and clinical findings depend on the nature
of the problem. Clinical examination is important and
careful note should be made of any abnormality that
may be congenital.

Chromosomal abnormalities are more common in
infertile than fertile men. Standard karyotype analysis
should be offered to all men with damaged spermato-
genesis who are seeking fertility treatment by in vitro
fertilization (IVF) or intracytoplasmic sperm injection
(ICSI). Fluorescent in situ hybridization (FISH) analy-
sis of spermatozoa is a research investigation.

The commonest chromosomal abnormality is Kli-
nefelter syndrome 47XXY: the clinical findings may be
subtle and easily overlooked. The leg length is dispro-
portionately long to the trunk length and the testicles
are small and firm but virilization is often normal. The
diagnosis is confirmed by karyotype analysis using a
peripheral blood sample. Klinefelter’s mosaicism is
present in about 15% to 20% of cases. Low levels of
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mosaicism may be missed by some laboratories but
should be identified if possible because the prospects
for sperm recovery are much better than with nonmo-
saic Klinefelter’s syndrome. At least three ejaculates
should be tested in the laboratory with examination of
the centrifuged deposit for sperm. If sperm are seen,
then it is usually possible to find sperm in testicular tis-
sue but extensive biopsy may be needed. A later conse-
quence of extensive biopsy is androgen deficiency be-
cause of damage to the testicle. Probably all men with
Klinefelter’s should be offered long-term follow-up of
androgen status, particularly if they have had sperm re-
covery by biopsy. Also, there is a risk that sperm recov-
ered are 47 XXY aneuploid spermatozoa. Before pro-
ceeding with IVF ICSI, the couple should be informed
of the risk of having children with Klinefelter syn-
drome. Counselling can be very difficult because the
potential father may have a poor understanding be-
cause low intelligence is sometimes a feature of Kline-
felter syndrome. Full genetic counselling should in-
clude discussion about preimplantation diagnosis and
amniocentesis.

Men with congenital absence of the vas deferens ac-
count for approximately 2% of men with azoospermia
in European populations. This is associated with muta-
tions in the coding and noncoding regions of the cystic
fibrosis transmembrane conductance regulator gene
(CFTR). These men may also have mild stigmata of cys-
tic fibrosis such as increased tendency to chest infec-
tions or if they smoke a pronounced smoker’s cough.
The condition is often missed on hurried clinical exam-
ination and may be first suspected because semen anal-
ysis shows azoospermia with an ejaculate volume of
less than 1 ml and acidic Ph.

Testicular maldescent is categorized according to
the position of the testicle. Impalpable testes may be in-
tra-abdominal or atrophic and within the inguinal ca-
nal. Intra-abdominal testes are usually sited within the
pelvic cavity, with blood vessels arising from the lower
half of the abdominal aorta. Incompletely descended
testes may lie within the inguinal canal. Often there is
an associated hernia sac and the testicle may flip in and
out of the internal inguinal ring into the abdominal
cavity. In this situation, the man may give the history of
an intermittent inguinal lump.

Ectopic testes are defined as those testes that have
left the abdominal cavity but deviated from the normal
pathway of descent through the inguinal canal. The
most common site for ectopic testis is in the superficial
inguinal pouch; in this situation the testis descends
through the inguinal canal and lies above the external
inguinal ring. The cord including the testicular blood
vessels thus run inferiorly from the testicle before en-
tering the superficial inguinal ring to run superiorly
into the abdominal cavity. Surgeons need to under-
stand this anatomical relationship to avoid damaging

blood vessels during corrective surgery. Very rarely the
ectopic descent is through the femoral canal. Retrac-
tion of the testes into the external inguinal ring is nor-
mal in boys from the age of 1.5 years until the testicles
enlarge at puberty. The best time to differentiate testis
maldescent from retractile testes is by clinical exami-
nation before 1 year of age, which is before the crema-
steric reflex has developed. A reasonable screening
strategy is to examine all male babies at birth and to re-
examine at 1 year those babies with potential testicular
maldescent. It is more difficult to distinguish retractile
testes from maldescended testes at the time of school
medical examination when boys are 8–9 years old bo-
ys because at this age the cremasteric reflex is very
marked.

Imaging investigations to locate impalpable testes
include inguinal canal ultrasound and magnetic res-
onance imaging of the abdominal cavity and inguinal
canals; occasionally laparoscopy can be used to lo-
cate suspected intra-abdominal testes. The internal
inguinal ring is inspected to locate the vas deferens
and if it is seen to enter the canal, this indicates that
the testis or atrophic remnant is within the inguinal
canal.

Congenital penile abnormality such as micropenis,
epispadias or exstrophy may be obvious from clinical
examination. Depending on findings, appropriate in-
vestigation can include studies of androgen receptor
status. However, congenital angulation of the erect pe-
nis including chordee often require examination dur-
ing erection. In general if a young man says he has a
bent erection this should be investigated because near-
ly always the problem will be confirmed.

I.3.10.4
Differential Diagnosis

When there is unilateral impalpable testis, the differ-
ential diagnosis is between testicular agenesis and in-
tra-abdominal or impalpable inguinal testis. The find-
ing at laparoscopy of the vas disappearing into the in-
ternal ring and the absence of the testis within the in-
guinal canal on MRI or ultrasound scanning is suffi-
cient to make the diagnosis of unilateral agenesis of the
testicle. If in such cases inguinal canal exploratory sur-
gery is undertaken the vas will be found to be blind
ending.

I.3.10.5
Treatment

There is at present no treatment to correct chromosom-
al or genetic abnormalities, although potentially this
may become possible with gene transfer and germline
correction (see Chap. II.4.18). However, such ap-
proaches to treatment are controversial and in some
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countries illegal (see p. 9). If sperm can be obtained,
then IVF and where necessary ICSI techniques can be
used to enable fertility. The main risk is the passage of
severe, disabling or lethal chromosomal or genetic dis-
orders to the next generation and thus any fertility
treatment needs to be undertaken in the context of ge-
netic counselling so that the couple understand the
risks (if any) to the future child. Consideration also
needs to be given to preimplantation diagnosis and re-
placement of chromosomally and genetically normal
embryos. In some situations, especially when preim-
plantation diagnosis is impractical, unaffordable or
unavailable, the best decision can be not to proceed
with fertility treatments. Another possibility is amnio-
centesis or villous biopsy and termination of pregnan-
cy depending on the result, but this is always a very dif-
ficult option, especially in the context of an infertile
couple where the pregnancy has been hard to attain.
The couple and the treating clinicians have to balance
consideration of risks to the potential child with the
desire of the couple to have children. The main diffi-
culties will occur if there is a conflict of interest be-
tween the wishes of the couple and the interests of a fu-
ture child. The best initial management is to give full
information to the couple, who should then decide
whether to proceed or not. However, where there is any
increase in risk of a future child inheriting a genetic
disorder before the decision is taken to proceed, it is
important for the couple to appreciate fully what may
be in store for their potential child and the future im-
pact on their lives. It often helps to arrange a visit by
the parents to see someone with the condition, e.g. a
visit to a young adult with clinical cystic fibrosis. If the
decision is taken to transfer an embryo with known
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I.3.10.6
Results of Treatment
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proceed with pregnancy despite a known abnormality.
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ternational data collection, including collection of in-
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men who had orchiopexy in early childhood, mainly
because it is very difficult to undertake long-term stud-
ies after childhood treatments. It is generally believed
that orchiopexy before the age of 2 years gives the best
chance of subsequent normal spermatogenesis, as this
is before the onset of spermatogenesis, but there is an
alternative view that damage to spermatogenesis and
testicular maldescent are caused by the same factors
and that orchiopexy makes little difference. A good rea-
son for orchiopexy is to place the testicle in the scrotum
so that subsequent examination is easy and any devel-
oping lumps can be detected early.

Treatment of erectile deformity is discussed in
Chap. I.4 and usually the ability for penetrative inter-
course can be attained, but if not fertility is possible us-
ing artificial insemination techniques.
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I.3.10.7
Prevention

If early orchiopexy preserves fertility this is a good rea-
son for treatment, but at present there is a lack of good
follow-up data on babies who have had orchiopexy
before the age of 2 years compared with those who have
had orchiopexy at later ages.

The cause of testicular maldescent is not known but
could in some cases relate to environmental pollution
with endocrine disruptors and if so there may be op-
portunities to reduce the levels of such pollutants and
preserve male fertility.

I.3.11 Acquired Testicular Damage
G. Haidl

■ Permanent testicular damage with reduced
volume or testicular atrophy is mainly caused
by infectious agents.

■ Although relatively rare, further events leading
to testicular damage are testicular injuries and
torsion.

■ Early detection and treatment of causative
factors may prevent or restore fertility.

Key Messages

I.3.11.1
Definition

Acquired testicular damage should be recorded when
the abnormal spermatozoa are considered to be due to
either parotitis with orchitis or orchitis with other viral
or bacterial infections, or pathology possibly causing
testicular damage, resulting in either a testicular vol-
ume of less than 15 ml or one of the both testes being
nonpalpable. This diagnosis requires the following to
be true:

■ History of a pathology causing testicular damage
■ At least one testis with a volume less than 15 ml or

nonpalpable

I.3.11.2
Aetiology and Pathogenesis

I.3.11.2.1

Infections

Orchitis

An isolated inflammation of the testis, an orchitis, is a
rare event. Most frequently it occurs in association with
an epididymitis, as a so-called epididymo-orchitis. The
spread of infection in orchitis is not always clear, the
haematogenic and lymphogenic pathway occurs prob-
ably more frequently compared to the canalicular
pathway via the epididymal duct (Weidner and Krause

1999). In contrast, epididymo-orchitis always develops
by ascending infection. Orchitis can be subdivided into
specific granulomatous forms in tuberculosis, syphilis,
typhus or brucellosis, in viral forms such as mumps
orchitis, as well as in nonspecific granulomatous orchitis
of the adult, and in epididymo-orchitis caused by Neis-
seria gonorrhoeae, Chlamydia trachomatis or by entero-
bacteria. Orchitis is seen with other viral infections as
well, e.g. coxsackie or herpes. In testicular tissue of infer-
tile men, unusually high numbers of adenoassociated
virus (AAV) have been observed (Schlehofer 2003). Less
known are inflammatory influences on the testes by
severe influenza, hepatitis or infectious mononucleosis
(Rowe et al. 2000; Haidl and Weidner 2002). Autoim-
mune orchitis is known as an experimental model,
where an orchitis is induced by active immunization
with testis homogenate or bacteria (Tung and Teuscher
1995). As already pointed out, acute inflammations of
the testes are normally not seen in the infertility clinic.
Chronic inflammatory conditions of the testes would be
expected to disrupt the normal process of spermatogen-
esis and cause alterations both in sperm number and
quality (Purvis and Christiansen 1995). It is generally
accepted that chronic infections may also be an impor-
tant cause of spermatogenetic arrest (Diemer and
Desjardins 1999) and testicular atrophy after mumps
paramyxovirus orchitis (Weidner and Krause 1999).

I.3.11.2.2

Testicular Injury

Testicular trauma as a cause of infertility is rare. Most
frequently, sporting and traffic accidents as well as
accidents at work can affect the testis.

I.3.11.2.3

Testicular Torsion

Testicular torsion is a torsion of the testis and sper-
matic cord round the longitudinal axis due to abnormal
mobility; it is a relatively infrequent cause of infertility.
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I.3.11.3
Clinical and Laboratory Findings

I.3.11.3.1

Orchitis

Acute epididymitis and orchitis are painful conditions
accompanied by fever and further discomforting
symptoms and are usually not seen in the infertility
clinic. Patients with orchitis or epididymo-orchitis in
their history may show a reduced volume of the affect-
ed testis; moreover, delicate physical findings such as a
slight decrease in the consistency of the testes and a
thickened periorchium may be present.

Sperm parameters in the different forms of orchitis
caused by virus infection or epididymo-orchitis are
characterized by impairment of sperm count, motility
and morphology. The occurrence of antisperm anti-
bodies in cases of inflammatory conditions in the epi-
didymis and testis due to disturbed blood–testis and
blood–epididymis barrier is conceivable, but has – so
far – not been convincingly demonstrated (Weidner et
al. 1999).

Determination of virus serology in the blood may
provide information about the causative virus in cases
of orchitis.

I.3.11.3.2

Injury

A contused trauma can be accompanied by a haemato-
ma and causes sharp pain as well as nausea and vomi-
ting (see also Chap. I.7.2). In contrast, a history of mi-
nor scrotal injury is common but in most cases not rel-
evant with regard to fertility problems. Injury should
be recorded if it was accompanied by signs of tissue
damage such as scrotal haematoma, haematospermia
or haematuria. Subsequent testicular atrophy is a
strong indication of the relevance of the traumatic inci-
dent. Severe injury, even when unilateral, may be im-
portant as it may cause disruption of the blood–testis
barrier and initiate antisperm antibody production
(Rowe et al. 2000).

Depending on the type and severity of the injury,
highly variable semen characteristics may result.

I.3.11.3.3

Testicular Torsion

Patients with a history of testicular torsion relevant for
their fertility may reveal a testicle with reduced size.
Impaired semen parameters may be present as well (see
also Chap. I.7.1).

I.3.11.4
Differential Diagnosis

In conditions with painful swelling of the testis, acute
orchitis and epididymitis have to be considered. Tes-
ticular torsion is the most important differential diag-
nosis of acute epididymitis, which normally occurs on-
ly after puberty. Chronic, ongoing inflammatory pro-
cesses of the testis and epididymis usually cause only
minor discomfort if at all. In these cases with unchar-
acteristic symptoms, radiating pain from the spine or
ureter, or strain in the inguinal area have to be consid-
ered. Finally, psychosomatic complaints and unspecif-
ic pain in the testis have to be differentiated from in-
flammatory disturbances. In patients with a history of
testicular injury or torsion, further factors contribut-
ing to the abnormal semen parameters have to be ex-
cluded.

I.3.11.5
Treatment

Epididymo-orchitis

Patients with epididymo-orchitis in their history
should be treated as having an idiopathic abnormality
according to semen quality. The same applies to pa-
tients with a history of testicular injury or torsion. In
cases of relevant amounts of antisperm antibodies,
methods of assisted reproduction are recommended
(Mortimer 1999).

Steroidal and nonsteroidal antiphlogistic substances
have been suggested for the treatment of nonspecific
chronic epididymo-orchitis (Weidner et al. 1999).

I.3.11.6
Results of Treatment

The results of idiopathic treatment will depend on the
severity of the disturbance. Studies on idiopathic treat-
ment in patients with a history of acquired damage do
not exist.

The effect of antiphlogistic treatment in chronic
nonspecific inflammations of the testis and epididymis
with regard to fertility is not proven.

I.3.11.7
Prognosis

Following an attack of mumps orchitis, the recovery
of fertility is variable; some men remain sterile and
in other cases the time to recovery of sperm produc-
tion may take as long as 2 years. Mumps occurring
before puberty and mumps not accompanied by or-
chitis do not interfere with fertility (Rowe et al.
2000).
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Chronic, ongoing inflammations may result in con-
ditions known as mixed atrophy; others may even cause
Sertoli-cell-only syndromes (Schuppe et al. 2001).

I.3.11.8
Prevention

Mumps orchitis can be prevented by vaccination in
childhood, early diagnosis and adequate treatment of
every infectious or inflammatory disease of the testis
and epididymis can prevent later fertility disturbances,
which is also true for early treatment of testicular tor-
sion and severe injury.

I.3.11.9
Other

In summary, testicular injury and torsion are rare
causes of male infertility. Acute inflammations and in-
fections of the epididymis and testis, potentially lead-
ing to permanent testicular damage, can be treated ef-
fectively and thus prevent later fertility disturbances,
whereas chronic silent inflammatory conditions can-
not be sufficiently diagnosed by semen analysis. Gener-
ally accepted therapeutic guidelines for these distur-
bances are not yet available.
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I.3.12 Cause: Varicocele
F. Comhaire, A. Mahmoud

■ Reflux of blood in the internal spermatic
vein(s) causes testicular and epididymal
malfunction as a result of clinically palpable or
subclinical varicocele.

■ Varicocele is the most common cause of male
infertility.

■ The presence of varicocele must be detected in
all patients with abnormal semen quality,
including azoospermia.

■ Palpation may fail to detect spermatic venous
reflux, and contact thermography is the most
accurate diagnostic technique, complemented
by duplex Doppler ultrasonography.

■ Interruption of reflux by retrograde trans-
catheter embolization or surgery must be
complete, including right-sided reflux, which
results in improvement of semen quality in
70% to 80% of cases.

■ The natural conception rate after varicocele
treatment is three- to fourfold higher than in
untreated couples, and is enhanced by a holistic
management of both female and male partners.

Key Messages I.3.12.1
Definition

Varicocele, either palpable or subclinical, must be asso-
ciated with abnormal spermatozoa in order to be
accepted as a cause of infertility (Rowe et al. 2000). If a
man with varicocele has normal semen analysis, the
varicocele is not considered to be the cause of infertility
and, obviously, treating this condition will not change
his fertilizing potential. Clinical varicocele is defined as
the presence of distension of the intrascrotal veins of
the plexus pampiniformis, which is either a visible
bulging of the scrotal skin, or easily palpable, or
palpable during Valsalva manoeuvre only. Subclinical
varicocele cannot be palpated, but is detected by means
of technical investigations.

I.3.12.2
Aetiology and Pathogenesis

Varicocele develops as a result of impaired venous
efflux from the testis (Tulloch 1952). Venous blood
refluxes in the internal spermatic vein due to the
absence or malfunction of valves. The refluxing blood
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commonly originates from the renal vein, but may de-
rive from the peri-renal plexus through reno-spermatic
bypasses. The blood contains vasoactive substances in-
cluding catecholamines (Comhaire and Vermeulen
1974), causing constriction of the testicular arterioles
after venoarterial counter-current exchange at the level
of the pampiniform plexus. Also, accumulation of toxic
substances and oxidants occurs. Inadequate function of
the valves in (the lower part) of the internal spermatic
vein causes increased hydrostatic pressure in the testic-
ular venules (Shafik and Bedeir 1980), exceeding the
pressure in the arterial capillaries and reducing testicu-
lar perfusion.

Varicoceles occur more commonly at the left side for
anatomical reasons (Ahlberg et al. 1965), but increased
hydrostatic pressure and reflux may be present on the
right side as well (Comhaire et al. 1981; Gat et al. 2004).

Varicocele usually becomes evident during puberty
(Steeno et al. 1976). It impairs Sertoli cell function and
histology (Terquem and Dadoune 1981), with de-
creased support of spermatogenesis. Maturation of
spermatogenic cells is impaired with decreased pro-
duction of mature spermatozoa and oligozoospermia,
and increased sloughing of spermatogenic cells that ap-
pear in the ejaculate as peroxidase negative round cells.
Leydig cell function and histology is altered as well,
with lowered testosterone production (Comhaire and
Vermeulen 1975).

I.3.12.3
Clinical Findings, Technical Investigations
and Laboratory Findings

In general, patients suffering from varicocele report
few or no symptoms. Sometimes they may have noticed
some dull feeling within the scrotum, particularly upon
physical exertion. Varicocele may have been detected
during school examination, but left untreated.

Physical examination should be performed in a
room where the temperature is 20–22°C. The patient
should stand undressed for approximately 5 min before
being examined. At lower temperatures, the scrotum
may retract, making palpation difficult. The patient
should be standing up while the scrotum is inspected
and palpated. Palpation must be performed gently in
order not to provoke pain, and attention must be paid
to the risk of syncope.

Varicoceles are graded into:

Grade III: When the distended venous plexus bulges
visibly through the scrotal skin and is
easily palpable

Grade II: When the intrascrotal venous distension is
easily palpable but not visible

Grade III and II are usually considered as large vari-
coceles

Grade I: When there is no visible or palpable
distension except when the man
performs the Valsalva manoeuvre

Subclinical: Where there is no clinical varicocele but
an abnormality is present upon scrotal
thermography or duplex Doppler ultra-
sonography

Commonly, testicular volume is lower (WHO 1992) at
the side of the varicocele and/or the consistency is
softer. Sometimes the epididymis at the side of the vari-
cocele is thicker and slightly more sensitive upon
palpation.

Thermography of the scrotal skin can be performed
by means of a tele-thermographic equipment or infra-
red camera (Comhaire et al. 1976). The investigation is
done with the man standing up. The easiest method is
through contact thermography using a specially de-
signed flexible strip containing thermosensitive liquid
crystals (WHO 1985). The crystals change colour, re-
flecting the temperature of the underlying skin. In nor-
mal men, the temperature of the scrotal skin does not
exceed 33.5°C (Zorgniotti and Macleod 1973). Any
clear asymmetrical, in case of unilateral varicocele, or
symmetrical temperature increase must be recorded.
In case of normal thermography, the probability of a
varicocele is small.

Doppler investigations include ultrasonography or,
in centres having access to the suitable apparatus, du-
plex Doppler. The test is performed with the man in re-
cumbent position. The testicular artery is located in the
pampiniform plexus and the patient is then requested
to perform the Valsalva manoeuvre. Normally, venous
efflux is increased and arterial pulsations may de-
crease, but no reflux of blood should occur. In case of
malfunction or absence of valves on the internal sper-
matic vein, reflux is recorded.

Echography is not the best method to detect varico-
cele since distension of the veins of the pampiniform
plexus may not occur in cases with grade I and subclin-
ical varicocele, which may be overlooked by this tech-
nique.

Semen analysis reveals oligozoospermia, usually
with poor sperm motility (asthenozoospermia) and a
subnormal proportion of spermatozoa with normal
morphology (teratozoospermia). Typically, the sperm
heads tend to be elongated (tapering or leptoform
heads) and the mid-piece may be broadened because of
the presence of a cytoplasmic droplet. The number of
round cells may be increased as a result of premature
release (sloughing) of spermatogenic cells (Macleod
1965). These stain negative for peroxidase, contrary to
the peroxidase-positive white blood cells. Some pa-
tients with grade I or subclinical varicoceles present a
high ejaculate volume (>6 ml), which is a suggestive
finding. If the ejaculate volume is below normal, this
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may indicate concurrent infection and deficient secre-
tion of the accessory sex glands.

Blood analysis may reveal a relatively low testoster-
one concentration corresponding with impaired secre-
tion by the cells of Leydig. An elevated serum FSH level
indicates severely deficient Sertoli cell function.

I.3.12.4
Differential Diagnosis

An untrained investigator may confuse an enlarged
epididymis with an expanded intrascrotal vein. Where-
as the swollen epididymis will not change when the pa-
tient is recumbent, the expanded vein will collapse.
With regard to the differential diagnosis, in case of in-
creased temperature registered by thermography, in-
flammation of the skin or the underlying epididymis
should be excluded.

I.3.12.5
Treatment

Men with varicocele but normal semen analysis
should not be treated since the male factor is probably
not the cause of the infertility. In fact, this has been
confirmed empirically with no increase in the preg-
nancy rate in such couples. There is ample and reliable
scientific evidence that correct treatment of men with
varicocele and abnormal semen quality improves the
sperm characteristics and fertilizing potential, as well
as the spontaneous pregnancy rate (Dubin and Ame-
lar 1975; Madgar et al. 1995; Hargreave and Ghosh
1998). Treatment must interrupt the reflux of blood in
the internal spermatic vein and its collaterals, and
should be performed bilaterally if reflux is present at
both sides. Surgical treatment preferentially uses the
supra-inguinal approach (Ivanissevich 1960), or can
be done through laparoscopy (Kattan 2001; Sautter et
al. 2002), or by means of microsurgical techniques at
the neck of the scrotum (Marmar et al. 1985). Surgery
must avoid damaging the testicular artery, but it may
be complicated by hydrocele, requiring a second inter-
vention.

The preferred method uses interventional radiology
through the Seldinger approach. Retrograde venogra-
phy from the renal veins visualizes the path of reflux
and permits assessment of the internal spermatic veins
of both sides. Subsequently embolization with tissue
adhesive is performed through super-selective cathe-
terization (Kunnen 1982).

Although much promoted by some authors (Tauber
and Johnsen 1994; Mazzoni et al. 2002), ascending ve-
nography and venous sclerosis is not the method of
first choice, because it does not follow the path of re-
flux, it has a relatively high complication rate (Ficarra
et al. 2002) and is applied to one side only.

Concomitant pathology, such as accessory gland
infection or hypoandrogenism must always be treat-
ed at the same time, and recovery of the fertilizing
potential of sperm may be accelerated by the adminis-
tration of a food supplement. Intrauterine insemina-
tion or, if needed, IVF/ICSI may be used if spontane-
ous conception fails to occur within a reasonable
period of time.

I.3.12.6
Results of Treatment

In retrospective and prospective cohort studies and in
treated cases of randomized trials, between 35% and
40% of couples attain spontaneous pregnancy within
12 months after treatment, and between 60% and 75%
within 2 years (Madgar et al. 1995). This pregnancy rate
is about three times higher than that observed in un-
treated controls. Meta-analysis of published random-
ized trials fails to reach significance in favour of treat-
ment (Evers and Collins 2004), but the cases included
are highly variable, yielding extremely variable preg-
nancy rates in controls. In certain studies, men with
normal semen quality have been included, and the
technical accuracy of surgical treatment can be ques-
tioned in some trials, with unexpectedly low pregnancy
rates among treated cases (Comhaire and Mahmoud
2004).

I.3.12.7
Prognosis

Varicocele develops at pubertal age (Steeno et al. 1976).
If left untreated, the degree of testicular impairment in-
creases with the longer duration of the disease, explain-
ing why varicocele is the most common abnormality
found in couples with secondary infertility. Also, tes-
tosterone production is known to decline more rapidly
in ageing men with than in those without varicocele
(Comhaire and Vermeulen 1975). This may induce pre-
mature andropause and sexual dysfunction.

Several factors have been identified that determine
the success rate in terms of probability of natural con-
ception after treatment (Comhaire and Kunnen 1985).
Patients with subclinical or grade I varicoceles and low
total testicular volume of less than 30 ml have a rela-
tively poor prognosis after treatment. In such patients,
other factors may be involved in testicular impair-
ment, including a genetic defect or a congenital factor.
Men combining varicocele with normal total testicular
volume (30 ml or more) and a serum FSH level below
the median for a normal population have a high
chance of full recovery of fertility and successful natu-
ral conception of up to 80% within 1 year after treat-
ment. In cases with large varicoceles and testicular vol-
ume lower than 30 ml, and in cases with normal testic-
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ular volume and serum FSH level above median, the
probability of attaining successful pregnancy is be-
tween 30% and 40%.

Concurrent pathology affecting the epididymis or
an immunological factor decreases the probability of
conception.

I.3.12.8
Prevention

Generally speaking, varicocele becomes manifest during
puberty, and it has been suggested that treatment should
be performed at that time. This would prevent the dis-
ease from causing serious and sometimes irreversible
testicular damage later in life (Sayfan et al. 1997).

The decision whether or not to perform preventive
treatment of varicocele in adolescents will largely depend
on the risk/benefit ratio of the treatment. Clearly the
benefit of any correct treatment is similar. The risk, the
level of invasiveness and the cost of retrograde venogra-
phy and transcatheter embolization are lower, since this
treatment is performed under local anaesthesia and on
an out-patient basis. Therefore, the benefit may exceed
the risk, and preventive treatment seems justifiable.

I.3.12.9
Other

It must be underscored that the detection and correct
treatment of varicocele is indicated in all infertile pa-
tients with abnormal semen quality. Not to do so is in
conflict with the rules of good medical practice. How-
ever, it is mandatory to search and treat complementa-
ry causes of infertility, or factors exerting a negative ef-
fect, including lifestyle factors. This fits in the concept
of the holistic approach of the infertile male.
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I.3.13 Infection/Inflammation of the Accessory
Sex Glands
F. Comhaire, A. Mahmoud

■ Infection of the accessory sex glands is diag-
nosed in a variable proportion of cases with
abnormal semen quality depending on
regional differences.

■ The influence of infection/inflammation of the
epididymis on semen quality and fertility is
more important than that of infection/inflam-
mation of the prostate or seminal vesicles.

■ Whereas bacteria themselves have little influ-
ence on the fertilizing capacity of sperma-
tozoa, changes in the function of the affected
glands and reactive oxygen species generated
by white blood cells damage spermatozoa.

■ The diagnosis of male accessory sex gland
infection is based on a combination of
elements in the patient’s history, clinical signs,
and biological analysis of urine and semen.

■ Treatment uses antibiotics and antioxidants,
complemented with intrauterine insemination
and/or assisted reproduction, depending on
the severity and reversibility or irreversibility
of damage to sperm cells.

Key Messages

I.3.13.1
Definition

The diagnosis of male accessory gland infection is
given when semen classification is azoospermia or
abnormal spermatozoa and this is considered to result
from present or past infection of the accessory sex
glands, or inflammatory disease of the urogenital tract
(Rowe et al. 2000).

I.3.13.2
Aetiology and Physiopathology

Infection of the accessory sex glands includes epididy-
mitis, vesiculitis and/or prostatitis, which are caused by
either pathogens transmitted by sexual contact or by
so-called trivial urological pathogens. Among the
former, Chlamydia trachomatis is the most common
pathogen (Keck et al. 1998), but gonococcus may also
occur. The urological pathogens commonly identified
are Escherichia coli, Streptococcus faecalis, Proteus
mirabilis and pseudomonas. The role of coagulase-
negative staphylococcus is uncertain, while Staphylo-
coccus aureus is usually a laboratory contaminant
(Rodin et al. 2003).

Infection causes inflammation characterized by the
classical symptoms such as pain, swelling, and im-
paired function. The latter is responsible for deficient
secretion of minerals, enzymes and fluids that are
needed for optimal function and transport of the sper-
matozoa. The abnormal biochemical make-up of the
seminal plasma results in decreased seminal volume,
abnormal viscosity and liquefaction, abnormal pH,
and impaired functional capacity of the spermatozoa.
These are commonly poorly motile and may have anti-
sperm antibodies attached of the IgG and/or IgA class,
causing immunological infertility.

In addition, infection or inflammation increase the
number of peroxidase-positive white blood cells (pus
cells) generating reactive oxygen species that change
the lipid composition of the sperm membrane, reduc-
ing its fluidity and fusogenic capacity with impaired
acrosome reactivity and ability to fuse with the oolem-
ma (Comhaire et al. 1999). Reactive oxygen species in-
duce oxidative damage to sperm DNA, with excessive
production of a.o. 8-hydroxy-2-deoxyguanosin and
mutagenesis (Chen et al. 1997). Also, inflammation in-
creases the production of a number of cytokines such
as interleukin 1 (alpha and beta), interleukin 6 and 8,
and tumour necrosis factor, which further impair
sperm function and fertilizing capacity (Depuydt et al.
1996; Gruschwitz et al. 1996).

Chronic inflammation of the epididymis may result
in (partial) obstruction of the sperm passage with oli-
go- or azoospermia (Dohle et al. 2003). Rupture of the
blood-testis barrier from obstruction causes anti-
sperm antibodies (Hendry 1986).

I.3.13.3
Clinical and Laboratory Findings

History taking commonly reveals one or several epi-
sodes of dysuria and/or pollakisuria, which may have
disappeared spontaneously or after a short treatment
with an antibiotic or urinary antiseptic. However, the
patient may be unaware of any acute urinary symptoms
in the past. Sometimes, the patient mentions recurrent
episodes of intrascrotal pain that usually feels rather
dull and is exacerbated by pressure. Ejaculatory symp-
toms may occur such as reduced ejaculation force or
volume, painful sensation during or immediately after
ejaculation, or blood staining of the ejaculate. Finally,
sexual complaints may be mentioned, including de-
creased libido and orgasmic feeling, or even erectile
dysfunction.
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Clinical examination should focus on the careful
palpation of the scrotal content, particularly the epi-
didymis and vas deferens. Any swelling or nodularity
should be noted, as well as pain during soft pressure.
Rectal examination can be performed, but transrectal
or transabdominal echography may reveal more rele-
vant information.

General blood analysis may reveal signs of infection,
such as increased number of white blood cells, in-
creased sedimentation rate or abnormal globulin pro-
portions upon electrophoresis. Specific tests for circu-
lating antibodies against Chlamydia should be includ-
ed in the routine investigation for male infertility. The
laboratory may detect antisperm antibodies of the IgG
class in serum.

Urine analysis may reveal bacterial infection or an
increased number of white blood cells, but the analysis
of urine obtained after prostate massage should be
more relevant. However, the absence of urinary abnor-
mality does not exclude male accessory gland infec-
tion, particularly epididymitis.

Semen analysis is of pivotal importance to the diag-
nosis. Semen must be collected as described in the sec-
tion on semen analysis, in order to avoid contamina-
tion with cells and bacteria from the skin or urethra.
When semen culture is performed for the counting and
identification of bacteria, preparatory dilution of the
sample is required, reducing the bacteriostatic capacity
of seminal plasma, prostate fluid in particular. The
number of round cells must be counted, and these must
be differentiated into peroxidase-negative cells, mostly
spermatogenetic cells, and peroxidase-positive white
blood cells (WHO 1999). Also, it is mandatory to per-
form biochemical analysis of the seminal plasma in or-
der to measure the markers of secretion of the sex
glands, including, for example, alpha-glucosidase for
the epididymides, citric acid or gamma glutamyl trans-
ferase (or calcium or zinc) for the prostate, and, possi-
bly, fructose for the seminal vesicles.

Finally, the presence of antisperm antibodies on
spermatozoa must be traced by means of, for example,
the direct MAR test for both IgG and IgA (WHO 1999).

I.3.13.4
Diagnosis and Differential Diagnosis

The diagnosis is accepted in patients with abnormal se-
men quality – oligo- and/or asteno- and/or teratozoo-
spermia, or azoospermia – who combine abnormalities
under the following headings (Comhaire et al. 1980;
Rowe et al. 2000):

A. A history of urinary infection, epididymitis, sexual-
ly transmitted disease, and/or physical signs: thick-
ened or tender epididymis, thickened vas deferens,
abnormal rectal examination

B. Abnormal urine after prostatic massage and/or de-
tection of Chlamydia trachomatis in urine

C. Ejaculate abnormalities:
– Elevated number of peroxidase-positive white

blood cells
– Culture with significant growth of pathogenic

bacteria
– Abnormal viscosity and/or abnormal biochemi-

cal composition, and/or high levels of inflamma-
tory markers or highly elevated reactive oxygen
species

The diagnosis requires either two signs from different
headings, or at least two ejaculate signs in each of two
subsequent semen samples. If bacteria are detected,
they should be identical in urine and in semen, or in the
two semen samples.

Male accessory sex gland infection may be com-
bined with other diseases such as varicocele, in which
case a lower number of white blood cells may cause
complementary damage (Everaert et al. 2003), or an
immunological factor, or sexual or ejaculatory dys-
function. These diseases will require adequate manage-
ment and may interfere with the fertility outcome after
treatment of the infection.

I.3.13.5
Treatment

The treatment of the infection should be the same as for
urinary tract infections. However, abnormal secretion
of the prostate results in an alkaline environment in
this gland, by which antibiotics such as doxycycline are
not concentrated and are therefore inefficient. The
third-generation quinolones (e.g. ofloxacin and peflo-
xacin) are concentrated in both an alkaline and acidic
milieu, and therefore do penetrate well into the dis-
eased prostate and the seminal vesicles (Comhaire
1987). In case of streptococcus infection, the quinolo-
nes are poorly active, and treatment with amoxicillin or
cephalosporins may be indicated.

Commonly, bacterial infestation is eradicated, but it
may return, sometimes with a different pathogen. It
may be necessary to add a second, longer-term treat-
ment with another antibiotic.

I.3.13.6
Results of Treatment

Whereas bacteria can usually be eliminated from the
genitourinary region, white blood cells may persist for
several months, and functional impairment of the ac-
cessory glands is commonly irreversible. This implies
that the processes impairing the fertilizing capacity of
spermatozoa remain active, and that fertility is not re-
stored. Complementary treatment with food supple-
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ments containing antioxidants may be required, and
treatment similar to that of idiopathic oligozoospermia
can be indicated.

In general, the success rate of antibiotic treatment of
male accessory gland infection in terms of spontaneous
conception is poor and not significantly better than
that of placebo. Treatment aiming at the elimination of
pathogens is, however, indicated for reasons of good
medical practice, and in order to reduce the risk of fu-
ture complications, including prostate cancer (Roberts
et al. 2004).

Because oxygen damage to the sperm membrane
and, most of all, DNA may persist after antibiotic treat-
ment, intrauterine insemination and in vitro fertiliza-
tion may yield poor results, and intracytoplasmic
sperm injection, though generating pre-embryos, may
fail in creating an ongoing pregnancy (Zorn et al. 2004).
Therefore, careful complementary treatment and a ho-
listic approach are indicated.

I.3.13.7
Prognosis

Depending on the localization of the infection or in-
flammation, the prognosis after treatment is variable.
Whereas the effects of prostatitis and vesiculitis are less
important, and the effect of treatment on fertility is
rather favourable, (chronic) epididymitis usually
causes substantial and irreversible damage to the quali-
ty and the fertilizing capacity of spermatozoa (Vicari
2000). Also, immunological infertility, resulting from
rupture of the blood–testis barrier, is irreversible.

In view of the poor prognosis regarding the repair of
fertility, prevention of infectious disease is of primordi-
al importance.

I.3.13.8
Prevention

On the one hand, prevention of sexually transmitted
disease, and its immediate treatment in positive cases,
will prevent infertility in a later stage. In particular, re-
current infections with Chlamydia were documented to
cause disastrous effects that are irreversible (Gonzales
et al. 2004).

Men who smoke run a four- to fivefold higher risk of
prostatitis and subsequent spread of infection to the oth-
er accessory sex glands. In addition, tobacco smoke gen-
erates surplus amounts of oxygen radicals and toxic
damage to spermatozoa. Avoiding tobacco is, therefore,
the most important factor in the prevention of male ac-
cessory gland infection by common urological patho-
gens. In addition, relatively symptom-poor episodes of
urinary infection, e.g. occurring after an episode of diar-
rhoea, may remain untreated and ultimately develop in-
to chronic infection/inflammation that is hard to treat,

let alone cure. Therefore, any episode of urinary com-
plaints suggestive for infection in the male must be treat-
ed adequately, in particular using quinolones, in order to
avoid pathogens being harboured in the prostate gland.
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I.3.14 Endocrine Factors
R. Weber

■ Male subfertility is rarely caused by endocrine
diseases.

■ Although hormone determination for classifi-
cation of male infertility is rarely needed,
follicle-stimulating hormone (FSH) and
inhibin B can be considered useful markers of
spermatogenesis.

■ Plasma testosterone concentration needs to be
measured in men with clinical signs of hypo-
androgenism, but can be subnormal in men
with male infertility without any clinical signs
or symptoms.

■ Testosterone measurement is also indicated in
men combining abnormal semen quality with
erectile dysfunction.

■ High serum concentration of FSH (and lutein-
izing hormone, LH) in combination with
subnormal serum testosterone concentration
indicate primary (testicular) hypogonadism.

■ Subnormal serum concentration of FSH, LH
and testosterone is characteristic for hypo-
gonadotrophic hypogonadism (secondary
hypogonadism).

■ Hypogonadotrophic hypogonadism and male
subfertility is treated with gonadotrophins or
pulsatile gonadotrophin-releasing hormone
(GnRH, hypothalamic disorder).

■ Persistent hypogonadism demands lifelong
androgen substitution.

■ Hyperprolactinaemia is a possible cause of
hypogonadism.

Key Messages

I.3.14.1
Definition

The hypothalamus–pituitary–testis (HPT) axis is the
most important endocrine system in the human male.
High activity of the HPT axis is noticed during foetal
life when the testis is developed, during the first
6 months after birth and during puberty. In adulthood,
the serum gonadotrophins, testosterone and inhibin B,
secreted in a pulsatile way, reflect testis function, and
especially FSH and inhibin B are useful markers for
spermatogenesis (Pierik 1998; 2003). Although a nor-
mal function of the HPT axis is mandatory for normal
testosterone production and spermatogenesis, endo-
crine diseases of the axis that cause subnormal func-
tion of the testis are rare. Known endocrine causes of
male subfertility comprise hypo- and hypergonadotro-
phic hypogonadism. The incidence rate of these endo-

crine problems, however, is highly dependent on the
nature of specialization of the institute that a patient is
attending. In a survey of 1,549 subfertile men referred
to our institute, hypogonadotrophic hypogonadism
(HH) was diagnosed in 3.4% of the men. Other diseases
of the endocrine system such as prolactin (PRL) secret-
ing pituitary adenomas, hyper- and hypothyroidism,
hypercorticism (Cushing’s disease and syndrome) may
have a negative effect on the HPT axis, but infertility is
seldom the presenting symptom of these diseases.

There are hardly any effects of diabetes mellitus on
the HPT axis. However, the vascular and neurological
complications, causing erectile and/or ejaculatory dys-
function, may contribute considerably to the reproduc-
tive capability of a diabetic man.

Medical practitioners should be aware of the (ab)use
of anabolic steroids, which are used in doses 10–
100 times the normal therapeutic dose to enhance per-
formance in competitive sports (Chap. II.4.3f). The use
of anabolic steroids may cause small testes, abnormal
sperm parameters and infertility. In the biology of
these cases, the levels of LH (and FSH) are commonly
low due to suppression of the HPT. The effects of endo-
crine disruptors on testicular development during foe-
tal life and eventually subnormal sperm parameters
have not yet been elucidated (Weber 2002) (see
Chap. II.2.3). Also, exposure to endocrine disruptors
during adulthood may cause male subfertility, and evi-
dence is increasing that endocrine disruptors may have
a deleterious effect on male reproductive functions.

Recognition of HH is mandatory in infertile pa-
tients, since this diagnosis offers a rationale for treat-
ment.

I.3.14.2
Aetiology and Pathogenesis

Kallmann syndrome (KS) is a genetic condition charac-
terized by HH, due to disturbed hypothalamic secre-
tion of GnRH, and anosmia (Seminara 1998; Hu 2003).
Anosmia should be revealed by history taking, and
confirmed (preferentially) by specific test(s). KS affects
about 1 in 8,000 males. Although KS is considered as an
inherited disease, familial cases of the disease are infre-
quent. However, the identification of the gene underly-
ing the X-chromosome-linked form of the disease
(KAL-1) has opened the way to molecular pathophysi-
ology. During normal embryonic development, GnRH
neurones migrate from the nasal olfactory epithelium
to the basal hypothalamus. This migration is disturbed
in embryos with X-linked KS.
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HH can also be idiopathic (IHH) and is associated
with impaired GnRH secretion.

Craniopharyngiomas, meningiomas and metastases
of other tumours into the region of the hypothalamus
can cause GnRH deficiency. Likewise, sarcoidosis, hi-
stiocytosis, tuberculosis, and haemochromatosis may
cause GnRH deficiency. Finally, fractures of the base of
the skull, ischaemic and haemorrhagic lesions, as well
as radiotherapy can cause impairment of hypothalamic
function or interrupt the hypothalamo-pituitary con-
nection by stalk section.

HH may also be due to endocrine active and inactive
adenomas of the pituitary gland; granulomatous ill-
nesses, vascular diseases, irradiation, and trauma can
have the same effect.

The principle of anabolics is based on suppression of
GnRH, LH and FSH and subsequent testicular testos-
terone production. The circulating testosterone con-
centration is about 20- to 100-fold lower than the tes-
tosterone content of the seminiferous tubules. A sub-
stantial decrease of intratesticular testosterone concen-
tration during anabolic use can impair spermatogene-
sis and fertility.

I.3.14.3
Clinical Findings

In order to recognize the commonly subtle symptoms
of hypogonadism of infertile men, meticulous history
taking plus a careful physical examination provide im-
portant clues to the origin of the problem(s). The pa-
tients may sometimes report sexual or ejaculatory dys-
function. However, when symptoms of hypogonadism
are absent, additional laboratory testing is necessary.
KS and IHH patients have subnormal levels of LH, FSH
and testosterone. The response of LH and FSH during
stimulation with GnRH can be blunted, but becomes
normal after “priming” of the patient with testoster-
one. The response remains blunted in case of a disease
of the pituitary gland (e.g. pituitary adenoma).

Most of the other diseases of the hypothalamus
and/or pituitary gland, leading to HH, are not primar-
ily diagnosed in an infertility clinic. The incidence of
hyperprolactinaemia due to a micro- or macroadeno-
ma of the pituitary gland is less than 1% of men pre-
senting with fertility problems. Microprolactinomas
and subsequently increased serum PRL concentra-
tions are not always associated with HH. A macropro-
lactinoma and high concentrations of PRL not only in-
duce HH but also impair the pituitary-thyroidal and
pituitary-adrenal axes. These might not be due to the
high PRL concentrations, but rather result from loss of
pituitary tissue because of compression by the pitui-
tary tumour.

Since infertility (or erectile dysfunction) is, in the
majority of cases, the only reason to request medical

Fig. I.3.11. Percentage of 1379 subfertile men presenting with
subnormal (left bar), normal (middle bar) and supranormal
(right bar) serum concentrations of follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH) and testosterone

help, it must be realized that a considerable number of
these men have, besides abnormal sperm parameters,
unexplained subnormal serum concentrations of LH,
FSH and testosterone (Fig. I.3.11).

Supra-normal concentrations of LH and FSH (hy-
pergonadotropism) obviously reflect a testicular disor-
der, but the majority of infertile men have normal se-
rum gonadotrophins and testosterone in spite of an ab-
normal sperm analysis. Although the importance of
hormone determinations in men with idiopathic infer-
tility is not fully documented, it may add to a better di-
agnostic classification. The combination of the concen-
trations of inhibin B and FSH gives a reasonable insight
into the level of spermatogenesis. On the other hand,
testosterone and – to lesser degree – LH give a good es-
timate of Leydig cell function.

Routine measurement of PRL as part of the work-up
of male infertility without any other symptom does not
seem to be indicated. Hyperprolactinaemia can be
caused by certain pituitary adenomas compressing the
pituitary stalk, and this may be present in some pa-
tients with acromegaly. Further analysis of hyperpro-
lactinaemia is always indicated, and treatment with do-
pamine agonists is highly efficient.
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I.3.14.4
Treatment

The therapeutic approach for HH is treatment with go-
nadotrophins [human chorionic gonadotrophin/hu-
man menopausal gonadotrophin (hCG/hMG), FSH] or
pulsatile application of GnRH. The latter uses a porta-
ble injection pump. Treatment with GnRH is useless in
cases of disease of the pituitary gland.

Gonadotrophin treatment usually starts with injec-
tions of hCG, which stimulates the Leydig cell secretion
of testosterone. Once the testosterone concentration in
peripheral blood is normal, treatment with either pure
urinary or recombinant FSH, or hMG is added to the
hCG treatment. This treatment must be administered
for several months and it may take up to 1 year before
spermatogenesis reaches a reasonable level. In general,
patients with “inborn” hypogonadotrophic hypogona-
dism do not attain a normal sperm concentration, but
the fertilizing capacity of their semen seems to be rather
good. Intrauterine insemination, or sometimes in vitro
fertilization may be needed to attain pregnancy. In cases
with acquired hypogonadotrophic hypogonadism, the
treatment results are much better, probably because of a
larger number of cells of Sertoli being present.

Once the goal of achieving fertility has been
achieved, therapy has to be switched to androgen re-
placement. The benefit of lifelong androgen replace-
ment therapy in case of subnormal serum testosterone
concentrations in men with hypogonadotrophic hypo-
gonadism has not yet been demonstrated, but seems to
be rationalistic.
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I.3.15 Oligo-Astheno-Teratozoo-Spermia with
No Demonstrable Cause (Idiopathic O-A-T)
F. Comhaire, A. Mahmoud

■ In approximately one out of four cases with
abnormal sperm quality and oligo- and/or
astheno- and/or teratozoospermia, no causal
factor can be identified.

■ It is probable that a synergistic combination of
internal and, mainly, external factors (lifestyle,
nutrition, environment) are involved.

■ In patients with idiopathic oligozoospermia
and FSH that is not elevated, anti-oestrogen
treatment with tamoxifen increases sperm
concentration and enhances the probability of
conception.

■ A holistic approach of the multiple factors
associated with idiopathically impaired sperm
quality should be completed by nutriceutical
food supplementation.

■ After sperm quality has been optimized, intra-
uterine insemination, or – if need be – assisted
reproduction, are indicated.

Key Messages I.3.15.1
Definition of the Disease

The diagnosis of idiopathic oligozoospermia is given in
men with normal sexual and ejaculatory function, with
spermatozoa present in the ejaculate but sperm con-
centration lower than 20 million/ml, and in whom no
other diagnosis is applicable. Idiopathic asthenozoo-
spermia is accepted if sperm concentration is higher
than 20 million/ml, but sperm motility is below the ref-
erence values, and no other diagnosis is applicable. Idi-
opathic teratozoospermia means that sperm concen-
tration and motility are better than the reference val-
ues, but the proportion of spermatozoa with normal
morphology is below the reference value (Rowe et al.
2000). Idiopathic cryptozoospermia is diagnosed in pa-
tients with extremely low sperm concentration, where
no spermatozoa are seen in the fresh sample, but a few
spermatozoa are recovered from the sediment after
centrifugation, and none of the other diagnoses is ap-
plicable.
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The term “idiopathic” may only be used if careful
history taking, clinical examination and technical in-
vestigations have failed to detect any of the causal fac-
tors. It describes a condition diagnosed on the basis of
exclusion criteria.

I.3.15.2
Aetiology and Pathogenesis

By definition, there is no known aetiological factor ex-
plaining the abnormal quality of the spermatozoa. Sev-
eral hypotheses have been developed, some of which
have been supported by indirect evidence. It has been
postulated that some patients with idiopathic oligozoo-
spermia may suffer from unexplained partial obstruc-
tion of sperm transport at the level of the epididymis
(Jequier et al. 1983; Schoysman 1988, 1992). However,
the majority of the latter patients have a history of ac-
cessory gland infection, or previous hernia repair, or
cryptorchidism (Dohle et al. 2003). Also, partial ob-
struction has been associated with chronic sinopulmo-
nary infections in so-called Young’s syndrome (Han-
delsman et al. 1984). The latter has, however, no longer
been reported in recent decades and seems to have dis-
appeared spontaneously. Others have described partial
obstruction in association with varicocele (Gerris et al.
1988; Belmonte and Martin 1998), but these cases must
not be categorized as idiopathic. In addition, many pa-
tients with oligozoospermia related to partial obstruc-
tion present antisperm antibodies in serum, and they
must be considered as suffering from immunological
infertility.

In a certain number of cases, subobstruction of the
epididymis has been certified by surgical exploration
of the scrotal content (Gunnarsson and Olsson 1995;
Hendry 1986; Schreiber et al. 1990). This type of inter-
vention is not recommended in the work-up of cases
with idiopathic oligozoospermia, because of its poten-
tial damaging effect, which may result in permanent
azoospermia.

Other cases present abnormalities at the level of the
rete testis that can be revealed by careful echography.
Typically, the structures of the rete appear distended,
possibly as a result of a defective embryonic develop-
ment. In animal experiments, administering oestro-
gen-like substances during pregnancy can bring about
this condition (Sharpe and Irvine 2004). Similarly, ab-
normal development of the rete and efferent ductules,
causing oligo-, crypto- or azoospermia in the human
male may be due to prenatal malformation resulting
from the intake and accumulation of hormone disrupt-
ing substances by the mother.

Sperm production and quality are also influenced by
lifestyle factors and professional as well as environ-
mental influences, and these may even impact the fer-
tility of the offspring (Sharpe and Franks 2002).

Nutritional factors include inappropriate calorie in-
take with, seldom, severe underweight (BMI <19) or,
more commonly, overweight (BMI >25) or obesity
(BMI >30). These conditions are associated with lower
testicular volume.

Men suffering from infertility were found to con-
sume fewer foodstuffs rich in essential fatty acids of the
omega-3 group (Christophe et al. 1998), but excessive
amounts of omega-6 group fatty acids. There was a di-
rect positive correlation between the intake of 18:3-
omega-3 (alpha-linolenic acid) and both sperm con-
centration and proportion of progressive motility. Fur-
thermore, men with idiopathic oligozoospermia had a
lower concentration of the highly poly-unsaturated fat-
ty acids (eicosapentaenoic acid, EPA and docosahexae-
noic acid, DHA) in the membrane of their spermatozoa
(Zalata et al. 1998), and they showed a higher oxidative
stress than normal men.

Excessive production of endogenous oestrogens by
increased aromatase activity in fat tissue (Mahmoud et
al. 1998), or relatively high nutritional intake of oestro-
gen-like hormone disrupters or heavy metals originat-
ing from the environment or the workplace, are associ-
ated with idiopathic oligozoospermia.

I.3.15.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

History taking usually does not reveal any relevant
data. Upon physical examination, obesity may be
found, and commonly testicular volume and palpa-
tion of the scrotal content are inconspicuous. Techni-
cal investigations reveal no remarkable findings.
Routine blood and urine analysis do not show any
abnormalities, but testosterone may be in the lower
range of normal, and LH is not elevated. In spite of a
low sperm concentration, serum FSH is usually not
increased and serum inhibin B may be normal (Mah-
moud et al. 1998).

I.3.15.4
Differential Diagnosis

It is of utmost importance to exclude all possible causal
factors, since the diagnosis of idiopathic sperm defi-
ciency is – by definition – only applicable if no other
factor can be detected. Special attention must be paid
to excluding small or subclinical varicoceles and subtle
congenital as well as genetic factors (Chandley 1989;
Chandley et al. 1989; Simpson et al. 1993).
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I.3.15.5
Treatment

Surgical interventions, even those using microscopical
techniques, for alleged partial obstruction of the epi-
didymis must be considered obsolete, except if associ-
ated with the simultaneous collection of spermatozoa
for ICSI (Hauser et al. 1995). Certain urologists advo-
cate unilateral orchiectomy in case of unilateral ob-
struction (Hendry 1986) or nonspecific orchitis (Weid-
ner et al. 2002). This approach does not seem accept-
able in the era of assisted reproduction, particularly
since the latter pathology is inaccurately defined.

Treatment should aim at correcting inappropriate
nutritional habits and other factors such as smoking,
taking hot baths, abusing alcohol, and a sedentary life-
style. Counselling may be considered to relieve stress.
The regular intake of a nutritional supplement contain-
ing flaxseed oil and antioxidants was demonstrated to
be helpful.

If, in spite of these measures, sperm morphology re-
mains extremely poor (less than 3%–4% spermatozoa
with normal morphology), IVF using the small drop
technique or complemented by ICSI is the best option
to resolve the fertility problem. If, in contrast, sperm
morphology is better than 4% normal forms, a treat-
ment with the anti-oestrogen tamoxifen 20 mg/day is
indicated in patients with serum levels of LH and FSH
that are not elevated (Comhaire 1976). Certain authors
add an androgen to the tamoxifen intake (Adamopou-
los et al. 2003), but this may not be necessary in cases
where the endogenous testosterone concentration sig-
nificantly increases during tamoxifen intake. In gener-
al, tamoxifen treatment more than doubles sperm con-
centration, and improves sperm motility, but it has lit-
tle effect on sperm morphology. Treatment must be
given for at least 6 months in order to exert its full
effect.

After a sufficient period of tamoxifen intake, when
sperm characteristics have improved, intrauterine in-
semination may be added in order to increase the prob-
ability of conception and to shorten the time to preg-
nancy (Depypere et al. 1995). If this treatment fails IVF
and ICSI are indicated.

I.3.15.6
Results of Treatment

Assisted reproductive technology with IVF possibly as-
sociated with ICSI results in a take-home baby rate of
about 20% per attempt, and 35% after four attempts.
Approximately 30%–35% of couples attain a sponta-
neous normal pregnancy within 6 months of treatment
with tamoxifen, either or not combined with testoster-
one undecanoate. Three cycles of intrauterine insemi-
nation in cases with sperm characteristics exceeding

the minimal requirements will produce normal preg-
nancies in between 40% and 50% of couples. Provided
that ovarian hyperstimulation is avoided, there is no
increased prevalence of multiple pregnancies (Claman
et al. 2004).

I.3.15.7
Prognosis

Moderate idiopathic oligo-, astheno- or teratozoosper-
mia may regress spontaneously when negative external
causes have been eliminated. The treatment-indepen-
dent pregnancy rate in such couples is better than that
seen in cases with a demonstrable causal factor. The
duration of infertility together with the age of the fe-
male partner (Collins and Rowe 1989) are the most im-
portant elements influencing the treatment-indepen-
dent pregnancy rate and, therefore, the management of
choice.

I.3.15.8
Prevention

Since idiopathic sperm deficiency seems to be related to
unhealthy lifestyle and exposure to environmental in-
fluences, correcting the former and avoiding the latter
may prevent the condition from occurring. Avoiding
obesity, balancing the intake of essential fatty acids, re-
fraining from tobacco smoking and recreational drugs,
limiting alcohol consumption, and correcting inade-
quate nutritional intake of antioxidants may prevent
sperm deterioration. It will take decades before envi-
ronmental agents with hormone-disrupting effects will
be eliminated from the environment and foodstuffs.
However, the intestinal uptake of these may be reduced
by probiotics providing a consortium of bacilli that ab-
sorb and metabolize several xeno-oestrogens in the gut.

I.3.15.9
Other

The approach to cases with idiopathic sperm deficiency
must be tailored to each individual couple. A strategy
based on the immediate implementation of assisted re-
productive techniques is contrary to good medical
practice. Indeed, the results of this strategy are rather
poor, with ongoing pregnancy rates that are much low-
er than originally expected. The cost per pregnancy is
extremely high, and there is increasing concern about
the health of the offspring (Comhaire 2000). Except in
cases with extremely poor semen quality, it is mandato-
ry to attempt to improve the patient’s natural fertility
using appropriate medication and food supplementa-
tion, as well as lifestyle. The effectiveness of the latter
approach has been scientifically proven beyond rea-
sonable doubt.
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I.3.16 Azoospermia
G.R. Dohle

■ Testicular dysfunction is the main cause of
azoospermia.

■ Testicular dysgenesis is an important cause of
testicular dysfunction and can be explained by
genetic and environmental factors during early
foetal development.

■ Obstructive azoospermia can be a treatable
cause of male infertility and occurs in 15% to
20% of azoospermic men.

■ Hormonal investigations, scrotal ultrasound
and genetic screening are essential tools in the
evaluation of the azoospermic man.

Key Messages

I.3.16.1
Definition

Azoospermia is the total absence of spermatozoa in the
ejaculate.

Azoospermia should be distinguished from the ab-
sence of semen caused by ejaculatory disorders, such as
anejaculation and retrograde ejaculation (see Chap.
I.3.1). The diagnosis is made by semen analysis accord-
ing to the WHO guidelines (WHO 1999); the absence of
spermatozoa must be confirmed by centrifugation of
the semen at 3,000 g for 15 min and microscopic exami-
nation of the pellet.

I.3.16.2
Introduction

Azoospermia is found in 10% of male infertility cases
and is caused by a testicular insufficiency in the majori-
ty of patients. In 20%, a bilateral obstruction of the
male genital tract is responsible for the azoospermia
(Hendry 1994).

There has recently been renewed interest in azoo-
spermia, mainly because of new therapeutic options for
obstructive azoospermia and some cases of non-
obstructive azoospermia. Through intracytoplasmic
sperm injection (ICSI) (Palermo et al. 1992), combined
with microsurgical epididymal sperm aspiration and
testicular sperm extraction, biological parenthood can
be offered to couples for whom pregnancy used to be
impossible (Devroey et al. 1994). However, these tech-
niques also raise questions about the safety of using im-
mature spermatozoa for micromanipulation. Several
congenital diseases and genetic disorders, leading to
ductal obstruction or testicular failure, can be trans-
ferred to a subsequent generation through ICSI. Our
knowledge of the genetics and pathophysiology of

azoospermia is still limited and more research on this
issue is needed. Currently the technical advances are
ahead of the basic understanding of the mechanisms
that lead to ductal obstruction and testicular failure.

I.3.16.2.1

Classification

A classification of azoospermia can be based on ob-
structive and nonobstructive forms.

Nonobstructive azoospermia can be subdivided into
several aetiological categories, according to the histo-
logical pattern found on testicular biopsy. Table I.3.8
summarizes the most common causes of testicular fail-
ure.

Nonobstructive azoospermia is characterized by hy-
pergonadotrophic hypogonadism: bilateral small testes
and elevated follicle-stimulating hormone (FSH) are
found. For the definitive diagnosis of testicular failure,
a testicular biopsy is needed (Johnsen 1970). However,
this procedure is performed only to exclude obstructive
azoospermia, when physical examination and FSH are
normal. Since FSH feedback is determined by the func-
tion of the Sertoli cells, maturation arrest and even
some form of germinal aplasia (Sertoli-cell-only syn-
drome) can be present with normal FSH levels.

Obstructive azoospermia is less frequent and occurs
in 15%–20% of men with azoospermia. Common
causes of obstructive azoospermia are summarized in
Table I.3.9.

Table I.3.8. Classification of nonobstructive azoospermia,
based on the results of a testicular biopsy

1. Hypospermatogenesis
Idiopathic
Cryptorchidism
Drugs, cytotoxic therapy
Irradiation
Systemic illness
Hypogonadotrophic hypogonadism

2. Maturation arrest
Idiopathic (probably genetic of origin)

3. Germinal aplasia (Sertoli-cell-only syndrome)
Idiopathic
Cytotoxic therapy
Irradiation
Y chromosome microdeletions
Other genetic disorders

4. Seminiferous tubular sclerosis
Klinefelter’s syndrome
Vascular injury/testicular torsion
Viral (mumps) orchitis
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Table I.3.9. Classification of obstructive azoospermia on the ba-
sis of ductal obstruction due to congenital and acquired causes

1. Epididymal obstruction
Congenital forms Idiopathic epididymal obstruction
Acquired forms Postinfective (epididymitis)

Postsurgical (epididymal cysts)

2. Vas deferens obstruction
Congenital forms Congenital absence of the vas deferens
Acquired forms Postvasectomy

Postsurgical (hernia, scrotal surgery)

3. Ejaculatory duct obstruction
Congenital forms Prostatic cysts (Müllerian cysts)
Acquired forms Postsurgical (bladder neck surgery)

Postinfective

Men with obstructive azoospermia present with nor-
mal size testes and normal FSH. On examination, en-
largement of the epididymis can be found and some-
times the vas deferens appears absent, due to congeni-
tal factors or previous inguinal or scrotal surgery. Al-
though obstructions in primary infertile men are com-
monly present at the epididymal level, other sites of ob-
struction are the ejaculatory ducts and the vas defe-
rens. In 25% of men with a suspected obstruction, no
spermatozoa are found in the epididymis during scro-
tal exploration, indicating that there is an intratesticu-
lar obstruction.

I.3.16.3
Investigations

I.3.16.3.1

Semen Analysis

Additional seminal tests are alpha-glucosidase and
fructose for epididymal obstruction and ejaculatory
duct obstruction. Alpha-glucosidase is mainly pro-
duced by the epididymis and is significantly reduced in
cases of epididymal obstruction. Fructose is produced
by the seminal vesicles and is decreased in case of ejac-
ulatory duct obstruction (EDO).

I.3.16.3.2

Hormonal Investigation

Endocrine malfunctions are more prevalent in infertile
men than in the general population, but still quite un-
common. Hormonal screening can be limited to deter-
mining FSH, luteinizing hormone (LH) and testoster-
one levels. In men diagnosed with azoospermia or ex-
treme oligozoospermia, it is important to distinguish
between obstructive and nonobstructive causes. A cri-
terion with reasonable predictive value for obstruction
is a normal FSH with bilaterally a normal testicular vol-
ume. However, 29% of men with a normal FSH appear
to have a defective spermatogenesis.

Hypergonadotrophic Hypogonadism (Elevated FSH/LH)

Hypergonadotrophic hypogonadism is a primary tes-
ticular development disorder with an elevated produc-
tion of gonadotrophins. It is an isolated failure of sper-
matogenesis and generally not caused by a disruption
of the endocrine system. The main causes are:

■ Congenital: Klinefelter syndrome, anorchia,
enzyme defects in the androgen synthesis, crypt-
orchidism

■ Acquired: after orchitis, testicular torsion, castra-
tion, cytotoxic therapy

Hypogonadotrophic Hypogonadism (Deficient FSH/LH)

The main causes of low levels of gonadotrophins due to
a dysfunction of the pituitary gland or hypothalamus
are:

■ Congenital: isolated arrest of FSH and LH secretion
(Kallmann’s syndrome, accompanied by anosmia),
isolated arrest of LH secretion (fertile eunuch),
idiopathic hypopituitarism, delayed puberty

■ Acquired: generally as an expression of a more
complex disorder of the pituitary gland or hypo-
thalamus, or iatrogenic [gonadotrophin-releasing
hormone (GnRH) agonists and anti-androgens]

In case hypogonadotrophic hypogonadism is suspect-
ed, the medical examination should include an MRI
scan of the pituitary gland.

I.3.16.3.3

Microbiological Assessment

An indication to carry out microbiological assessment
may be abnormal urine samples, urinary tract infec-
tions, male accessory gland infections (MAGIs) and
sexually transmitted diseases (STDs). The clinical im-
plication of the detection of white blood cells in a se-
men sample is as yet undetermined. In combination
with a small ejaculate volume, this may point to a (par-
tial) obstruction of the ejaculatory ducts caused by a
(chronic) infection of the prostate or the vesicula semi-
nalis. Genital infections may stimulate the production
of spermatotoxic free oxygen radicals. Gonorrhoea and
Chlamydia trachomatis can also cause obstruction of
the tractus genitalis.

I.3.16.3.4

Genetic Evaluation

A substantial number of andrological fertility disor-
ders, which used to be described as idiopathic male in-
fertility, will in fact have a genetic origin. By carrying
out an extensive family history and karyotype analysis,
a number of these disorders can be detected. This will
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not only yield a diagnosis, but will also allow for appro-
priate genetic counselling. The latter may be very im-
portant with the advent of ICSI, since the fertility disor-
der and the possibly corresponding genetic defect may
be transferred to the offspring.

Chromosomal abnormalities are more common in
men with extreme OAT and azoospermia: the most
common sex chromosome abnormality is Klinefelter
syndrome (47 XXY), which affects around 10% of men
diagnosed with azoospermia. Klinefelter syndrome is
characterized by disproportionally long legs, gynaeco-
mastia and hypergonadotrophic hypogonadism. Occa-
sionally a eunuchoid phenotype is found, and at times
psychological disorders. Both testicles are very small
and present with tubular sclerosis. Around 60% of all
patients will develop a low level of testosterone requir-
ing androgen replacement with ageing.

In men presenting with azoospermia or extremely
poor quality semen, chromosome translocations and
deletions can be found which may be hereditary and
may cause habitual abortion and congenital malforma-
tions in the offspring.

It is recommended that all men presenting with less
than 1 million spermatozoa per millilitre, candidates for
ICSI, should have at least a karyotyping performed.

Furthermore, in cases of azoospermia or severe
OAT, deletions in the Y chromosome of RNS-binding
proteins (DAZ, RBM and SPGY) occur and testing is
advised. The prevalence of Y deletions is considerable
(around 5%) in this group of patients. Identifying Y
chromosome microdeletions means that the defect will
be passed on to sons who will then also be infertile.

When performing ICSI with surgically retrieved
sperm based on the diagnosis of a congenital bilateral
absence of the vas deferens (CBAVD), both the male
and the female partners should be checked for muta-
tions in the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) gene. Apart from causing cystic
fibrosis, this gene is also associated with CBAVD; 85%
of all males diagnosed with CBAVD also test positive
for 1 or 2 CFTR gene mutations. In case the partner is a
carrier of a CFTR mutation, depending on the mutation
involved, there is a 25% chance of a child with CF or
CBAVD. Genetic counselling is recommended in these
cases.

I.3.16.3.5

Ultrasonography

When trying to locate intrascrotal defects, ultrasono-
graphy is a useful tool. In case of epididymal obstruc-
tion, dilatation and cystic lesions of the epididymis and
rete testis can be found. The vas deferens can be identi-
fied easily with ultrasound.

Colour Doppler ultrasound of the scrotum can de-
tect a varicocele in around 30% of infertile males. Tes-
ticular tumours can be found in 0.5% of infertile men
and testicular microcalcifications, a potentially prema-
lignant condition, is detected in around 5% of infertile
males, especially in patients diagnosed with a history of
cryptorchism (Dohle and Schröder 2000).

A transrectal ultrasonography (TRUS) is indicated
in men with a low ejaculate volume (<1.5 ml) and a his-
tory of MAGI to exclude obstruction of the ejaculatory
ducts, caused by a midline prostatic cyst or a stenosis of
the ejaculatory ducts which can occur after prostatitis.
Ejaculatory duct obstruction is characterized by azoo-
spermia or severe oligozoospermia with a low seminal
volume and decreased levels of seminal fructose (Jarow
1996).

I.3.16.3.6

Testicular Biopsy

Indications for performing a testis biopsy are azoosper-
mia in the presence of a normal volume of the testes
and normal FSH levels. The biopsy is aimed at differen-
tiating between testicular insufficiency and obstruc-
tion of the male genital tract. Pathological classifica-
tions are:

■ The absence of tubuli seminiferi (tubular sclerosis)
■ The presence of Sertoli cells only (Sertoli-cell-only

syndrome)
■ Maturation arrest: incomplete spermatogenesis,

not beyond the spermatocyte stage
■ Hypospermatogenesis: all cell types up to sperma-

tozoa are present but there is a distinct decline in
the number of reproducing spermatogonia

Carcinoma in situ of the testis can be found, especially
in men with bilateral microcalcifications in the testes
and in men with a history of testicular tumour.

If testicular biopsy is performed, in any case, cryo-
preservation of testicular tissue is highly recommend-
ed to store germ cells for later intracytoplasmic sperm
injections (Fig. I.3.12).
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AZOOSPERMIA

Physical examination 

     FSH 

OBSTRUCTIVE AZOOSPERMIA       NONOBSTRUCTIVE AZOOSPERMIA 

Normal physical examination                                      Testicular volume < 15 ml/testis 

Normal FSH                                                                        Elevated FSH 

       Treatment options:  

       - Consider testicular sperm extraction for ICSI 

Epididymal/vasal obstruction Ejaculatory duct obstruction CBAVD

Normal seminal volume  Low seminal volume     Low seminal volume 

Normal pH    Normal pH      pH < 7.0 

Testicular biopsy   Consider TURED *    Genetic screening (CFTR) 

     Or sperm aspiration/ICSI   MESA(PESA)/ICSI 

Normal  Abnormal  

   TESE/ICSI 

Scrotal exploration 

Fig. I.3.12. Diagnostic work-up of azoospermia
Microsurgical repair (vaso-vasotomy or vaso-epididymosto-
my), combined with MESA and cryopreservation of the sper-
matozoa, to be used for ICSI in case of surgical failure.
* TURED = trans-urethral resection of the ejaculatory ducts
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I.4Problem: Sexual Dysfunction

I.4.1 Erectile Dysfunction
T.B. Hargreave

■ Performance anxiety is a contributory cause in
almost all men with erectile dysfunction (ED).

■ Type 5 phosphodiesterase (PDE5) inhibitors
are safe and can be used as first-line treatment
for almost all men with ED.

■ In older men in developed countries, vascular
disease is the most common aetiological factor

■ All men complaining of ED should be screened
for diabetes.

■ Older men attending with ED should be
screened for coronary artery disease, and
appropriate lifestyle modifications should be
advised in addition to any other treatment.

Key Messages

I.4.1.1
Definition of the Disease

Erectile dysfunction (ED) is defined as failure of suffi-
cient penile rigidity for sexual intercourse. There may
be a complete lack of penile rigidity, partial rigidity or
premature loss of erection. When there is premature
loss of erection, the problem is categorized as ED if the
loss of erection occurs before ejaculation. The severity
of the problem can be scored using the International
Index of Erectile Function (IIEF).

I.4.1.2
Aetiology and Pathogenesis

I.4.1.2.1

Changing Sexual Function with Age

Normal male sexual function involves penile erection,
a sensation of orgasm and ejaculation of semen. The
various reflexes coordinating these functions usually
occur in a synchronized manner but those relating to
penis erection are independent of reflexes relating to
orgasm and ejaculation. Thus it is possible to have an

orgasm and ejaculate without penis erection. There is a
latent period following orgasm when penile stimula-
tion is ineffective or less effective in producing repeat
orgasm. There are changes in sexual function with age.
In young men, erection and ejaculation can occur
within 20–30 s and the latent period is short, but as
men get older it takes more to stimulate erection and
the later period is longer; however, sometimes older
men have unrealistic expectations. The latent period
varies between men, with a small proportion of men
having the ability to ejaculate repeatedly with no signif-
icant latent period; this may relate to postorgasmic
levels of prolactin.

I.4.1.2.2

Sexual Function and Drugs

Drugs such as alcohol, barbiturates, cocaine, heroin,
methadone (Crowley and Simpson 1978) and opium
can cause an initial sexual stimulation, but the chronic
effect is to cause a decrease in almost all domains of
sexual function, including an increase in the latent pe-
riod. The adverse sexual side effects are one reason
some young addicts may be persuaded to stop abuse
(Palha and Esteves 2002).

I.4.1.2.3

Anatomical Problems

Anatomical problems can be congenital or acquired. It
is relatively uncommon for a man with a congenital
abnormality of the penis to come for medical help
because of lack of penis erections; more often the prob-
lem is manifest during infancy or childhood because of
an obvious visual abnormality such as hypospadias or
epispadias or exstrophy. However, young men with a
tight phimosis may experience pain during erection
and be too embarrassed to seek medical help and may
eventually present with erectile failure. Similarly,
young men with an imbalance in growth between the
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right and left corpora cavernosa have a bent erection
but again may be too embarrassed to seek help and pre-
sent years later with ED. In the case of the man with
erectile deformity, the situation is made worse if the
first doctor does not take the problem seriously and
jokes about the condition. This can happen because
there is often little or nothing to find on examination of
the flaccid penis and the inexperienced doctor can in
these circumstances dismiss the young man’s com-
plaint as frivolous. Acquired erectile deformity associ-
ated with Peyronie’s disease may be associated with ED,
especially in older men, because of concomitant arteri-
al disease. Also, men with Peyronie’s may have consid-
erable anxiety because of concern about whether the
problem is a manifestation of serious disease such as
cancer, and this anxiety may be sufficient to cause ED.

I.4.1.2.4

Endocrine Erectile Dysfunction

Endocrine causes include pituitary failure causing a
lack of luteinizing hormone (LH) secretion. This may
be a primary failure or secondary to pituitary tumour
or other pituitary disease, or after head injury with sev-
ering of the pituitary stalk. ED may also occur in asso-
ciation with hyperprolactinaemia and a prolactinoma,
or other mass lesions of the sella. Testicular failure with
low testosterone output can cause ED. It is a commonly
held lay opinion that lack of testosterone as men get
older is the most common cause of ED and that the
problem can be corrected by androgen therapy, where-
as in reality ED secondary to androgen deficiency is rel-
atively uncommon compared with vasculogenic ED. A
proportion of older men are androgen-deficient, but if
the onset of their androgen deficiency has been slow
only a small proportion seek help with sexual function
because of their lack of libido. Older men with rapid
onset endocrine-mediated ED are more likely to seek
help. For example, the majority of men with newly di-
agnosed prostate cancer who require androgen abla-
tion therapy report loss of libido and ED (Metz et al.
1988). The response to type 5 phosphodiesterase
(PDE5) inhibitor treatment is improved if partial an-
drogen deficiency is also corrected (Aversa et al. 2003),
but in men over the age of 50 before starting androgen
therapy, care must be taken to exclude prostate cancer
by the finding of a normal rectal examination and pros-
tate-specific antigen (PSA) and with follow-up PSA
6 months after the start of treatment.

I.4.1.2.5

Vasculogenic Erectile Dysfunction

Vasculogenic ED is the commonest cause of erection
problems in older men. The risk factors for erection
problems include being overweight, high blood pres-

Table I.4.1. Risk factors for coronary artery disease. The same
risk factors predict erectile dysfunction (ED) except that ED
predates coronary occlusion by approximately 5 years

Three-star risk factors
Typical anginal pain
Diabetes
Peripheral vascular disease

Two-star risk factors
Hypertension
Smoking
Total cholesterol level >265 mg/dl (6.85 mmol/l)
High LDL (bad) cholesterol levels

One-star risk factors
Age greater than 65 years
Obesity
Sedentary lifestyle
Family history of coronary artery disease
Stress

sure, diabetes and smoking, and these are the same risk
factors for heart attacks and strokes (Table I.4.1). In
fact, the onset of ED in a man in his late forties or fifties
may be an indication of circulatory impairment and
good reason for the man to have his circulatory status
checked, including measurement of his blood pressure,
blood lipids and cholesterol. There is evidence that the
onset of ED may precede a coronary thrombosis by a
few years and it would seem that there is an opportuni-
ty to intervene to try to prevent coronary thrombosis.

Another vasculogenic cause of ED is venous leakage.
Although the diagnosis is based on X-ray visualization
of large exit veins during erection by cavernosography,
the actual pathology is failure of sufficient pressure
within the corporal bodies to close the venous exits
through the corporal wall, often because of partial fi-
brosis of the corpora cavernosal muscle; thus venous
leakage is a manifestation of corpora cavernosa dys-
function and not a primary venous problem.

I.4.1.2.6

Neurogenic Erectile Dysfunction

This is secondary to any condition that affects nerve
pathways from the central nervous system (CNS) to the
penis. These include cerebral lesions (rare), spinal cord
injury including cervical spondylosis, lumbar disc and
spinal dysraphism (spina bifida and associated spinal
fusion disorders), injury to the pelvic plexus after pel-
vic trauma and after major pelvic surgery such as pel-
vic exenteration, injury to nerves adjacent to the pros-
tate following radical prostatectomy and irradiation, in
association with autonomic neuropathy (e.g. in diabe-
tes), and finally in association with disease processes
that affect peripheral nerves such as multiple sclerosis
and diabetes.
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I.4.1.2.7

Corporeal Fibrosis After Prolonged Disuse

After a long period of time without sexual or nocturnal
erections, there is a replacement of corpus cavernosa
muscle by scar tissue. The fibrosis is time-dependent
but is one of the explanations for the aphorism “use it
or lose it”. Unfortunately once fibrous tissue has
formed, pharmacotherapy becomes less effective and
penile implant surgery may become the only alterna-
tive. It is important to avoid any significant time of
failed erections and thus it often helps to prescribe
PDE5 inhibitors in the postoperative period of any op-
eration that may cause temporary impairment of erec-
tile function, especially after radical prostatectomy but
also after transurethral resection of the prostate
(TURP) or other genital operations.

I.4.1.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

In general, younger men with ED are more likely to
have psychogenic problems, whereas older men with
ED are more likely to have impaired circulation. When
ED is associated with endocrine or neurological condi-
tions, the problem usually becomes evident on careful
history taking. An important clue is the relatively rapid
onset of ED in a younger man and in such cases care
should be taken to question about possible pituitary
symptoms, such as visual field disturbance, or possible
neurological symptoms, such as changes in handwrit-
ing, coordination problems and other subtle symp-
toms. ED is more common in men with diabetes melli-
tus than in the general population and all men attend-
ing with ED should have routine urine testing for sugar.
The initial assessment includes a general medical histo-
ry, including history of all medications (whether pre-
scribed or not) and past history. Clinical examination
should include a general examination to assess endo-
crine state (virilization, testicular consistency, gynae-
comastia) and examination of the genitalia. A history
of galactorrhoea or this finding on examination is
strongly indicative of a prolactinoma. There is contro-
versy about whether rectal examination is indicated; a
safe protocol is to include rectal examination on all
men age 50 or over and for all men younger than 50 if
there is any indication of urinary or prostatic dysfunc-
tion. A full neurological examination is indicated if
there are any indicators of neurological disease but oth-
erwise can be omitted.

In general, preservation of nocturnal and morning
erections, preservation of libido and the finding of nor-
mal size and normal consistency testicles are good in-
dicators that hormone levels are likely to be normal. In

cases of suspected pituitary disease, there may be other
manifestations of endocrine deficiency, visual field
changes or past history of head injury. Investigations
include formal assessment of visual fields, measure-
ment of LH and follicle-stimulating hormone (FSH)
and magnetic resonance imaging (MRI) scans of the pi-
tuitary fossa. Although hyperprolactinaemia is uncom-
mon, it has been recommended that serum prolactin
should be measured in all cases.

For men with suspected testicular failure, history
taking is difficult because of the lack of specific symp-
toms; for example, complaints of general tiredness may
indicate lack of androgens but can also be related to
disorders as diverse as depression and cardiac insuffi-
ciency. Assessment should therefore begin with a full
medical history and physical examination. Care must
be taken to identify men who have been taking medica-
tion that may interfere with native androgen produc-
tion. Some younger men take anabolic steroids to en-
hance sporting prowess and by feedback to the pitui-
tary these may shut down the pituitary drive to the tes-
tes. If no specific disease process is identified it is help-
ful to ask the man to complete the Ageing Male Symp-
toms Score. Testosterone should be measured in a
blood sample taken in the morning. If the result is low
or in the lower quartile of the normal range, then the
measurement should be repeated along with measure-
ment of LH, sex hormone-binding globulin and ideally
the albumin level. From these figures it is possible to
calculate the free androgens; this is most easily done
using the free testosterone calculator at the ISSAM
website (www.issam.ch/freetesto.htm), but many labo-
ratories will report the free androgen index. In some
clinics, it is also possible to measure free testosterone
but the laboratory methodology is exacting and the test
is not always available or reliable. The coincidence of
testosterone below the lower level of the normal range
and suggestive symptoms, i.e. a high symptom score,
are sufficient to warrant treatment with androgen re-
placement. Much more problematical is the common
situation of suggestive symptoms in association with
marginally low total or calculated free testosterone.

For men with suspected vasculogenic ED, chest pain
or claudication should be noted and examination
should include assessment of weight and blood pres-
sure as well as assessment of lower limb nutrition and
peripheral pulses. In fact, the onset of vasculogenic ED
usually precedes the onset of other vascular disease by
approximately 5 years and there are often no particular
vascular stigmata. More often than not, men in this cat-
egory are given treatment with a PDE inhibitor, and
most respond well and no further investigations are
undertaken. This may, however, be a lost opportunity
to identify vascular disease at an earlier stage and to in-
stitute preventative therapy. There are questions about
whether all men over the age of 50 with suspected vas-
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culogenic ED should be offered an electrocardiogram
(ECG) and treadmill test. More detailed investigation
of the vascular component of ED can be undertaken us-
ing penile colour Doppler analysis of blood flow before
and after an injection of an intracavernosal agent; how-
ever, this investigation tends to be reserved for men
who fail to respond to PDE therapy.

A typical history of a man with venous leakage is pre-
mature loss of erections and often there have been sev-
eral prior years of sexual inactivity. Although there is
initial response to PDE5 inhibitior treatment, the pre-
mature loss of erection continues. Cavernosography
and Doppler studies show adequate arterial inflow but
distended penile and deep dorsal veins which continue
to drain venous blood throughout the process of erec-
tion. Occasionally a single large vein can be identified.
Usually cavernosography is performed with a prosta-
glandin injection to induce erection, but anxiety and in-
creased sympathetic tone can give false results in terms
of diagnosis of venous leakage; giving in addition to
prostaglandin 2 mg of phentolamine has been reported
to help distinguish true cases (Gontero et al. 2004).

Traumatic AV fistulae should be suspected in men
who develop ED after pelvic injury or after urethral
surgery. Diagnosis is by arteriography with selective
cannulation of the internal iliac arteries.

Neurogenic ED is not usually seen in isolation from
other manifestations of the neurological disorder. Thus
there is almost always a history of bladder or bowel dis-
turbance or lower limb dysfunction, etc. In general,
there is no treatment to correct neurogenic ED other
than time, but if the problem continues for more than
2 years after the injury there is unlikely to be any further
improvement. Men with neurogenic ED may be very
sensitive to pharmacological agents and injection of
even small doses of papaverine can induce a priapism.

ED is more common in men with diabetes mellitus
compared with the general population and is multifac-
torial with vascular and neurogenic components as
well as impaired function of the muscle fibres in the
corporal bodies. In addition to routine testing of urine
for sugar, some clinics advocate fasting blood sugar
measurement for all men with ED. If this policy is
adopted it can conveniently be combined with morning
blood sampling for testosterone and indeed lipids.

I.4.1.4
Treatment

The advent of the PDE inhibitor drugs such as sildenafil
(Viagra) has revolutionized the treatment of male sexual
dysfunction. These drugs, when compared with older
treatments, are the first easy-to-use treatment that works
well for most common ED problems. The market for
these drugs is now billions of US dollars each year and
this has stimulated the pharmaceutical industry to ad-

dress the problem of male ED to the public by way of ad-
vertising, sexual health information, men’s health publi-
cations, etc., with the result that in many countries the
subject is less of a taboo compared with former times.

Whatever the cause of the ED, it is almost always as-
sociated with performance anxiety. Thus part of the
stimulus towards full penis erection is the sensation of
getting an erection and if there is no penile response to
sexual stimulation this lack of response is worrying and
this worry inhibits erections and makes the problem
worse. The first-line treatment for most men with ED is
a PDE inhibitor such as sildenafil (Viagra), tadalafil
(Cialis) or vardenafil (Levitra) and in many cases and
particularly in men over 50, a major part of the benefit
of these medicines is breaking the cycle of performance
anxiety by increasing penile response to sexual stimu-
lation. Very often it is possible to reduce the dose after
a few uses.

The success of PDE inhibitor therapy is such that it is
being prescribed for all cases with the minimum of in-
vestigations, which is a pity because opportunities are
being lost for simple health screening measures such as
stick urine testing for sugar and blood pressure mea-
surement. PDE inhibitor treatment is specific and has
few side-effects (Table I.4.2). In contrast to normal pre-
scribing practice, some andrologists recommend start-
ing men on the maximum dose for the first few occa-
sions of use and then, if successful, the dose can be

Table I.4.2. Some side-effects of sildenafil, tadalafil and varde-
nafil

Headaches (16% of men experienced headaches which get
better after an hour or two). This can occur with all three

Hot flushes may be experienced by 10%. This can occur
with all three

Dyspepsia (indigestion) 7%. This can occur with all three

Nasal congestion 4%. This can occur with all three

Abnormal vision 3%. You may experience a blue tinge to
objects, you may experience an increased sensation of
brightness or vision may be blurred. If you experience
these changes you should not drive a motor vehicle.
These effects may come on within 2 h of taking sildenafil
or vardenafil but are less likely with tadalafil. The altered
vision may last and hour or two but not longer than 8 h
(sildenafil and vardenafil)

Muscle aches and backache. More likely with tadalafil

Other side-effects include: diarrhoea 3%, dizziness 2%,
rash 2%

Blindness caused by anterior ischaemic optic neuropathy. It
is not yet certain that this is a true side-effect but recently
the USA Federal Drug Administration (FDA) has re-
quired the companies selling these medicines to include a
warning in their product literature. By July 2005 the USA
FDA had received reports about 43 men who have devel-
oped blindness. Of these men 38 used sildenafil, 4 used
tadalafil and 1 vardenafil. This is in the context of billions
of prescriptions

88 I.4 Problem: Sexual Dysfunction

I.4



reduced. The rationale for this is that performance anx-
iety is most marked on the first few occasions but once
the man sees success, there is less need for higher-dose
PDE inhibitor therapy, whereas if treatment starts with
the minimum dose and fails, then this reinforces per-
formance anxiety and makes higher-dose treatment
less successful. For success men need to understand
what PDE inhibitor treatment does and does not do.
Some men have the idea that taking the tablet will cause
an erection and time must be taken to explain that the
treatment only works in the context of sexual stimula-
tion by amplifying the effect of the neural impulses
from the brain. It can be described to men as similar to
turning up the volume control on the radio or TV – if
there is no radio or TV transmission signal then turn-
ing up the volume control is useless, and similarly if
there is no sexual stimulation, taking a PDE inhibitor
tablet is useless. Men also need to be made aware that
the tablets do not have an immediate effect and that it
takes about 1 h for absorption into the bloodstream.
This absorption is delayed for up to 2 h if the tablets are
taken in proximity to a large meal.

PDE inhibitors affect the neural pathway mediated
by nitrous oxide as the neural transmitter. The main
contraindication to PDE inhibitor treatment is con-
current use of nitrous oxide donor medicines such as
sublingual glyceryl trinitrate (GTN) or nitrospray in-
haler. These are prescribed to stimulate vasodilation
for relief of angina and the effect of the PDE inhibitor
and nitrous oxide donor medicines is cumulative and
can result in a marked drop in blood pressure due to
general vasodilatation. This can precipitate a coronary
infarct; consequently, all prescribing literature for PDE
inhibitors states that they should not be used by men
who have angina and who use nitrous oxide donor
medicines. There is a similar danger from the use of
PDE inhibitors and the drug of abuse amyl nitrite
(poppers), which is available in some nightclubs.
There is also a warning about postural hypotension
with the concurrent use of PDE inhibitors and alpha
blockers; the latter are commonly given for relief of
lower urinary tract symptoms (LUTS) in association
with prostate enlargement. Older men with ED com-
monly have LUTS; provided care is taken, PDE inhibi-
tors and alpha blockers can usually be taken together.
Apart from these concerns, the PDE inhibitors are very
safe. At the time of writing there were three of these
compounds on the market with competing claims by
the manufacturers. Tadalafil has been shown to have a
duration of action of up to 48 h compared with roughly
12 h for the other two compounds. This suits some
men particularly when there is uncertainty about the
timing of any sexual activity. On the other hand and
especially in the context of a long-standing relation-
ship, the shorter but possibly stronger effect of silde-
nafil and vardenafil may suit other men. Both sildena-

fil and vardenafil have some blocking effect on PDE6,
which concerns the processing of light in the retina,
and can produce a temporary alteration in perception
of colour vision for the duration of their action. Varde-
nafil is more potent than sildenafil and therefore can
be taken at a lower dose. It is wise to advise men who
are new to these prescriptions not to drive a car until
they are sure what effect if any the treatment has on
colour vision.

In the case of young men with ED and a tight phimo-
sis, treatment is with circumcision or with PDE inhibi-
tors. Often an explanation from the treating doctor is
sufficient but follow-up is needed as formal psychosex-
ual counselling may also be needed. Diagnosis is made
by history, careful clinical examination including re-
tracting the foreskin, and when necessary by obtaining
photographs of the erect penis.

Treatment of ED in the context of diabetes is with
PDE inhibitor drugs and attention to good diabetic
control, usually under the care of the diabetic clinic.

Most men with partial and recent-onset ED respond
to PDE inhibitor treatment. When this fails, alternative
treatments include intracorporeal injections of vasoac-
tive substances, vacuum devices and generally as a last
resort surgical implantation of penile prostheses.

Until the advent of PDE inhibitors, intracorporeal
injections were the most widely used treatment for ED,
despite the need for men to learn to self-inject. In re-
sponse to this need, nurse-led ED clinics were set up in
many countries in Europe. Drugs used include papa-
verine, prostaglandin, phentolamine and, in France,
moxysilate or combinations of these medicines. Deliv-
ery routes include intracorporeal injection and intra-
urethral pellet. The most universally available com-
pound was prostaglandin because compared with pa-
paverine there was a better safety ratio in terms of effi-
cacy versus the risk of priapism. Particular care has to
be taken when prescribing injection therapy for a man
with neurogenic ED because there may be extreme sen-
sitivity to the agent; it is therefore wise to start with a
very low dose, e.g. 5 µg rather than the more usual 10 µg
starting dose. The main risk of intracorporeal injec-
tions is priapism, whose treatment is described in
Sect. I.7.4. Preventing priapism means ensuring that
the patient understands the risk, particularly if he is
self-injecting at home. If the patient plans sexual activi-
ty with a new partner in a particularly stimulating situ-
ation it is often wise for him to reduce from the dose
that was found to be effective in a hospital setting. If the
injection does not work it is usually because it has been
injected outside or into the tunica wall rather than into
the corporal muscle and the man should wait 24 h
before giving himself another injection. If there is an
erection that last for more than 2 h a self-help measure
to reduce rigidity is to walk up and down flights of
stairs because the increased blood flow into the gluteal
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muscles steals the blood flow from the penis; however,
if the erection continues beyond 5–6 h, then the patient
needs clear instructions about where to attend. This
can be difficult, as priapism in this context is often in
the small hours of the morning and emergency room
staff may not be familiar with treatment.

Vascular surgery has been used to improve arterial
inflow, to decrease venous outflow and to correct post-
traumatic AV fistulae. The inferior epigastric artery has
been used for revascularization, but in general the re-
sults are poor, especially in older men because of con-
comitant generalized vascular disease. Except in spe-
cialist centres and for selected younger men, revascu-
larization procedures have been abandoned by most
clinicians. Several years ago, the condition of venous
leakage was frequently diagnosed and treated by sur-
gery to tie the deep dorsal veins. The initial result of
these operations was restoration of erection in 50% of
patients, but long-term results were disappointing be-
cause the treatment was based on a misunderstanding
of the underlying pathophysiology and did not correct
the underlying abnormality of function of the caverno-
sal muscle.

Venous leakage surgery is now less commonly per-
formed but is still sometimes used because of the 50%
response rate (Katzenwadel et al. 1993), especially if ca-
vernosography identifies a single leaking vein. Trau-
matic AV fistulae are rare and can be difficult to treat.
Treatment options include embolization via selective
catheterization via the internal iliac arteries (Fernan-
des Arjona et al. 2001) or surgery. Surgery involves liga-
tion of the deep crural veins (Lue 1999), but this can be
difficult and there is a risk of damage to the crural ar-
teries.

I.4.1.4.1

Vacuum Devices

The principle is simple. The penis is placed in a cylin-
der which is pressed against the pubis to create an air-
tight seal and then this cylinder is evacuated to cause
the penis to fill with blood. An elastic ring is then
slipped off the cylinder onto the base of the shaft of the
penis to keep the penis engorged with blood. Vacuum
devices can produce sufficient rigidity for penetration

Table I.4.3. Results of penile
prosthesis

Type of prosthesis No. of men Follow-up (months) Failure

Mentor Alpha 1 (Garber 1996) 150 Mean 19, range 0–65 5 (3.3%)

Ambicor (Levine et al. 2001) 131 Mean 43, range 12–73 10 (7.6%)

AMS 700cx (Carson et al. 2000) 372 (case note
review)

Median 47.7, up to 134 14% at 5 years

207 (telephone) 14%

Dura 11 malleable (Ferguson
and Cespedes 2003)

94 Mean 5.7 81%

but the ring has to be tight enough to prevent blood
flow out of the penis and this often reduces penis sen-
sation by nerve compression and prevents external
ejaculation. These problems limit patient acceptabili-
ty. Care must be taken when this device is used by men
with reduced penile sensation [diabetics, paraplegics
(Denil et al. 1996), etc.] because leaving the ring in po-
sition too long can cause pressure necrosis of the skin.
The advantage of vacuum devices is that the patient
totally controls the treatment and he does not need to
involve the medical profession, as the devices are
available for purchase. Most reports on efficacy pre-
date the advent of sildenafil but even in the sildenafil
era some men have been found to prefer vacuum de-
vices (Chen et al. 2001). There is a report of combina-
tion treatment with sildenafil and vacuum therapy for
men with impaired response to full-dose sildenafil
and a greater proportion of men were able to achieve
rigidity than with sildenafil alone (Chen et al. 2004).
There is also a report of the use of a vacuum device to
enhance the results after insertion of a penile prosthe-
sis (Soderdahl et al. 1997). Vacuum devices can also
been used twice daily for 15 min but without the pe-
nile constriction ring to try to improve blood flow into
the penis. In some countries there are vacuum clinics
but this type of use has not been validated by clinical
trial.

I.4.1.4.2

Penile Prosthesis

There are two main types of penile prosthesis: inflat-
able and semirigid. The best result is following the use
of an inflatable prosthesis because this is nearer to the
natural situation with the penis semi-flaccid when the
device is not inflated (Table I.4.3). The devices are im-
planted into the corpora cavernosa. Once this has been
done, it effectively destroys the corporeal muscle.
Therefore, if the device has to be removed there is no
other treatment available. Consequently, these devices
tend to be reserved for men who have failed with medi-
cal treatment. There are a variety of different manufac-
turers and prosthesis formats. The advantages and dis-
advantages of the inflatable versus the semirigid pros-
thesis are shown in Table I.4.4.
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Table I.4.4. Advantages and disadvantages of inflatable versus semirigid penile prostheses

Semirigid Inflatable

Rigidity sufficient
for intercourse

Yes There is girth as well as length expansion

Flaccidity The prosthesis is semirigid all the time
but malleable so that the penis can be
folded down

Although when deflated the penis is reasonably floppy, it is
not as flaccid as normal, especially when shorter prosthe-
ses are used because of a shorter penile length

Operating time 60–90 min Depends on skill of operating team 90 min or more

Cost Less expensive More expensive
Approximately 1,000 c Nearer 5,000 c

Mechanical failure Older types of prosthesis used to
fracture but this is now very rare

Devices can leak and there is a revision rate of approxi-
mately one in five by 10 years although with improvements
in prosthesis design this problem is lessening

Noise None Air bubbles trapped in the cylinder can cause squeaking!

Metal parts Many of these prostheses have a core of
twisted stainless steel or silver and will set
off metal detectors, e.g. airport security

In some models, the inflate/deflate pump has a metal pis-
ton but the size is not sufficient to set off metal detection
equipment

Premature loss of
erection

No loss of erection after ejaculation With some types of one-part inflatable prosthesis, there
can be premature loss of erection if the penis is sharply
bent during intercourse

Erosion into the ure-
thra or through the
glans or skin

This is a significant risk in diabetic men
with reduced sensation

The risk of erosion is much less than with rigid prostheses

Infection The risk of perioperative infection is low
because the surface of the prosthesis is
smooth and operation minimal

The risk of perioperative infection is higher when multi-
part inflatable prostheses are used because of the more
extensive incision and longer operating time

Problems if there is a
subsequent need for
prostate surgery

This can be a problem because the length
of the prostate may prevent the use of the
resectoscope other than through a peri-
neal urethrostomy

With the device deflated transurethral resection of the
prostate is usually possible

Using the device There is nothing to learn The patient has to learn how to use the inflate/deflate pump.
For multipart inflatable devices, this is located in the scro-
tum; some men find the inflate/deflate process is painful

I.4.1.5
Results of Treatment

The response rates to PDE inhibitor drugs can be pre-
dicted from the pretreatment IIEF score. If the patient
is having partial or unsustained erections, then the re-
sponse is likely to be good, with more than 90% of men
achieving an erection sufficient for penetration and
less than 2% of men stopping treatment because of
side-effects. However, if there has been a prolonged
time without sexual activity and if the man has no erec-
tion, then irreversible changes such as corporal fibrosis
are more likely and the results of PDE inhibitor treat-
ment are worse. Nevertheless, because side-effects are
few, it is worth trying PDE inhibitor treatment in all
cases unless contraindicated by angina medication.

Most older men with ED in Europe and North Amer-
ica have vasculogenic ED and most respond to PDE in-
hibitors if they have any residual erection at all. If they
do not respond, this is usually an indicator of severe
circulatory impairment with or without corporeal fi-

brosis and although second-line treatment such as vac-
uum devices and injection therapy may work, there is a
diminishing return in terms of response to treatment.
Before the days of PDE inhibitors, the main medical
treatment was injection therapy and for those men re-
sistant to single-drug therapy, some clinicians concoct-
ed mixtures with maximal dosage of several com-
pounds, but this type of approach resulted in reduced
safety margins. The use of combinations of injections
and oral agents or combinations of agents is anecdotal
and in the absence of proper safety and efficacy data,
this treatment remains the responsibility of the indi-
vidual doctor who advocates the regimen.

Most case series results of vacuum devices predate
the advent of sildenafil. Between 60% and 80% of men
who try these devices find them helpful (Baltaci et al.
1995; Bodansky 1994). Various complications have
been reported, including development of skin necrosis
(Meinhardt et al. 1990), Peyronie’s disease (Kim and
Carson 1993), urethral bleeding, trapping of scrotal
skin and cavernosal ballooning (Ganem et al. 1998).
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Special care has to be taken by diabetic or paraplegic
men with reduced sensation (LeRoy and Pryor 1994).

The use of implantable devices enables erections
sufficient for penetration, but often men have unrealis-
tic expectations. The best results have been reported
when both partners are involved in the decision to have
the implant. Of those men who do not involve their
partner in their decision, approximately 25% never use
the prosthesis at all in the context of sexual intercourse.

In general it is best if men seeking ED treatment dis-
cuss their treatment plans with their partner. Difficul-
ties arise when a man decides to seek help in the con-
text of a long-standing partnership because restoration
of sexual function is not always welcomed by their part-
ner.

I.4.1.6
Prevention

The most common cause of ED in Western Europe and
North America and as men get older is vascular disease.
The same risk factors are relevant for ED as for coro-
nary insufficiency and other vascular disease: hyper-
tension, obesity, smoking, lack of exercise, and overeat-
ing and a high-fat diet. Men should be encouraged to
adopt healthy lifestyles to minimize these risk factors.
There is evidence that statins and lowering of cholester-
ol can prevent coronary artery disease, but it is not
known whether there is also a beneficial effect on pre-
serving erectile function.

Performance anxiety is a major factor after any sur-
gical procedure involving the male genitalia. Postoper-
ative problems can be prevented by giving the patient
proper information about the effects of surgical proce-
dures on sexual function and also by offering adjunc-
tive PDE5 treatment after surgery.
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I.4.2 Erectile Deformity, Including Peyronie’s Disease
T.B. Hargreave

■ Vaginal penetration is usually possible with
angular deformity of less than 30°.

■ In general, surgery should be reserved for men
with more severe deformity.

■ Men considering surgery should be warned
about possible postsurgical complications,
including residual deformity, bumpiness of the
corporal wall, foreskin problems, loss of glans
sensitivity and in older men impairment of
rigidity.

■ Hypospadias and downward curvature should
be managed by a surgeon expert in urethral
reconstructive surgery.

■ Surgical correction of Peyronie’s disease
should be deferred until the acute painful
phase has settled, usually 6–18 months after
the onset of the condition.

■ Some older men with Peyronie’s disease
consult because they find a lump and fear that
this is cancer. In this situation, simple reassur-
ance may be all that is needed.

Key Messages

I.4.2.1
Definition of the Disease

Erectile deformity is defined as an abnormal shape,
direction or angulation of the rigid erect penis. The
condition should be distinguished from bending or
kinking because of lack of rigidity, which is one of the
manifestations of erectile deficiency. The deformity
may be categorized into cosmetic deformity that does
not interfere with penetration (angulations less than 5°
to 20°), deformity which makes penetration more diffi-
cult but not impossible (angulations between 20° and
45°) and severe deformity which makes penetration
impossible (angulation of more than 45°). In general,
intercourse is possible with greater degrees of upward
or downward angulation than lateral angulation.

I.4.2.2
Aetiology and Pathogenesis

Deformity of erection may be congenital or acquired.
Congenital downward (ventral) curvature (chordee)
with or without rotational deformity occurs most
commonly in association with hypospadias, more rare-
ly without hypospadias but with congenital short ure-
thra or very rarely with deficient ventral penile skin
(webbed penis). The cause of downward bending is
most often a thickened band of tissue deep to the

urethra but more rarely there is no thickened band of
tissue but the urethra or tunica is hypoplastic. Congen-
ital lateral bending occurs in association with hypotro-
phy or very rarely aplasia of one or other corpora
cavernosa.

Acquired deformity is most commonly seen in asso-
ciation with Peyronie’s disease but also may occur after
accidental and surgical trauma (e.g. gunshot wounds
and botched cosmetic surgery).

I.4.2.2.1

Pathogenesis of Peyronie’s Disease (Induratio Plastica,

Van Buren’s Disease)

There is probably more than one pathogenesis of Peyro-
nie’s disease and the word “disease” is misleading in this
context. In some men, the condition is associated with
Dupuytren’s contracture and this may represent a dis-
ease of elastic connective tissue or unknown aetiology.
However, for most men with Peyronie’s disease, there is
no associated Dupuytren’s contracture. Sometimes
there is a history of a traumatic episode, e.g. missing the
vaginal orifice and pushing the erect penis against the
pelvis followed by pain and sometimes bruising. In this
situation the development of Peyronie’s probably repre-
sents the response to a minor degree of penile fracture.
In other cases, the onset is sudden and spontaneous
with no obvious precipitating factors, but it may never-
theless be caused by small haemorrhages secondary to
minor trauma because ageing changes have rendered
the tunica albuginea more liable to trauma. There is
some indication that Peyronie’s may occur more fre-
quently in older but more sexually active men, and if
this is correct it supports the concept of trauma being
an aetiological factor. A plaque may also develop as a
complication of therapy for erectile dysfunction with
intracorporeal injection of papaverine (Desai and Gin-
gell 1988) and prostaglandin therapy (Chen et al. 1994).
Whatever the initiating process, it continues with a
painful inflammatory reaction and replacement of elas-
tic tissue by hyalinized or fibrous scar tissue. As the scar
tissue matures, a lump becomes apparent. Normally the
scar is confined to the tunica albuginea of the corpora,
but it may extend into the septum between the two cor-
pora but it does not extend into the erectile tissue. Once
a scar has formed, every time there is an erection there
is excess pull at the edge of the scar and this can result in
pain and further trauma to the normal cavernosal wall
at the edge of the plaque and extension of the plaque.
Plaques vary from a few millimetres in size to the entire
dorsal shaft. Calcification may occur in the plaque as an
end stage of the inflammatory process.
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I.4.2.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

It is important to listen to the history, as there may be
little to find on clinical examination of the flaccid penis,
particularly in young men with a congenital abnormal-
ity. Questions should be asked about how long the man
has had erectile deformity and whether there is a histo-
ry of trauma. A lifelong history indicates a congenital
problem. The features of Peyronie’s disease include a
history of painful bending of the erect penis. The pain
usually resolves after 6–18 months, but pain is an indi-
cation that the inflammatory process is still active, that
the process has not finished and that further bending
may occur. Surgical treatment should be reserved until
the active phase has resolved, otherwise further angu-
lation can occur after the operation, which makes a sec-
ond procedure necessary. Some men with Peyronie’s
have associated Dupuytren’s contracture or a past his-
tory of surgical procedures for Dupuytren’s. Often men
with Peyronie’s feel a lump and are concerned about the
possibility of cancer. This fear rather than the degree of
bending is the motivation for a percentage of men with
Peyronie’s disease to seek medical advice, and once re-
assurance is given no further treatment may be re-
quested despite severe degrees of angulation. It is thus
important when taking the patient’s history to explore
his motives for consultation. Other causes of angula-
tion included failed cosmetic surgery, e.g. penis enlarg-
ing procedures such as fat injection, etc. Men who have
undergone such procedures are usually embarrassed
and reluctant to give details, especially if they have con-
sulted with unqualified people, and it is important to
avoid being judgemental during the consultation pro-
cess.

On examination, there may be obvious problems
such as hypospadias with a bifid foreskin, but the de-
gree of downward bending caused by the associated
chordee is usually much more severe than would be
predicted from examination of the flaccid penis. Other
more unusual findings include subcutaneous fibrosed
lumps following implantation of foreign materials, in-
flammation surrounding liquid silicone, etc. However,
more often there is no visible abnormality. In cases of
Peyronie’s disease, a firm to hard circumscribed plaque
may be palpable, most often on the dorsal aspect of the
penis, but the changes may be more subtle and it is of-
ten helpful to ask the man to demonstrate where he can
feel the lump. The differential diagnosis of Peyronie’s
disease includes congenital curvature (no plaque pal-
pable) and dorsal phlebitis (pain but no erectile defor-
mity). Very rarely prostate cancer can metastasize into
the corporal bodies but in this case erectile firmness is
impaired, the penis remains rather turgid and there is
no surface plaque to palpate but instead a general indu-

ration and the prostate feels abnormal. There is one
case of penile sarcoma reported in the literature (Moo-
re et al. 1975). Thus the man with a surface plaque in
the erectile body can be confidently reassured that
there is no malignancy.

If there is little to find and especially in younger
men, the penis should be examined when erect. This
can be done by asking the man to take photographs of
his erect penis at home using a digital or Polaroid cam-
era. Alternatively, the erect penis can be examined in
the clinic after intracavernosal injection of prostaglan-
din or another pharmacological agent and photo-
graphs taken. Photographs should be taken from two
different planes to demonstrate upwards and sideways
angulation. If surgery is proposed it is important to em-
phasize to the patient that there is often a degree of re-
sidual bending. The degree of residual bending that
may be left after surgery can be conveniently demon-
strated to the patient at the same time as examination
of his erect penis. The photographs may help during
surgery and also provide a record of the preoperative
situation in case there is any residual postoperative
bending. Also, before giving prostaglandin for exami-
nation of an erect penis, it is important to obtain the
patient’s consent and to emphasize to him that the drug
will cause an erection that may last for 1 or 2 h. He
needs to attend the clinic with suitable clothing and be
prepared to take time to allow the erection to subside
afterwards. He needs to be warned about the small risk
of priapism and given instructions that if the erection
lasts for more than 1 h brisk walking up and down
flights of stairs will help the erection subside.

I.4.2.3.1

Imaging

Colour Doppler and ultrasound and MRI images are
helpful to confirm the diagnosis and determine the ex-
tent of Peyronie’s plaques or bands of chordee tissue.
MRI imaging may detect septal extension of Peyronie’s
plaques not seen with ultrasound (Nicolai et al. 1996)
and also plaques at the base of the penis (Hauck et al.
2003). Ultrasound is better than MRI for the detection
of calcification, which may be helpful in planning
whether to opt for plaque incision or excision once the
decision for surgery has been taken. Plaque enhance-
ment after intravenous gadolinium-diethylenetriami-
nepentaacetic acid may indicate active local inflamma-
tion (Vosshenrich et al. 1995), but this has not been
widely adopted to distinguish active inflammation
from a mature plaque. At present this distinction is
made according to whether the man is still experienc-
ing pain or not. In general, MRI imaging does not add
significantly to clinical examination supplemented
with ultrasound imaging and the use of any imaging
technique does not help with the decision for surgery
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(Ahmed et al. 1998), which is based on the patient’s
wishes and disability as well as the observed deformity
on examination of the erect penis. Both MRI and ultra-
sound imaging may help with the planning of surgery
once the decision for surgery has been made, but the
extra information from MRI compared with ultra-
sound does not at present justify the time and expense
of MRI in this clinical situation.

I.4.2.4
Treatment

I.4.2.4.1

Treatment Depends on the Severity and Cause

of the Problem

Medical and physical treatments have been used for Pe-
yronie’s disease particularly in the acute painful phase
when surgery is not appropriate, but they have no place
in the treatment of congenital deformity. Oral therapies
include the anti-inflammatory agent potassium para-
aminobenzoate (Potaba), colchicine, vitamin E (free
oxygen radical scavenger), terfenadine (antihistamine)
and tamoxifen. Local delivery by way of plaque injec-
tion has been used for verapamil (Levine et al. 2002),
dexamethasone (Winter and Khanna 1975), interferon
alpha 2a (Polat et al. 1997) and collagenase. Other treat-
ments that have been advocated include irradiation
(Mira et al. 1980) and lithotripsy. However, none of
these nonsurgical treatments have gained wide accep-
tance despite positive reports from single-centre case
series. There is a need for prospective randomized clin-
ical trials to evaluate some of these treatment options,
but at present it seems unlikely that any of them will
truly cause an established Peyronie’s scar to revert back
to elastic normal tunica albuginea; therefore the main
role of these treatments is likely to be early in the course
of the process to arrest the process and prevent pro-
gression, which makes it extremely difficult to organize
appropriate clinical trials. In general, once the painful
Peyronie’s process has run its 12- to 18-month course,
surgery is the only option that will significantly alter
angular deformity of the erect penis.

I.4.2.4.2

Minor Deformity

Minor degrees of lateral deviation (<20°) are common
and usually do not interfere with penetration. They are
best left alone, as the results of any corrective surgery
may be no better or even worse than the original prob-
lem. Some young men with minor degrees of lateral de-
viation are very concerned about the problem, particu-
larly if they have never had a sexual partner. They may
be reassured by taking a thorough history and clinical
examination and a clear explanation, but there may be

a need for sexual counselling. In this situation, the sex-
ual problem probably does not concern any minor lat-
eral deviation of the erect penis but more the young
man’s concerns about body image and sexuality, and he
may be very reluctant to accept any deformity at all.
Nevertheless, a young man’s desire for correction of a
minor deformity has to be balanced against the risk of
the operation making the deformity worse and some
penile shortening.

I.4.2.4.3

More Severe Deformity Interfering with the Ability

to Penetrate

If there is more severe deformity surgical treatment is
the option to be considered, especially by younger men.
In this situation, most men are prepared to accept a mi-
nor degree of residual deformity because it will be
much better than their preoperative situation. Howev-
er, not all men with penile deformity seek corrective
surgical treatment. Some older men with Peyronie’s
disease consult because they find a lump and fear that
this is cancer. In this situation, a clear explanation and
reassurance may be all that is necessary.

Factors to take into consideration include the com-
plexity and success of the surgical procedure, the rigid-
ity of the erection and the disability caused by the de-
formity. In general, in younger men attempts should be
made to correct all except minor degrees of erectile de-
formity, whereas in older men one must also take into
account the quality of the rigidity. If an older man has
angular deformity secondary to a Peyronie’s plaque
and evidence of impaired erectile rigidity there is likely
to be concurrent impaired penile circulation. In gener-
al, surgery to correct angular deformity makes any
erectile deficiency worse and in this situation the
choice is between (1) a corrective operation and possi-
ble lack of rigidity postoperatively, despite adjuvant
PDE inhibitor therapy, and if this fails the need for a
second operation to insert a penile prosthesis and (2)
proceeding with a penile prosthesis operation as the
first surgical procedure. These choices and the risks
and benefits should be discussed with the patient.

If there is downward angulation associated with hy-
pospadias, congenital short urethra or chordee, then
surgical treatment is usually undertaken in infancy to
bring the urethral meatus to the end of the penis. Some-
times the correction of the chordee is inadequate and
further surgery is needed, but this can be difficult be-
cause usually it is necessary to redo the urethroplasty to
gain the extra urethral length and often the tissues are
deficient. Such patients should be referred to a special-
ist centre where there is expertise in salvage urethral re-
constructive surgery.

Once the decision has been taken to attempt surgical
correction of angular deformity, there are two different
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surgical solutions: either to remove some of the wall of
the corpus on the long side or to insert tissue or graft
material on the short side, e.g. saphenous vein graft. In
cases of Peyronie’s disease, this may include plaque ex-
cision. In general, graft procedures are more complex
because of uncertainty about the durability of some
graft materials or the need to harvest the long saphe-
nous vein from the upper part of the leg. If the penis is
very long it is often better to shorten the long side be-
cause there are fewer complications compared with
grafting procedures. Whichever method of correction
is used, there is often 1–2 cm of shortening compared
with the preoperative erect length and clear preopera-
tive information should be given to the man about what
he may expect.

Surgical access is by circumcision and degloving or
by a midline ventral incision. For larger plaques, dorsal
plaques and more extensive deformity, the usual surgi-
cal incision to gain access to the corpora is a circumci-
sion and degloving of the penis and in more extensive
cases buttonholing the penis through a scrotal incision.
This exposure allows surgical access to the entire length
of both the corpora cavernosa and the corpus spongio-
sum. It must be explained to the man that he will have
a circular incision just under the corona and that he
may have a secondary incision in the midline of the
scrotum. The foreskin can be preserved or removed. If
the patient chooses to retain the foreskin he needs to be
aware that there is a significant chance of postoperative
problems with the foreskin and there will be need for a
secondary circumcision because of phimosis in a sub-
stantial proportion of cases. For ventral plaques and
more minor deformity, an alternative incision is the
ventral midline incision. This has the advantage that
removal of the foreskin is not needed but the exposure
is not as complete. Once the penis has been degloved,
the degree of deformity can be reassessed with a saline-
induced erection and if photographs have not already
been taken it is wise to do so for comparison with post-
correction photographs.

The most frequently performed surgical correction
is the modified Nesbit operation for Peyronie’s disease
and a very similar procedure can be performed for con-
genital angulation due to imbalance in corporal
growth. For men with Peyronie’s disease, surgical cor-
rection should not be undertaken until the acute-phase
painful reaction has settled; otherwise there is a risk of
further progression after the operation. There are sev-
eral variations in technique, including plication or dou-
ble-breasting the corporeal wall with no corporeal wall
excision or excising an ellipse or several ellipses of the
corporeal wall. If a plication or double breasting tech-
nique is used strong nonabsorbable sutures should be
used. If an ellipse or ellipses are excised either nonab-
sorbable or PDS sutures can be used.

It may be necessary to mobilize the neurovascular

bundle. The nerves fan out towards the glans. The near-
er the plaque to the glans the more lateral the mobiliza-
tion has to be to avoid damage to the most lateral
branches of the fanning out nerves. For ventral plaques,
it may be necessary to mobilize the urethra. The plane
between the urethra and the corpora is very thin and it
is easy to perforate the urethral lumen, but if this is re-
paired at the time there is usually no consequence.

I.4.2.4.4

Nesbit Technique

Once the corpora have been exposed, the Nesbit pro-
cedure (Nesbit 1965) involves taking a wedge of tuni-
ca albuginea from the normal side. Depending on the
extent of the curvature, it is often best to take several
wedges. Variations in technique include making par-
allel incisions but not removing any tunica or simply
placing nonabsorbable sutures. This latter technique
sometimes produces a dramatic relapse if the sutures
cut out or snap, resulting in a pinging sensation and a
sudden return of the deformity; therefore, it is proba-
bly best to employ a technique that involves incising
into the tunica wall. The technique I use is to take one
or more wedges of tissue and use 3.0 PDS sutures to
approximate the edges; this has produced consistent
results (Syed 2003). A modification is thinning of the
plaque with a carbide burr in association with a Nes-
bit procedure (Liu et al. 2003), but follow-up is need-
ed to determine whether this produces long-term,
worthwhile changes in the plaque.

I.4.2.4.5

Plaque Excision and Grafting Technique

The alternative more extensive procedure is to incise or
excise the plaque and insert graft material. Possible
graft materials include patches of the long saphenous
vein, dermal grafts, dura, bovine pericardium or an ar-
tificial material such as Gore-Tex. As a general rule, ar-
tificial materials do not have as good elastic character-
istics as vein patches and both dermal patches and dura
tend to scar again over the long term. At present, the
best long-term results are seen with vein patches. How-
ever, these can be tedious to harvest, as the procedure
requires a separate groin incision and it may be neces-
sary to sew several lengths of vein together to create an
adequately sized patch, which lengthens the operating
time. For older men with any predisposition to coro-
nary artery disease, the use of long saphenous veins for
correction of penile deformity can reduce options for
coronary artery bypass surgery. Various graft tech-
niques can be used. A long circumferential incision
with forked ends can be used along with a graft of bo-
vine pericardium (Egydio et al. 2004) or a patch created
from several lengths of vein. An alternative, especially
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if the curvature is at several points, is to create sever-
al circumferential incisions with forked, modified
H-shaped ends, and to insert several vein patches at
different points. The actual best technique for a partic-
ular man depends on the hardness and extent of the
plaques and the site or sites of the angulation. It can be
very difficult, if not impossible, to incise and sew a vein
patch into a rock-hard calcified plaque, or it may be
very difficult to excise a very large plaque. The appro-
priate solution needs to be individually tailored for
each case. There is a need for better graft materials that
maintain elasticity over the long term. Tissue engineer-
ing holds promise of development of such materials
(Schultheiss et al. 2004).

I.4.2.4.6

Insertion of a Penile Prosthesis

For older men with severe Peyronie’s and a degree of
erectile dysfunction, it can be better to insert a penile
prosthesis to straighten the penis. In this situation, it
still may be necessary during the surgical procedure to
“fracture” the plaque after insertion of the prosthesis
by inflating it and forcibly straightening the penis or to
excise the plaque and insert a graft.

I.4.2.4.7

Which Technique to Use

The best technique depends on the extent and site of
the plaque and whether there is any concurrent circu-
latory impairment and erectile deficiency. Each solu-
tion has to be tailored to the individual problem and
therefore the andrologist who undertakes penile cor-
rective surgery must be competent with a number of
different operations, including Nesbit-type operations,
grafting procedures and insertion of penile prostheses.
Retrieval surgery after failed hypospadias repair is
best dealt with by a surgeon with considerable expe-
rience and expertise in hypospadias surgery and
should not be undertaken by andrologists without this
expertise.

Table I.4.5. Results of surgical treatments

Reference Type of procedure No. of men Duration of follow-up Result

Ralph et al. (1995) Nesbit 359 Cases from 1977–1992 82% to 90% Satisfied
Savoca et al. (2000) Nesbit 213 72 months, mean 88% Satisfied
Syed et al. (2003) Nesbit 57 84 months, median 76% Satisfied
Schneider et al. (2003) Modified Nesbit 68 25 months, mean 75% Satisfied
De Stefani et al. (2000) Vein patch 8 Postoperative 87% Straight
Montorsi et al. (2000) Vein patch 50 32 months, mean 80% Straight

94% Rigid
Porena et al. (2002) Vein patch 12 1 month 83% Straight
Chang et al. (2002) Vein patch Review of case series Variable 80% to 96% Straight

80% to 95% Rigid

I.4.2.5
Results of Treatment

I.4.2.5.1

Nonsurgical Treatments for Peyronie’s Disease

There is no evidence that nonsurgical treatments of an
established Peyronie’s plaque will cause regeneration of
normal tunica wall elastic tissue. However, the use of
the anti-inflammatory agent potassium para-amino-
benzoate (Potaba) may prevent progression of the ac-
tive disease (Carson 1997), but there is a lack of ran-
domized controlled studies. It is also difficult to take
because of the bulk of the dose (12 g per day) and be-
cause it can cause gastrointestinal upset. Vitamin E is
also still sometimes used in the acute phase because it
is an antioxidant and does no harm, but this is essen-
tially placebo therapy. Irradiation has been abandoned.
Lithotripsy gives some pain relief but after meta-analy-
sis of the results from 17 centres, it was concluded that
“pain seems to resolve faster after ESWT than during
the natural history. The effect on plaque size and penile
curvature is less impressive” (where ESWT is extracor-
poreal shock wave therapy; Hauck et al. 2004). Plaque
injection with verapamil has been reported to improve
pain and deformity but there is a lack of evidence from
randomized controlled studies and the treatment has
not been widely adopted.

I.4.2.5.2

Results of Surgery

Although standard assessment of penile curvature has
been proposed (Kelami 1983), no standard assessment
has been adopted and different centres have different
assessment criteria. It is therefore difficult to make any
comparison between results from different centres. Al-
so, very few centres report long-term results. The liter-
ature indicates that 70–80% of men are satisfied with
Nesbit-type results between 5 and 10 years postopera-
tively. There are fewer long-term published results af-
ter vein patch surgery, but results are similar (Ta-
ble I.4.5).
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For all surgical treatments, unwanted effects can in-
clude:

■ Phimosis if the foreskin is left in situ.
■ Shortening of 1–4 cm depending on the technique

used. In general, grafting techniques cause less
shortening. Some shortening is seen after almost
all procedures. It is important to discuss short-
ening in the context of normal penile length
because for the majority of men the simpler
Nesbit-type procedure gives a good outcome, and
in the context of normal penile length the amount
of shortening does not interfere with partner satis-
faction or the ability to penetrate.

■ Residual minor angulation may occur because of
fibrosis during the healing process or because of
insufficient or over correction. Generally, angula-
tion of less than 30° is compatible with vaginal
penetration.

■ Reduced or patchy glans sensation can occur if
there is a need to mobilize the dorsal bundle as is
often the case with dorsal Peyronie’s plaques.

■ Postoperative bumpiness, narrowing or bulging of
the corporeal wall. If the preoperative deformity
was very severe most men are happy to have a
straight erection and will tolerate slight bumpiness
of the corporeal wall, but it is wise to warn patients
that there may be some residual scar tissue or that
they may be able to feel the suture material.

■ Postoperative deterioration in erectile rigidity.
Often men with Peyronie’s disease have concurrent
vascular insufficiency and the trauma of operation
or alteration of the intracavernosal haemodyna-
mics (Grein and Schreiter 1996) can adversely
affect this, so that although the deformity is
corrected, erections are not sufficiently firm for
intercourse. This outcome can be prevented by
careful preoperative selection of cases and the use
of a penile prosthesis instead of correctional
surgery in appropriate cases.

■ There is almost always considerable postoperative
performance anxiety and it is good practice to
make available adjuvant PDE inhibitors in the
postoperative period for almost all men, irrespec-
tive of age.

■ Postoperative disappointment can be reduced by
good preoperative information and the avoidance
of unrealistic expectations. It is not possible to
attain or regain the perfect body morphology, but
instead the aim of surgery is attainment or restora-
tion of a good functional result.

I.4.2.6
Prevention

Good surgical results can be obtained by appropriate
selection of treatments and by giving the patient, and if
appropriate his partner, comprehensive information
about what can and cannot be done as well as using
adjuvant postoperative PDE inhibitor treatment.
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I.4.3 Ejaculatory Dysfunction: Premature Ejaculation,
Delayed Ejaculation, Anejaculation, Low-Volume
Ejaculation, Retrograde Ejaculation and Painful Ejaculation
T.B. Hargreave

■ Premature ejaculation is the commonest cause
of ejaculatory dysfunction.

■ A proportion of men with premature ejacula-
tion have lifelong oversensitivity of the ejacu-
latory reflex.

■ If there is a lack of external ejaculation one of
the first investigations is examination of the
postcoital urine for spermatozoa, as this will
distinguish between retrograde ejaculation
and anejaculation.

■ Poor urine flow and postorgasmic slow
seepage of ejaculate are indicators of urethral
stricture.

■ Pain with ejaculation can be one of the mani-
festations of incomplete spinal injury.

Key Messages

I.4.3.1
Definition of the Disease

Ejaculatory dysfunction comprises premature ejacula-
tion, delayed ejaculation, anejaculation, low ejaculate
volume, lack of force of ejaculation, retrograde ejacula-
tion and painful ejaculation.

I.4.3.1.1

Premature Ejaculation

Premature ejaculation is the inability to control ejacu-
lation for a sufficient length of time during vaginal
penetration. There is no definition of sufficiency and
when normal human intercourse has been studied in
the laboratory situation, ejaculation was found to occur
in fewer than 20 coital thrusts in half of subjects
(Masters and Johnson 1963).

For the purposes of scientific studies, a practical def-
inition is an intravaginal latency time (IELT) of less
than 60 s. This can be assessed with a stopwatch. There
are various other assessment instruments (APA 2000;
Rowland et al. 2001; Yuan et al. 2004).

I.4.3.1.2

Delayed Ejaculation

Delayed ejaculation is when excessive stimulation is re-
quired to obtain orgasm with ejaculation. This a sub-
jective diagnosis and it is difficult to distinguish when
delay becomes pathological. Overall, if the patient
complains of delayed ejaculation his complaint should
be taken at face value.
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I.4.3 Ejaculatory Dysfunction: Premature Ejaculation,
Delayed Ejaculation, Anejaculation, Low-Volume
Ejaculation, Retrograde Ejaculation and Painful Ejaculation
T.B. Hargreave

■ Premature ejaculation is the commonest cause
of ejaculatory dysfunction.

■ A proportion of men with premature ejacula-
tion have lifelong oversensitivity of the ejacu-
latory reflex.

■ If there is a lack of external ejaculation one of
the first investigations is examination of the
postcoital urine for spermatozoa, as this will
distinguish between retrograde ejaculation
and anejaculation.

■ Poor urine flow and postorgasmic slow
seepage of ejaculate are indicators of urethral
stricture.

■ Pain with ejaculation can be one of the mani-
festations of incomplete spinal injury.

Key Messages

I.4.3.1
Definition of the Disease

Ejaculatory dysfunction comprises premature ejacula-
tion, delayed ejaculation, anejaculation, low ejaculate
volume, lack of force of ejaculation, retrograde ejacula-
tion and painful ejaculation.

I.4.3.1.1

Premature Ejaculation

Premature ejaculation is the inability to control ejacu-
lation for a sufficient length of time during vaginal
penetration. There is no definition of sufficiency and
when normal human intercourse has been studied in
the laboratory situation, ejaculation was found to occur
in fewer than 20 coital thrusts in half of subjects
(Masters and Johnson 1963).

For the purposes of scientific studies, a practical def-
inition is an intravaginal latency time (IELT) of less
than 60 s. This can be assessed with a stopwatch. There
are various other assessment instruments (APA 2000;
Rowland et al. 2001; Yuan et al. 2004).

I.4.3.1.2

Delayed Ejaculation

Delayed ejaculation is when excessive stimulation is re-
quired to obtain orgasm with ejaculation. This a sub-
jective diagnosis and it is difficult to distinguish when
delay becomes pathological. Overall, if the patient
complains of delayed ejaculation his complaint should
be taken at face value.
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I.4.3.1.3

Anejaculation

Anejaculation is the complete absence of antegrade or
retrograde ejaculation but with preservation of the sen-
sation of orgasm.

I.4.3.1.4

Lack of Force of Ejaculation

This is a subjective complaint. In overt cases, there is a
history of failure of any spurt of ejaculation at the time
of orgasm but instead a seepage of semen for several
minutes after orgasm.

I.4.3.1.5

Low Ejaculate Volume

The complaint of low ejaculate volume is self-explana-
tory, although most men have no idea of what normal
ejaculation volume should be but nevertheless can dis-
tinguish that their ejaculate volume has diminished.

I.4.3.1.6

Retrograde Ejaculation

Retrograde ejaculation is the total or sometimes partial
absence of an antegrade ejaculation and instead some
or all of the semen passes back into the bladder. The se-
men is then subsequently voided out with the urine.

I.4.3.1.7

Painful Ejaculation

This is a painful sensation felt in the perineum, urethra
or urethral meatus during and sometimes after ejacula-
tion. It most commonly occurs with prostatitis and ure-
thritis and often there is associated painful urination.
The condition may or may not be distinguishable from
orgasmic pain, which is usually neurogenic in aetiology
and poorly localized.

I.4.3.2
Aetiology and Pathogenesis

I.4.3.2.1

Premature Ejaculation

Premature ejaculation may be physiological, psycho-
logical, primary lifelong or secondary to thyroid over-
activity or neural or pelvic pathology.

Physiological premature ejaculation is common in
the context of a young man with a new partner but usu-
ally this is self-resolving with simple reassurance. Psy-
chological premature ejaculation can occur in associa-
tion with psychosexual pathology. There is a strong

correlation with anxiety (Corona et al. 2004). It was
once thought that almost all premature ejaculation was
psychological, but more recently the entity of primary
lifelong premature ejaculation has been recognized. It
is thought to be associated with diminished serotoner-
gic neurotransmission, altered 5-HT2C or 5-HT1A re-
ceptors and higher serum leptin levels (Atmaca et al.
2002). Leptin is a hormone derived from fat cells which
interacts with the serotonergic pathway in the CNS. The
selective serotonin reuptake inhibitor (SSRI) antide-
pressant citalopram has been used to treat men with
premature ejaculation and causes a decrease in CNS
leptin level and conversely temporary premature ejacu-
lation has been reported for 3–4 weeks after stopping
the antidepressant citalopram (Adson and Kotlyar
2003). Further experimental studies are needed (Atma-
ca et al. 2003).

Secondary premature ejaculation has been reported
after traumatic brain injury (Simpson et al. 2003), in
association with haemodialysis (Aslan et al. 2003) and
in association with prostatitis (Screponi et al. 2001).

I.4.3.2.2

Delayed Ejaculation

As men get older, there is an increasing delay in achiev-
ing ejaculation and this is a part of normal ageing.
Pathological delayed ejaculation may occur as a conse-
quence of the conditions that cause anejaculation (see
the next section).

I.4.3.2.3

Anejaculation

The underlying aetiology may be psychogenic, neuro-
genic, drug-related or obstructive.

Neurogenic anejaculation is seen in spinal cord inju-
ry, cauda equina lesions, following retroperitoneal sur-
gery (e.g. lymphadenectomy, aortic aneurysm, horse-
shoe kidney), following colorectal surgery, in associa-
tion with Parkinson’s disease, multiple sclerosis and di-
abetic autonomic neuropathy. It has been reported in a
man with a prolactinoma (Rigaud et al. 1992).

Drug-related anejaculation may occur with anti-
hypertensives, antipsychotics, antidepressants and
alcohol.

Obstructive anejaculation may occur with congeni-
tal or acquired blockage of the ejaculatory ducts. There
may be failure of development of the prostate or semi-
nal vesicles or following prolonged inflammation of the
prostate with fibrosis or when the prostate is replaced
by tumour.

The condition may occur for social or religious rea-
sons. Some young men learn to masturbate without
ejaculation. This may be seen with orthodox Jews in or-
der not to transgress religious laws based on the old tes-
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tament story of Onan, or may be seen as a consequence
of Tantric sex practices aimed at enhancing partner
pleasure or for other “health” reasons. The conse-
quence of these practices is deconditioning of the ejac-
ulatory reflex, and ultimately this may cause anejacula-
tion. It can also sometimes cause orgasmic pain, hae-
matospermia and congestive prostatitis.

I.4.3.2.4

Lack of Force of Ejaculation

With ageing, there is a reduction in muscle tone of the
urethral wall and one of the manifestations of this is re-
duced propulsion of ejaculation. It also occurs when
there has been disruption of the normal urethral mus-
culature, e.g. with urethral pathology such as stricture
and diverticulum and following substitution urethro-
plasty.

I.4.3.2.5

Reduced Ejaculate Volume

Reduced ejaculate volume may occur because of andro-
gen deficiency. The secretions of the prostate and semi-
nal vesicles are androgen-dependent and ejaculate vol-
ume is a good indicator of androgen sufficiency. Also,
ejaculate volume may be reduced if there is severe end-
stage inflammation of the prostate and seminal vesi-
cles.

I.4.3.2.6

Retrograde Ejaculation

Retrograde ejaculation can be caused by any condition
that causes failure of bladder neck closure or an in-
creased resistance at the apex of the prostate so that the
least line of resistance to passage of semen is back into
the bladder.

Neurogenic retrograde ejaculation occurs with neu-
rological conditions that cause failure of bladder neck
closure or spasticity of the pelvic floor or both. Condi-
tions that can cause this include spinal cord injury, cau-
da equina lesions, spinal dysraphism, tethered spinal
cord, and it can occur after anterior lumbar vertebral
body fusion (particularly when a transperitoneal route
is used; Sasso et al. 2003). It may follow disruption of
the sympathetic chain by retroperitoneal surgery, e.g.
following lymphadenectomy, sympathectomy and aor-
tic aneurysm surgery. It may follow disruption of the
pelvic plexus by pelvic surgery, including colorectal
and anal surgery. It may occur with generalized neuro-
logical diseases such as multiple sclerosis and diabetic
autonomic neuropathy (juvenile diabetes).

Various drugs interfere with bladder neck function.
These include antihypertensives, alpha-1 adrenorecep-
tor antagonists, antipsychotics with an alpha-blocking

effect, e.g. thioridazine and risperidone (Shiloh et al.
2001; Loh et al. 2004) and antidepressants.

Anatomical bladder neck incompetence can occur in
association with congenital defects of the trigone, in-
cluding hemitrigone and with ectopic ureters (Lee et al.
2000) following bladder neck surgery, bladder neck re-
section and prostatectomy.

Obstruction at the apex prostate can be caused by
congenital abnormalities such as ectopic ureterocele,
urogenital sinus remnants, membranous urethral stric-
ture and verumontanum hyperplasia.

It has also been reported in a man with drug-resis-
tant hypertension and a retroperitoneal phaeochromo-
cytoma (Widjaja et al. 2000).

I.4.3.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

I.4.3.3.1

History

All patients should be asked about whether the prob-
lem has been lifelong or acquired. History taking
should include a full history of previous illness, includ-
ing psychotic or depressive illness, any injuries or oper-
ations, including neck, spinal or pelvic injuries, or op-
erations and any urinary tract operation performed
during infancy. Any urinary symptoms should be not-
ed, including whether the urine flow is good and
whether the urine stream sprays (spraying indicates
disturbance of normal urethral anatomy). All pre-
scribed medicines and any other medicines or alterna-
tive treatments should be noted. It is also important to
enquire about alcohol and drugs of abuse.

In addition to the above and depending on the exact
complaint, direct questions should be asked on the sub-
jects below.

Premature Ejaculation

In acquired cases, questions should be asked about
symptoms suggestive of prostatitis, including prior his-
tory of sexually transmitted infection and treatment.

Delayed Ejaculation

This is a subjective complaint. In some cases the patient
may go to extreme lengths to overcome his problem, in-
cluding extended use of vibrators and other mechanical
stimulatory techniques. Enquiry should be made about
whether the problem is getting worse, as this may indi-
cate a progressive lesion.
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Anejaculation and Retrograde Ejaculation

The history given is of a lack of external ejaculation. It
should be determined whether there is a lack of or-
gasm, in which case the problem is one of anorgasmia,
or whether orgasm is present but there is a lack of exter-
nal ejaculation. The patient should be asked about noc-
turnal emissions. If these occur and if there is no other
disease process, then the problem is more likely to be
one of psychogenic anejaculation (Hovav et al. 1999).
Retrograde ejaculation is the more likely diagnosis if
there is a history of passage of cloudy material in the
postorgasmic urine.

Lack of Force of Ejaculation

The typical history is of a lack of any spurt of ejacula-
tion but seepage of ejaculate for several minutes after
orgasm. If there is also a history of poor urine flow ure-
thral stricture is highly likely. If there is history of peri-
neal swelling or dampness urethral diverticulum or fis-
tula are possibilities. There may be a past history of
sexually transmitted infection or urethral instrumenta-
tion.

Reduced Ejaculate Volume

Reduced ejaculate volume may be interpreted as re-
duced force of ejaculation. When this is secondary to
androgen insufficiency, there may be other stigmata
such as reduced libido, night sweats, tiredness, etc.

Painful Ejaculation

Painful ejaculation is usually associated with urethral or
prostate inflammation, whereas orgasmic pain is usually
neuropathic and associated with spinal or pelvic injury.
However, the conditions may be difficult to distinguish.
Note should be made of any prior sexually transmitted
infection and whether there is urethral pain on urina-
tion of any prostatitis-related symptoms such as supra-
pubic pain and frequency and urgency of urination.

I.4.3.3.2

Clinical Examination

Clinical examination should include endocrine status
and examination of the genitalia. The foreskin should
be retracted and the external urethral meatus inspected
and note made of any inflammatory changes. Rectal ex-
amination should include an assessment of anal tone
and whether there is any abnormal pain or tenderness
on prostatic palpation. Neurological examination
should include the testing of lower limb reflexes, plan-
tar responses and identification of any gross sensory
loss, including perianal and sacral sensation. Gentle

squeezing of the testicle should produce an unpleasant
sensation but if diminished this may indicate autonom-
ic neuropathy. Assessment of anal tone is done at the
same time as rectal examination. Assessment may in-
clude the cremasteric response and bulbocavernosus
reflex. If any abnormality is detected referral for neuro-
logical examination is recommended.

I.4.3.3.3

Laboratory and Other Investigations

Retrograde ejaculation can be distinguished from an-
ejaculation by the finding of sperm in the postorgasmic
urine.

Sometimes it is difficult to diagnose anejaculation,
particularly in men who have never masturbated. In
this case, the man should be encouraged to produce a
semen sample during normal intercourse but wearing a
silicone condom.

Further investigations may include urethroscopy or
urethrography in cases of suspected stricture. It is
worth noting that urine flow rate assessment is not a re-
liable indicator of urethral stricture. Pelvic anatomy
may be assessed by CT or MRI scan. Prostate anatomy
may be assessed by transrectal ultrasound or pelvic CT
or MRI. Pelvic neurophysiology can be studied using
sacral evoked responses, but these neurophysiological
tests are little used in clinical practice because they are
not very reliable (Desai et al. 1988) and usually do not
affect management.

I.4.3.4
Treatment

In all cases of ejaculatory problem, the first approach is
to treat any underlying disease process, e.g. ensure
good diabetic control in a man with diabetes, treat
prostatitis, etc. Any medication that may be causing the
problem should be stopped, if possible, or substituted.
Also, treatment depends on the type of ejaculation dis-
order and whether the man is seeking to enable his fer-
tility, normalize his sexual function or both. In terms of
fertility, it is often appropriate at an early stage in treat-
ment to discuss with the patient and his partner home
insemination techniques and sperm retrieval tech-
niques such as microepididymal sperm aspiration
(MESA), because the treatment of the underlying ejac-
ulatory disorder may not be successful or may take a
long time. In addition, treatment depends on the na-
ture of the ejaculatory problem.

I.4.3.4.1

Treatment of Premature Ejaculation

Treatment of premature ejaculation (PE) depends on
whether it is lifelong or acquired. For acquired or recent
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Table I.4.6. Treatments for nonpsychogenic premature ejaculation in order of efficacy

Simple reassurance

Ease and squeeze technique SSRIs are better than ease and squeeze (Abdel-Hamid et al. 2001)

Topical local anaesthetic cream or spray
applied 15–20 min (but not longer) before
sexual contact (Atikeler et al. 2002)

Topical anaesthetic better than placebo inert cream in double-blind trial
(Busato and Galindo 2004)

On demand treatment with SSRIs Meta-analysis of studies between 1973 and 2003 indicated that the overall effica-
cy of the SSRI paroxetine was more effective than sertraline and fluoxetine and
more effective that the tricyclic clomipramine (Anafranil) (De Stefani et al. 2000)

Daily treatment with SSRIs or tricyclics

Combination topical anaesthetic and SSRI Combination of topical local anaesthetic and fluoxetine has been found to be
more efficacious than fluoxetine alone (Atan et al. 2000)

PE, treatment can proceed in a stepwise manner (Ta-
ble I.4.6), depending on the severity of the problem. For
lifelong PE, the choice is between topical anaesthetic or
drugs because reassurance and ease and squeeze are in-
effective. At present, the main drug treatment is with
selective serotonin uptake inhibitors (SSRIs) and the
tricyclic clomipramine, but side-effects of drug treat-
ment can be bothersome: sleepiness at the time of coi-
tus with SSRIs and next day nausea with clomipramine.
Drug treatment is evolving and it has been proposed
that the most efficacious drug is likely to be a combina-
tion of a 5-hydroxytryptamine (5-HT)2c receptor stim-
ulation and a 5-HT1A receptor inhibitor. Although
there are no published reports in the literature, there
are anecdotal reports that monoamine oxidase inhibi-
tors are effective in some cases where SSRIs have not
been effective (F. Comhaire, personal communication).

I.4.3.4.2

Treatment of Delayed Ejaculation and Anejaculation

Often it is not possible to correct any underlying abnor-
mality, e.g. after retroperitoneal lymph node dissec-
tion, and in such cases treatment results are poor. Pro-
vided the lumbosacral segments of the spinal cord are
intact, some men are helped by the use of a vibrator
(Sonksen and Ohl 2002), applied at the frenulum using
100 Hz and 6,000 vibrations per minute (Everaert and
Oosterlinck 1997). Electroejaculation can be used to
obtain sperm and is successful in 90% of men (Lucas et
al. 1991), which has replaced the older physostigmine
treatment (Blockmans and Steeno 1988). The tech-
nique of electroejaculation is described in Chap. I.3.1.
Prostatic massage has been used to obtain sperm from
men with psychogenic anejaculation (Hovav et al.
2000) and when possible this is logistically easier than
electroejaculation, which requires general anaesthesia.

With lack of force of ejaculation, an underlying ab-
normality such as urethral stricture should be correct-
ed. Older men with no underlying abnormality should
be given a clear explanation about urethral laxity with
ageing and the effect this has on diminished force of
ejaculation and postmicturition dripping.

I.4.3.4.3

Retrograde Ejaculation

Treatments to restore antegrade ejaculation include the
use of alpha receptor stimulating drugs such as ephed-
rine and amezinium (an antihypotensive agent) (Ichiy-
anagi et al. 2003) or restoration of bladder neck compe-
tence by injection of bulking agents (Nagai et al. 2004)
or bladder neck surgery. However, the chance of suc-
cess following the injection of bulking agents or surgi-
cal treatment has to be balanced against the risk of
causing urinary tract obstruction. Treatments to en-
able fertility include sperm recovery from the urine,
bladder washings and MESA ICSI.

I.4.3.5
Prognosis

When the ejaculatory disorder is associated with pelvic
nerve injury, there may be a degree of recovery, but
once 2 years has passed, little further recovery will oc-
cur. There is no recovery after spinal injury. In general,
it is nearly always possible to enable fertility but resto-
ration of normal sexual function is much less certain.

I.4.3.6
Prevention

In cases of physiological premature ejaculation in
younger men, subsequent sexual dysfunction can be
prevented if the problem is taken seriously and the pa-
tient is given a clear explanation of what is happening
and in appropriate cases supportive therapy with topi-
cal local anaesthetic or SSRIs.
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I.4.4 Orgasm Dysfunction
T.B. Hargreave

■ Orgasm, like pain, is a sensation and is diffi-
cult to categorize objectively.

■ There is an alteration in the quality of the
sensation of orgasm after common surgical
procedures such as transurethral resection of
the prostate; men about to undergo such
procedures need to be made aware of this.

■ Following orgasm, there is an increase in
serum prolactin and this relates to the dura-
tion of the refractory period and postorgasmic
sexual behaviour.

■ Postorgasmic spinal ice-pick pain following
partial spinal cord transaction is difficult to
treat and if present for 2 years after injury is
unlikely to improve.

Key Messages

I.4.4.1
Definition of the Disease

Included in this category is lack of orgasm (anorgas-
mia), reduced or diminished orgasm, painful orgasm
(odynorgasmia, dysorgasmia) and unwanted multiple
orgasms.

I.4.4.1.1

Anorgasmia

Anorgasmia is the inability to reach orgasm; if the spi-
nal cord is intact it is usually associated with anejacula-
tion. After spinal injury and with spinal cord transac-
tion, it may be possible to stimulate reflex ejaculation,
but there is no sensation of orgasm.

I.4.4.1.2

Reduced Intensity Orgasm

Altered sensation and reduced intensity of orgasm of-
ten follows radical prostatic surgery. There are two
components to this: in part the altered sensation is be-
cause of the altered anatomy and the lack of the feeling
of the ejaculate passing through the prostate and ure-
thra, but also there is reduced intensity of sensation
because of damage to local neural pathways.

I.4.4.1.3

Painful Orgasm

This is defined as diffuse (not well localized) pain in the
pelvic/sacral/lumbar spine area at the time and imme-
diately following orgasm, with or without radiation or

referral to the lower limbs and back. The condition may
be difficult to distinguish from ejaculation-associated
prostatic or urethral pain, which is better localized.
A separate entity is orgasmic headaches, epileptiform
aura or migraines triggered by orgasm.

I.4.4.1.4

Unwanted Multiple Orgasms

A small proportion of men experience multiple or-
gasms (Dunn and Trost 1989). Very occasionally, the
condition is acquired secondary to prostate or seminal
vesicle inflammation (van der Schoot and Ypma 2002)
and sufficiently bothersome to need treatment.

I.4.4.2
Aetiology and Pathogenesis

Orgasm has been shown to induce increased prolactin
levels for over 1 h in healthy males and females, and it
may form a feedback regulator of dopaminergic sys-
tems and regulate the refractory period and sexual ap-
petitive behaviour following orgasm (Kruger et al.
2003a). Furthermore, the prolactin response was found
to be absent in a multiorgasmic man (Haake et al. 2002)
and also short-term increases or decreases in serum
prolactin have been shown to increase or decrease the
refractory period, respectively (Kruger et al. 2003b).
There is experimental evidence that endogenous opio-
ids modulate the intensity of orgasm and the opiate
receptor antagonist naltrexone has been shown to
enhance the orgasmic response (Sathe et al. 2001),
whereas heroin abuse is associated with diminished or
absent orgasm. Diminished or absent orgasm has been
reported following medication with SSRI antidepres-
sants (Haberfellner and Rittmannsberger 2004) and
the anticonvulsant gabapentin (Brannon and Rolland
2000) but probably occurs with many other antipsy-
chotic drugs and is almost certainly underreported
(Compton and Miller 2001). In one study, sildenafil has
been shown to reduce the refractory period (Mondaini
et al. 2003), but it is not known whether this is a central
or peripheral action. There is a need for improved
understanding of the central neuropharmacological
events that regulate orgasm.

Lack of orgasm may be the result of spinal cord pa-
thology, following fracture of the posterior pelvis with
damage to the pelvis plexus, and after radical pelvic
surgery, or radical prostate surgery (Table I.4.7).
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Table I.4.7. Postradical prostatectomy orgasmic dysfunction

No change in orgasm 22%
Decreased orgasm 37%
Complete anorgasmia 37%
Painful orgasm (odynorgasmia, dysorgasmia) 14%

N = 239. Data from Barnas et al. (2004)

Altered sensation of orgasm may occur after pelvic
fracture and as a result of pelvic and after transurethral
and radical prostatic surgery (Table I.4.7) and in asso-
ciation with prostatic and seminal vesicle inflammato-
ry disease. The antidepressant roboxetine has been as-
sociated with delayed orgasm and orgasmic pain (Ha-
berfellner 2002).

Painful orgasm is reported by some men with in-
complete spinal transaction, compressive spondylitic
cervical myelopathy, tethered spinal cord (Jacome
1998), after pelvic fracture, after radical prostatectomy
and also in association with severe prostatitis and epi-
didymitis. There are other very rare causes; for exam-
ple, this author has seen painful orgasm as the first pre-
sentation of human variant Creutzfeldt–Jakob (CJD)
disease. It may also occur in men with multiple sclero-
sis.

I.4.4.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

It is difficult to obtain a good medical history about or-
gasm because men often lack the vocabulary to express
what they feel and standardized questions and assess-
ment instruments have not been developed. The pa-
tient should be allowed to describe his problem before
he is asked additional questions.

If the problem is absent, diminished or altered
orgasm, the clinical history should elicit obvious fac-
tors such as spinal cord and pelvic injury or pathology
or previous pelvic or prostatic surgery. If there is radi-
ation of the pain to the back or lower limbs, this is
more suggestive of spinal cord abnormality. If there
are no obvious factors, enquiry should be made about
all medication and substance abuse. History of uri-
nary frequency, lower abdominal and pelvic pain or
testicular pain may indicate the diagnosis of prosta-
titis.

If the problem is pain it may be felt in the pelvis,
lumbar spine or more rarely in other areas such as the
foot or cervical spine. The pain may be very severe and
has been described as ice-pick-like pain. Another type
of pain that may occur is orgasm-related headache. Two
varieties of headache have been described: muscle con-
traction headache occurring as sexual excitement in-
creases and severe throbbing or explosive-type head-

ache, occurring at the time of orgasm, and presumably
of vascular origin, but more often than not no underly-
ing vascular pathology can be detected.

Clinical examination should include examination of
the genitalia and rectal examination with palpation of
the prostate. Neurological examination should also be
performed. If a neurological cause is suspected then the
patient should be referred to the appropriate clinic for
MRI scanning of the spine. Endocrinological assess-
ment should include examination of the breast for ga-
lactorrhoea, basic assessment of visual fields and mea-
surement of serum prolactin.

I.4.4.4
Treatment

I.4.4.4.1

Treatment to Improve Orgasm

If possible, the underlying cause of the problem should
be treated but more often than not this is not possible.
If the man is taking antidepressants these should be
stopped if possible or substituted, but if this is not pos-
sible then the patient can be reassured that the orgas-
mic problem is likely to resolve once the antidepressant
treatment is no longer needed. It is likely that medica-
tion to improve orgasm will become available as under-
standing of central mechanisms improves; possible op-
tions include opiate receptor antagonists.

I.4.4.4.2

Treatment for Repeated Orgasm

Repeated orgasm is a rare problem. The underlying
cause of the problem should be treated, and in extreme
cases this may involve surgery to remove seminal vesi-
cles or the prostate. When no cause can be defined, it
may be worth trying treatment with a drug known to
diminish the orgasmic response such as a SSRI antide-
pressant.

I.4.4.4.3

Treatment of Orgasmic Pain

If possible the underlying cause should be treated, e.g.
an operation to relieve spinal cord tethering, etc. Un-
fortunately, there is no satisfactory treatment for men
with spinal cord or pelvic injury and those who develop
postorgasmic pelvic pain, as pain-relieving medicines
if given prior to sexual activity and in sufficient dose to
ameliorate pain tend also to stop the desire for sexual
activity, which is in any case usually inhibited by the
fear of the pain. If orgasm-related pain persists for
more than 2 years following spinal injury, then it is like-
ly to be permanent.
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I.4.4.4.4

Treatment of Orgasmic Headaches

Vasculogenic orgasm-associated headache has been re-
ported to have a benign course and apart from correct-
ing obvious factors such as hypertension, the patient
can usually be reassured that there is no underlying
sinister cause. Muscular spasm headaches can be
helped by complimentary therapies such as massage. It
is often appropriate to refer such patients to headache
or migraine clinics.
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I.4.5 Abnormal Libido
B. Brosig

■ Abnormal libido is a complex sexual dysfunc-
tion of psychosomatic aetiological origin in
which somatic, psychic and cultural aspects of
human sexual response interact.

■ Disorders of sexual hyperarousal, often signs
of paraphilias, and lack or loss of sexual
arousal, a common disorder, can be distin-
guished.

■ Clinical investigation should include, in addi-
tion to a careful evaluation of the somatic
status with extensive hormonal analyses,
psychodynamic interviews.

■ Treatment options include drug modulation of
sexual drives by hormones, individual or
couple therapy or a combination of these
choices.

■ Patients’ prognostic features are duration of
symptoms, underlying individual psychopa-
thology, resulting in psychotherapeutic restric-
tions and response to possible somatic treat-
ment alternatives.

Key Messages I.4.5.1
Definition

“Libido”, a Latin word meaning “desire, pleasure”, is
used in a psychological context as a basic term for every
type of psychic energy that accompanies the drives or
instincts. It is mainly motivated by sexual or aggressive
impulses and thus the biological bedrock of psychic
functioning. In this conceptual context, “libido dis-
order” can be understood as a somewhat imprecise, i.e.
global term, for quantitative sexual disorders that pre-
sent themselves clinically either as sexual dysfunctions
or absence of sexual interest or as hypersexuality. Since
disorders of sexual identity or preferences in the choice
of a sexual object are covered by particular chapters in
this volume, the following section will focus on the ar-
eas lack or loss of sexual desire, sexual aversion, lack of
sexual enjoyment and excessive sexual drive. Interna-
tionally, a set of research criteria has been implemented
for the diagnosis of a libido disorder. These criteria are
given in the following.
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for the diagnosis of a libido disorder. These criteria are
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I.4.5.1.1

Diagnostic Criteria

The ICD 10 (International Classification of Diseases,
Version 10, criteria of research) gives the following def-
initions of disorders of libido.

I.4.5.1.2

General Criteria

F52 Sexual dysfunction, not caused by organic disor-
der or disease
G1. The subject is unable to participate in a sexu-

al relationship, as he or she would wish
G2. The dysfunction occurs frequently, but may

be absent on some occasions
G3. The dysfunction has been present for at least

6 months
G4. The dysfunction is not entirely attributable to

any of the other mental and behavioural dis-
orders in ICD 10, physical disorders (such as
endocrine disorder) or drug treatment

I.4.5.1.3

Specific Symptomatology

F52.0 Lack or loss of sexual desire
F52.1 Sexual aversion and lack of sexual enjoy-

ment, specified as
F52.1.0 Sexual aversion or
F52.1.1 Lack of sexual enjoyment
F52.2–6 Covers different disorders of sexual function

(such as failure of genital response, orgasmic
dysfunction, premature ejaculation, nonor-
ganic vaginismus, nonorganic dyspareunia),
which are not part of a concept of libido dis-
order

F52.7 Excessive sexual drive

I.4.5.2
Epidemiology

In an overview (Spector and Carey 1990), prevalence
data from 23 studies on sexual dysfunction were
evaluated. It could be shown that, in clinical popula-
tions, libido disorders are commonly encountered
conditions and prevalence rates are still substantial
in a given general population (see Table I.4.8). Rising
rates of hypoactive sexual desire disorders (HSDD),
up to 50% for women and 10% for men, were re-
ported for a Swiss clinical population (Gnirss-Bornet
2004).

In a general German population survey (Brähler et
al. 2004), conducted in fall 2003, around 2.2% of all
men between 14 and 54 already used sexual stimulants
such as sildenafil, whereas rising percentages (up to

Table I.4.8. Epidemiology of sexual dysfunctions

Clinical
Populations (%)

General
Populations (%)

Female
Anorgasmia 18–76 5–18
Low libido 51–80 11–48
Vaginismus 12–17 1– 4
Dyspareunia 3– 5 8–23

Male
Erectile failure 36–50 3– 9
Premature ejaculation 15–46 26–36
Anorgasmia 3– 8 1–10
Low libido 16–32 NA

4.8%) for the German male population over 75 years
were sexual stimulant users. Taking the limitations of
this study into account, it can be deduced from these
data that the prevalence rates for the loss of libido are
somewhere over 2% to 5% in a general male popula-
tion, depending on age, if the use of lifestyle drugs such
as sildenafil is taken as operationalization.

I.4.5.3
Aetiology and Pathogenesis

Sexual desire as a motivating force is represented in
four areas of the mid-brain (hypothalamic, periaque-
ductal, mesocortical and thalamic representations).
Lesions of the brain in these regions, thus, may be
causes of altered sexual behaviour such as hypersexual-
ity or loss of sexual motivation. There is strong evi-
dence that there are differing gender-specific localiza-
tions for the sexual drives in male and female mam-
mals.

Table I.4.9 summarizes the different aetiological fac-
ets of libido disorder, conceptualizing it as a complex
interplay of different aetiological layers and patho-
genetic pathways (Gnirss-Bornet 2004). As paramount
endocrine influences on the intensity of sexual drives,
androgens and prolactin were isolated as regulating
factors in the short term (refractorial period; Krueger
et al. 2002) as well as in the long run (Thibaut et al.
1994; Graziottin 2000; Demers 2003; Castro-Acuna et
al. 2004).

Table I.4.9. Aetiological aspects of libido disorders

Biological Psychological Social Factors

Hormones Stress Gender-specific
role behaviour

Age Body image Sexual norms

Medication Psychic disorders
and conflicts

Sexual stimuli in
public

Severe somatic
diseases

Deviant sexual
inclinations

Emergencies
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Since human sexuality is relational in its nature, so-
cial and partnership issues play, parallel to individual
inhibitions or arrests in ego development, a major role
in the development of a hypoactive sexual desire disor-
der (Apt et al. 1993; Weeks and Gambescia 2002). Nor-
mal sexual behaviour, as a consequence, depends on in-
ner psychic developmental processes (psychic matura-
tion) on the one hand and culture-specific pathways of
socialization (sex roles, gender differences, develop-
ment of sexual identity, mating behaviour) on the other
(Levine 2003).

The lack of sexual desire may, in this context, be part
of an individual sexual inhibition (Kernberg 1999;
Gnirss-Bornet 2004) or, seen from the couple and fami-
ly system, be part of a dysfunctional relationship with a
partner: sexual couple collusion (Clement 1996, 2002).
In long-lasting partnerships (Brosig 2002), the differ-
ent aetiological causes often lead to a multifaceted clin-
ical picture with an age-related organic decrease in sex-
ual drive, chronic, but carefully covered and denied
marital conflicts and narcissistic deficits in both part-
ners due to midlife transition (Colarusso 1995, 1998,
1999; Euler et al. 2003).

Disorders of sexual hyperarousal or compulsive sex-
ual behaviour (CSB) were rarely diagnosed as isolated
disturbances (Meisler et al. 1998; Arbior 2004; Bancroft
and Vukadinovic 2004; Schwartz 2004), in terms of sex-
ual dysfunctions in a narrower sense (Jacobson 2003).
One reason might certainly be that sexual behaviour
varies substantially by individual and time. Sexual vig-
our is, in males, part of the male social role and labelled
as a “disorder” only in cases where sexual addiction
hinders or even destroys careers and humiliates per-
sonalities (the Clinton syndrome; Hirsch and Imhof
1999; Jacobson 2003; Kafka 2003; Arbior 2004; Bancroft
and Vukadinovic 2004).

Compulsive sexual behaviours (Travin 1995) can be
found:

1. As a symptom of obsessive-compulsive spectrum
disorders

2. As a symptom of affect disorders (e.g. mania)
3. As sexual addictions
4. As sexual impulse disorders

To sum up, hypersexuality is mostly considered, if not
organic in origin, a part of the personality disorders
with difficulties in impulse control, such as so-called
borderline states, in which sexual hyperactivity and
promiscuity is a common feature (Kernberg 1997,
2001).

I.4.5.4
Clinical Findings

The diagnostic procedure should include:

■ Clinical and laboratory examination including
testosterone and, if applicable or necessary,
expanded endocrine clarification [follicle-stimu-
lating hormone (FSH), luteinizing hormone (LH),
prolactin, oestrogens], dependent upon previous
findings regarding accompanying somatic
pathology (Robbins 1996).

■ Careful dynamic interviews should include indi-
vidual aspects of the patient concerning beliefs and
attitudes in regard to sexuality (McDougall 1972),
desire and moral values, quality of the current rela-
tionship and possible therapy motivation.

■ As a second step towards clarification of libido
disorders, a couple interview is recommended,
focussing on the couple’s ability or fear of intimacy,
open or hidden individual or systemic conflictual
themes, such as distrust, sexual or aggressive trau-
mata, and social and financial stresses.

As previously stated, libidinal disorders rarely present
themselves as isolated disturbances of only one system,
nor can they be attributed to only one cause. Biological
background, individual psychopathology and systemic
marital dysfunction contribute with different weights
to a complex clinical situation.

I.4.5.5
Therapy

Having excluded or controlled possible organic causes
of the disorder, a multimodal therapeutic approach
should be discussed with the patient. Treatment alter-
natives could, depending on the patient’s motivation
for treatment possibly include:

■ Prescription of (lifestyle) medication such as
sexual stimulants or antidepressants as a first step,
often administered to enhance the patient’s self-
esteem and motivation (Brosig et al. 2001).

■ In addition to sexual stimulants, a combination of
hormonal replacement strategies (Midgley et al.
2000; Demers 2003; Castro-Acuna et al. 2004) and
psychotherapeutic efforts can be suggested.

■ Individual or couple counselling by an experienced
therapist with a focus on either behavioural
therapy of sexual dysfunction (Carey 1998) or on
psychodynamic, couple-oriented therapeutic strat-
egies (Clement 1996, 2002)

■ Finally, in cases of severe individual character
pathologies, psychoanalytic treatment in the form
of a personal psychoanalysis (Kernberg 1976, 1977,
1989, 1991a, 1991b, 1993).
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As a prominent example for behavioural strategies,
structured sexual therapy (according to Masters and
Johnson 1970) can be divided into six stages:

1. Touching partner without genital contact for sub-
ject’s own pleasure

2. Touching partner without genital contact for both
partners’ pleasure

3. Touching partner with genital contact, but inter-
course not permitted

4. Simultaneous touching of partner and being
touched by partner with genital contact, but inter-
course not permitted

5. Intercourse, but without male thrusting; initial
containment brief, with lengthening periods of
containment with each session

6. Vaginal containment with movement; couple prac-
tice stopping before climax.

Psychodynamic strategies, in contrast, traditionally do
not focus as much as behavioural therapy on the apparent
symptomatology proper. These therapeutic schools in-
tend to clarify the motives behind sexual symptoms such
as (repressed) sexual wishes for other sexual objects or
other forms of sexuality. Very often, the presenting symp-
tomatology can be seen as a defence against the impact of
deeper and more complex psychic phenomena such as
love and intimacy. Very often, complaints concerning the
lack of sexual enjoyment are the negative of the patient’s
fear of real intimacy and overwhelmingly experienced
sexual lust, a constellation of defences, which psycho-
analysis calls perverse defence (Jacobson 2003).

A combination of psychotherapeutic efforts and
drug modulation of sexual drives in paraphilias and
other disorders of impulse control has been extensively
reviewed and the clinical use of these cooperative strat-
egies is successfully proven (Briken et al. 2003).

In severe cases of depression as the most important
underlying factor of deficient sexual arousal, a combi-
nation of hormones and psychoactive drugs has been
discussed (Sharan and Saxena 1998).

I.4.5.6
Prognosis

Positive prognostic variables include a lively sexuality
of both partners before the symptomatology started,
open-mindedness in sexual matters and flexible forms
of personal defences in the couple. Narcissistic person-
al structures with schizoid character traits, long-lasting
sexual abstinence and few sexual experiences during
youth are negative prognostic signs for a fast relief of
the symptomatology. In these latter cases, intensive
psychoanalysis treatment may, in some individuals
with good motivation for treatment, be the ultimate
alternative for a substantial change in the above-
described “undesired” sexual symptomatology.
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I.4.6 Sexual Deviation and Paraphilias
M. Beutel

■ In order to be diagnosed as paraphilias, sexu-
ally deviant behaviours need to be persistent
and cause distress or social and other impair-
ments.

■ Neuropsychiatric disorders, developmental
disorders, learning history and personality
dysfunction contribute to the development of
sexual deviance.

■ Child sexual abuse is a major health problem
carrying lifelong risks for depression and post-
traumatic stress disorders for the victims.

■ When evaluating sexual dysfunction, it is
important for the clinician to be aware of the
possibility of sexual deviance and its potential
transmission across generations.

Key Messages

I.4.6.1
Definition

Paraphilias are defined as lasting (longer than
6 months), recurrent, intense sexually arousing fanta-
sies, sexual urges or behaviours referring to (a) non-
human objects, (b) suffering or degradation of oneself
or one’s partner or (c) children and legal minors
(American Psychiatric Association 1994). In order to

justify the diagnosis of a paraphilia, this must persist
for more than 6 months and cause clinically significant
distress or impairment in social, vocational or other
areas. Major paraphilias include:

■ Exhibitionism manifests by displaying of one’s own
genitals towards a stranger (302.4 according to
DSM-IV).

■ Fetishism (302.81) requires the use of inanimate
objects (e.g. female underwear or shoes) for
achieving sexual arousal or satisfaction.

■ Paedophilia (302.2) implies that an individual is
sexually attracted to prepubescent children.

■ In sexual masochism, sexual arousal is associated
with real or fantasized acts of degradation, beating
or enchaining or to other kinds of suffering.

■ Sexual sadism (302.84) implies afflicting psycho-
logical or physical harm to the victim.

■ In voyeurism (302.82), sexual arousal is associated
with watching a stranger who is naked, undressing
or involved in sexual activity.

I.4.6.2
Aetiology and Pathogenesis

Sexual deviance may result from neuropsychiatric
dysfunction, developmental disorders, learning history
and personality disorders:
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■ Disinhibited sexual behaviour can be a part of
general behaviour disinhibition as in the case of
frontal lobe lesions. Demented patients may
display paraphilic behaviour (exhibitionism) and
nonparaphilic hypersexuality (e.g. inappropriate
sexual advances). Paraphilic behaviour also occurs
secondary to a variety of neuropsychiatric disor-
ders such as temporal lobe epilepsy, postencepha-
litic syndromes, etc. (Bradford et al. 2001).

■ Traditional psychoanalytic theories have
described perversions as a regression to an infan-
tile drive organization when sexual impulses have
not been integrated into striving for genital sexual
fulfilment; other theories described perversion as
an attempt at conflict resolution or narcissistic
restitution by means of sexualization of other,
unfulfilled needs (e.g. for closeness, self-assertion,
control).

■ From a behavioural point of view, sexual arousal to
deviant stimuli was postulated as resulting from
classical or operant conditioning linking sexual
arousal to specific stimuli and conditions.

■ Recent psychoanalytic theories have linked
paraphilia to personality disorders. Manipulation
of one’s own body or sexual objects may be moti-
vated by pent-up hatred or as a defence against
longings for dependency. Sexual impulses and
craving for deviant sexual activity may be split off
from the usual sexual functioning which may
appear normal (Cohen et al. 2002).

I.4.6.3
Paedophilia as an Example of Paraphilia

Child sexual abuse has been identified as a major public
health problem with 12% of men and 17% of women
reported having been sexually touched by an older
person when they were children (Fagan et al. 2002). It is
well documented that these experiences are frequently
traumatic, carrying a high life-long risk for depression,
post-traumatic stress disorders and pervasive develop-
mental impairments (e.g. trusting relationships, body
image, sexual fulfilment). It is not known, however,
what proportion is due to paedophilia or other forms of
sexual abuse (e.g. psychopathic deviance). Paedophilic
individuals are heterogeneous regarding character,
temperament and their manner of sexual expression.
Paedophiles may have interacted sexually with chil-
dren, may have looked at sexualized pictures of chil-
dren or may have controlled their sexual urges for a
considerable length of time. Sexual behaviour
performed with minors may vary from fondling and
genital exposure to different types of intercourse or
(rarely) rape or abduction of children. There may be an
attraction to males, to females or to both genders;
paedophilia may or may not be limited to incest and

may or may not be related exclusively to specific age
groups of children.

Sexual victimization is a major risk factor for the de-
velopment of sexually abusive behaviour, particularly
in males (Salter et al. 2003; Wiehe 2003). For example,
there is a transmission of sexually deviant behaviour
across generations. Additional risk factors are affective
illness, psychosocial stress (e.g. loss of relationship or
status) and alcohol abuse (Fagan et al. 2002).

In a recent publication (Bosinsky 2004), a 32-year-
old man had presented with erectile dysfunction after
3 years of marriage. Following treatment with a PDE-
inhibitor, he was charged with sexual abuse of a boy
from his neighbourhood. Only then did the medical as-
sessment determine paedophilic masturbation fanta-
sies since his puberty, which he had hoped to overcome
by his marriage. Following restoration of his potency
by medication, he had acted on his suppressed paedo-
philic inclination.

I.4.6.4
Diagnosis and Treatment

As in the case described in the previous section, the
presence of sexual deviance may not be reported regu-
larly by patients, as they fear that the physician will re-
port to civil agencies. It is therefore important for the
clinician to be aware of the possibility of sexual devian-
cy associated with complaints of sexual dysfunction.

Treatment of sexually deviant behaviour is frequent-
ly initiated following discovery and criminal charges of
sexual delinquency. When psychotherapy is required
by court decision, concerns are raised on behalf of the
clinician (e.g. issues of treatment motivation of the of-
fender, prognosis and responsibility). As exemplified
by paedophilia, both the psychoanalytic concept of cur-
ing the paraphilia by development of insight and the
behavioural conception of re-conditioning sexual ori-
entation have been given up. Rather, paedophilia is
considered as a chronic psychiatric disorder, and thera-
peutic efforts aim at improving self-control of harmful
behaviours, at correcting cognitive and social distor-
tion and treating social impairment. For this purpose,
psychotherapy may be supplemented by medication as
a sexual appetite suppressant. These include testoster-
one-lowering medication such as methoxyprogestero-
ne acetate or cyproterone acetate. Overall, following
psychotherapeutic treatment reduced recidivism rates
(defined as re-arrest or criminal charges) were found
among sexual offenders (compared to no psychothera-
py; Fagan et al. 2002).
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I.5 Problem: Male Contraception

I.5.1 Controversies Regarding Postvasectomy
Management
J. Shah, H. Fisch

■ Vasectomy is among the safest, easiest, and
surest methods of male sterilization, with a
failure rate of only 0.05%.

■ Given the finality of vasectomy, thorough preop-
erative counselling regarding the risks, benefits,
and alternatives of the procedure is imperative.

■ Every vasectomy candidate should demon-
strate a clear understanding of the time delay
between vasectomy and azoospermia and of
the need for postoperative semen analyses to
confirm azoospermia.

■ A semen analysis should be obtained no
sooner than 3 months after vasectomy.

■ The presence of motile spermatozoa
3–6 months after vasectomy indicates vasec-
tomy failure; an isolated finding of nonmotile
spermatozoa may be normal and does not
necessarily signal vasectomy failure.

■ Centrifugation of azoospermic semen may
detect rare nonmotile spermatozoa, but no
consensus exists as to the utility of routine
centrifugation.

Key Messages

I.5.1.1
Introduction

Despite advances in other methods of family planning
over the last several decades, vasectomy has remained
among the most popular forms of contraception. The
safety, simplicity, and durability of the procedure make
it an attractive option for patients and physicians alike.
However, many controversies remain regarding the
appropriate management of a patient after vasectomy.
In this review, we discuss outcomes after vasectomy,
focusing on timing, technical aspects, and interpreta-
tion of postvasectomy semen analysis.

I.5.1.2
Definition

Vasectomy is a form of male sterilization that involves
bilateral disruption of the vas deferens to halt the trans-
mission of spermatozoa during ejaculation. It is an out-
patient procedure that can be performed in the office
setting under local anaesthesia, with most patients re-
porting only minimal postoperative pain. Unlike many
of the other methods of contraception that require con-
tinuous usage or repeat administrations, vasectomy
need only be performed once for a man to be rendered
durably sterile.

I.5.1.3
Prevalence

Vasectomy remains among the simplest, safest and
most effective contraceptive methods available. World-
wide, it has been estimated that 5% of all couples of re-
productive age (approximately 42–60 million men) de-
pend on vasectomy as their sole contraceptive method
(Liskin et al. 1992; Liu and Li 1993). This number varies
widely among different countries, with the highest rate
of vasectomy (23%) reported in New Zealand (Schlegel
and Goldstein 1993).

In the United States, 11% of women of reproductive
age rely on vasectomy for family planning (Piccinino
and Mosher 1998). Those most likely to elect vasectomy
as their contraceptive method of choice include women
between the ages 30 and 45, married women, and those
with at least a high school education (Schwingl 2000).
Vasectomies are much more common in white men
than in black men (14% vs 2%).
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I.5.1.4
Treatment

I.5.1.4.1

Preoperative Counselling

Vasectomy can be performed under local anaesthesia
with relative ease and the patient may be allowed to re-
turn to his normal level of activity within several days
of the procedure. Given the finality of vasectomy, thor-
ough preoperative counselling regarding the risks, ben-
efits and alternatives of the procedure is imperative. In
addition, patients should be given reasonable expecta-
tions regarding postoperative recovery and they should
be forewarned about the need for continued postopera-
tive management. Specifically, the patient should dem-
onstrate a clear understanding of the time delay be-
tween vasectomy and azoospermia and of the need for
postoperative semen analyses to confirm azoospermia.

In addition to understanding the need for postoper-
ative management after vasectomy, every patient must
also demonstrate a clear understanding of the potential
complications that may result from the procedure. Spe-
cifically, the risk of chronic inflammation and postva-
sectomy pain syndrome (PVPS) should be discussed.
Patients with PVPS present with intermittent or con-
stant pain in one or both testicles after vasectomy last-
ing for 3 or more months. PVPS is considered relatively
uncommon following vasectomy, though the incidence
has been suggested to be as high as 19% in one study
(Ahmed et al. 1997). The exact mechanism of PVPS re-
mains unknown, but theories involving epididymal
congestion, painful sperm granulomas, vascular stasis,
and nerve impingement have been forwarded. Most pa-
tients with PVPS can be managed conservatively with
reassurance, nonsteroidal anti-inflammatory drugs,
scrotal support, or nerve blocks. However, patients
who do not respond to these measures may need sec-
ondary surgical procedures such as vasectomy reversal
(Myers et al. 1997; Nangia et al. 2000), epididymectomy
(Chen and Ball 1991), or spermatic cord denervation
(Ahmed et al. 1997).

For men under the age of 35 years who are desirous
of a vasectomy, some urologists prefer to counsel these
patients on the potential increased risk of prostate can-
cer later in life. Several studies published in the early
1990s reported an increased risk of prostate cancer in
men having undergone vasectomy, especially in men
vasectomized for 20 years or more (Mettlin et al. 1990;
Rosenberg et al. 1990; Giovannucci et al. 1992). While
these studies received much media attention, various
large-scale studies have since shown the relationship
between vasectomy and prostate cancer to be tenuous at
best (Stone et al. 1994; Bernal-Delgado et al. 1998; Lesko
et al. 1999). The most prudent course of action would be
to make the vasectomy candidate aware of the various
studies and allow him to make the final decision.

Lastly, while several realistic options for reestablish-
ment of vasoepididymal continuity in vasectomized
men do exist, vasectomy is still considered a permanent
form of male sterilization. As such, every vasectomy
candidate must consider his individual circumstances,
both current and future, before arriving at the decision
to proceed with vasectomy. In fact, prior to undergoing
vasectomy, every patient should be made aware of the
option of “fertility insurance” by means of semen cryo-
preservation.

The goal of preoperative counselling should not be
to dissuade or scare the patient from undergoing vasec-
tomy. It should be to provide the patient with the
knowledge necessary to make a fully informed deci-
sion. If done appropriately, preoperative counselling
can result in patients who are more satisfied, more
compliant, and less litigious.

I.5.1.4.2

Surgical Technique

The vasectomy procedure is begun by palpation of the
vas deferens through the scrotal skin. The vas is then
secured with the surgeon’s fingers and the scrotal skin
is opened. Access to the vas deferens may be obtained
using either the conventional incisional method or the
no-scalpel method popularized by Li in the late 1980s
(Li et al. 1991). With the conventional method, a scalpel
is used to make an approximately 1-cm incision, either
in the midline if a single incision is used or in each he-
miscrotum if two separate incisions are used. With the
no-scalpel technique, a specialized sharp forceps is
used to puncture the scrotal skin.

After the vas deferens is identified, it is brought out
of the scrotal incision and divided. A variable length of
vas is resected and the remaining free ends are occlud-
ed using one or more methods. To accomplish vas oc-
clusion, the cut ends may be secured with nonabsorb-
able suture, cautery and/or metal clips. Many urolo-
gists also interpose fascia between the cut ends to mini-
mize the risk of vasal recanalization. The crucial step
for vasectomy success is vasal occlusion; the exact
method of occlusion is a matter of preference.

I.5.1.5
Results of Treatment

I.5.1.5.1

Vasectomy Success

Vasectomy is the most reliable practical method of per-
manent contraception. However, vasectomy failures
have been reported. Most sources estimate the occur-
rence of undesired pregnancy following vasectomy to
be approximately 1 in 2,000 cases (Smith et al. 1994;
Haldar et al. 2000; Weiske 2001). This pregnancy failure
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rate of less than 0.1% compares favourably to the tubal
ligation failure rate of 1.85% (Peterson et al. 1996). Va-
sectomy failures are divided into two categories: early
and late. Early failures typically occur within the first
few months following vasectomy and are attributed to
unprotected intercourse prior to obtaining a negative
semen analysis. A missed vas during operation can also
cause early failure. Late failures may occur years to de-
cades after vasectomy and are most often attributed to
recanalization of the vas deferens. The majority of va-
sectomy failures are early failures in men who are inef-
fectively counselled regarding the delay between vasec-
tomy and azoospermia.

I.5.1.5.2

When Should a Postvasectomy Semen Analysis

Be Obtained?

Though most urologists agree on the need for a semen
analysis to verify the achievement of azoospermia after
vasectomy, there is no consensus on the exact timing of
the postvasectomy semen analysis. Most physicians use
either an arbitrarily determined time period or an arbi-
trary number of ejaculations before obtaining a semen
analysis. In a survey of 1,800 physicians performing va-
sectomy in the United States in 1995, Haws et al. found
that postvasectomy semen analysis was obtained at
6 weeks by 59% of the physicians, at 7–9 weeks by 29%,
and after 9 weeks by 12%.

Though most physicians obtain the postvasectomy
semen analysis within 6 weeks, a review of the available
literature suggests that this may be too soon. Fig-
ure I.5.1, incorporating data from 12 peer-reviewed
studies, shows the rate of development of postvasecto-

Fig. I.5.1. Rate of development
of azoospermia after vasecto-
my. Each reference point rep-
resents data from published
series on postvasectomy
azoospermia at various time
points. As indicated in the
graph, only 72% of men have
azoospermic semen analyses
3 months after vasectomy.
(Compiled from Alderman
1988; O’Brien 1995; Alcaraz
1996; Cortes 1997; DeKnijff
1997; Finger 1997; Smith
1998; Badrakumar 2000; Han-
cock 2002; Mason 2002; Naze-
rali 2002 and Barone 2003)

my azoospermia plotted as a function of time. Three
months after vasectomy, only 72% of men have
achieved azoospermia. Six months after vasectomy,
this number improves to 85% and by 1 year after vasec-
tomy 99% of men are azoospermic. This slow constant
rate of development of azoospermia suggests that the
number of ejaculations after vasectomy perhaps may
have only a minor impact on the achievement of azoo-
spermia.

Similarly, it has been shown that there is no associa-
tion between the method of vasal occlusion or length of
vas excised and azoospermia (Esho et al. 1974; Esho
and Cass 1978; Haws et al. 1998; Clenney and Higgins
1999; Labrecque et al. 2003). Given the relatively slow
rate of achievement of postvasectomy azoospermia,
our current practice is to obtain a semen analysis no
sooner than 3 months after vasectomy.

I.5.1.5.3

What Is the Significance of Spermatozoa

on the Postvasectomy Semen Analysis?

Postvasectomy semen analysis may show any one of
three findings: complete absence of spermatozoa (azoo-
spermia), presence of motile spermatozoa, or presence
of nonmotile spermatozoa. The presence of motile
spermatozoa 3–6 months after vasectomy indicates
vasectomy failure either due to technical error or early
recanalization (Edwards 1993).

The significance of nonmotile spermatozoa on se-
men analysis depends on when the spermatozoa are
found. In the early postvasectomy period, this finding
is thought to be caused by the release of nonviable re-
sidual spermatozoa in the distal reproductive tract
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Table I.5.1. Rates of reappearance of rare spermatozoa in
patients with previously documented azoospermia following
vasectomy

Reappearance of
rare sperm

Follow-up
(years)

Labrecque et al. 1998 2.2% <1
O’Brien et al. 1995 0.6% 1
DeKnijff et al. 1997 8.0% 2
Goldstein et al. 1996 9.7% 10
Freund et al. 1989a 100% 2–31

a Freund et al. used a highly sensitive ultrafiltration and ultra-
centrifugation technique specifically designed to detect any
trace of spermatozoa elements.

(DeKnijff et al. 1997). If found at a significant amount
of time after vasectomy, nonmotile spermatozoa gener-
ally indicate recanalization of the vas deferens (Lemack
and Goldstein 1996). However, it is important to under-
stand that the isolated finding of nonmotile spermato-
zoa does not necessarily signal vasectomy failure. As
shown in Table I.5.1, multiple investigators have re-
ported on the reappearance of rare nonmotile sperma-
tozoa years to decades after vasectomy in men previ-
ously documented to be azoospermic (O’Brien et al.
1995; Lemack and Goldstein 1996; DeKnijff et al. 1997).
It is widely believed that the presence of a small number
of nonmotile spermatozoa in vasectomized men is a
normal and usual sequela of vasectomy. Additionally, it
has been shown that the risk of pregnancy from non-
motile spermatozoa is only 0.05%, which is identical to
the risk of pregnancy after two azoospermic semen
analyses (Benger et al. 1995; Haldar et al. 2000).

The current guidelines from the British Andrology
Society recommend routine centrifugation of all post-
vasectomy semen specimens to increase the detection
of rare nonmotile spermatozoa (Hancock and McLaug-
hlin 2002). While semen centrifugation is a useful
sperm-harvesting technique for intracytoplasmic
sperm injection in men with obstructive or nonob-
structive azoospermia (Jaffe et al. 1998), it is not cur-
rently the clinical standard of care in the United States
for postvasectomy patients. Centrifugation is a superi-
or means to detect rare nonmotile spermatozoa, but as
discussed above the presence of rare nonmotile sper-
matozoa after vasectomy is only of trivial significance
and does not alter patient management to any degree.

I.5.1.6
Conclusion

Vasectomy remains among the safest, easiest, and surest
methods of male sterilization. As such, it is one of the
most popular methods of permanent contraception
worldwide. However, despite the popularity of the tech-
nique itself, there has been a notable lack of consensus
on the appropriate management of patients after vasec-

tomy. We recommend waiting at least 3 months after va-
sectomy to assess azoospermia on semen analysis. A se-
men analysis indicating the complete absence of sper-
matozoa or the presence of only rare nonmotile sper-
matozoa is considered a marker of vasectomy success.
Routine centrifugation of azoospermic semen to detect
rare nonmotile spermatozoa is not currently considered
the clinical standard of care in the United States.

It is clear that multiple issues must be addressed af-
ter vasectomy. In a patient’s mind, the judicious hand-
ling of these issues can make the difference between a
successful sterilization and an unpleasant experience.
It would behove all urologists to amend our practice
such that vasectomy is no longer considered a proce-
dure but rather a process. In this context, patients may
be more appropriately counselled on the facts that con-
tinued follow-up after vasectomy is essential; steriliza-
tion after vasectomy is not guaranteed; and the possi-
bilities of spontaneous recanalization or postvasecto-
my pain syndrome, though small, do exist.
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I.5.2 Vasectomy Reversal
A. Belker

■ The most common reason vasectomy reversal
is requested is the remarriage of a divorced
man.

■ Either vasovasostomy or vasoepididymostomy
may be required to reverse a vasectomy.

■ The surgeon’s choice of vasovasostomy or
vasoepididymostomy depends upon many
factors such as the quality of sperm in the
intraoperative vas fluid, the gross appearance
of the vas fluid when sperm are absent from
the fluid, and the presence or absence of
epididymal induration.

■ Microsurgical procedures obtain results that
are markedly better than the results of
nonmagnified procedures.

■ The success rate of vasectomy reversal
decreases as the duration of the obstructive
interval increases.

■ The success rate of vasectomy reversal is
related to the intraoperative sperm quality in
the vas fluid.

■ Sperm retrieval for IVF/ICSI is an alternative
to vasectomy reversal that should be consid-
ered in certain situations.

Key Messages

I.5.2.1
Indications

The most common reason for vasectomy reversal is the
desire of a man to have a child, or children, in a second
or subsequent marriage. In such situations, the male
partner usually has had children in a previous relation-
ship and it is the desire of the female, who usually has
not previously had children, that prompts the male to
seek a vasectomy reversal. Less often, both partners
have had children and simply desire to have a child in a
new relationship that will be “theirs”, rather than “his”
or “hers” in that relationship. A relatively rare reason
for vasectomy reversal is the death of a child and the de-
sire of a couple to have another child because of that
loss. Another infrequent reason for vasectomy reversal
is the development of testicular or epididymal pain re-
sulting from the vasectomy. Obstruction of the vas de-
ferens, subsequently referred to as simply the vas, may
be discovered to be the cause of azoospermia during
the evaluation of a man who presents for a fertility eval-
uation. The obstruction of the vas in such situations al-
most always is the result of bilateral injury to the vas
that occurred during bilateral inguinal hernia repair
performed during infancy.

I.5.2.2
Contraindications

The usual contraindications to surgery, such as bleed-
ing diatheses and general severe health problems, apply
to vasectomy reversal. A reversal procedure is also con-
traindicated if urinary tract infection or scrotal skin in-
fection are present. If the female partner has bilateral
fallopian tube obstruction, reversal of both the fallopi-
an tube obstruction and the vasectomy is possible.
However, sperm retrieval for in vitro fertilization (IVF)
with intracytoplasmic sperm injection (ICSI) (Kolettis
and Thomas 1997) would be a less expensive method to
achieve a pregnancy. In most centres, this alternative
would be as likely, if not more likely, to produce a preg-
nancy than for both partners to undergo a reversal pro-
cedure.

If physical examination reveals that the patient has
developed bilateral testicular atrophy, the cause of atro-
phy must be determined (see Chap. II.2.5). If the cause
is testicular disease, correctable pituitary or hypotha-
lamic disease, vasectomy reversal would be contraindi-
cated.

I.5.2.3
Vasectomy Reversal Techniques

I.5.2.3.1

Vasovasostomy

Vasovasostomy is the technical name for anastomosis
of the severed ends of the vas. The procedure may be
performed without optical magnification (see Chap.
II.4.1), but almost all authorities now agree that the re-
sults of vasovasostomy performed with the aid of mi-
crosurgery are better than the results of those proce-
dures performed without optical magnification. A two-
layer method of microsurgical vasovasostomy (see
Chap. II.4.1) creates precise approximation of the mu-
cosal edges and of the outer muscular layer edges of the
vas.

I.5.2.3.2

Vasoepididymostomy

During a vasectomy reversal procedure, fluid from the
testicular end of the vas is examined with a laboratory
microscope. If spermatozoa are present in the fluid,
vasovasostomy is performed. The absence of sperma-
tozoa may indicate that epididymal obstruction has de-
veloped after the vasectomy (see Chap. II.4.1). In this
situation, the epididymal obstruction must be by-

119

I.5



passed by performing vasoepididymostomy, or anasto-
mosis of the abdominal end of the vas to the epididy-
mal tubule at a level in the epididymis above the point
of obstruction. Older nonmicrosurgical methods of va-
soepididymostomy relied on the creation of a fistula
between openings in several loops of the epididymal
tubule and the vas lumen (see Chap. II.4.1). A micro-
surgical method of vasoepididymostomy creates a di-
rect connection of the edges of the epididymal tubule to
the edges of the vas mucosa, with subsequent connec-
tion of the muscular layer of the vas to the edges of the
epididymal tunic (see Chap. II.4.1).

As the duration of the obstructive interval, which is
the elapsed time since the vasectomy, increases, an in-
creasing percentage of men develop a back pressure-in-
duced rupture of the epididymal tubule (Silber 1977).
The subsequent leakage of spermatozoa from the epi-
didymal tubule creates a sperm granuloma within the
epididymis (Silber 1979). Because the epididymal tu-
bule is a single, continuous tube, the obstructing sperm
granuloma prevents the passage of spermatozoa be-
yond the point in the tubule at which the granuloma is
located.

The absence of spermatozoa from the intraoperative
vas fluid does not necessarily indicate that an epididy-
mal obstruction is present. When spermatozoa are not
seen in the vas fluid, the surgeon must inspect the epi-
didymis. If a point of obstruction is clearly identified by
observing dilation of the epididymal tubule above that
level and collapse of the tubule below that level, then
vasoepididymostomy is required. If no point of ob-
struction can be identified, then the surgeon may be
guided by the gross appearance of the fluid that ema-
nates from the testicular end of the vas (Belker et al.
1991) (see Chap. II.4.1).

I.5.2.4
Postoperative Care

After both vasovasostomy and vasoepididymostomy, it
is recommended that a scrotal support be used and
heavy physical activity be avoided for 4 weeks. Sexual
intercourse should be avoided for at least 2 weeks post-
operatively. Semen analyses are advised at 2- to 3-
month intervals until semen parameters are stable or
until a pregnancy has been achieved. The average inter-
val until a pregnancy occurs after vasovasostomy is
1 year (Belker et al. 1991), but information about the
average interval until a pregnancy occurs after vasoepi-
didymostomy unfortunately is not available at this
time.

I.5.2.5
Complications

Postoperative infection and bleeding, which may occur
after any surgical procedure, fortunately are rare occur-
rences after vasectomy reversal. The pain that follows
vasectomy reversal, whether vasovasostomy or vaso-
epididymostomy is required, is of brief duration and
rarely requires more than oral analgesia. There has
been no report of a change in sexual performance after
vasectomy reversal.

I.5.2.6
Results

Numerous factors determine the success of vasectomy
reversal. The most important preoperative factor that
determines success is the duration of the obstructive
interval (Belker et al. 1991). The rates of return of
sperm to the semen and of pregnancy in the female
partners, respectively, are 97% and 76% for an ob-
structive interval of under 3 years, 88% and 53% for
3–8 years, 79% and 44% for 9–14 years, and 71% and
30% for 15 years or longer (Belker et al. 1991). Results
of the microsurgical one-layer (Schmidt 1978) and two-
layer (Belker 1980) techniques are comparable (Belker
et al. 1991).

An intraoperative factor that determines the success
of vasovasostomy is the sperm quality in the fluid that
is obtained from the testicular end of the vas. Success
rates are progressively lower for vasovasostomy when
the intraoperative fluid contains mainly motile sperm,
mainly nonmotile sperm, mainly sperm heads (with-
out tails), only sperm heads, or no sperm at all (Belker
et al. 1991) (see Chap. II.4.1). If microsurgical vasoepi-
didymostomy is required, the rate of return of sperm to
the semen postoperatively ranges from 60% to 85%
and the rate of pregnancy ranges from 20% to 44%
(Matthews et al. 1995; Kim et al. 1998; Kolettis and
Thomas 1997).

The success rates of both vasovasostomy and vaso-
epididymostomy are better when those procedures are
performed microsurgically compared to the results of
procedures performed without optical magnification.
However, microsurgical performance of both proce-
dures requires formal laboratory training and subse-
quent practice before optimal results can be expected.

I.5.2.7
Conclusions

Vasectomy reversal may require either vasovasostomy
or vasoepididymostomy. The intraoperative decision
regarding which procedure is required is made inde-
pendently on each side. Thus, some patients may re-
quire vasovasostomy on one side and vasoepididymo-
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stomy on the other side. The results of vasectomy rever-
sal have been improved considerably since the intro-
duction of microsurgical methods to perform both vas-
ovasostomy and vasoepididymostomy.
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I.5.3 Male Contraception
D. Handelsman, G. Waites

■ Men have only traditional methods (periodic
abstinence, withdrawal, condoms) and vasec-
tomy and lack reversible contraceptive
methods.

■ Hormonal methods based on improved
progestins developed for female contraception,
given orally or as implants, and combined with
injectable or implantable testosterone, are
closest to entering clinical practice.

Key Messages

I.5.3.1
Introduction

A male contraceptive aims to prevent pregnancy by re-
ducing the number of fertile sperm in the ejaculate. At
present, men have only traditional methods (periodic
abstinence, withdrawal, condoms) and vasectomy but
lack reliable and reversible contraceptive methods
comparable to the modern female methods. Even
though no new male contraceptives were introduced
during the twentieth century, still one-third of all cou-
ples adopt family planning methods involving the ac-
tive participation of men (United Nations 2000) and
there is ample evidence from worldwide surveys that
men would accept new methods (Martin et al. 2000).
Hormonal methods analogous to those developed for
women are those closest to entering clinical practice.

I.5.3.2
Hormonal Methods

Clinical studies employing prototype drugs have dem-
onstrated that the hormonal approach to switching off
spermatogenesis is both effective and reversible with

short-term safety (Anderson and Baird 2002; Kamisch-
ke and Nieschlag 2004; Handelsman 2005). Despite
available niches and popular interest, commercial de-
velopment of marketable male hormonal contracepti-
ves by the pharmaceutical industry has been slow to
emerge (Handelsman 2003).

No hormonal regimen yet achieves azoospermia in
all men, although testosterone administration to men
in China and Indonesia gets close (WHO 1990; Gu et al.
2002). Among non-Asian men, combination regimens
involving a second gonadotrophin-suppressing agent,
usually a progestin, combined with testosterone
achieve close to the ideal of universal suppression of
spermatogenesis (Bebb et al. 1996; Handelsman et al.
1996; Meriggiola et al. 1996).

I.5.3.3
Nonhormonal Methods

Many novel nonhormonal male contraceptive ap-
proaches have been proposed. These include variations
on existing physical and biochemical technologies
(heat, postmeiotic and epididymal targets), and more
recently the harnessing of genomic-based leads. Al-
though the feasibility of reversibly interfering with
sperm maturation in the epididymis has been estab-
lished (Ford and Waites 1986; Cooper 2002), the devel-
opment of a nonhormonal contraceptive drug for men
remains in the preclinical stage.

I.5.3.4
Vaccines

Vaccines targeting sperm antigens involved in fertiliza-
tion have long been of interest. Unlike vaccines for in-
fection, which need not completely block the body bur-
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comparable to the modern female methods. Even
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during the twentieth century, still one-third of all cou-
ples adopt family planning methods involving the ac-
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there is ample evidence from worldwide surveys that
men would accept new methods (Martin et al. 2000).
Hormonal methods analogous to those developed for
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ke and Nieschlag 2004; Handelsman 2005). Despite
available niches and popular interest, commercial de-
velopment of marketable male hormonal contracepti-
ves by the pharmaceutical industry has been slow to
emerge (Handelsman 2003).

No hormonal regimen yet achieves azoospermia in
all men, although testosterone administration to men
in China and Indonesia gets close (WHO 1990; Gu et al.
2002). Among non-Asian men, combination regimens
involving a second gonadotrophin-suppressing agent,
usually a progestin, combined with testosterone
achieve close to the ideal of universal suppression of
spermatogenesis (Bebb et al. 1996; Handelsman et al.
1996; Meriggiola et al. 1996).
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Nonhormonal Methods

Many novel nonhormonal male contraceptive ap-
proaches have been proposed. These include variations
on existing physical and biochemical technologies
(heat, postmeiotic and epididymal targets), and more
recently the harnessing of genomic-based leads. Al-
though the feasibility of reversibly interfering with
sperm maturation in the epididymis has been estab-
lished (Ford and Waites 1986; Cooper 2002), the devel-
opment of a nonhormonal contraceptive drug for men
remains in the preclinical stage.

I.5.3.4
Vaccines

Vaccines targeting sperm antigens involved in fertiliza-
tion have long been of interest. Unlike vaccines for in-
fection, which need not completely block the body bur-
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den of infectious agents in order for the immune sys-
tem to eradicate an infection, contraceptive sperm vac-
cines must functionally block virtually all sperm. The
lower antigenic burden achieving neutralization in
women, whose oocytes are confronted by only
100–1,000 sperm once a month, suggests that a sperm
vaccine is more logically targeted to women. This
would also eliminate the risk of autoimmune orchitis
and probably reduce the potential for immune-com-
plex disease following immunity to normal male (but
not female) antigens. Although animal models show
promise, establishing the efficacy and safety of a con-
traceptive vaccine in humans remains a formidable
challenge.

I.5.3.5
Conclusions

New male contraceptive methods would occupy niches,
e.g. when delaying vasectomy, when female methods
were not tolerated and during the postpartum period.
Although their development has been prolonged for
reasons explained elsewhere (Waites 2003), the princi-
ple of contraceptive efficacy has been established and
new prototype drugs – for example, improved proges-
tins developed for female contraception, given orally or
as implants and combined with testosterone pellets,
and orally active androgens, are now emerging for trial
(see Chap. II.4.7).
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I.5.4 Traditional Methods
D. Handelsman, G. Waites

■ The typical 1st-year failure rates of traditional
male methods (periodic abstinence, with-
drawal, condoms) demonstrate that, apart
from vasectomy, these methods involve high
risk for contraception.

■ This underlines the pressing need for men to
have access to the alternative hormonal
methods currently under development.

Key Messages I.5.4.1
Introduction

At present, men have only traditional methods (period-
ic abstinence, withdrawal, condoms) and vasectomy
(See Part I.5.1) and lack reliable and reversible contra-
ceptive methods comparable to modern female me-
thods. Nevertheless, one-third of all couples adopting
family planning methods do so involving the use of
these traditional methods (United Nations 2000).
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den of infectious agents in order for the immune sys-
tem to eradicate an infection, contraceptive sperm vac-
cines must functionally block virtually all sperm. The
lower antigenic burden achieving neutralization in
women, whose oocytes are confronted by only
100–1,000 sperm once a month, suggests that a sperm
vaccine is more logically targeted to women. This
would also eliminate the risk of autoimmune orchitis
and probably reduce the potential for immune-com-
plex disease following immunity to normal male (but
not female) antigens. Although animal models show
promise, establishing the efficacy and safety of a con-
traceptive vaccine in humans remains a formidable
challenge.

I.5.3.5
Conclusions

New male contraceptive methods would occupy niches,
e.g. when delaying vasectomy, when female methods
were not tolerated and during the postpartum period.
Although their development has been prolonged for
reasons explained elsewhere (Waites 2003), the princi-
ple of contraceptive efficacy has been established and
new prototype drugs – for example, improved proges-
tins developed for female contraception, given orally or
as implants and combined with testosterone pellets,
and orally active androgens, are now emerging for trial
(see Chap. II.4.7).

References

Anderson RA, Baird DT (2002) Male contraception. Endocr
Rev 23:735–762

Bebb RA, Anawalt BD, Christensen RB, Paulsen CA, Bremner
WJ, Matsumoto AM (1996) Combined administration of le-
vonorgestrel and testosterone induces more rapid and effec-
tive suppression of spermatogenesis than testosterone
alone: a promising male contraceptive approach. J Clin En-
docrinol Metab 81:757–762

Cooper TG (2002) The epididymis as a target for male contra-
ception. In: Robaire B, Hinton BT (eds) The epididymis:
from molecules to clinical practice. Kluwer Academic/Ple-
num, New York, pp 483–502

Ford WCL, Waites GMH (1986) Sperm maturation and the po-
tential for contraceptive interference. In: Zatuchni GI, Gold-
smith A, Spieler JM, Sciarra JJ (eds) Male contraception: ad-
vances and future prospects. Harper and Row, Philadelphia,
Pa., pp 89–106

Gu YQ, Wang XH, Xu D, Peng L, Cheng LF, Huang MK, Huang
ZJ, Zhang GY (2002) A multicenter contraceptive efficacy
study of injectable testosterone undecanoate in healthy Chi-
nese men. J Clin Endocrinol Metab 88:562–568

Handelsman DJ (2003) Hormonal male contraception –
lessons from the East when the Western market fails. J Clin
Endocrinol Metab 88:559–561

Handelsman DJ (2005) Male contraception. In: DeGroot LJ,
Jameson JL (eds) Endocrinology, 5th edn. WB Saunders,
Philadelphia pp 3247–3256

Handelsman DJ, Conway AJ, Howe CJ, Turner L, Mackey MA
(1996) Establishing the minimum effective dose and addi-
tive effects of depot progestin in suppression of human sper-
matogenesis by a testosterone depot. J Clin Endocrinol Me-
tab 81:4113–4121

Kamischke A, Nieschlag E (2004) Progress towards hormonal
male contraception. Trends Pharmacol Sci 25:49–57

Martin CW, Anderson RA, Cheng L, Ho PC, van der Spuy Z,
Smith KB et al (2000) Potential impact of hormonal male
contraception: cross-cultural implications for development
of novel preparations. Hum Reprod 15:637–645

Meriggiola MC, Bremner WJ, Paulsen CA, Valdiserri A, Incor-
vaia L, Motta R, Pavani A, Capelli M, Flamigni C (1996) A
combined regimen of cyproterone acetate and testosterone
enanthate as a potentially highly effective male contracep-
tive. J Clin Endocrinol Metab 81:3018–3023

United Nations (2000) Levels and trends of contraceptive use
as assessed in 1998. Department of International Economic
and Social Affairs, New York

Waites GMH (2003) Development of methods of male contra-
ception: impact of the World Health Organization Task
Force. Fertil Steril 80:1–15

WHO Task Force on Methods for the Regulation of Male Fertil-
ity (1990) Contraceptive efficacy of testosterone-induced
azoospermia in normal men. Lancet 336: 955–959

I.5.4 Traditional Methods
D. Handelsman, G. Waites

■ The typical 1st-year failure rates of traditional
male methods (periodic abstinence, with-
drawal, condoms) demonstrate that, apart
from vasectomy, these methods involve high
risk for contraception.

■ This underlines the pressing need for men to
have access to the alternative hormonal
methods currently under development.

Key Messages I.5.4.1
Introduction

At present, men have only traditional methods (period-
ic abstinence, withdrawal, condoms) and vasectomy
(See Part I.5.1) and lack reliable and reversible contra-
ceptive methods comparable to modern female me-
thods. Nevertheless, one-third of all couples adopting
family planning methods do so involving the use of
these traditional methods (United Nations 2000).

122 I.5 Problem: Male Contraception

I.5



I.5.4.1.1

Periodic Abstinence

Periodic abstinence for contraception is practiced by
over 30 million couples worldwide (United Nations
2000). It aims to prevent pregnancy by avoiding vaginal
intercourse at the expected time of ovulation, typically
between days 9 and 19 of a regular menstrual cycle
(WHO 1999). Periodic abstinence provides acceptable
contraceptive efficacy when the timing of intercourse is
strictly regulated but the failure rate rises steeply with-
out rigid adherence to the rules. The demanding re-
quirement, to avoid intercourse for nearly half of non-
menstrual days, is the main source of the relatively high
failure rate from user error. Acceptability of this meth-
od can be enhanced with more accurate timing of the
ovulatory phase than is possible by the calendar calcu-
lation (which requires a regular cycle). Evaluating indi-
rect markers of ovulation (basal body temperature or
cervical mucus changes) or more accurate but expen-
sive urinary hormone (LH, steroids) detection meth-
ods can shorten the period of abstinence but the overall
failure rates of the ovulation method (Table I.5.2) re-
main high (Trussell and Grummer-Strawn 1990).

I.5.4.1.2

Withdrawal

Among drug and device-free methods to prevent preg-
nancy, withdrawal (coitus interruptus) prior to ejacula-
tion, is used by 40 million couples worldwide (Rogow
and Horowitz 1995). Like the ovulation method, the
risks of failure are primarily due to human error be-
cause of the demanding requirement of the method. As
a result, the failure rates of withdrawal are relatively
high and similar to those of periodic abstinence (Trus-
sell and Kost 1987; Trussell and Grummer-Strawn 1990;
Trussell and Vaughan 1999).

Table I.5.2. Typical 1st year
failure rates (%), require-
ments and disadvantages of
traditional male contracep-
tive options and comparison
with female methods
(Hatcher et al. 1994)

Annual failure
(pregnancy) rates

Requirements Disadvantages

Typicala Perfect

Withdrawal 19 4 Skill and discipline No STI protection

Abstinence with: 20 0 Regular check of
fertility signs

No STI protection
Calendar method 9
Ovulation method 3
BBT/cervical mucus 2

Condoms 14 3 Coitally related Unpopular for stable
couples; latex allergy

Vasectomy 0.15 0.10 Skilled practitioner Intended irreversible

Modern reversible
female methodsb

0.1–3 0.3–1.5 Skilled practitioner No male participation

Tubal ligation 0.4 0.4 Skilled practitioner,
general anaesthetic

Intended irreversible
a Typical 1st year of use
b Includes hormonal methods

and IUD

I.5.4.1.3

Condoms

Condoms, first described in the 16th century, are now
used by over 45 million couples worldwide for pregnancy
prevention (Liskin et al. 1990) and a larger number use
condoms to prevent sexually transmitted diseases (STIs),
including HIV. Typically, the male condom is a cylindri-
cal sheath of latex, polyurethane or animal membranes,
sometimes used in conjunction with a spermicide. Con-
doms are a moderately effective barrier method of con-
traception (Trussell et al. 1990; Trussell and Vaughan,
1999) with typical 1st year failure rates of roughly 14%,
which exceed the “perfect use” failure rates of approxi-
mately 3% (Table I.5.2; Hatcher et al. 1994), a discrepan-
cy mainly due to nonuse rather than misuse through in-
correct application, damage, breakage, or slippage.

Condoms provide beneficial dual protection against
pregnancy and STIs, making them ideal for unplanned
sex or irregular sexual partners. By contrast, condoms
are not a popular contraceptive option for couples in
stable relationships because of their interference with
spontaneity of lovemaking, dulling of penile sensation
and cultural connotations, notably association with il-
licit or commercial sex. In the event of latex allergy,
condoms made from polystyrene co-polymers (Rosen-
berg et al. 1996) are available but they have lower effica-
cy (Gallo et al. 2003).

Condomsprovide substantial butnot completeprotec-
tion against STIs including HIV (Carey et al. 1999; Walsh
et al. 2003; Holmes et al. 2004). Preventing STIs requires
condom use on every sexual encounter, whereas reliable
contraception requires only usage during mid-cycle ovu-
lation. Consequently, condom failure rates vs STIs are al-
ways likely to exceed condom contraceptive failure rates
as the major reason for failure in both settings is unreli-
able usage, rather than technical reasons such as break-
age, slippage or porosity to infectious agents.
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I.5.4.2
Conclusions

From the typical 1st-year failure rates of traditional
male methods in Table I.5.2, it is evident that, apart
from vasectomy, these methods involve high risk both
when used for contraception and for protection against
sexually transmitted diseases. These considerations
further underline the pressing need by men to have the
alternative methods currently under development (see
Chap. II.4.3b).

References

Carey RF, Lytle CD, Cyr WH (1999) Implications of laboratory
tests of condom integrity. Sex Transm Dis 26:216–220

Gallo MF, Grimes DA, Schulz KF (2003) Nonlatex vs. latex male
condoms for contraception: a systematic review of random-
ized controlled trials. Contraception 68:319–326

Hatcher RA, Trussell J, Stewart F, Stewart GK, Kowal D, Guest F,
Cates W Jr, Policar MS (1994) Contraceptive technology,
16th edn. Irvington, New York

Holmes KK, Levine R, Weaver M (2004) Effectiveness of con-
doms in preventing sexually transmitted infections. Bull
World Health Organ 82:454–461

Liskin L, Wharton C, Blackburn R, Kestelman P (1990) Con-
doms – Now more than ever. Population Information Pro-
gram, Center for Communication Programs, The Johns
Hopkins University, Baltimore, Md.

Rogow D, Horowitz S (1995) Withdrawal: a review of the litera-
ture and an agenda for research. Stud Fam Plann 26:140–153

Rosenberg MJ, Waugh MS, Solomon HM, Lyszkowski AD
(1996) The male polyurethane condom: a review of current
knowledge. Contraception 53:141–146

Trussell J, Grummer-Strawn L (1990) Contraceptive failure of
the ovulation method of periodic abstinence. Fam Plann
Perspect 22:65–75

Trussell J, Kost K (1987) Contraceptive failure in the Unites
States: a critical review of the literature. Stud Fam Plann
18:237–283

Trussell J, Vaughan B (1999) Contraceptive failure, method-re-
lated discontinuation and resumption of use: results from
the 1995 National Survey of Family Growth. Fam Plann Per-
spect 31:64–72, 93

Trussell J, Hatcher RA, Cates W, Stewart FH, Kost K (1990)
Contraceptive failure in the United States: an update. Stud
Fam Plann 21:51–54

United Nations (2000) Levels and trends of contraceptive use
as assessed in 1998. Department of International Economic
and Social Affairs, New York

Walsh TL, Frezieres RG, Peacock K, Nelson AL, Clark VA, Bern-
stein L, Wraxall BG (2003) Use of prostate specific antigen
(PSA) to measure semen exposure resulting from male con-
dom failures: implications for contraceptive efficacy and the
prevention of sexually transmitted disease. Contraception
67:139–150

WHO (1999) Annual Technical Report 1998, Special Pro-
gramme of Research, Development and Research Training
in Human Reproduction, Geneva, Switzerland, p 111

124 I.5 Problem: Male Contraception

I.5



I.6Problem: Reproductive Tract Infections

I.6.1 Reproductive Tract Infections/
Sexually Transmitted Diseases
F.R. Ochsendorf

■ The data on the relevance of reproductive tract
infections for male infertility are conflicting.

■ Depending on the local prevalence of infec-
tious diseases and the availability of medical
care, the impact is regionally different.

■ Infectious agents have different modes of
impairing fertility (male: organ damage, cell
damage via mediators of inflammation,
obstruction, binding to spermatozoa; female:
pelvic inflammatory disease and tubal obstruc-
tion).

■ Bacteria can often be found in semen and their
mere presence appears to reflect contamina-
tion.

■ The clinical relevance of the role of viruses is
not known at present.

■ As more past than present infections appear to
be relevant for fertility, it is important to treat
any infection adequately and appropriately.

Key Messages

I.6.1.1
Definition of the Disease

In an infection, microorganisms intrude in a macro-
organism, where they attach, multiply and induce a
local or systemic response. Sequelae depend on the
properties of the microorganisms, the localization of
this process as well as the kind and strength of the
immunologic reaction.

If microorganisms are detected in the ejaculate it is
difficult to decide whether these germs just colonized
(attached to) the urethra or invaded the accessory
glands, epididymis or testis (prostatitis is covered in
Chap. I.9). Furthermore, their capacity to multiply and
the extent of the body’s reaction, i.e. the inflammatory
response, are often impossible to assess. These factors,

however, are decisive for the impairment of reproduc-
tive functions. The resulting damage of the reproduc-
tive organs persists even after spontaneous or thera-
peutic resolution of the infection.

Epidemiologic data link infections to male infertility.
An association of age and infections as well as decreas-
ing whole sperm counts were reported (Rolf et al. 2002).
In some studies, 45% of men attending for investigation
of suspected infertility had a history of urethral dis-
charge (Schulenburg et al. 1993; Bayasgalan et al. 2004).
Others did not report relevant sexually transmitted dis-
ease (STD) histories in their patients (Oldereid et al.
1992) or could not confirm alterations of sperm charac-
teristics after gonorrhoeic or chlamydial urethritis
(Ness et al. 1997). These authors concluded their review
in 1997: “Although there is tantalizing clinical and path-
ologic evidence for an association between STDs and
infertility, . . . the current epidemiologic literature does
not allow any conclusion about causality.” While many
reports deal with bacterial infections and STDs, infor-
mation on viral infections of the reproductive tract is
scarce (Dejucq and Jégou 2001). Infections and STDs
have a different prevalence throughout the world.
Therefore, no general comment as to the relevance of
“infections” in a given population can be made.

I.6.1.2
Aetiology and Pathogenesis

Infectious agents may invade the reproductive organs
via the blood, such as mumps viruses or Mycobacteri-
um tuberculosis or Mycobacterium leprae, or by ascen-
sion via the urethra. They may impair the reproductive
functions by several mechanisms (Table I.6.1).

Table I.6.2 summarizes the sexually transmitted bac-
terial, protozoal and fungal agents, Table I.6.3 the vi-
ruses. Depending on the site of the infection, either tis-
sue is destroyed impairing the organ’s functions, such
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Table I.6.1. Possible consequences of infections of the male re-
productive tract (after Dejucq and Jégou 2001)

Mechanism Consequences

Spreading of diseases Female disease
Female infertility
Infection of ova and embryo,
miscarriage, embryonic and
fetal abnormalities

Changes in germ cells Male infertility/sterility

Changes in Sertoli cells Male infertility/sterility

Changes in Leydig cells Male infertility/sterility

Infiltration of leukocytes
into the reproductive tract

T-cell-mediated response to
spermatozoa and autoim-
mune infertility

Decrease in testosterone
production

Cachexia, male infertility

Incorporation of viral
genome into the germ cell
genome

Risk of transmission to
subsequent generations

as destruction of testicular tissue after tuberculosis or
in lepromatous leprosy. Furthermore, autoimmune
mechanisms could be induced (Munoz and Witkin
1995). Others, however, could not confirm a relation-
ship between anti-sperm antibodies and the demon-
stration of a variety of bacteria or inflammatory signs
in semen (Eggert-Kruse et al. 1998). A dysfunction of
the ejaculated spermatozoa could be the result of a
damage by mediators of inflammation, such as reactive
oxygen species (Ochsendorf 1999). A subtotal or total
obstruction of the excretory ducts could result (Dohle
2003). Some bacteria can impair motility by directly
adhering to spermatozoa. This was demonstrated by
very high numbers of Escherichia coli and ureaplasms
(Bornman et al. 1992; Diemer et al. 2003; Keck et al.
1998). A significant inhibitory effect of Candida albi-
cans in vitro was only detected in samples with initial
germ concentrations of 2×107/ml (Huwe et al. 1998). A
negative effect in case of mycotic vaginitis on sperma-
tozoa motility and increased agglutination was pro-
posed (Tuttle et al. 1977).

As bacteria can be found in high percentages of ejac-
ulates without a detectable influence on sperm–mucus
interaction, antibody formation or semen quality, sem-
inal fluid microorganisms appear merely to be contam-
inants (Eggert-Kruse et al. 1992; Cottell et al. 2000).

The role of viruses is largely unknown. Viral DNA
was demonstrated by nested PCR in the ejaculate of in-
fertile men in 56% of cases [Herpes simplex virus (HSV)
49%, Epstein-Barr virus (EBV) 17%, cytomegalovirus
(CMV) 7%]. Only HSV was related to low sperm count
and poor motility (Kapranos et al. 2003). Others re-
ported an incidence of 24% (El Borai et al. 1998) and 3%
(Wald et al. 1999) or could not confirm the findings at all
(Krause et al. 2002). Acyclovir therapy of both partners

with positive HSV DNA was reported to result in preg-
nancies (El Borai et al. 1998; Kotronias and Kapranos
1998). A cervical herpes simplex virus infection is not a
significant cause of impaired quality and penetrability
of the cervical mucus (Eggert-Kruse et al. 2000).

The adeno-associated virus (AAV) was demonstrat-
ed in 38% of men with abnormal semen analyses, in
26% of testicular biopsies of infertile men and in 5% of
normal semen samples. There was no difference in the
incidence of human papilloma virus and CMV between
the different groups (Erles et al. 2001). CMV was dem-
onstrated in up to 5.6% of donor’s semen samples cryo-
preserved for donor insemination (Mansat et al. 1997).
CMV viral shedding did not affect semen quality (Yang
et al. 1995); in other studies, the demonstration of CMV
was associated with decreased concentration and mo-
tility (Torino et al. 1987). CMV was discussed as a pos-
sible causative agent of haematospermia (Komment
and Poor 1983). If HPV was present in the semen the in-
cidence of asthenozoospermia was significantly higher
(Lai et al. 1997).

I.6.1.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

Patients may be asymptomatic or may present with clin-
ical signs of an inflammation. The symptoms differ de-
pending on the site of the infection: dysuria and dis-
charge (urethritis), pain, red skin and swelling of the ep-
ididymis or testis (epididymitis, orchitis). The immuno-
logic reaction is responsible for the strength of the clini-
cal symptoms. Acute infections can be diagnosed by
their typical clinical presentation. However, they are ex-
tremely rare in an andrological outpatient setting.

In daily practice, patients may report a prior episode
of a genitourinary tract infection. If appropriate treat-
ment was provided this infection probably was ade-
quately treated without negative consequences. Other-
wise a chronic infection may have resulted and led to
tissue injury either directly or indirectly via a chronic
inflammation. Sometimes a thickened epididymis
could be a clinical sign of it. Some authors suggested
that a chronic prostatovesiculitis could be diagnosed by
transrectal ultrasound (Purvis and Christiansen 1993),
whereas others showed that this method is of no use in
the diagnosis of male accessory gland infection (Schip-
per et al. 2001). In order to prove the existence of an ac-
tive infection, the responsible agent has to be found.

Chronic seminal vesiculitis can result from incom-
plete resolution of an acute inflammatory process.
There are often no symptoms or they are the same as in
chronic prostatitis, which can often be found in associ-
ation (spasmodic pain during ejaculation, morning
urethral discharge, haemospermia; low fructose in the
ejaculate) (Farid and Hargreave 1995).
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Table I.6.2. Sexually transmitted diseases: pathogenic agents, clinical findings, treatment and relevance

Disease Pathogenic
agent

Clinical findings Physical
examination

Investigation Laboratory
findings

Differential
diagnosis

Treatment Relevance for
infertility

Bacteria
Gonorrhoea Neisseria

gonorrhoeae
Dysuria, discharge, en-
larged tender epididymis
(mostly unilateral)

Urethral
discharge

Urethral swab:
Gram stain; cul-
ture (rapid trans-
port, special trans-
port medium)

Gram-negative
intracellular diplo-
cocci

Urethritis due
to Chlamydia,
Ureaplasma etc.

Urethritis: 1× chinolo-
nes, cephalosporins,
spectinomycin,

Male +
Female +

Positive culture Epididymitis: longer
therapy

Chlamydia
infection

Chlamydia
trachomatis
(D–K)

Dysuria, discharge, en-
larged tender epididymis
(mostly unilateral)

Urethral
discharge or
asymptomatic

First void urine
and molecular
method (PCR;
LCR)

Positive DNA de-
tection

Urethritis due
to gonorrhoea

Urethritis: doxycycline
2×100 mg/day 7 days,
azithromycin 1 g

Male ?
Female +

Epididymitis: longer Female +

Urethritis
due to

Ureaplasma
urealyticum

Dysuria, discharge Urethral
discharge or
asymptomatic

Culture High colony counts Urethritis due
to gonorrhoea
or Chlamydia

Doxycycline 2×
100 mg/day 7 days,
azithromycin 1 g

May impair
motility
??

Syphilis Treponema
pallidum

Depending on stage: ulcer,
painless lymph node
enlargement, exanthema;
gummatous infiltration of
testicles and prostate gland

Ulcer, lymph
node enlarge-
ment, skin
signs, history

Serology (VDRL,
TPHA or TPPA)

Positive culture Depending on
skin findings

Penicillin Co-factor for
transmission
of HIV

Enlarged firm
testicles or en-
larged prostate

Testicles: tu-
mour, benign or
malignant pros-
tate tumours

Gummatous
lesions: +
Female +

Chancroid Haemophilus
ducreyi

Ulcer, lymph node painful
and enlarged

Painful ulcer,
painful red
swollen lymph
nodes

Culture, stain Positive culture,
positive stain

Syphilis Azithromycin 1 g (and
others)

–

Lymphogranu-
loma venereum

Chlamydia
trachomatis
(L1–L3)

Inguinal (unilateral)
Lymph node enlargement,
proctocolitis, fistulation

Tender lymph-
adenopathy

Clinical differen-
tial diagnoses,
serology

Complement
fixation test >1:64

Syphilis Doxycycline 2×100 mg
21 days

–

Granuloma
inguinale

Calymmato-
bacterium
granulomatis

Painless progressive ulcer Ulceration
without lymph-
adenopathy

Clinical differen-
tial diagnosis

Dark stained Dono-
van bodies in tissue
crush/biopsy

Syphilis, chan-
croid

Doxycycline 2×100 mg
>21 days

–

Cotrimoxazole 2×/day
>21 days

Protozoa
Urethritis (pro-
statitis, epididy-
mitis) due to

Trichomonas
vaginalis

Discharge, asymptomatic
or itching

Discharge Clinical differen-
tial diagnoses

Wet mount exami-
nation of urethral
discharge or urine
sediment

Urethritis due
to other causes

Metronidazole ? Contro-
versial

Yeasts
Balanitis, Ure-
thritis due to

Candida
albicans

Balanitis, itching Redness, white Clinical Wet mount exami-
nation, culture

Contact derma-
titis

Imidazole –
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Table I.6.3. Overview of the viruses found in the human genital tract/semen and abnormalities detected in the presence of virus.
(CMV Cytomegalovirus, EBV Epstein–Barr virus, HBV hepatitis B virus, HCV hepatitis C virus, HERV human endogenous retro-
virus, HHV 8 human herpesvirus 8, HIV human immunodeficiency virus, HSV herpes simplex virus, HTLV human T lymphotro-
pic virus, LCMV lymphocytic choriomeningitis virus)

Virus Detected in cells Of these organs/
secretions

Abnormalities detected in the presence of virus

HIV Monocytes/macrophages and
lymphocytes

Testis Orchitis, interstitial fibrosis, lymphocyte infiltration,
change in Leydig cell number, decrease in germ cell num-
ber, change in spermatogenesis; increase in testosterone
at early stage of infection; decrease in AIDS

Germ cells
Spermatozoa (?)

Prostate
Semen

Azoospermia
Oligozoospermia
Morphologically abnormal spermatozoa
Pyospermia

CMV Monocytes/macrophages and
lymphocytes

Prostate Haematospermia
Seminal vesicle Decrease in the number of CD4 cells
Semen

HBV Monocytes/macrophages
and lymphocytes

Semen

Spermatozoa

HSV 1, 2 Spermatozoa Testis Infertility
Prostate Azoospermia, oligozoospermia
Semen

Human
papillomavirus

Cellular fraction (no specific
cell type identified)

Prostate Asthenozoospermia
Semen Subgroup of prostate cancer (?)

Adenovirus Cellular fraction (no specific
cell type identified)

Testis Infertility
Semen Orchitisb

HHV 8 Mononuclear cell fraction Prostate
Semen

Coxsackie
q 4 virus (?)

Epididymis Associated with orchitis

EBV Testis Orchitisb

Semen ? Testicular cancer (?)

HCV (?) Conflicting results Semen

HTLV1 Contaminated lymphocytes Semen

Mumps Leydig cells, germ cells (?) Testis Orchitis, testicular atrophy, sterility, decrease in andro-
gen secretion, testicular cancer (?)

Parvovirus B 19 Testis Testicular cancer (?)

Coxsackie virus A 9 Testis Orchitis (?)

Not definitely proven to be present in testis: Bat salivary gland virusa, Influenza virusb, Denguea, LCMVb, ECHO virusb, Smallpox
virusb, vaccinia virusb, rubella virusb, chicken pox virusb, HERV, hepatitis G.
a Association with significant incidence of clinical orchitis
b Orchitis rarely associated
Atrophy of the testis may occur after viral orchitis, but mostly unilateral, so sterility is extremely rare
For references, see Dejucq and Jégou (2001); only anomalies concerning male infertility are listed

Often the patient is asymptomatic. The ejaculates of
these patients were bacterial culture-positive in between
47% (Onemu and Ibeh 2001) and 66% (Merino et al.
1995) of cases. If special conditions were used anaerobes
could be detected in 99% of patients. In the latter study,
however, there was no relation to impaired sperm pa-
rameters, cervical mucus penetration or later fertility
(Eggert-Kruse et al. 1995). If both partners were investi-
gated, no microorganisms were detectable in only 1%.
No impairment of cervical mucus interaction was found.

So the demonstration of microorganisms without symp-
toms of genital tract infection appears to reflect coloni-
zation and not infection (Eggert-Kruse et al. 1992). In
line with this view is the observation that antibiotic
treatment of asymptomatic patients with potentially
pathogenic microorganisms in semen samples and/or
cervical swabs did change the microbial pattern but not
the ejaculate parameters (Eggert-Kruse et al. 1988).

Table I.6.2 summarizes physical/technical examina-
tions and laboratory findings of relevant pathogenic
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Table I.6.4. Synopsis of clinical presentation of patients

Microbiologic
finding

History Clinical finding Possible interpretation Relevance
for fertility

Specific therapy

Microorganism Remarkable Remarkable Infection + +
Unremarkable Remarkable Infection + +
Unremarkable Unremarkable Commensal – –

Contamination – –
Infection (?) ? + + If significant number

of bacteria or patho-
genic

No
microorganism

Remarkable
(for example
prior discharge)

Remarkable (for
example swelling/
tenderness
epididymis)

Chronic asymptomatic
(silent) infection/
inflammation

+ See MAGI

Unremarkable Remarkable Chronic asymptomatic
(silent) infection/
inflammation??

? + ? +

Remarkable Unremarkable Past infection ? + –
Chronic asymptomatic
(silent) infection/
inflammation??

? + See MAGI

microorganisms. Table I.6.4 summarizes the clinical
presentation of patients.

I.6.1.4
Differential Diagnosis

The clinical symptoms and findings do not allow a spe-
cific diagnosis. All microorganisms in Table I.6.2 can be
the cause of the clinical symptoms.

The different regional prevalence of infectious dis-
eases leads to different differential diagnosis. Indurat-
ed, enlarged, hard epididymis may be a sign of tubercu-
losis or bilharziasis. Enlargement of the prostate gland
and clinical signs of prostatitis could be due to actino-
mycosis, blastomycosis, coccidioidomycosis, syphilis,
or bilharziasis in some parts of the world.

I.6.1.5
Treatment

Treatment is summarized in Table I.6.2. Details can be
found elsewhere (Center of Disease Control and Pre-
vention 2002; Naber et al. 2001; Radcliffe 2001). Partner
therapy is recommended.

I.6.1.6
Results of Treatment

Early treatment of an acute infection cures the disease
without sequelae. The result of therapy in chronic in-
fections depends on the damage already present at the
time of treatment.

I.6.1.7
Prognosis

The prognosis is determined by the time of the first
presentation of the patient, the correct diagnosis and
adequate therapy. In all STDs, but especially in cases of
gonorrhoea and chlamydial infections, adequate thera-
py of the female partner is important in order to pre-
vent salpingitis, pelvic inflammatory disease and ob-
struction.

I.6.1.8
Prevention

Apparently, demonstration of microorganisms in se-
men samples of asymptomatic patients reflects coloni-
zation (Eggert-Kruse et al. 1992). It was concluded that
more past than present infections are relevant (Gonza-
les et al. 2004). Therefore only adequate and early ther-
apy of infections of the reproductive tract can prevent
detrimental effects on the reproductive organs.

I.6.1.9
Other

Summarizing the available data, it appears that a large re-
gional difference exists concerning the practical rele-
vance of sexually transmitted infections for male infertili-
ty. In Western countries, it was concluded that, on the
whole, STD infections only play a minor role with regard
to male infertility (Krause and Weidner 1989) and that
mostof the timeseminal fluidmicroorganismsaremerely
contaminants (Cottell et al. 2000). The situation in other
parts of the world appears to be different. The relevance
of viral infections is not completely resolved at this time.
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I.6.2 HIV Infection
F.R. Ochsendorf

■ In human semen, HIV is mainly present in
leukocytes.

■ HIV-infected patients often present with sper-
matograms within normal limits.

■ With progression of the acquired immunodefi-
ciency, testicular function is impaired, as
demonstrated by pathologic semen parameters
and hypogonadism.

■ In serodiscordant couples, it is possible to
generate HIV-free sperm samples which can
be used for reproductive techniques.

■ With professional handling of the infected
samples, the risk for infections of the labora-
tory personnel is very low.

Key Messages

I.6.2.1
Definition of the Disease

Infection by the human immunodeficiency virus has
different aspects concerning reproductive medicine:
ethical issues, prevention of spread to the child, rele-
vance for the functions of the reproductive organs and
safety issues of the laboratory personnel (Ethics Com-
mittee of the American Society for Reproductive Medi-
cine 2004).

I.6.2.2
Aetiology and Pathogenesis

In the testis of infected asymptomatic HIV-positive
subjects, HIV-1 proviral DNA was detected in the
nuclei of germ cells at all stages of differentiation by in
situ PCR hybridization. The presence of provirus was
not associated with germ cell damage, spermatogenesis
was normal and a very mild local immune response was
observed (Muciaccia et al. 1998). The virus was present
in semen as free virus in the seminal plasma and as cell-
associated virus in the leukocytes. There are conflicting
data on whether the virus also infects spermatozoa
(Dejucq and Jégou 2001). According to electron mi-
croscopy, HIV can attach to the surface of spermatozoa
and enter these cells through the intact plasma mem-
brane (Bagasra et al. 1994), probably by an alternative
receptor (the GalAAG) (Piomboni and Baccetti 2000)
or a 160-kDa sperm protein (Bandivdekar et al. 2003).
Others could not confirm this (Pudney et al. 1998).
Most relevant, however, are infected lymphocytes,
monocytes and macrophages. (Dulioust et al. 1998), as
vasectomy does not influence the amount of cell-free
virus in semen (Krieger et al. 1998). Furthermore, it is

possible to generate HIV-free spermatozoa fractions
by washing procedures, which is an argument against
infection of motile spermatozoa by this virus. In HIV
patients, reduced testosterone levels were reported,
which might impair testicular function (Dobs et al.
1988). Furthermore, autopsy studies reported testicu-
lar atrophy in AIDS patients (Chabon et al. 1987).

I.6.2.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

Many HIV-seropositive men have normal semen anal-
yses within the WHO-defined normal range, but as the
disease progresses more defects are found, particularly
in strict criteria sperm morphology. Lower CD4+ cell
counts (<200 mm3) were associated with significant-
ly lower per cent motility, per cent normal sperm mor-
phology by strict criteria, significantly more sper-
matids in semen, and higher percentages of teratozoo-
spermia, oligoasthenoteratozoospermia and leukocyto-
spermia. Healthier men, based on clinical categories,
had significantly more normal-shaped spermatozoa
and fewer had azoospermia, oligoasthenoteratozoo-
spermia or leukocytospermia. In AIDS patients, grossly
abnormal sperm and pyospermia was reported (Muller
et al. 1998; Nicopoullos et al. 2004). Others reported
reduced semen volume, reduced percentages of rapidly
progressive motility, total sperm count and increased
concentrations of nonspermatic cells (Dulioust et al.
2002). There were no differences in any parameter in
those taking anti-retroviral medication (Nicopoullos et
al. 2004).

In one sperm donor, semen could be analysed before
and after HIV infection. Semen volume, sperm motility
and the percentage of sperm with normal morphology
were reduced after HIV positivity. A disturbed func-
tion of seminal vesicles and prostate gland could ex-
plain the decreased volume as well as the more viscous
sperm found in HIV-infected subjects (Van Leeuwen et
al. 2004; Dondero et al. 1996). Sperm alterations found
today are attributed to effects of antiretroviral therapy
(Dulioust et al. 2002; Barboza et al. 2004).

I.6.2.4
Treatment

In serodiscordant couples, assisted reproduction was
successfully used. It is possible to free semen samples
from HIV by certain washing procedures. Prior to use
of the samples, a PCR is used to confirm that HIV is no
longer present.
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Antiretroviral treatment leading to low HIV-RNA
serum viral load significantly improved intrauterine
insemination (IUI) outcome regardless of CD4 counts,
sperm parameters and stimulation regime (Nicopoul-
los et al. 2004).

The sperm preparation uses a gradient technique
and a swim-up procedure. An aliquot of washed sperm
is subsequently tested for detectable HIV RNA. In one
study, about 5% of NASBA tests were positive after this
procedure (Nicopoullos et al. 2004).

I.6.2.5
Results of Treatment

To date more than 300 healthy children have been born
and more than 2,300 cycles of sperm washing and viral
detection testing followed by IUI or in vitro fertiliza-
tion/intracytoplasmic sperm injection (IVF/ICSI)
worldwide have been performed, with no reported se-
roconversions in either partners or children (Nicopoul-
los et al. 2004; Semprini and Fiore 2004).

I.6.2.6
Prognosis

A viral load of less than 1,000 copies/ml and the use of
antivirals were the only variables that significantly im-
proved IUI outcome (Nicopoullos et al. 2004). Therefore,
an effective antiretroviral therapy should be started pri-
or to reproductive activities to improve the prognosis.

I.6.2.7
Prevention

It was recommended to test all gamete donors, persons
who are considered at high risk for HIV infection, such
as those who have a history of repeated sexually trans-
mitted diseases, multiple sexual partners without bar-
rier protection, bisexual behaviour or IV drug use.
However, it was also recommended to encourage HIV
testing for all couples who want to have children as part
of responsible parenting (Ethics Committee of the
American Society for Reproductive Medicine 2004).

In a serodiscordant couple, the female partner has a
0.1% to 0.2% risk of acquiring HIV per act of unpro-
tected intercourse (Mastro et al. 1997). Attempts to
conceive naturally carry a serious risk to the uninfected
woman or child (Mandelbrot et al. 1997).

To date, only few occupational transmissions of HIV
have been reported. In most cases, nurses and laborato-
ry technicians accidentally inoculated themselves with
a patient’s blood by a needlestick or were contaminated
with bloody fluid and had significant mucocutaneous
exposure. If standard precautions to prevent infectious
disease transmission are taken, the risk of virus trans-
mission to lab personnel is very low.

I.6.2.8
Other

Health care providers and HIV-infected persons to-
gether share responsibility for the safety of the unin-
fected partner and potential offspring. They should be
treated in institutions with the appropriate facilities.
Alternatively, they may be advised to look to other op-
tions and consider donor sperm, adoption or not hav-
ing children (Ethics Committee of the American Socie-
ty for Reproductive Medicine 2004).
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I.7 Problem: Emergencies in Andrology

I.7.1 Testicular Torsion
C.F. Heyns, A.J. Visser

■ Torsion of the testis is a common emergency.
■ The diagnosis is clinical and the management

is emergency surgical reduction and bilateral
fixation.

■ A high index of suspicion is imperative in
equivocal cases, and errors in management
should be on the aggressive rather than the
conservative side.

■ Ipsilateral and contralateral orchiopexy should
be performed with nonabsorbable sutures to
prevent recurrent torsion.

■ The testicular salvage rates correlate with the
duration and the degree of torsion.

■ Subfertility after torsion is well recognized but
probably not of clinical importance.

■ Testicular torsion remains a surgical emer-
gency until 48 h of persistent symptoms have
elapsed.

■ In the presence of woody scrotal induration,
testicular torsion is no longer an emergency
after 24 h of persistent symptoms.

■ Patients with a clinical diagnosis of intermit-
tent or recurrent subacute torsion, and those
with loss of one testis due to previous torsion,
trauma or tumour, should probably undergo
elective orchiopexy.

■ Torsion of the testicular appendages can be
managed conservatively and has no clinical
importance, except that it must be distin-
guished from torsion of the testis.

Key Messages

I.7.1.1
Definition

Torsion of the testis was first described by Delasiauve in
1840 (Delasiauve 1840). The first case of torsion of a
fully descended testis was reported by Langton in 1881
(Williamson 1976). In 1893, Nash first described manip-

ulative detorsion of the testis (Nash 1893). Curling
(1857) cited a case report by Rosenmerkel from Munich,
who untwisted an undescended testis and fixed it in the
scrotum with a stitch through the dartos tunics (Noske
et al. 1998). Defontaine described the first case of opera-
tive reduction of an intrascrotal torsion in 1893 (Sparks
1971). Taylor first described extravaginal torsion in
1897 (Taylor 1897).

By 1901, Scudder was able to assemble only 32 cases
from the world literature (Williamson 1976). Before
1919, only 124 cases had been reported, but between
1923 and 1930 there were 250 reported cases, probably
due to wider recognition of the condition (O’Conor
1933).

We reviewed 276 articles, performed meta-analyses
on the published data and reported our findings in two
recent reviews, which can be consulted for the most im-
portant articles (Visser and Heyns 2003, 2004).

I.7.1.1.1

Intravaginal Torsion

Intravaginal torsion (IVT) is by far the most common
type of torsion. The testis usually undergoes torsion on
the last few centimetres of the spermatic cord within
the tunica vaginalis. The predisposing anatomical fac-
tors are:

1. A spiral arrangement and low insertion of the
fibres of the cremaster muscle.

2. A tunica vaginalis, which extends proximally
around the spermatic cord – the bell-clapper
deformity.

3. An abnormality of the junction of the epididymis
with the testis, forming a mesorchium (Jones
1962).

Our current understanding of the mechanism and un-
derlying anatomical abnormality can largely be credit-
ed to the work of Muschat who coined the term “bell-
clapper” in 1932 when he described the findings in a

Chapter I.7



case of intravaginal torsion (Muschat 1932). He postu-
lated that during descent of the testis, the position of the
scrotal organs is different in relation to the tunica vagi-
nalis. Instead of descending posterior to the tunica vagi-
nalis with partial covering of the descending organs, the
testis and epididymis bulge into the vaginal sac and
continue to descend into the sac until testis, epididymis
and a portion of the spermatic cord are completely cov-
ered by the tunica vaginalis (Muschat 1932).

The term “mesorchium” has been used to describe
two things:

1. The mesentery attached to the posterior aspect of
the epididymis, and running vertically from the
globus major to the globus minor. This arrange-
ment is found in the normal testis, in which it acts
as a stabilizing factor.

2. The thin linear attachment of the epididymis to the
testis (Fig. I.7.1). This type of mesorchium may be
important if the torsion occurs between the testis
and the epididymis, which is a rare cause of intra-
vaginal torsion (Jones 1962).

Intravaginal torsion is possible at three different levels:

1. The intravaginal spermatic cord may rotate and
cause infarction of the testis and epididymis, which
is the most common type (bell-clapper deformity).

2. The rotational plane may be through the mesorchi-
um between the testis and epididymis, causing in-
farction of the testis only, while sparing the epidid-
ymis (mesorchial torsion).

3. Torsion may rarely occur through the mid epididy-
mis, where part of the epididymis will be spared
(epididymal torsion) (Parker and Robison 1971).

Fig. I.7.1. The anatomy of (a) normal
attachments, (b) bell-clapper deformity,
(c) abnormal mesorchium and (d) intravaginal
torsion (Modified from Stillwell and Kramer 1986)

The bell-clapper deformity is found in 12% of autop-
sies, and is bilateral in 66% of these cases, suggesting
that it is a common deformity in the human and more
prevalent than torsion is manifest clinically (Caesar
and Kaplan 1994a). In testicular torsion, the bell-clap-
per deformity is found in 71% to 75% of cases (Cass et
al. 1980; Ransler and Allen 1982).

Mesorchial torsion is found in 9% to 25% of cases,
and the abnormality is present on the contralateral side
in 55% to 100% (Ransler and Allen 1982; Anderson
and Williamson 1988).

Some purists prefer the term “torsion of the sper-
matic cord” instead of “torsion of the testis”. However,
from the above it is clear that torsion does not always
involve the spermatic cord.

I.7.1.1.2

Extravaginal Torsion, Torsion of the Spermatic Cord,

Supravaginal Torsion

Sir Astley Cooper in 1830 first noted that the entire
scrotal contents of the neonate could be freely lifted out
of the scrotum without tearing any tissue, and this
mechanism is believed to account for the rare extravag-
inal torsion, which is found in neonates, where the en-
tire testis complex twists en bloc (Williamson 1976).
Jerkins et al. (1983) postulated that fixation of the testis
to the scrotal wall occurs between 7 and 10 days after
birth. However, fixation may take place later, since ex-
travaginal torsion has been reported in a 5-week-old
boy who was born at 36 weeks gestation (Kaufman
1984).
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I.7.1.1.3

Spontaneous Detorsion

Spontaneous detorsion may occur at the time of anaes-
thesia or before in 10% to 25% of cases, probably due to
cessation of the cremasteric spasm that maintains the
torsion (Cass et al. 1980; Ransler and Allen 1982).

I.7.1.1.4

Intermittent Torsion, Subacute Torsion, Subtorsion

Van der Poel described the first case of intermittent tor-
sion in 1895 (Schulsinger et al. 1991). Various activities
are associated with intermittent torsion, including ex-
ercise, walking, sitting, standing, sleeping, coughing,
leg crossing, straining at stool and coitus (Schulsinger
et al. 1991).

Anderson and Williamson (1988) reported that in
76% of cases of recurrent subacute torsion, the testis
had a horizontal lie on the affected side, and this anom-
aly was bilateral in 20%. Jones (1991) found a horizon-
tally lying testis in 97%, and a bell-clapper deformity in
55% of patients. Cass (1982) found a bell-clapper
deformity in 66% and a long mesorchium in 22% of
patients with intermittent torsion.

In our meta-analysis of 521 cases of torsion of the
testis from ten studies, intermittent subacute torsion
accounted for 23% of all cases.

I.7.1.1.5

Torsion of Appendages

The appendix testis, a Müllerian duct remnant located
at the superior pole of the testis, is the most common
appendage to undergo torsion. The epididymal appen-
dix, located on the head of the epididymis, is a Wolffian
duct remnant and may also become twisted. The pre-
cise mechanism of torsion of the appendages is not
clear, but it appears to be mostly restricted to the age of
puberty and is usually preceded by vigorous activity or
trauma. One possible mechanism is that increased oe-
strogen stimulation prior to the onset of puberty may
cause the vestigial appendage to enlarge and strangu-
late (Skoglund et al. 1970b).

I.7.1.2
Aetiology and Pathogenesis

The prerequisites for intravaginal torsion include an
anatomical predisposition for torsion (bell-clapper de-
formity or long mesorchium), an initiating force (cre-
masteric spasm) and a poorly understood mechanism
which holds the testis in the torsed position (most
probably also cremasteric spasm).

I.7.1.2.1

Intravaginal Torsion

Anatomical Predisposition

Up to 12% of the male population has an abnormal tes-
ticular attachment (bell-clapper deformity), although
the occurrence of testicular torsion in the general pop-
ulation is much lower (Caesar and Kaplan 1994a).

Initiating Force

Cremasteric spasm associated with sleep, trauma, vig-
orous exercise or cold weather may be the initiating
force (Williamson 1985).

Cold Weather

Several reports suggest that cold weather may predi-
spose to torsion of the testis, probably by stimulating
the cremaster fibres (Sparks 1971; Anderson and Willi-
amson 1988; Hoshino et al. 1993). However, McCombe
and Scobie (1988) found no seasonal variation in their
series.

Trauma

A clear history of injury precedes torsion in 4% to 10%
of cases (Anderson and Williamson 1988; Jefferson et
al. 1997). Testicular trauma has been a notorious red
herring in cases of missed torsion (Cos and Rabinowitz
1982). Severe blunt trauma may cause extravaginal tor-
sion in older patients (Kursh 1981).

Exertion

Activities associated with torsion include cycling,
swimming, parachuting, ice-skating, turning during
sleep, sexual intercourse, football and rugby. A history
of recent exercise or strenuous activity is reported in
7% to 60% of cases (Skoglund et al. 1970a; Anderson
and Williamson 1988).

Sleep

Testicular torsion frequently occurs at night, often
awaking the patient. It is possibly the result of a strong
cremasteric reflex associated with nocturnal erections
(Burgher 1998). Onset of torsion during sleep is re-
ported in 11% to 40% of cases (Skoglund et al. 1970a;
Anderson and Williamson 1988).

Puberty and Hormonal Causes

The peripubertal increase in the size of the testis rela-
tive to the spermatic cord, which imparts a greater mo-
ment to any twisting action, may contribute to torsion,
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Fig. I.7.2. Torsion of an undescended testis situated in the in-
guinal canal, initially misdiagnosed as an incarcerated ingui-
nal hernia

since 65% of cases affect boys between 12 and 18 years
of age (Williamson 1976). Several cases have been re-
ported of patients on human chorionic gonadotrophin
(hCG) therapy undergoing torsion of the testis (Saw-
chuk et al. 1993; Van Glabeke et al. 1999).

Undescended Testes

Testicular torsion is ten times more likely in patients
with undescended testes (Fig. I.7.2) (Williamson 1976).
Before 1952, 60% of all cases of torsion of the testis
were seen in undescended testes. These numbers de-
clined with orchiopexy and currently most torsions are
seen in the scrotal testis (Noske et al. 1998). Torsion in
the undescended testis may be extravaginal or intrava-
ginal (Jones 1962; Van Glabeke et al. 1999). Torsion of
an intra-abdominal testis is extremely rare, with only
45 reported cases in the literature, and 65% of these pa-
tients had malignancy in the testis (Loostma and Van
Der Pol 1987).

Familial

Torsion of the testis has been described in several fami-
lies (Cunningham 1960; Sparks 1971; Castilla et al.
1975; Stewart and Maiti 1985; Anderson and William-
son 1988; Sinisi et al. 1993).

Polyorchidism

Witte et al. (1998) found that fewer than 100 cases of
polyorchidism have been described, with their case be-
ing the ninth reported case with torsion. The left side is
duplicated in 75% of cases of triorchidism (Tulchinsky
and Eggli 1992). Torsion may occur in both the normal
and the supernumerary testis and has been reported to
be bilateral (Kajbafzadeh 1996).

I.7.1.2.2

Extravaginal/Neonatal Torsion

The most commonly accepted causes of neonatal (ex-
travaginal) torsion are the extreme mobility of the
neonatal tunica vaginalis inside the scrotum, and an
active cremasteric reflex (Al-Salem 1999). Other fac-
tors are a high birth weight and trauma during difficult
delivery or breech presentation. The reported mean
birthweight for neonatal torsion is 3.6 kg (range,
2.9–4.2) (Guiney and McGlinchey 1981). Brandt et al.
(1992) found that the birth weight was exceptionally
high (3.8 kg) in their series, 60% of their cases were
above the 90th percentile for birth weight, and there
was also a strong correlation with multiparity. Reports
of extravaginal torsion occurring in older boys have
appeared, and almost half of these were associated
with severe scrotal trauma (Lyon 1961; Jones 1962;
Kursh 1981; Melekos et al. 1988).

I.7.1.2.3

Direction and Degree of Rotation

Torsion occurs with internal rotation (double thumbs
down) in 71% to 100% of cases (Ransler and Allen
1982; Garel et al. 2000). The degree of rotation varies
from 180° to 1440° (Williamson 1976). Cummings et al.
found a significantly higher degree of rotation in pa-
tients 21 years or older compared to those less than
21 years of age. The mean rotation was 585° in the older
group compared to 431° in the younger group (Cum-
mings et al. 2002).

In our meta-analysis of 91 cases in the literature
where the degree of torsion was specified, the median
rotation was 360° and the average 480° (range 180° to
1080°) (Fig. I.7.3). The direction of rotation was seldom
recorded, but in the 57 cases where it was noted, the tor-
sion was by internal rotation in 74% and external rota-
tion in 26%.

I.7.1.2.4

Mechanism of Infarction

When the spermatic cord is twisted, the veins in the
cord are quickly obstructed due to their thin walls. Be-
cause of the tough connective tissue surrounding the
spermatic cord, the swollen veins can produce suffi-
cient pressure to shut off arterial flow, even if the twist
itself has failed to occlude the artery. Initially this leads
to oedema and congestion of the affected testis, which
is followed by haemorrhage and infarction (Chen et al.
1983a). Arterial occlusion probably occurs with multi-
ple twists, whereas arteriolar stasis develops secondary
to venous occlusion with lesser twists (Cuckow and
Frank 2000).

Experimental studies have shown that complete ces-
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Fig. I.7.3. Degree of rotation
for torsion of the testis in 91
cases from the literature

sation of arterial inflow occurs at 300° to 540° of torsion
(Mevorach et al. 1991; Lee et al. 1996). Sonda and Lapi-
des showed that three to four complete turns (1080° to
1440°) produced irreversible changes in the testis after
2 h. Torsion of 90° for periods as long as 7 days failed to
cause any necrosis. Torsion of 180° demonstrated irre-
versible necrosis in 50% of cases at 48 h. Torsion of 360°
consistently caused necrosis within 24 h (Sonda and
Lapides 1961).

Experimental studies in dogs revealed elimination
of all spermatogenic and Sertoli cells by 6 h of testicular
ischaemia and elimination of Leydig cells by 10 h of is-
chaemia (Smith 1955). In animal studies, the intratesti-
cular pO2 decreases within 5–7 min. If detorsion is per-
formed within 1 h the pO2 recovers within 15 min
(Klotz et al. 1996). If the torsion is not reduced, there is
usually a gradual subsidence of pain over 2–5 days,
but the swelling and local tenderness persist for
10–14 days (O’Conor 1933).

The injury to the affected testis is caused by a combi-
nation of ischaemia and reperfusion. The reperfusion-
induced injury only plays an important role for the first
3 h; thereafter the damage caused by ischaemia is far
greater (Greenstein et al. 2001). The reperfusion injury
is caused by reactive oxygen species, which arise from
activation of the xanthine oxidase system in parenchy-
mal cells, or from leukocytes that adhere to the reperfu-
sing venule wall before undergoing diapedesis into the
tissue itself (Yazawa et al. 2001).

I.7.1.3
Clinical Findings

I.7.1.3.1

Epidemiology

Torsion of the Testis

Incidence

Testicular torsion is the most common paediatric geni-
tourinary emergency and probably the second most
common surgical emergency in the adolescent age
group after acute appendicitis (Rampaul and Hosking
1998). There is a ratio of approximately one testis tor-
sion for every eight cases of acute appendicitis (Sparks
1971).

One in 158 men will have experienced torsion of the
testis by the age of 25 years. The annual incidence of
torsion in men below the age of 25 is 25.4/100,000. The
reported incidence increased from 10.7/100,000 in 1968
to 27.0/100,000 in 1980, probably due to greater aware-
ness (Anderson and Williamson 1988). The peak inci-
dence occurs in the age group 15–19 years (Table I.7.1).

The relative incidence of each of the commonest
causes of the acute scrotum varies from study to study.
Earlier studies were based on surgical series of patients
who were either hospitalized or underwent surgery,
leading to a skewing of the data, with an overestimation
of the incidence of testicular torsion and the belief that
it was the most common cause of the acute scrotum.

Table I.7.1. Incidence of torsion per age group (Jones et al.
1986)

Age (years) Incidence per 100,000

15–19 10.1
20–24 7.5
25–29 4.5
>30 2.0
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More recent studies based on emergency depart-
ment patient populations demonstrate that testicular
torsion probably represents less than one-fourth of all
cases presenting with acute scrotal pain (Burgher
1998). Kass et al. (1993) noted that only 29% of cases
with acute scrotum need immediate surgery. Sidler et
al. (1997) performed a study of acute scrotum in boys
aged less than 13 years and found testis torsion in 31%,
torsion of the testicular appendages in 31% and epidi-
dymo-orchitis in 28%. The acute scrotum accounted
for 6% to 10% of the emergency abdominal surgery
performed in a paediatric hospital in Paris between
1986 and 1996 (Van Glabeke et al. 1999). The incidence
of testicular torsion in the presence of an acute scrotum
in children ranges from 16% to 39.5% (Marcozzi and
Suner 2001). Corbett and Simpson (2002) found that
only 12% of patients younger than 15 who presented to
the emergency department with an acute scrotum had
testis torsion, and of those who underwent exploration
for suspected torsion, only 38% actually had torsion of
the testis.

In our meta-analysis of 5,180 patients from 50 series
of acute scrotum in the paediatric and adolescent age
group, epididymo-orchitis was the most common
cause with a relative incidence of 30%, followed by tes-
ticular torsion, with a relative incidence of 28% and
torsion of a testicular appendage in 23% (Fig. I.7.3). In
hospital admission series, torsion predominated with a
relative incidence of 37%, and in surgical series torsion
was found in 53% of cases. In emergency department
series, torsion of the testicular appendages was the
most common at 33%, with torsion of the testis found
in 22%. In radiological series, epididymo-orchitis was
the most common diagnosis (41%) (Fig. I.7.4).

Fig. I.7.4. Relative incidence of
various causes of the acute scro-
tum reported in 5,180 patients
from 50 series in the literature

Laterality

There is a slight preponderance for the left side, with a
ratio of 1.2:1, probably due to the slightly longer sper-
matic cord on the left (Skoglund et al. 1970a; Anderson
and Williamson 1988). Up to 2% of cases may have bi-
lateral asynchronous torsion, although earlier studies
found an incidence of 5% to 7%, possibly because con-
tralateral fixation was not routinely performed (Willi-
amson 1976). There have been several case reports of
bilateral synchronous torsion (O’Conor 1933; Wasnick
et al. 1981; Shefi and Haskel 1998).

In our meta-analysis of 1,971 cases of intravaginal
torsion reported in the literature, 56% were on the left
and 44% on the right (left: right ratio of 1.3:1) with 1%
being bilateral.

Age

Testicular torsion can occur at any age, but the peak in-
cidence is at age 14, with a second smaller peak in the
1st year of life (Prater and Overdorf 1991). Intravaginal
torsion has been reported in a newborn and a 77-year-
old man, but 62% of cases occur in patients between 12
and 18 years of age. Of patients with testis torsion, 89%
are below 25 years of age. Torsion is equally common in
the first (14%) and third decades (12%) (Anderson and
Williamson 1988).

In the 1st year of life, torsion of the testis is the most
common cause of an acute scrotum (83%). For 3- to 13-
year-olds, the most common diagnosis is torsion of the
testicular appendage. After the age of 17 years, epididy-
mitis is the most common diagnosis (75%) (Lewis et al.
1995).

Between 26% and 39% of patients with testicular
torsion are older than 20 years of age and it is the sec-
ond most common cause of the acute scrotum in this
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Fig. I.7.5. Age incidence for
torsion of the testis in 886
cases reported in 40 series

age group after acute epididymitis (Lee et al. 1983; Wi-
therington and Jarrell 1990). Between 5% and 9% of tor-
sion cases are over 30 years of age (Lee et al. 1983; Wat-
kin et al. 1996). In patients under 21 years old presenting
with an acute scrotum in the emergency room, only 25%
suffer from testicular torsion (Caldamone et al. 1984).

In our meta-analysis of 886 cases of testicular tor-
sion from 40 series, the peak incidence was at 13 years,
with a smaller peak in the first year (excluding the se-
ries of exclusively neonatal torsion) (Fig. I.7.5).

Torsion of the Appendages

Torsion of the testicular appendages has been reported
in the first to the fifth decade, but 82% of cases occur
between the ages of 7 and 14 years (Jones 1962; Willi-
amson 1976; Holland et al. 1981). There is a peak inci-
dence at age 11–12 years (McCombe and Scobie 1988;
Hastie and Charlton 1990).

In our meta-analysis of 454 cases, the peak incidence
was at age 11 years with 80% of cases being 6–13 years

Fig. I.7.6. Age incidence for
torsion of the testicular
appendages in 454 cases
reported in the literature

of age (Fig. I.7.6). In comparison, the peak incidence
for testis torsion was at 13 years of age (Fig. I.7.7).

The appendix testis is involved in 92% of cases, the
appendix epididymis in 7%, the vas aberrans in 0.3%
and the paradidymis in 0.6% of cases (Skoglund et al.
1970b).

Both sides appear to be affected with equal frequen-
cy. Metachronous bilateral torsion of the appendages is
reported in 0–11% of cases (Jones 1962; Skoglund et al.
1970b).

In our meta-analysis of 629 cases from nine studies,
bilateral metachronous torsion of the appendages oc-
curred in 2.5% of cases, and the left and right sides
were affected equally.

Neonatal, Extravaginal, Supravaginal, Perinatal Torsion

Neonatal torsion is much rarer than intravaginal tor-
sion, but over 200 cases have been reported. As many as
10% to 17% of all torsions may occur in the neonatal
period (Tryfonas et al. 1994; Cuckow and Frank 2000).
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Neonatal torsion can be divided into two distinct
groups:

1. Prenatal (in utero torsion), which is almost exclu-
sively extravaginal

2. Postnatal torsion, which is generally intravaginal
(Das and Singer 1990; Brandt et al. 1992).

In their review of 83 cases of neonatal torsion, Das and
Singer found that 72% were prenatal and 28% were
postnatal. The right testis underwent torsion in 41%
and the left in 38%, with 21% having bilateral torsion,
while 92% had extravaginal and 8% had intravaginal
torsion (Das and Singer 1990). The reported incidence
of intravaginal torsion in the neonatal period ranges
from 4% to 22% (Hitch et al. 1980; Das and Singer 1990;
Brandt et al. 1992).

In our meta-analysis of 211 reported cases, 85% were
prenatal and 15% postnatal. The right testis underwent
torsion in 48% and the left in 52%, while 89% had ex-
travaginal and 11% had intravaginal torsion. Bilateral
extravaginal torsion was reported in 18%. However, this
figure is probably too high, since bilateral cases may be
reported more often than unilateral cases, and bilateral
cases are usually operated on, whereas unilateral cases
may be treated conservatively, resulting in fewer well-
documented cases of unilateral torsion.

In the two largest single-institution series of postna-
tal torsion, there was bilateral involvement in 9% to
11% of cases (Brandt et al. 1992; Pinto et al. 1997). In
our analysis of the literature, we found 37 cases of bilat-
eral neonatal torsion, of which 19% were asynchronous.

Vanishing Testis

The term “vanishing testis” refers to testes that have be-
come atrophic, presumably due to missed pre- or peri-
natal testicular torsion. It is also referred to as “testicular
regression syndrome” (Belman and Rushton 2001). Tu-

rek et al. reviewed 117 cases of absent testis confirmed
surgically, and found testicular remnants in the inguinal
canal in 95%. The frequency of haemosiderin (30%)
and calcium (35%) deposits supports the vascular acci-
dent-antenatal torsion theory, indicating that antenatal
torsion must occur late in gestation, when the testis has
already entered the inguinal canal (Turek et al. 1994).

In cases of acute scrotal swelling, time is of the es-
sence. The history and physical examination should be
carried out simultaneously. The most helpful aspects of
the history include age, severity, duration, nausea and
vomiting, previous episodes and associated activity at
onset. The physical examination should be systematic,
including observation followed by eliciting the crema-
steric reflex on the unaffected side first, followed by the
affected side. The abdomen is then examined with spe-
cial attention to the inguinal canals. The scrotum is ex-
amined last, starting with the unaffected side. The scro-
tum is approached from inferior, examining the lower
pole of the testis first and the upper pole last. The scro-
tum is then examined in the erect position to observe
the lie of the testes. Urinalysis is performed to rule out
urinary infection. At this stage the patient can be placed
in one of three diagnostic categories: torsion, nontorsi-
on or equivocal (Rabinowitz and Hulbert 1995).

I.7.1.3.2

History

Age

Testicular torsion is most common in neonates and
postpubertal boys, torsion of a testicular appendage
typically occurs in prepubertal boys, and epididymitis
most often develops in postpubertal boys (Galejs and
Kass 1999).

I.7.1 Testicular Torsion 141

I.7



Onset and Severity of Pain

Pain is usually of rapid onset, with 55% to 91% of pa-
tients having acute onset pain. The sensitivity of this
finding is 91%, with a specificity of 27% for torsion of
the testis (Kaplan and King 1970; Van Glabeke et al.
1999). The pain is severe, and the patient appears un-
comfortable. The pain may begin to diminish after 6 h
(Sparks 1971). Moderate pain developing gradually
over a few days is more suggestive of epididymitis or
appendiceal torsion, and with either of these condi-
tions, the patient may appear relatively comfortable ex-
cept when examined (Galejs and Kass 1999).

Duration

Patients with testicular torsion tend to seek medical
help earlier (median, 6 h) than with torsion of the ap-
pendix testis (median, 29–48 h) (Hastie and Charlton
1990; Watkin et al. 1996). However, up to 20% of cases
with testicular torsion present after 24 h (Watkin et al.
1996).

Nonscrotal Pain

In 5–25% of patients with testicular torsion, the main
or only complaint is abdominal pain (Sparks 1971; An-
derson and Williamson 1988).

Nausea and Vomiting

Patients with torsion of the testis more often have nau-
sea or vomiting at the onset of pain, while this is un-
common in torsion of the appendages (Knight and Vas-
sy 1984). Nausea and vomiting are present in 26% to
60% of cases of torsion of the testis. Nausea has a posi-
tive predictive value of 96% and vomiting 98% for tor-
sion, but the sensitivity is lower (nausea 69% and vo-
miting 60%) (Skoglund et al. 1970a; Jefferson et al.
1997).

Urinary Complaints

Urinary complaints are present in 5% to 7% of patients
with testicular torsion. The symptoms are typically
slight frequency and dysuria. However, urinary com-
plaints are also found in 7% of cases with acute epidid-
ymitis (Cass et al. 1980; Anderson and Williamson
1988).

Previous Episodes (Prophetic Pain)

Between 11% and 47% of patients with torsion de-
scribe previous episodes of similar pain that lasted only
a short time and resolved spontaneously, suggesting in-
termittent torsion with spontaneous detorsion (Skog-

lund et al. 1970a; Cass et al. 1980; Knight and Vassy
1984).

I.7.1.3.3

Physical Examination

Cremasteric Reflex

This is a superficial skin reflex mediated by the L1–L2
(ilioinguinal and genitofemoral) nerve roots. It is elicit-
ed by stroking the medial upper thigh, and a positive
reflex results in elevation of the ipsilateral testis (Walsh
et al. 1998). The reflex is normally present in 48% of
newborns, 45% of boys between 1 and 30 months, and
in 100% of boys between 30 months and 12 years of age
(Caesar and Kaplan 1994b).

Rabinowitz reported a 100% correlation between
the presence of an ipsilateral cremaster reflex and the
absence of testis torsion in a series of boys with acute
scrotal swelling. In those with an absent reflex, 47%
had testicular torsion (Rabinowitz 1984). However, sev-
eral reports have been published of confirmed torsion
of the testis with a normal cremasteric reflex (Blaivas et
al. 2000).

The cremasteric reflex is absent in 40% to 100% of
patients with testicular torsion, but is usually present in
patients with torsion of a testicular appendix. The sensi-
tivity of an absent cremasteric reflex is 60%, with a spec-
ificity of 67% for torsion of the testis. It has a positive
predictive value of 43% and a negative predictive value
of 96% for torsion of the testis (Van Glabeke et al. 1999).

Drawn Up or High-Riding Testis

This sign was referred to as testis redux in older articles
and may have been confused with undescended testes.
A drawn up testis is present in 26% to 80% of cases of
testicular torsion (Skoglund et al. 1970a; Van Glabeke
et al. 1999).

Contralateral Horizontal Lie (Angell’s Sign)

Between 25% and 90% of patients with torsion will
have an abnormal lie of the contralateral testis, which is
best seen with the patient examined in the standing po-
sition (Angell 1963; Anderson and Williamson 1988).

Ransler and Allen noted that torsion of the testis was
present in 100% of patients who had both a drawn up
testis and contralateral horizontal lie (Ransler and
Allen 1982).

Secondary Hydrocele

This sign is found preoperatively in 52% of cases and
almost always at surgery (Anderson and Williamson
1988).
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Pyrexia

Pyrexia is present in 8% to 41% of cases with testicular
torsion and is an ominous sign for testicular viability,
since 50% to 100% of patients with testicular torsion
and pyrexia will have an infarcted testis at exploration
(Kaplan and King 1970; Parker and Robison 1971; An-
derson and Williamson 1988; Melekos et al. 1988).

Scrotal Induration

Overlying erythema and oedema are poor prognostic
signs of viability and are associated with longer dura-
tion of torsion (>12 h) (Angell 1963; Hemalatha and
Rickwood 1981). This sign is present in 70% of patients
with an infarcted testis, and if it is present 78% of testes
will be infarcted (Skoglund et al. 1970a; Knight and
Vassy 1984).

Prehn’s Sign

When elevation of the testis relieves the pain it indi-
cates epididymitis, and when it does not, it indicates
torsion. In theory, this is analogous to elevation of a
limb, where pain due to inflammation will be relieved,
and pain due to ischaemia will not (Prehn 1934). How-
ever, this sign is notoriously unreliable and should not
be used to make the diagnosis (Melekos et al. 1988).

Urinalysis

Urinalysis to rule out urinary tract infection is abso-
lutely essential in cases of acute scrotum (Kass and
Lundak 1997). Abnormal findings on urinalysis are
present in 0% to 10% of cases of torsion (Skoglund et
al. 1970a; Ransler and Allen 1982). Pyuria is present in
approximately 50% of patients with epididymitis, but
its absence does not exclude epididymitis, nor does its
presence exclude testicular torsion (Burgher 1998).
However, torsion of the testis with pyuria of more than
20 leukocytes per high power field is distinctly unusual
(Haynes et al. 1983).

I.7.1.3.4

Torsion of an Appendage

Tenderness limited to the upper pole suggests torsion
of a testicular appendage, especially when a hard, ten-
der nodule is palpable in this region. A small bluish dis-
colouration may be visible through the skin in the up-
per pole. Dressner of Chicago coined the term “blue dot
sign” in 1973 (according to Noske et al. 1998). It is virtu-
ally pathognomonic for appendiceal torsion when ten-
derness is also present. However, these signs are pre-
sent in only 21% of cases (McCombe and Scobie 1988).
Pain is usually not severe (Jones 1962). The patients

tend to present later than with torsion of the testis
(Watkin et al. 1996). Meticulous transillumination may
show a dark nodule at the superior pole of the testis
(Skoglund et al. 1970b).

Almost all clinical aspects of testicular torsion may
be present in cases of torsion of the testicular append-
age, including nausea and vomiting, minor trauma,
previous episodes of pain, fever, absent cremasteric re-
flex and abnormal urinalysis (Kaplan and King 1970).
Torsion of a testicular appendage is the most common-
ly misdiagnosed testicular lesion, with the correct pre-
operative diagnosis made in only 11% (Williamson
1976).

I.7.1.3.5

Neonatal Torsion

Prenatal Torsion

Patients present at birth with an asymptomatic scrotal
swelling, which consists of a hard, swollen, nontender
testis in an oedematous, dusky hemiscrotum that does
not transilluminate (Das and Singer 1990). The earliest
case of prenatal torsion was in a premature boy born at
32 weeks gestation with bilateral torsion, suggesting
that torsion occurs around 32 weeks gestation (Ryken
et al. 1990).

Postnatal Torsion

These patients present within the first 30 days of life,
with symptomatic scrotal swelling and a documented
normal scrotum at birth (Das and Singer 1990).

I.7.1.3.6

Clinical Diagnosis

The presence of any of the following findings strongly
suggests testicular torsion.

1. An abnormal elevation of the affected testis with
thickening of or a palpable twist in the spermatic
cord (the high-riding testis).

2. An abnormal axis (horizontal lie) of the affected
testis when the patient is examined in the standing
position.

3. An abnormal position of the epididymis (anterior
or lateral, instead of posterior to the testis).

4. An abnormal axis (horizontal lie) of the contralat-
eral testis.

In approximately two-thirds of cases, the history and
physical examination are sufficient to make an accurate
diagnosis (Caldamone et al. 1984). The overall accura-
cy of the preoperative clinical diagnosis is between
60% and 90% (Williamson 1976; Caldamone et al.
1984). On clinical grounds, general practitioners make
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the correct preoperative diagnosis of torsion of the tes-
tis in 74% and specialists in 87% of cases (Watkin et al.
1996).

I.7.1.3.7

Imaging Studies

Imaging may provide useful information in cases
where the diagnosis of testicular torsion is unlikely or
when the duration of symptoms indicates an infarcted
testis. However, the diagnosis of acute torsion should
be clinical and the management urgent surgical explo-
ration. There have been no lawsuits for negative surgi-
cal explorations, or serious morbidity after exploration
of a normal testis (Cuckow and Frank 2000).

Ultrasound

Ultrasound on its own is not sufficient to evaluate the
acute scrotum. Several case reports of prenatal diagno-
sis of neonatal torsion have appeared (Tripp and Hom-
sy 1990; Cartwright et al. 1995). Prenatal detection is of
little practical value, since the testis is already damaged
and early induced labour has no role in the manage-
ment.

Colour Doppler (Angiodynography)

Colour Doppler ultrasound is currently the modality of
choice in equivocal cases. It is fast, cost-effective, easy
to perform, widely available at all hours, and it provides
anatomical information that may help distinguish oth-
er conditions that mimic testis torsion. The drawbacks
are that flow is unreliably detected in small testes and at
younger ages, it is operator-dependent, and the detec-
tion of flow does not rule out testis torsion (Atkinson et
al. 1992; Kass et al. 1993; Steinhardt et al. 1993).

Colour Doppler ultrasound indicators of probable
viability include any detectable perfusion in the affect-
ed testis and isoechogenicity without enlargement
compared to the unaffected testis. Poor prognostic
signs of viability include an enlarged, hypoechoic or
heterogeneous testis (Burks et al. 1990; Baud et al.
1998). Baud et al. (1998) described the spiral twist sign,
which is an abrupt change in spermatic cord course,
size and shape below the point of torsion. Strauss et al.
(1997) reported that in torsion of the testicular append-
age, the swollen appendix testis lying next to the head
of the epididymis produces a “Mickey Mouse” appear-
ance on transverse view.

There have been numerous reports of false-negative
cases with colour Doppler, which may be due to techni-
cal factors in the investigation, inexperience of the ra-
diologist, difficulties in prepubertal children and the
possibility that torsion may be intermittent (Allen and
Elder 1995).

In our meta-analysis of 1,585 Doppler studies from
18 series, the sensitivity for torsion is 92% with a speci-
ficity of 99%. Indeterminate studies are found in 3% of
cases. If the sensitivity and specificity are calculated in-
cluding the indeterminate studies, the true sensitivity
is 89% and the true specificity is 98%. The positive pre-
dictive value of Doppler for torsion is 96% and the neg-
ative predictive value is 98%.

Scintigraphy

Scintigraphy using technetium-99m sodium pertech-
netate has been used to investigate testicular perfusion
since 1973 (Nadel et al. 1973; Nakielny et al. 1984). De-
creased uptake of tracer indicates ischaemia (torsion of
the spermatic cord) and increased uptake may be due
to epididymo-orchitis, torsion of the testicular append-
ages, tumour, mild trauma, or resolved torsion (Fisch-
man et al. 1987). The halo sign is characterized by a
central “cold” spot with a “hot” perimeter of markedly
increased uptake of isotope and usually represents late
torsion, tumour, hydrocele, abscess or haematoma
(Fig. I.7.8) (Nakielny et al. 1984). The presence of the
halo sign does not necessarily imply that the testis is
unsalvageable (Chen et al. 1983a).

Nuclear scintigraphy is a quick and safe technique
(Nakielny et al. 1984). However, its limitations include
lack of availability outside usual working hours, limited

Fig. I.7.8. Nuclear scintigram showing the “halo” sign, charac-
terized by a central “cold” spot with a “hot” perimeter of in-
creased uptake of isotope
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reliability in young children, in cases of an abnormal
contralateral testis, undescended contralateral testis
and in the rare cases of bilateral disease (Nakielny et al.
1984). Inability to differentiate between epididymitis
and torsion of a testicular appendage and inability to
detect cases in which intermittent torsion or spontane-
ous detorsion has occurred are further limitations
(Burgher 1998).

In our meta-analysis of 527 scintigraphy studies
from 12 series, the sensitivity for torsion is 97% and the
specificity 99%. Indeterminate studies are found in 2%
of cases. Including the indeterminate studies, the true
sensitivity for torsion is 96% and the true specificity is
99%. Scintigraphy has a positive predictive value of
99% and a negative predictive value of 99% for torsion
of the testis.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) can clearly differ-
entiate intratesticular (torsion, tumour, infarction) and
extratesticular (epididymitis, appendix torsion) pa-
thology (Fig. I.7.9) (Watanabe et al. 2000). Dynamic
MRI is more expensive than colour Doppler ultrasound
and less likely to have support staff during the off-
hours. Its use in prepubertal male patients is limited by
the need for sedation in young patients. However, more
rapid and less expensive MRI techniques could change
the equation in favour of MRI (Choyke 2000).

Fig. I.7.9. MRI showing torsion of the left testis

I.7.1.4
Differential Diagnosis

In 94% of cases presenting with acute scrotum, the
cause would be torsion of the testis or its appendages or
acute epididymitis (Knight and Vassy 1984). Although
testicular torsion is the least common cause of the
three, it should be the presumptive diagnosis until
proven otherwise (Burgher 1998).

In the 1st year of life, torsion of the testis is the most
common cause of an acute scrotum (83%). Other stud-
ies have found epididymo-orchitis in 69% and testis
torsion in 31% of cases less than 1 year of age (Sidler et
al. 1997). For 3- to 13-year-olds, the most common di-
agnosis is torsion of the testicular appendage. After the
age of 17 years, epididymitis is the most common diag-
nosis (75%) (Lewis et al. 1995). In prepubertal boys
with an acute scrotum, torsion of the testis is found in
7% to 42% of cases, with 52% to 62% of cases having a
twisted appendix of the testis (Al Mufti et al. 1995;
Watkin et al. 1996).

Other conditions that should be included in the dif-
ferential diagnosis of the acute scrotum include orchi-
tis, scrotal trauma, idiopathic scrotal oedema, scrotal
abscess, inguinal hernia, hydrocele, Henoch Schönlein
purpura, familial Mediterranean fever, testicular in-
farction in the absence of torsion, testis tumour and
acute appendicitis (Kaplan and King 1970; Loh and Ja-
lan 1974; Williamson 1976; Kaplan 1977; Urwin et al.
1986; Jordan 1987; Baer et al. 1989; Eshel et al. 1994; Ba-
ratelli et al. 1996; Davenport et al. 1996; Burgher 1998;
Gofrit et al. 1998; Van Glabeke et al. 1999; Lee et al.
2001b).

Haemorrhage into a testicular neoplasm can present
as an acute scrotum. Additionally, testicular torsion in
an undescended testis may be the first manifestation of
neoplastic transformation (Burgher 1998). Leukemic
infiltration may also be the cause of an acute scrotum
(Moharib and Krahn 1970).

Mumps orchitis usually follows the parotitis by
4–8 days. Orchitis is rarely seen in prepubertal pa-
tients, but 14% to 35% of adolescents and adults with
mumps will develop orchitis. The orchitis mostly in-
volves a single testis, but bilateral orchitis has been re-
ported in 17% to 30% of cases. The condition usually
subsides after 7–10 days. Some degree of atrophy will
be present in 30% to 50% of cases. Impaired fertility
has been reported in 7% to 13% of cases (Manson
1990).

Acute appendicitis may cause scrotal symptoms in
the presence of a patent processus vaginalis. The same
route may allow blood, pus as well as peritoneal fluid to
enter the scrotal sac. This phenomenon has been re-
ported with splenic rupture, following peritoneal dialy-
sis and appendicitis (Mendez et al. 1998). The proces-
sus vaginalis is patent in almost all newborns, in 60%
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blood flow  

Nonoperative Surgical exploration 

<12h> 

of 1-year-olds, and possibly in up to 20% of adult males
(Chen et al. 1983a).

The differential diagnosis of neonatal torsion of the
testis includes hydrocele, haematocele, inguinal hernia,
torsion of the appendix of the testis, epididymo-orchi-
tis, syphilitic orchitis, idiopathic infarction of the testis,
ectopic splenic or adrenal rests, meconium peritonitis
with a patent processus vaginalis, tumours of the testis
and birth trauma (Kaplan 2000).

I.7.1.5
Treatment

I.7.1.5.1

Intravaginal Torsion

Surgical Exploration

When the history and physical examination strongly
suggest that testicular torsion is present and the dura-
tion of pain is less than 12 h, urgent surgical interven-
tion is indicated. No imaging studies are required be-
cause they may delay treatment and thereby jeopardize
testicular survival. When pain has been present for
more than 12 h or the diagnosis is unclear, colour
Doppler ultrasound examination can be helpful in
making clinical decisions. If imaging studies are equiv-
ocal or show reduced perfusion, emergency explora-
tion should be performed (Fig. I.7.10). It is important
to remember that most patients with an acute scrotum
do not have testicular torsion, only about 29% of cases
with an acute scrotum require immediate surgery, and
it is difficult to justify routine surgical exploration in all
cases of acute scrotum (Kass et al. 1993).

Immediate surgery is indicated in all cases of acute
solitary testis. All prepubertal boys with a painful,
swollen scrotum should undergo immediate surgery
unless Doppler examination or scintigraphy clearly

Fig. I.7.10. Management pro-
tocol for the acute scrotum
(modified from Galejs and
Kass 1999)

demonstrates normal testicular perfusion or there is
unequivocal evidence for a cause other than torsion
(Haynes et al. 1983). In an editorial comment, Allen
gave four sensible guidelines (Steinhardt et al. 1993):

1. Any child believed to have a reasonable likelihood
of torsion should be taken to theatre immediately.

2. The diagnosis of epididymitis in early puberty
should be considered highly suspect.

3. When a boy has clinical features suggesting that he
does not have torsion, it would still be wise to ob-
tain a blood flow study before rendering a final
verdict.

4. No study, whether it be clinical or technological, is
any better than the individual performing it.

Manual Detorsion

Despite anything that has been written to the contrary,
this is a simple and very worthwhile organ-saving pro-
cedure. Because testicular torsion is usually by internal
rotation, manual detorsion should first be attempted in
external rotation – like opening a book. Immediate
pain relief will signify proper untwisting. If manual de-
torsion fails in external rotation, then internal rotation
should be attempted (Marcozzi and Suner 2001). The
procedure can be performed without analgesia, when
immediate relief of pain will indicate successful reduc-
tion. It may also be performed under sedation or with a
spermatic cord block. This may be more comfortable
for the patient, but successful detorsion is more diffi-
cult to judge because relief of pain cannot be used as an
indicator. Even with successful detorsion, many pa-
tients will still have a partial torsion with some degree
of persistent vascular impairment. Consequently, this
is only a temporizing measure and should not delay the
patient going to surgery for definitive repair. The pro-
cedure is reportedly successful in over 80% of attempts,
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but residual twists are present in up to 28% of cases. Of
the successful cases, more than 90% of testes are sal-
vaged (Jefferson et al. 1997; Cornel and Karthaus 1999).
The pitfall of partial reduction of the torsion can be
avoided by monitoring the flow with Doppler ultra-
sound (Kiesling et al. 1984; Garel et al. 2000). Manual
detorsion is probably possible in early salvageable
cases only. In almost all reported successful detorsions,
the duration was less than 12 h.

External Cooling

An additional measure that should be implemented as
soon as testicular torsion is strongly suspected or con-
firmed is therapeutic cooling of the affected testicle.
This is accomplished by placing an ice pack on the af-
fected testis. A towel should be placed between the pa-
tient and the ice pack to protect the scrotum from hy-
pothermic injury. In experimental animal studies, ex-
ternal cooling has been shown to preserve testicular
function by 85% to 90% for up to 6 h compared to 8%
to 25% in those not cooled (Miller et al. 1990). In hu-
man orchiectomy specimens, cooling the testis to 15°C
extends the time before irreversible damage occurs
from 2 to 6 h (Kallerhof et al. 1996). In some centres,
cooling is routinely used in the emergency department
prior to surgical exploration (Lewis et al. 1995).

Orchiectomy

Exploration of both scrotal compartments can usually be
performed through a single small incision in the median
raphe. When the torsed testis is obviously necrotic, it
should be removed (Fig. I.7.11). Equivocal testes should
be wrapped in a warm moist saline gauze for 5–10 min
while the contralateral testis is fixed (Kass and Lundak

Fig. I.7.11. Torsion with gangrene of the right testis requiring
orchiectomy

1997). If the testis fails to regain any pink colour after
detorsion and if only black blood oozes from an inci-
sion in the tunica albuginea, and if the symptoms were
present for more than 24 h, an orchiectomy is indicated.
If the testis regains some mottled colour with red bleed-
ing from an incision in the tunica albuginea and if the
symptoms were present for less than 24 h, the testis
should probably be preserved (Knight and Vassy 1984).

On the whole, conservatism is justified, because in
cases of doubt the testis can be returned to the scrotum
without fear of ischaemic pain or sepsis as sequelae (Jo-
nes 1962). However, it has been reported that up to 45%
of obviously necrotic testes may slough and extrude
through the wound or form a draining sinus when left
in situ (Anderson and Williamson 1988).

Arda and Özyaylali developed a grading system for
bleeding, to aid decision-making in cases of doubtful
viability. After untwisting, a deep cut is made into the
parenchyma and the bleeding can be graded as:

Grade 1: Sufficient bleeding
Grade 2: Insufficient bleeding but starting within

10 min
Grade 3: No bleeding within 10 min
Grades 1 and 2 testes can all be salvaged with 16% ex-
pected atrophy. Grade 3 testes will all be infarcted and
should be removed (Arda and Özyaylali 2001). In spite
of visual inspection and incision of the tunica albugi-
nea for decision-making, 13% of orchiectomy speci-
mens have histological signs of viability (Sidler et al.
1997).

Consideration should be given to simultaneous place-
ment of a Silastic prosthesis for psychological and cos-
metic reasons. It is safe to perform this at the time of ex-
ploration (Knight and Vassy 1984).

Orchiopexy

The techniques recommended for fixation of the testis
include:

1. Suture fixation with three nonabsorbable sutures,
preferably nylon.

2. Eversion of tunica vaginalis with dartos pouch,
with or without suture fixation.

3. Window operation.

There are at least 22 reports in the English literature of
recurrence after previous fixation for torsion. Absorb-
able sutures were used in 19 of these cases, and nonab-
sorbable in three (Morse and Hollabaugh 1977; May
and Thomas 1980; Thurston and Whitaker 1983). Case
reports have also appeared of torsion after previous or-
chiopexy using the dartos pouch technique (Thurston
and Whitaker 1983).

The reasoning behind using absorbable sutures was
that they cause a more intense inflammatory reaction
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sutures

Exposed tunica albuginea

Cut edge of tunica vaginalis

with fibrosis, but they also cause a high rate of abscess
formation (Morse and Hollabaugh 1977). Nonabsorb-
able sutures cause very little fibrosis, but their perma-
nent nature sustains fixation. However, they may tear
out of the tunics; therefore at least three sutures should
be used. Silk has been shown to cause abscess forma-
tion and is more likely to extrude; therefore nylon or
Prolene is the suture of choice (Thurston and Whitaker
1983).

Several studies have compared different fixation
techniques in experimental animals. Morse and Hol-
labaugh (1977), using the window technique with silk
sutures, found no case with inadequate fixation. Bel-
linger et al. (1989) compared fixation with absorbable
or nonabsorbable sutures with dartos pouch fixation
(eversion of the tunica vaginalis without any sutures)
and strongly advocated the use of dartos pouch fixa-
tion with no sutures. Rodriguez and Kaplan (1988)
compared suture fixation (absorbable and nonab-
sorbable), eversion of the tunica vaginalis (with and
without a fixing suture) and chemical sclerosants
(talc and tetracycline) and concluded that eversion of
the tunica vaginalis was the most effective method of
fixation.

Eversion of the tunica vaginalis with dartos pouch
fixation produces adequate adhesion of the testis to the
surrounding tissue (Rodriguez and Kaplan 1988).

The window orchiopexy is an excellent combination
of suture fixation and eversion. It is fast and easy to per-
form and leaves a broad area of the tunica albuginea ex-
posed for adhesion to take place with additional non-
absorbable suture fixation. An incision is made in the
midline of the scrotum. The edge of the tunica vaginalis
is sutured to the tunica albuginea with six interrupted
4/0 nonabsorbable sutures, creating a window of at
least 1.5×2.0 cm. The other hemiscrotum is opened via

Fig. I.7.12. Surgical technique for the window
orchiopexy (modified from Morse and Hol-
labaugh 1977)

the same skin incision and fixed in the same way. The
incision is then closed over these two windows, leaving
a broad area of the testes exposed to subcutaneous tis-
sue (Fig. I.7.12) (Morse and Hollabaugh 1977).

Delayed Diagnosis

Urgent exploration is mandatory in all cases of testicu-
lar torsion of less than 24 h duration and in all cases
where the surgeon is in doubt (Hastie and Charlton
1990). If a patient has a history of continuous pain of
over 24 h duration and also has erythema and oedema
of the overlying scrotal skin, the testis is usually infarct-
ed, and the goal of exploration is to prevent subsequent
contralateral torsion (Knight and Vassy 1984). Hastie
and Charlton reported a strategy to reduce the number
of unnecessary explorations, by observing those with a
clear history of more than 24 h and a swollen erythema-
tous scrotum. These were followed, and if they resolved
over the next few days they were regarded as appendix
torsion. Those that did not resolve were explored semi-
electively after radiological confirmation of torsion and
contralateral fixation was performed with ipsilateral or-
chiectomy (Hastie and Charlton 1990).

Some authors reported finding no viable testes after
48 h of symptoms (Lewis et al. 1995). Jones et al. re-
ported an early salvage rate of 46% in patients with
pain for longer than 24 h, which is much higher than re-
ported elsewhere in the literature. Some patients with
pain for longer than 24 h may be suffering from inter-
mittent torsion of the testes and may benefit from ur-
gent exploration despite a long acute history (Jones et
al. 1986).

Several reports have appeared of testes salvaged af-
ter 3–5 days of torsion (Skoglund et al. 1970a; Chen et
al. 1983b; Watkin et al. 1996). Despite these reports, it is
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extremely unlikely that the testis is viable if woody in-
duration is present in cases lasting more than 24 h.
Semi-elective exploration in these patients is justified.
In cases with symptoms lasting up to 48 h without in-
duration, immediate exploration is indicated. The like-
lihood of salvage over the long term in such cases is
around 5% (Anderson and Williamson 1988).

Ipsilateral Biopsy

In a small number of cases where exploration of an
acute scrotum does not yield a definite diagnosis, a tes-
ticular biopsy is indicated to rule out viral orchitis or
vasculitic diseases (Knight and Vassy 1984).

I.7.1.5.2

Extravaginal Torsion

All cases of postnatal torsion should be operated on im-
mediately. All patients with a solitary testis, and those
with bilateral torsion should also be explored immedi-
ately in an all-out attempt to preserve hormonal func-
tion. Prophylactic orchiopexy should be performed in
all such cases.

With regard to neonatal torsion, there is controversy
about the management of unilateral cases. The argu-
ments against operative intervention include:

1. The possibility of functional survival is remote.
2. The risk for contralateral testis torsion is very low

and probably for a very short period (2–6 weeks)
until the testis becomes attached to the inside of
the scrotum.

3. There is an increased anaesthetic risk in newborn
infants.

The arguments in favour of surgical intervention in-
clude:

1. At least 4% to 8% of neonatal torsions are intrava-
ginal, and the only way to distinguish this is by ex-
ploration (Brandt et al. 1992). In our meta-analysis
of the literature, 11% of neonatal torsions were
found to be intravaginal.

2. The testis may be salvaged, although the possibility
is small (Longino and Martin 1955; Guiney and
McGlinchey 1981; LaQuaglia et al. 1987; Brandt et
al. 1992; Pinto et al. 1997; Sidler et al. 1997; Al-Sa-
lem 1999). Our literature analysis showed that 5%
of neonatal cases were salvaged at long-term
follow-up.

3. Bilateral asynchronous neonatal torsion may occur,
although it is rare (Kay et al. 1980; Feins 1983; La-
Quaglia et al. 1987; Mishriki et al. 1992; Pinto et al.
1997; Barca et al. 1997).

4. The diagnosis is confirmed and other potential
causes are excluded (e.g. tumour, hernia).

5. Even if the testis is severely damaged, some hor-
monal function may be preserved.

6. Leaving an infarcted testis in place may have ad-
verse effects on the contralateral testis.

Considering these arguments, it is hard to justify con-
servative management if the neonate is fit for anaesthe-
sia. The timing of surgical intervention remains in de-
bate, but most authors recommend immediate explora-
tion (Longino and Martin 1955; Barca et al. 1997; Pinto
et al. 1997; Sidler et al. 1997; Frank and O’Brien 2002).

With regard to prenatal torsion, Brandt et al. (1992)
found no viable testes and strongly believe that in utero
torsion is an irreversible event best treated with early
elective exploration.

Whether to use an inguinal or scrotal approach is a
matter of personal preference, but the inguinal ap-
proach leaves more options open, especially in cases
where the diagnosis is uncertain or where concomi-
tant pathology is found (e.g. patent processus vagina-
lis). The surgical approach is also dependent on tes-
ticular position. An anterolateral or midline scrotal
approach is appropriate for the twisted testis remain-
ing within the scrotum, but where the testis has mi-
grated into the inguinal canal, an inguinal approach
with formal orchiopexy may be preferred. Transscro-
tal fixation of the contralateral testis should be per-
formed. Obviously necrotic testes should be removed,
but conservatism in equivocal cases is advised. Longi-
no and Martin (1955) found no complications sec-
ondary to leaving an apparently necrotic testis in
place and stated that the subsequent atrophy in such
cases may be surprisingly minimal. In cases where bi-
lateral orchiectomy was performed, hormone replace-
ment should be initiated at the time of puberty and
bilateral prosthetic testes may be implanted at school
age (Barca et al. 1997).

I.7.1.5.3

Torsion of Appendages

If the diagnosis is certain, management entails several
days of bed rest and scrotal elevation in an effort to
minimize inflammation and oedema. Normal activity
may both worsen and prolong the symptoms. Nonste-
roidal anti-inflammatory drugs and analgesics are gen-
erally not helpful and thus not routinely used. The in-
flammation usually resolves within 2–7 days, although
the testicular examination may not be completely nor-
mal for several weeks (Galejs and Kass 1999). In spite of
conservative measures, 13% need surgery for persis-
tent or recurrent pain (Holland et al. 1981). If the symp-
toms are still severe after 2 days, it seems reasonable to
operate (Jones 1962). If a twisted appendage is found at
exploration it can usually simply be excised without li-
gation.
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Some controversy exists as to whether the contralat-
eral side should be explored and whether all incidental-
ly found appendages should be removed. Bilateral
asynchronous torsion of the testicular appendix occurs
in 1% to 4% of cases (Williamson 1976; Holland et al.
1981).

In our meta-analysis of 79 cases of torsion of the ap-
pendages which were treated conservatively, 9% failed
conservative management and subsequently needed
surgery. In a further analysis of 629 cases from nine
studies, metachronous bilateral torsion was found in
2.5% of cases. On the whole, removing incidentally
found appendages adds seconds to the operation, but
exploring the contralateral side just to remove the ap-
pendages is not justified considering the insignificant
risk to the contralateral side.

I.7.1.5.4

Intermittent Torsion, Subacute Torsion and Subtorsion

In a prospective study of patients with a clinical diag-
nosis of recurrent subacute torsion, Jones (1991) found
that fixation cured 84% of their symptoms. Up to 50%
of patients with acute testicular torsion have experi-
enced previous episodes of pain, which may have been
due to intermittent torsion. If elective fixation is per-
formed on patients after resolved acute testicular pain,
the overall salvage rates could improve by obviating
subsequent torsion (Cass 1982). Intermittent torsion
may be the cause of recurrent testicular pain, and
prophylactic orchiopexy should be considered in such
patients.

I.7.1.5.5

Solitary Testes

Investigation of patients with a nonpalpable testis often
reveals a blind ending vas deferens leading to a nubbin
of testicular remnant. These absent testes may make up
10% of patients with the initial diagnosis of cryptorchi-
dism. The histology of these nubbins is in keeping with
perinatal or silent torsion. In such cases, the contralat-
eral testis should be fixed. Some authors even recom-
mend fixation of all solitary testes, for instance after
trauma or tumour excision, to prevent inadvertent loss
of the solitary testis due to subsequent torsion (Mishri-
ki et al. 1992; Cuckow and Frank 2000).

In patients with unilateral cryptorchidism that on
exploration turns out to be monorchia, a contralateral
bell-clapper deformity may be found in up to 85%;
therefore fixation of the solitary testis is recommended
in cases of congenital monorchia (Bellinger 1985).

I.7.1.5.6

Torsion of an Intra-abdominal Testis

Torsion of an intra-abdominal testis is extremely rare,
with less than 45 reported cases. Of these patients, 65%
had malignancy in the testis. The management of an
acute abdominal condition in a patient with a nonpal-
pable testis involves immediate laparotomy to establish
a diagnosis and if torsion is confirmed, untwisting of
the testis and a secondary orchiopexy should be per-
formed later to bring the testis into a scrotal position
after malignancy has been excluded (Lootsma and Van
der Pol 1987). Two recent case reports underline the
value of laparoscopy in this setting (Lee et al. 2001;
Porpiglia et al. 2001).

I.7.1.6
Results of Treatment

I.7.1.6.1

Complications of Surgery

Minor complications after scrotal exploration are
reported in 2–27% of cases including postoperative
fever, minor wound complications, infection, hae-
morrhage and haematoma (Fenner et al. 1991; Van
Glabeke et al. 1999). There have been no recorded
cases of mortality due to torsion of the testis or its
management.

I.7.1.6.2

Recurrence after Fixation

If only ipsilateral fixation is performed and contralater-
al orchiopexy is omitted, 18% to 43% will experience
subsequent torsion in the unfixed testis (Moharib and
Krahn 1970; Skoglund et al. 1970a).

At least 22 cases of recurrent torsion after previous
fixation have been reported. Absorbable sutures were
used in 86% of these cases. When absorbable sutures
were used, the testis was mostly mobile with no adhe-
sions, and when adhesions were present, the testis usu-
ally twisted on the single adhesion like a pirouetting
ballerina. In the three cases where nonabsorbable su-
tures were used (two cases silk, one case not specified),
the sutures tore out completely in one case, one was in-
tact allowing a “pirouette”, and one case was fixed per-
cutaneously and the suture was removed after 1 week
(Kaplan and King 1970; Johenning 1973; Morse and
Hollabaugh 1977; May and Thomas 1980; McNellis and
Rabinovitch 1980; Thurston and Whitaker 1983; Knight
and Vassy 1984; Kuntze et al. 1985; Steinhardt et al.
1993; Chinegwundoh 1995).

Recurrent torsion after fixation leads to necrosis or
atrophy in 50% of cases (Lent and Stephani 1993).

In our meta-analysis of 22 cases of recurrent torsion,
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the median time to recurrence was 21 months, and 80%
occurred in the contralateral testis.

Several cases have been reported of torsion of the
testis after previous surgery for undescended testis, in-
cluding the dartos pouch technique. When performing
orchiopexy for undescended testis, the tunica vaginalis
should be everted and it is advisable to include the tuni-
ca albuginea in one of the skin sutures (Johenning
1973; Thurston and Whitaker 1983; Phipps 1987; Van
Glabeke et al. 1999).

I.7.1.7
Prognosis

I.7.1.7.1

Testicular Salvage

The two most important factors determining testicular
damage are the time from onset of symptoms to reduc-
tion of torsion and the degree of twisting of the cord.

Salvage Rates Relative to Era

Up to 1966, over 500 cases of torsion of the testis were
reported and 90% of these cases lost the testis, 80% by
immediate orchiectomy and 10% by subsequent atro-
phy (Sparks 1971). From 1960 to 1984, around 44% of
testes were lost to torsion, 38% by orchiectomy and 6%
by subsequent atrophy. In the last 5 years of this period
(1980–1984), the salvage rate was 67% (Anderson and
Williamson 1988).

In a 10-year study, Cass et al. found that with an ag-
gressive surgical approach to the acute scrotum they
could salvage 90% of torsion cases. However, at
6 months follow-up, only 73% of the salvaged testes
were normal, while the rest had undergone atrophy

Fig. I.7.13. Early and long-term
testicular salvage rates per
decade from the 19th to the
21st centuries

(Cass et al. 1980). Tryfonas et al. surgically salvaged
72% of cases, but there was subsequent atrophy in 60%
of the “salvaged” cases. True salvage was found in only
28% of cases, while the testis was totally absent in 33%
of “salvaged” cases (Tryfonas et al. 1994).

The salvage rates in undescended testes undergoing
torsion are poorer than in fully descended testes, with
60% to 71% requiring orchiectomy (Anderson and
Williamson 1988; Nour and Mackinnon 1991).

In our meta-analysis of the literature, an increase in
the overall surgical (early) salvage rates and true (long-
term) salvage rates is apparent, with the early salvage
rate rising from 50% in the nineteenth century to al-
most 80% in the late twentieth century. There is a simi-
lar rise in the true salvage rate from 0 in the nineteenth
century to 65% in the 1990s (Fig. I.7.13).

Salvage Rates Relative to Duration of Torsion

The degree of subsequent atrophy is directly propor-
tional to the duration of torsion (Krarup 1978). When
the duration of torsion exceeds 4 h, some degree of tes-
ticular atrophy is almost inevitable (Thomas and Willi-
amson 1983). Beyond 10 h of torsion, most patients had
more than 50% reduction in testicular volume at fol-
low-up (Thomas et al. 1984). Bartsch et al. (1980) found
atrophy in all cases lasting longer than 8 h, ranging
from 40% to 90% atrophy. Tryfonas et al. (1994) found
that all cases with torsion of more than 360° and symp-
toms lasting more than 24 h had an absent or severely
atrophic testis at follow-up.

Beyond 10 h of torsion, the chance of testicular sur-
vival is slim unless either spontaneous reduction had
occurred or the degree of torsion was not more than
180°–360°. Infarction is possible as early as 4 h if the
cord has twisted through several revolutions (William-
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son 1976). Whenever the testis was viable despite pro-
longed symptoms, the extent of the rotation did not ex-
ceed 180°, or spontaneous reduction had occurred (An-
derson and Williamson 1988).

The early salvage (viable at exploration) and late sal-
vage rates (not atrophic at follow-up) of the largest
single institution series (624 cases) are shown in Ta-
ble I.7.2.

In our meta-analysis of 22 series including 1,140
cases, the early testicular salvage rates relative to the
duration of torsion were calculated and are shown in
Table I.7.3 and Fig. I.7.14.

Table I.7.2. Testicular salvage rates in the largest published se-
ries of torsion (Anderson and Williamson 1988)

Duration of torsion (h) Early salvage (%) Late salvage (%)

0–6 98 98
7–12 90 89

13–18 70 59
19–24 48 31
25–48 26 5
>48 8 3

Fig. I.7.14. Early testicular
salvage rates relative to the
duration of torsion from our
meta-analysis of 1,140 cases

Fig. I.7.15. Subsequent atro-
phy of apparently surgically
salvaged testes relative to the
duration of torsion from our
meta-analysis of 535 cases

In our meta-analysis of 8 series including 535 pa-
tients, the likelihood of subsequent atrophy of a sal-
vaged testis was calculated relative to the duration of
torsion and is shown in Table I.7.4 and Fig. I.7.15.

Table I.7.3. Early testicular salvage rates relative to the duration
of torsion from our meta-analysis of 1,140 cases

Duration of torsion (h) Early salvage (%)

0–6 97
7–12 82

13–18 59
19–24 45
>24 20
>48 8

Table I.7.4. Subsequent atrophy of apparently surgically sal-
vaged testes relative to the duration of torsion from our meta-
analysis of 535 cases

Duration of torsion (h) Likelihood of atrophy (%)

0–6 2
7–12 7

13–24 43
>24 78
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Salvage After Neonatal Torsion

In our meta-analysis of prenatal torsion cases reported
in the literature, 60% came to orchiectomy and in 34%
the testis was left in place. Only 5% of all neonatal tor-
sions were salvaged at follow-up.

I.7.1.7.2

Effect on Fertility

Many articles have been published studying the effect
of torsion on fertility. The general trend is that the lon-
ger the period of untreated torsion, the worse the ab-
normalities in semenalysis, whether or not orchiecto-
my was performed. However, although testicular tor-
sion is a common event, it is not a significant contribu-
tor to adult male infertility. It is estimated that less than
1% of males with infertility have a history of testicular
torsion (Turner 1987).

Effect on Ipsilateral Testis

Findings in functional studies suggest that unilateral tes-
ticular torsion seriously interferes with subsequent sper-
matogenesis in about 50% of patients and produces bor-
derline impairment in another 20%. In contrast, the exo-
crine function is relatively well preserved, with only a re-
bound rise in circulating gonadotrophins in patients
with testicular atrophy (Williamson and Thomas 1984).
In long-term follow-up studies, normal semenalysis is
found in only 5–14% of patients after torsion of the tes-
tis (Krarup 1978; Thomas et al. 1984). Bartsch et al.
found normal semen in 50% of patients studied 2.5 years
after unilateral torsion and bilateral fixation. Even when
detorsion and fixation was done within 4 h, the exocrine
function was normal in only 50% (Bartsch et al. 1980).
Subfertility, defined as sperm count of less than 20 mil-
lion sperm per millilitre, is found in 36% to 39% of pa-
tients after torsion (Krarup 1978; Thomas et al. 1984).

The motile sperm count and the degree of testicular
atrophy both correlate closely with the duration of tor-
sion. Subsequent sperm counts are lower in patients
with torsion of more than 8 h than those with a shorter
period of torsion. Patients who have atrophy or who
had undergone orchiectomy, have a significantly lower
sperm count compared to those without atrophy (Kra-
rup 1978; Thomas et al. 1984; Brasso et al. 1993).

Early detorsion and orchiopexy result in semen quali-
ty comparable to fertile controls. In patients with pro-
longed torsion before surgical intervention, significant
deterioration in semen quality is usually found, despite
removal of the torsed testis and the presence of a clini-
cally normal contralateral testis (Andersen et al. 1992).

The majority of patients have normal luteinizing
hormone (LH) and follicle-stimulating hormone (FSH),
but significantly higher levels of LH and FSH are found

in patients with torsion of longer than 8 h (Brasso et al.
1993). Sperm antibodies occur in 0% to 11% at the time
of torsion or at later follow-up (Andersen et al. 1992;
Hagen et al. 1992).

Prepubertal testes may be more resistant to the ef-
fects of torsion or have a better compensating mecha-
nism than the older age groups. The subsequent fertili-
ty in patients after prepubertal testicular torsion where
a nonviable testis was replaced in the scrotum is com-
parable to that of the general adult male population. Af-
ter prepubertal testicular torsion, the contralateral tes-
tis undergoes normal development with normal fertili-
ty in adult life (Puri et al. 1985; Andersen et al. 1992).
However, other studies found no significant differences
with respect to the semen quality in patients who had
torsion in the prepubertal and postpubertal period
(Brasso et al. 1993).

Effect on Contralateral Testis

In older studies, it was suggested that leaving a nonvia-
ble or severely damaged testis in situ caused more dam-
age to the contralateral testis compared to those who
had an orchiectomy. In patients with symptoms lasting
more than 24 h before exploration, those who under-
went orchiectomy had normal semenalysis and those in
whom the testis was retained had pathological semen-
alysis (Bartsch et al. 1980).

Contralateral testis biopsies are abnormal in 57–
88% of cases after unilateral torsion. These abnormali-
ties are apparent at the time of torsion and some pre-
existing abnormalities must be present before the onset
of torsion (Anderson and Williamson 1986; Hagen et al.
1991). If the contralateral biopsy is normal, semenaly-
sis would usually also be normal. If maturation arrest is
present on biopsy almost 80% will have oligozoosper-
mia on semenalysis, and of these 40% will have raised
levels of FSH (Anderson and Williamson 1986).

Hadziselimovic et al. (1998) reported that extensive
apoptosis was often apparent in the germinal epitheli-
um of the contralateral testis. They hypothesized that
trauma to the blood-testis barrier initiated by torsion
induces the release of apoptotic activating factors (cy-
tokines), which cause extensive apoptosis in the con-
tralateral germinal epithelium, leading to infertility.

The contralateral testis also deteriorates if an ipsilat-
eral testis is damaged by various causes, including incar-
cerated inguinal hernia, undescended testis, varicocele,
torsion, vas deferens obstruction and tumour. They all
probably share a similar pathway (Andiran et al. 2000).

Several theories exist to explain bilateral exocrine
failure after unilateral torsion. They include an immu-
nologic mechanism, previous episodes of silent tor-
sion, congenital dysplasia, release of cytokines and re-
flex vasoconstriction.
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I.7.1.7.3

Immunologic (Sympathetic) Orchidopathy

The testis is an immunologically privileged site, and
ischaemic damage may lead to breakdown of the
blood–testis barrier. Antigenic material from the dying
testis would be exposed to the immune system, and the
resultant autoantibodies might then attack the unaf-
fected testis. A wealth of experimental data supports
this theory, but direct evidence in man is lacking (An-
derson et al. 1986).

Nagler and De Vere White (1982) concluded from a
study on rats that contralateral damage is mediated by
immunologic events, because immunosuppression and
removal of the antigenic stimulus (the necrotic testis)
provided protection to the contralateral testis. Some
experimental studies have supported this theory (Har-
rison et al. 1981; Madarikan 1987). However, other
studies have indicated that autoimmune mechanisms
do not play a role in contralateral testicular damage fol-
lowing unilateral spermatic cord torsion (Karagüzel et
al. 1994a).

Mastrogiacomo found agglutinating antibodies in
20% of patients, but they were not correlated with in-
fertility; neither were immunofluorescent antibodies.
However, immobilizing antibodies were significantly
correlated with infertility, especially motility changes
(Mastrogiacomo et al. 1982). Zanchetta et al. (1984)
found circulating antisperm autoantibodies in 13% of
patients but found no correlation with exocrine or en-
docrine dysfunction. Fraser et al. (1985) found abnor-
malities of endocrine or exocrine gonadal function in
77% of patients 2–10 years after torsion, but found no
evidence of testicular autoimmunization. Anderson
and Williamson (1986) found minimal antisperm anti-
body formation and no antitestis antibodies in a pro-
spective study of patients older than 17 years with uni-
lateral testis torsion.

I.7.1.7.4

Preexisting Condition: Congenital Dysplasia

or Intermittent Silent Torsion

Oligozoospermia after unilateral testicular torsion may
be due to an underlying defect in both testes (Krarup
1978). Biopsies taken at the time of operation for sus-
pected intermittent torsion show evidence of atrophy
or peritubular fibrosis in 42% of cases (Stillwell and
Kramer 1986). Biopsies of the contralateral testis, taken
at the time of exploration for torsion or shortly after-
wards, show evidence of pathology in 57% to 88% of
cases (Anderson and Williamson 1986; Hagen et al.
1991). The histological abnormalities consist of matu-
ration arrest, germ cell degeneration, tubular hyalini-
zation, immature tubules and focal thickening of base-
ment membranes. These abnormalities are present in

patients with torsion of less than 24 h, indicating that
they are present before the onset of torsion (Laor et al.
1990).

The anatomical abnormality predisposing the tes-
tis to torsion may be associated with a defect in sper-
matogenesis such as is also found in cryptorchidism.
Unilateral cryptorchids are often infertile and histo-
logical abnormalities may be found in the normally
descended testis. Maldescent also increases the risk of
torsion tenfold (Woodhead et al. 1973). However,
Thomas et al. (1984) clearly showed a correlation be-
tween the duration of torsion and total motile sperm
counts, which is against the theory of preexisting tes-
ticular dysplasia as the only cause of testicular abnor-
malities.

I.7.1.7.5

Exploration and Contralateral Fixation

Some authors have hypothesized that exploration and
fixation may cause damage to the contralateral testis
(Williamson 1976). However, in experimental studies
contralateral orchiopexy alone does not impair sper-
matogenesis (Nagler and De Vere White 1982). Patho-
logical damage is already present at the time of explora-
tion for torsion, and seminal abnormalities occur both
in patients with and without contralateral fixation, thus
making this theory unlikely (Krarup 1978).

I.7.1.7.6

Release of Cytokines

Hadziselimovic et al. (1998) hypothesized that cyto-
kines are released from the damaged blood-testis bar-
rier at the time of torsion or subtorsion, which induce
apoptosis in the contralateral testis.

I.7.1.7.7

Reflex Vasoconstriction

The most recent theory suggests that the spermatic
cord under distress induces sympathetic mediated re-
flex vasoconstriction of the contralateral spermatic
vessels with resultant ischaemia and subsequent dam-
age (Tanyel et al. 1989). The hypoxia resulting from the
decreased blood flow has been suggested to cause con-
tralateral testicular damage (Akgür et al. 1994; Kolettis
et al. 1996; Çiftçi et al. 1997).

Nguyen et al. (1999) found a bilateral decrease in
blood flow after unilateral torsion, and after detorsion
there was bilateral increased blood flow. They conclud-
ed that the contralateral testicular damage was caused
by the increase in perfusion after detorsion and not by
the initial decrease in blood flow. Since torsion of the
spermatic cord and testicular vasculature alone also
causes contralateral testicular hypoxia, the testis and
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epididymis do not seem to be mandatory for occur-
rence of contralateral testicular hypoxia. The testicular
artery under distress seems to be the most important
structure that results in contralateral testicular hypoxia
following torsion (Salman et al. 1997). Currently the
most probable mechanism of contralateral injury is be-
lieved to be vasospasm through a sympathetic reflex
arc, resulting in hypoxia (Altay et al. 2001).

I.7.1.8
Prevention

I.7.1.8.1

Improving Salvage Rates

To save a twisted testis, three factors are needed:
prompt presentation, prompt diagnosis and referral,
and immediate surgery. The last two aspects have been
addressed by education of medical students and physi-
cians, but if the patient does not present early all effort
by doctors will be in vain. Our current efforts should be
directed at educating the general population by which-
ever means possible.

Jones et al. investigated the cause of delay in presen-
tation and operative intervention and noted a delay in
seeking medical attention in 58% of cases. General
practitioners made an erroneous initial diagnosis in
29% and error in management at the referral hospital
was the cause in 13% (Jones et al. 1986). Any effort at
the referral hospital to improve testicular salvage rates
must rely on either exploration of many patients who
do not have torsion or on early, accurate, noninvasive
diagnosis (Haynes et al. 1983).

I.7.1.8.2

Limiting the Effects on Fertility

Several modalities have been studied in an attempt to
prevent or decrease bilateral testicular damage after
torsion. Many experimental treatments have been
studied with varying success, but none have been im-
plemented in clinical practice.

External cooling has been shown to delay the effect
of ischaemia for a few hours (Sarica and Bakir 1999).

Treatments aimed at decreasing reperfusion injury
include verapamil, surfactant, allopurinol, platelet acti-
vating factor inhibitors and hyperbaric oxygen (Akgür
et al. 1994; Palmer et al. 1997; Kolski 1998; Palmer et al.
1998; Sarica et al. 1999).

Immunosuppression has been used in the form of
dexamethasone, hydrocortisone, cyclosporin A and
azathioprine (Madarikan 1987; Yazawa et al. 2001).

Chemical sympathectomy probably works by inhib-
iting the afferent impulses from the ipsilateral testis un-
der stress and preventing contralateral hypoxia. Drugs
used include capsaicin, 6-hydroxy dopamine hydro-

bromide, guanethidine monosulphate and nitric oxide
(Karagüzel et al. 1994b; Oguzkurt et al. 1998; Dokucu et
al. 2000; Sarioglu-Buke et al. 2001).

At present, the only modality used in practice, apart
from surgical detorsion and fixation, is cooling of the
testis on the way to the operating theatre.

I.7.1.8.3

Risk of Testicular Cancer

Chilvers et al. estimated that in men with a history of
testicular torsion, there is a 3.3-fold increased risk of
developing a testis tumour compared to the normal
population. However, of the nine cases of testicular tor-
sion and tumour in their series, two had simultaneous
diagnosis of torsion and ipsilateral tumour and four
had tumour contralateral to the torsion, indicating that
torsion is unlikely to play any role in the aetiology of
the tumour (Chilvers et al. 1987). Kaplan and King
(1970) reported two cases of torsion of the testis where
the histology showed the presence of tumour.

I.7.1.8.4

Medicolegal Litigation

As early as 1933, O’Connor reported a claim on the gro-
unds of injury on duty resulting from testicular torsion
(O’Conor 1933).

Matteson et al. reviewed medical malpractice cases
resulting from torsion in New Jersey, USA, from 1979 to
1997. They found 39 cases, of which indemnity pay-
ments were made in 26, and 13 cases ended in favour of
the physicians. Five cases went to trial, with only one
verdict in favour of the plaintiff. The median indemnity
payment was $45,000 (range $5,000–$250,000). Urolo-
gists were named most frequently, followed by emer-
gency room physicians and general practitioners. The
liabilities in paid claims included missed diagnosis, im-
proper referral, no radiological study obtained, failure
to explore, surgical error and falsified records (Matte-
son et al. 2001).

In a review by the Medical Protection Society of 77
claims related to torsion from 1980 to 1998, the causes
for settling claims included misdiagnosis of torsion by
the general practitioner based on physical examination
alone, failure to arrange an urgent referral, and failure
to act with the appropriate degree of urgency by the re-
ferral hospital. In cases of misdiagnosis, the physicians
were misled by abdominal pain, dysuria and the age of
the patient. Misdiagnosis was not considered negligent,
but failure to perform further investigation was (An-
thony 2002).
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I.7.1.9
Conclusions

1. The acute scrotum is a common urological emer-
gency, and testicular torsion is the third most
common cause.

2. The diagnosis is clinical and the treatment is
emergency exploration.

3. A high index of suspicion is imperative in equivo-
cal cases. Doppler ultrasonography and scintigra-
phy may be helpful under these circumstances.

4. Errors in management should be on the aggres-
sive rather than conservative side.

5. Ipsilateral and contralateral orchiopexy should be
performed with nonabsorbable sutures to prevent
recurrent torsion.

6. The two most important factors determining tes-
ticular salvage after torsion are the duration and
the degree of testicular rotation.

7. Saving the ipsilateral testis requires prompt pre-
sentation by the patient, prompt diagnosis and
immediate surgery.

8. Earlier diagnosis and treatment can be achieved
by educating medical students and physicians,
whereas improving earlier presentation requires
educating the general population.

9. Contralateral testicular damage, although well
documented, is perhaps not regarded seriously
enough as yet.

10. Experimentally tested methods of preventing tes-
ticular damage caused by torsion still await clini-
cal application.
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I.7.2 Blunt Testicular Trauma
J. Vale

■ The scrotum should be examined in all cases
of major trauma to check for evidence of
haematocele or the rare event of traumatic
dislocation.

■ Although ultrasound has become common-
place in the evaluation of the painful swollen
testicle after trauma, its ability to diagnose
rupture of the tunica is questionable.

■ Significant scrotal swelling after trauma is a
strong indication to operate regardless of
ultrasound findings, as this appears to offer
the greatest chance of testicular salvage.

■ In the rat model, there is a significant reduc-
tion in germ cell numbers in both the trauma-
tized and the normal contralateral testicle after
significant trauma, possibly due to an immune
mechanism. In this model, orchidectomy
appears to be more protective of fertility than
repair, but the limited human evidence to date
does not support this approach.

■ The current standard of care at exploration is
repair of any tunical tears, with excision of any
devitalized extruded testicular parenchyma.

Key Messages

I.7.2.1
Definition

Blunt testicular trauma is characterized by swelling,
disruption or dislocation of a testicle following blunt
trauma. Broadly it can be classified into:

■ Contusion without significant intratesticular
haematoma (minor degree of trauma).

■ Significant intratesticular haematoma (moderate
degree of trauma).

■ Rupture of the tunica albuginea with consequent
haematocele (major trauma).

■ Traumatic dislocation (major, often associated with
other blunt abdominal trauma).

I.7.2.2
Aetiology and Pathogenesis

Blunt testicular trauma occurs most commonly as a
result of assault or sport. A significant minority (10%)
occur as the result of road traffic accidents. The testi-
cles are protected by the thighs to some extent, and
their relative mobility. However, if they are trapped
against the thigh or bony pelvis and severe force
applied (estimated to be greater than 50 kg), rupture of

the tunica albuginea may occur. This results in bleeding
into the space bounded by the tunica vaginalis, and
consequent haematocele. If the applied force is even
greater, the tunica vaginalis may also rupture, resulting
in bleeding into the groin and perineum with obvious
bruising.

I.7.2.3
Diagnosis

Recognition should be straight forward from the
history, and the finding of scrotal swelling with or
without bruising. The exception to this is dislocation,
where sometimes the testicular injury may go unno-
ticed in the light of other more major trauma (Ko et al.
2004). To avoid missing a dislocation, trauma special-
ists should have a high index of suspicion and
routinely examine the scrotum in all trauma patients.
The finding of an absent testicle merits cross-sectional
imaging (usually a CT scan as the patient frequently
has other trauma) to confirm the presence and loca-
tion of the testicle. Dislocations can be manually
reduced under anaesthesia in some cases, but will
often require open reduction via a groin incision and
fixation.

It has become commonplace to use ultrasound in the
evaluation of the painful swollen testicle following
trauma, often reserving exploration and repair for men
with evidence of rupture of the tunica albuginea. How-
ever, how sensitive is ultrasound at making this diagno-
sis? Unfortunately, many of the papers advocating ul-
trasound cannot give us this information reliably. The
researchers did not explore patients with an intact tuni-
ca on ultrasound, and thus they may have missed some
cases of rupture (false negatives). Indeed, studies
where exploration has proceeded regardless of the ul-
trasound findings suggest that ultrasound is not reli-
able for predicting the integrity of the tunica (Ugarte et
al. 1990; Cass and Luxenberg 1991; Corrales et al. 1993;
Mulhall et al. 1995). The history of ultrasound in this
condition reflects the history of many emerging diag-
nostic tests in medicine: initial enthusiasm (1980–
1990) followed by healthy realism (1995–2005). How-
ever, ultrasound using a 7.5-MHz probe is still widely
used in blunt testicular trauma, and perhaps has two
roles:

■ To exclude or confirm any abnormality (in its broa-
dest sense) of the testicular structure. Parenchymal
heterogeneity is suggestive of intratesticular
haematoma, and loss of tunical continuity is
suggestive of rupture. Both of these findings indi-
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cate significant degrees of trauma and, given the un-
reliability of ultrasound in diagnosing rupture,
should be seen as an indication for exploration if
there is significant scrotal swelling.

■ To exclude any co-incidental pathology such as a
tumour. Obviously such a finding would have
profound implications for the surgical approach.

I.7.2.4
Treatment – Conservative Versus Surgical

This is the most controversial issue in blunt testicular
trauma. There are broadly two schools of thought:
explore every patient with significant swelling or
explore based upon sonographic evidence of rupture
despite the caveats above.

To determine the best strategy, we need to define
the most important end-point. This must be fertility,
ideally with testicular salvage for function or, at the
very least, cosmesis. Looking at fertility in the first in-
stance, there is good evidence that unilateral trauma
can have a negative impact. In the rat model, there is a
significant reduction in serum inhibin B after unilat-
eral trauma, suggesting a reduction in spermatogene-
sis (Ozkan et al. 2003). This is corroborated by other
studies which have shown a reduction in germ cell
numbers in both the traumatized and the contralater-
al testicle of the rat model (Srinivas et al. 2002). Some
protection is achieved if the traumatized testicle is ex-
cised acutely or the rat is administered intravenous
cyclosporine (Srinivas et al. 1999). The latter is consis-
tent with an immune basis for the fertility impair-
ment, the trauma breaking down the normal blood–
testicle barrier.

If the issue is a developing immune response as a
result of damage to the blood–testicle barrier, repair
might not be sufficient to correct this and immediate
orchiectomy might be a better option. There is con-
flicting evidence in this regard: in the only published
human study, testicular repair and salvage does seem
to protect against fertility impairment (Lin et al.
1998), but in the rat model orchiectomy appeared to
be more protective (Shaul et al. 1997). Based on
the current available data, repair and salvage would
seem to be the treatment of choice for the ruptured
testicle.

The second issue relating to immediate exploration
is testicular preservation. All of the evidence suggests
that the chance of testicular salvage is greater with im-
mediate exploration, drainage of haematocele and re-
pair of the tunica. One of the most quoted series is that
of Cass and Luxenberg (1991): in 72 patients with blunt
trauma, the testicular salvage rate was 94% in those
explored immediately as compared to 79% in those
managed conservatively in the first instance. A trend
towards increased testicular salvage with early explo-

ration was also shown by Altarac (1994), and in addi-
tion exploration reduced disability and hastened re-
covery.

I.7.2.4.1

Surgery for Blunt Testicular Trauma

The indication for surgery is significant scrotal swell-
ing, regardless of any ultrasound findings. The proce-
dure is performed through a scrotal incision, and the
haematocele is drained. The testicle, epididymis and
lower spermatic cord are exposed. The testicle is in-
spected for signs of tunical damage and any extruded
testicular tissue. The latter will be devitalized and
should be excised; any attempt to force such tissue back
into the testicle is counterproductive as it will increase
intratesticular pressure and may damage the whole tes-
ticle. The tunica is then closed using a haemostatic con-
tinuous absorbable suture such as 3/0 or 4/0 Vicryl. If
the haematocele is extensive it is appropriate to leave a
drain: some authors have advocated a closed drainage
system such as a suction drain, others an open system
such as a Penrose drain. A gauze dressing and scrotal
support are applied.

I.7.2.5
Postoperative Follow-up

Trauma patients should be seen once in an out-patient
setting at 4 weeks to check that everything is settling
well, unless the clinical picture merits earlier review.
Further follow-up and semen analysis are probably not
appropriate: usually there is no preinjury semen analy-
sis for comparison. If a patient presents subsequently
with infertility he should be investigated as any other
infertility case.
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I.7.3 Penile Fractures
W.D. Aiken

■ A penile fracture is a tear in the tunica albu-
ginea of the corpus cavernosum due to blunt
trauma to the erect penis.

■ Penile fractures are mostly associated with
coital mishaps in which there is use of exces-
sive coital force.

■ Sudden detumescence seems to be the most
useful clinical discriminator between bona fide
penile fracture and rupture of penile veins, the
main differential diagnosis.

■ Diagnosis is usually made on clinical findings
alone.

■ Ultrasound and MRI may be helpful in atyp-
ical or ambiguous cases and are also useful in
determining the location and extent of the
tunical rupture.

■ Early surgical repair results in a better func-
tional and cosmetic outcome and a lower
frequency of complications.

Key Messages

I.7.3.1
Definition of the Disease

A penile fracture is a catastrophic injury which occurs
when there is rupture of the tunica albuginea of the
corpus cavernosum following blunt trauma to the erect
penis.

I.7.3.2
Aetiology and Pathogenesis

During an erection, the tunica albuginea surrounding
the corpora cavernosa becomes unyielding, stretched
and thinned to 0.25–0.5 mm from its 2-mm-thick
measurement in the flaccid state (Bitsch et al. 1990). A
penile fracture occurs when the erect penis is subjected
to a sudden axial or transverse load as occurs in blunt
trauma, causing a precipitous rise in intracavernosal
pressure which exceeds the tensile strength of the
tunica albuginea, causing it to rupture (Penson et al.
1992). In Western society, this injury most often occurs
during either partner-related or autoerotic sexual ac-

tivity but can also occur while rolling over in bed and in
other unusual circumstances (Aiken et al. 2001; Mydlo
2001). In partner-related sexual activity, a coital mis-
hap in which the erect penis slips out of the vagina and
impinges against the perineum, adjacent proximal
thigh, or pubic symphysis is the most common mecha-
nism. Penile fracture may occur in any coital position
and seems to be related to the use of excessive coital
force (Eke 2002). Vigorous partner-related manual ma-
nipulation of the penis has also been reported as caus-
ing a penile fracture (Aiken et al. 2001). Attempts at
achieving detumescence by forcefully manipulating the
erect penis represents the most common cause of pe-
nile fracture in case series from some cultures and is
thought to be due to misinformation regarding the tis-
sues of the penis (Zargooshi 2000). In a penile fracture,
the sudden rupture of the tunica albuginea causes im-
mediate extravasation of blood from the subjacent
corpus cavernosum into the surrounding tissues of the
penis, resulting in interstitial haemorrhage and imme-
diate detumescence. Buck’s fascia overlying the site of
tunical rupture is usually torn and the blood therefore
gains access to the superficial perineal pouch and is
limited by an intact Colles (dartos) fascia. In 10% to
20% of cases, there is concomitant urethral injury
(Aiken et al. 2001; Mydlo 2001). Rarely, there may be
complete transection of the corpus spongiosum/ure-
thra and both corpora cavernosa, with a small bridge of
tunica albuginea being preserved dorsally, deep to the
penile neurovascular bundle.

I.7.3.3
Clinical Findings

I.7.3.3.1

History

Time from injury to clinical presentation is highly vari-
able and delay is often due to embarrassment and in
some instances ignorance surrounding the nature of
the injury and the need for urgent medical attention.
The history typically involves a clearly identifiable
coital mishap or sexual misadventure with resultant
blunt injury to the erect penis. At the time of injury,
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severe penile pain of sudden onset is experienced and a
cracking or popping sound is commonly heard, which
is associated with immediate detumescence along with
progressive swelling, bruising and deformity of the pe-
nis. A history of urethral bleeding presenting as blood
at the meatus may not always be present in cases of as-
sociated urethral laceration. Worsening penile pain
and swelling on attempted voiding or an inability to
void are also seen in associated urethral lacerations.

I.7.3.4
Physical Examination

The patient suspected of having a penile fracture
should be examined in a professional and compassion-
ate manner with attention given to maintaining the pri-
vacy and dignity of the patient. The external genitalia
should be fully exposed and the external urethral mea-
tus inspected for the presence of blood. In cases of
marked penile swelling in which the penis is uncircum-
cised, some difficulty may be experienced locating the
meatus to inspect it. The presence and extent of any
swelling, bruising and deformity of the penis should be
noted as well as any swelling and discoloration of the
scrotum. The penis should be palpated in its entirety in
a systematic fashion beginning distally and proceeding
proximally. Diffuse swelling, ecchymosis and deformi-
ty of the penis are encountered in most instances. In
cases in which Buck’s fascia is fairly well preserved
overlying the site of tunical rupture, a firm, smooth,
tender, discrete and fixed swelling corresponding to a
haematoma at the point of tunical rupture may be pal-
pated and is referred to as the rolling sign (Narayn-
singh et al. 1998). Two-thirds of tunical tears occur
proximally at or close to the penoscrotal junction.

I.7.3.5
Investigations

The diagnosis of the overwhelming majority of cases of
penile fracture is entirely based on clinical findings and
confirmatory investigations are usually unnecessary.
However, investigations may be used in an attempt to
confirm an equivocal case of suspected penile fracture,
to diagnose or confirm a suspected associated urethral
laceration, and to demonstrate the site of tunical rup-
ture, thereby enabling a more limited or focal surgical
approach. A routine urinalysis should be done looking
for the presence of red blood cells, which would suggest
a possible associated urethral injury and should
prompt a request for retrograde urethrography. The es-
tablished investigation in the diagnosis of a penile frac-
ture is cavernosography. This involves the injection of
50 ml of water-soluble contrast into the corpora caver-
nosa under X-ray control. The location of any extrava-
sation of contrast is noted and is indicative of the site of

tunical rupture. Cavernosography is limited, however,
by a significant false-negative rate (Mydlo 2001) and is
thought to have the potential to be damaging to erec-
tile tissue (McAninch 2004). Ultrasonography has
been reported as being helpful in localizing the site of
tunical rupture (Ciciliato et al. 2002), which is advanta-
geous when a focal approach is desired. MRI has been
reported as providing precise anatomical detail in de-
lineating the site and extent of tunical rupture, in diag-
nosing associated urethral injury and in distinguish-
ing equivocal cases such as penile vein rupture from
bona fide cases of tunical rupture (Uder et al. 2002). It
has the advantage of being noninvasive but it is an ex-
pensive imaging modality and is not universally avail-
able.

I.7.3.6
Differential Diagnosis

The main differential diagnosis is rupture of the deep
dorsal vein of the penis, which is also seen in blunt
trauma to the erect penis, usually during sexual activi-
ty, presenting with immediate pain, swelling and bruis-
ing of the penis and frequently a cracking or popping
sound at the time of injury (Nehru-Babu et al. 1999).
Sudden detumescence is the most useful clinical dis-
criminator for patients suspected of having a penile
fracture, as immediate detumescence of the penis does
not occur with dorsal vein rupture (Aiken et al. 2001).
Significant swelling, bruising and deformity of the pe-
nis may be seen on examination and cavernosography,
ultrasonography or MRI may be necessary to help ex-
clude a penile fracture in these cases.

I.7.3.7
Treatment

The treatment of penile fracture has shifted from a con-
servative approach to one of early surgical repair of the
torn tunica albuginea. This is based on many reported
case series over the last two decades documenting a
uniformly better outcome with surgery when com-
pared historically with a conservative approach (Eke
2002). A subcoronal circumferential degloving incision
is the one most often used and has the advantage of ful-
ly exposing the entire shaft of the penis deep to Colles’
(dartos) fascia. Some surgeons advocate a limited inci-
sion, performed under local anaesthesia, directly over
the site of tunical rupture (Naraynsingh et al. 1998).
This requires preoperative localization of the fracture
site, either through examination, which is not always
reliable, or through imaging, which is unnecessary if
the degloving incision is used. Tunical tears are typical-
ly oriented transversely and occur proximally close to
the penoscrotal junction. Regardless of the incision
used, the haematoma is evacuated, haemorrhage is
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controlled, and the edges of the tunical defect fresh-
ened and reapproximated with interrupted 3/0 delayed
absorbable sutures, making sure the knots are inverted.
In concomitant urethral injury, the urethra is primarily
repaired over a 16-French silicone catheter using inter-
rupted 4/0 absorbable sutures. Buck’s fascia is closed,
the degloved skin returned and a circumcision may be
done at this time. Patients are discharged on the first
postoperative day, sexual intercourse is prohibited for a
period of 6 weeks, and patients should be reviewed at
3 months.

I.7.3.8
Results of Treatment

Potential adverse sequelae of penile fractures include
erectile dysfunction, abnormal penile curvature, pain
on erection and on intercourse, the presence of a penile
nodule, and pulsatile diverticulum. Contemporary case
series utilizing immediate surgical repair have demon-
strated a uniformly better outcome with a lower re-
ported frequency of the aforementioned adverse se-
quelae when compared historically to conservative
treatment, suggesting that immediate surgical repair
minimizes the occurrence of complications (Eke 2002).

I.7.3.9
Prognosis

The prognosis for return and maintenance of normal sex-
ual function following penile fracture is excellent if im-
mediate surgical repair is performed (Zargooshi 2002).

I.7.3.10
Prevention

Health education regarding the tissues of the penis is
necessary in those cultures where forceful self-manipu-
lation of the erect penis to achieve detumescence is
seen, to discourage its practice (Zargooshi 2000).
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I.7.4 Priapism
P. Kumar, D.J. Ralph

■ Cavernosal blood gas analysis and colour Doppler
ultrasonography aid in the diagnosis of priapism.

■ Ischaemic low flow priapism is a surgical
emergency, as smooth muscle necrosis and
penile fibrosis are the long-term sequelae of
delay in treatment.

■ Aspiration of stagnant cavernosal blood and
injection of sympathomimetic agents are the
first stage of treatment in ischaemic priapism.

■ More invasive surgical measures, including
shunt formation and penile prosthesis implan-
tation, must be considered should the first
stage of treatment fail.

■ Pudendal angiography and selective embolization
is the treatment of choice in arterial priapism.

Key Messages I.7.4.1
Definition

Priapism is defined as a pathological condition where
penile erection persists beyond or is unrelated to sexual
stimulation.

I.7.4.2
Aetiology and Pathogenesis

Despite advances in the knowledge of erectile patho-
physiology, priapism remains a diagnostic and thera-
peutic enigma. Low-flow ischaemic and high-flow arte-
rial priapism are the two main subtypes. Ischaemic pri-
apism is most commonly idiopathic, although the con-
dition appears to be more prevalent in certain patient
groups such as patients with sickle cell disease
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Despite advances in the knowledge of erectile patho-
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peutic enigma. Low-flow ischaemic and high-flow arte-
rial priapism are the two main subtypes. Ischaemic pri-
apism is most commonly idiopathic, although the con-
dition appears to be more prevalent in certain patient
groups such as patients with sickle cell disease
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Table I.7.5. Causes of ischaemic priapism

Category Subtypes

Idiopathic
Systemic disease Hypertension

Diabetes
Rheumatoid arthritis

Haematological Sickle cell disease
Thrombophilia
Other haemoglobinopathies
Leukaemia
Myeloma

Drug therapy for
erectile dysfunction

Papaverine
Intracavernosal PGE1
PDE5 inhibitors
Alprostadil
Phentolamine

Pharmacotherapy
and other drugs

Phenothiazines
Selective serotonin reuptake

inhibitors (SSRIs)
Anticoagulants
Antihypertensives
Alcohol
Marijuana
Cocaine

Solid tumours Bladder cancer
Prostate cancer
Metastatic renal cancer

Others Total parenteral nutrition,
amyloid, rabies, appendicitis

(Adeyoju 2002). Arterial priapism is due to unregulated
arterial blood flow within the penis, usually secondary
to a cavernosal artery laceration following penile or
perineal trauma. Identification of priapism type and
use of a stepwise management protocol is essential. Pe-
nile detumescence and preservation of long-term sexu-
al function are the goals of treatment.

Although the majority of cases of ischaemic pria-
pism are idiopathic, various systemic diseases and
pharmacotherapies are associated with the condition
and may give clues to the aetiology (Table I.7.5). The
commonest cause of priapism is intracavernosal in-
jection of vasoactive agents (papaverine or prostaglan-
din E1).

I.7.4.3
Clinical Findings, Technical Investigations
and Laboratory Findings

The duration of tumescence is indicative of the likeli-
hood that aspiration and shunting procedures will be
effective in treating ischaemic priapism. Smooth mus-
cle damage is likely to have occurred should more than
12 h have elapsed and patients should be counselled
that long-term erectile dysfunction is likely in at least
50% of patients even if initial therapy is successful
(Winter 1988). Preexisting erectile dysfunction should

also be elicited, as this will influence any surgical man-
agement offered.

The absence of pain would indicate that the penis is
being perfused with oxygenated blood and that an arte-
rial priapism is more likely. A history of penile or peri-
neal trauma, most commonly during sexual activity, in
the playground or on the sports field would also indi-
cate the presence of a cavernosal or internal pudendal
arterial injury causing a high-flow picture.

The spongiosum is characteristically uninvolved in
priapism; hence a rigid penis with a flaccid glans is the
usual finding. Penile or perineal bruising may be found
in cases of prolonged priapism or where trauma is an
aetiological factor. Marked tenderness of the caverno-
sae would indicate the priapism to be of the ischaemic
type. In cases of arterial priapism, the penis may be on-
ly partially erect and firm pressure to the perineal area
may effect detumescence. A full abdominal and pelvic
examination including digital rectal examination
should be performed, as priapism may be the result of
metastatic penile deposits secondary to primary malig-
nancy elsewhere (Schroeder-Printzen et al. 1994; Kvar-
stein 1996; Nezu et al. 1998).

Aspiration of blood from the cavernosae provides
information that aids in the differentiation between
low and high flow states (Montague et al. 2003). Analy-
sis should include pH, pO2, pCO2 and blood glucose
(BM) estimation. Cavernosal blood gas levels in arteri-
al priapism are near to normal arterial saturation,
whereas in ischaemic priapism hypoxia and acidosis
are seen (Broderick and Harkaway 1986) (Table I.7.6).

The use of ultrasound to assess penile blood flow is
safe and noninvasive. Men with arterial priapism will
have high blood flow velocities within the cavernosae.
Turbulent flow may be seen at the site of a traumatic
cavernosal artery fistula or pseudoaneurysm. The per-
ineum, as well as the penis itself, must be assessed, as
injuries occur more commonly in the proximal por-
tion of the penile arterial supply. Men with ischaemic
priapism will have little or no blood flow within the
penis.

Table I.7.6. Typical cavernosal blood gas values

Normal flac-
cid penis

Ischaemic
priapism

Arterial pria-
pism

pH 7.35 <7.25 7.4
pO2 40 mmHg <30 mmHg 50–90 mmHg
pCO2 50 mmHg >60 mmHg 40–50 mmHg
Blood glucose
(BM)

4–8 <4 6–10
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I.7.4.4
Treatment

I.7.4.4.1

Management of Ischaemic Priapism

Aspiration and Injection Therapy

Two butterfly needles should be inserted into the rigid
corpus and aspiration of the clotted blood attempted.
This manoeuvre alone may be successful in effecting
detumescence, particularly if the priapism is of very
short duration. If the aspirate is heavily congealed or
dry, a gentle wash out with saline should be performed.
If this fails, injection of a sympathomimetic agent may
aid detumescence by causing the corporeal smooth
muscle to contract. The use of the [ 1-agonist phenyl-
ephrine is recommended in order to minimize unwant-
ed cardiovascular side effects (hypertension, tachycar-
dia and arrhythmogenesis). Injections may be repeated
over a 90-min period with continuous blood pressure
monitoring during and for a short period after treat-
ment. Aspiration and irrigation with sympathomimet-
ic agents has no therapeutic role in arterial priapism.

Shunt Surgery

The aim of shunt surgery is to create an alternative ve-
nous outflow channel for blood within the corpora ca-
vernosae, should a trial of aspiration and injection
therapy be unsuccessful. Several types of shunt surgery
have been described. The most common are corporo-
glanular shunts with the introduction of a wide-bore
Tru-Cut biopsy needle or pointed scalpel via the glans
penis into each cavernosum (Winter 1976; Ebbehoj
1974). The aim is to produce enough fenestrations in
the intervening tunica to allow blood to leave the turgid
cavernosum. The Al-Ghorab shunt is a more invasive
variation where the tips of the corporeal bodies are ex-
posed and a window made in the distal portion of each
side to allow detumescence prior to glans skin closure
(Wendel and Grayhack 1981). Shunt formation be-
tween the corpora cavernosae and either the proximal
spongiosum or saphenous vein may be used should the
distal penis be very bruised and/or oedematous. A fis-
tula is formed between the proximal spongiosal and ca-
vernosal bodies via a perineal incision in the caverno-
so-spongiosal shunt (Quackels 1964). A cavernoso-sa-
phenous vein shunt is the most invasive type (Grayhack
et al. 1964). A length of saphenous vein is mobilized
and tunnelled to the penile root where it is anasto-
mosed to the base of the penis.

The incidence of long-term erectile dysfunction fol-
lowing shunt surgery is high. A recent study reported
on a consecutive series of 28 patients managed with
shunt surgery (Nixon et al. 2003). It was noted that up
to 90% of patients described some degree of erectile

dysfunction at long-term follow-up and 75% of the pa-
tients reported no spontaneous erections whatsoever.

The likelihood of sustained detumescence following
shunt surgery decreases with time. The use of a caver-
nosal smooth muscle biopsy at the time of any surgical
intervention, to determine if necrosis has already oc-
curred, would seem a sensible option (Pryor et al.
2004). This would allow patients with prolonged ischa-
emic priapism who have failed to respond to medical
therapies and have unviable tissue to be treated with
the immediate insertion of a penile prosthesis, rather
than shunt surgery, in order to minimize penile short-
ening and preserve sexual function.

Penile Implant Surgery

Failure to effect detumescence in ischaemic priapism
using sympathomimetic agents or shunt surgery may
result in cavernosal fibrosis with penile induration and
shortening (Kulmala and Tamella 1995). The priapism
eventually subsides with time and the resulting erectile
dysfunction is likely to be severe. Placement of a penile
prosthesis in the fibrotic penis can be extremely diffi-
cult and associated with higher complication rates
(Douglas et al. 1990; Monga et al. 1996).

The outcome of the management of low flow pria-
pism with the immediate insertion of a penile prosthe-
sis has been recently reviewed (Rees et al. 2002). A se-
ries of patients with prolonged ischaemic priapism
(>32 h) had failed conservative measures with aspira-
tion and instillation of phenylephrine. Prosthesis inser-
tion was offered to these patients as a means of reliev-
ing the painful priapism, preserving long-term sexual
function and minimizing penile shortening due to fi-
brosis. None of the patients developed postoperative
infections, the authors attributing this to the simple
and rapid implant insertion. All patients were satisfied
with the results of surgery, with seven out of eight pa-
tients successfully engaging in sexual intercourse at a
mean follow-up of more than 1 year.

I.7.4.4.2

Management of Arterial Priapism

Visualization of the pudendal artery and its tributaries
is the investigation of choice in this group of patients
(Bastuba et al. 1994; Hakim et al. 1996). The exact site
and nature of the vascular injury may be ascertained
and targeted therapy by means of embolization carried
out to effect detumescence. Long-term erectile func-
tion is preserved in these patients (Ciampalini et al.
2002). Should repeated attempts at embolization be un-
successful or, in cases of prolonged high-flow priapism,
a capsule have formed around the arteriocavernous fis-
tula, it may be necessary to attempt open ligation of the
fistula or ipsilateral feeding vessel (Riccardi et al. 1993).
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In these cases, the incidence of long-term erectile dys-
function is high even with the use of intraoperative
Doppler ultrasound to aid location of the fistula.

I.7.4.5
Conclusion

Urgent evaluation of the priapic patient is vital in order
to identify those with ischaemic priapism. Treatment
should proceed in a logical fashion with therapy aimed
at the penis and any systemic disorder being carried
out concurrently. Aspiration and injection therapy pre-
cedes more invasive surgical intervention. The choice
of procedure depends on preexisting erectile function,
duration of priapism and need for preservation of sex-
ual function. Selective embolization for high-flow pria-
pism is a safe, well-tolerated procedure that preserves
premorbid erectile function. It is of paramount impor-
tance that patients are properly counselled as to the
prognosis of priapism and the likelihood of long-term
erectile dysfunction.
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I.7.5 Testicular Pain and Related Pain Syndromes
T.B. Hargreave, L. Turner-Stokes

■ In acute pain, it is important to diagnose
testicular torsion quickly, and if torsion is
suspected then an exploratory operation does
no significant harm, even if the diagnosis
subsequently proves to be epididymo-orchitis,
whereas a missed torsion results in loss of the
testicle.

■ It is good practice to use local anaesthetic as a
supplement to general anaesthesia for all
andrological surgery to ensure a pain-free
postoperative recovery, as there is evidence
that poor pain control may trigger chronic
pain.

■ The first step in the management of chronic
testicular pain is to take a detailed history and
complete a careful clinical examination.

■ If the diagnosis is chronic testicular pain and
provided ilio-inguinal pain and other
pathology has been excluded, a spermatic cord
denervation operation may help in up to 75%
of men, but there is a risk that further surgery
can make chronic pain worse.

■ Long-term management of chronic neuro-
pathic testicular pain is best undertaken by
chronic pain specialists and rehabilitation
medicine experts and centres on encouraging
the man to lead as normal a life as possible
despite the pain.

Key Messages

I.7.5.1
Definition of the Disease

I.7.5.1.1

Acute Testicular Pain

Acute pain in the testicle area can occur secondary to a
variety of conditions affecting the testicle and epididy-
mis. Thus acute testicular pain is defined as the noci-
ceptive response to local testicular or epididymal pa-
thology.

I.7.5.1.2

Testicular Pain of Neuropathic Origin

This is defined as testicular pain caused by lesion in-
volving the testicular nerve supply.

I.7.5.1.3

Chronic Testicular Pain and Chronic Testicular Pain

Syndromes

Chronic testicular pain (orchalgia or orchiodynia) is
defined as pain in the testicle and surrounding areas
that has been present for more than 6 months. There is
a spectrum of conditions ranging from chronic recur-
ring epididymal pain such as may occur following
vasectomy to a complete disabling chronic pain syn-
drome. These conditions pose a considerable manage-
ment problem for both the patient and his doctor.

I.7.5.2
Aetiology and Pathogenesis

I.7.5.2.1

Acute Testicular Pain – Pathogenesis

Acute testicular pain can be caused by a variety of con-
ditions affecting the testicle. Perhaps the commonest
cause of pain is epididymo-orchitis. Other causes are
torsion, bleeding into a testicular tumour or bleeding
into hydroceles, epididymal cysts, and spermatoceles.
Classically, testicular tumours are described as pain-
less, but up to 40% of patients report dull aching or
heaviness.

I.7.5.2.2

Neuropathic Testicular Pain – Pathogenesis

Less commonly, testicular pain may arise from neuro-
logical injury (neuropathic pain). The nervous supply
to the testicle and scrotum is complex, and in order to
understand the basis for neuropathic syndromes pre-
senting with testicular pain, it is necessary to have
some understanding of the relevant neuroanatomy
(Fig. I.7.16; Wesselmann et al. 1997).

■ Pain sensation to the testis is supplied mainly
through sympathetic fibres from T10–L1. These
travel via the superior hypogastric plexus (SHP)
and are then carried in the spermatic plexus along
spermatic cord structures to terminate in the testis,
epididymis and vas deferens.

■ A second sensory supply is derived from the
genito-femoral nerve (L1–L2), which takes a retro-
peritoneal route. The genital branch of this nerve
travels down the inguinal canal to supply the
cremaster, cord and tunica vaginalis.

■ The posterior sacral nerves (S2–S3) provide a
subsidiary supply via the sacral plexus and the
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Fig. I.7.16. Innervation of the testicle. From Wesselmann et al. (1997)

pudendal nerve, to innervate a portion of the scrotum.
Compression of the pudendal nerve is reported to be a
cause of scrotal pain (Kim et al. 2003), which may re-
spond on occasion to decompression.

Testicular pain of neuropathic origin may be the result
of (Wesselmann et al. 1997):

■ Entrapment neuropathies due to:
– Inguinal hernias – (ilio-inguinal or genito-

femoral nerve)
– Aneurysmal dilatation of the common iliac

artery (genito-femoral nerve)
– Retroperitoneal fibrosis – testicular pain in this

situation usually associated with abdominal or
low back pain

– Spinal or sacral pathology – e.g. due to a
prolapsed intervertebral disc

■ Local nerve damage may follow local surgical
procedures, including:
– Vasectomy
– Hernia repair

– Laparoscopic donor nephrectomy – Kim et al.
(2003) noted ipsilateral orchalgia occurred in 14
of 145 patients (9.6%)

■ Generalized neuropathic conditions such as
diabetes, alcoholic neuropathy or polyarteritis
nodosa

■ Referred pain – occasionally testicular pain may be
referred from the hip or ureter

I.7.5.2.3

Testicular Chronic Pain Syndrome – Pathogenesis

Whilst more acute forms of pain are driven by nocicep-
tive responses to local pathology, once pain has
persisted for more than a few months, other factors
come into play, such as psychological, emotional or
behavioural responses, and this combination of factors
may lead to a chronic pain syndrome. In this situation,
the pain may no longer be relieved by simple medical or
surgical interventions and a more holistic approach is
required.
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Chronic pain syndromes involving the limbs with
somatic and autonomic nerve involvement have been
recognized for many years. Alternative names to de-
scribe the various manifestations of chronic pain syn-
dromes include causalgia, reflex sympathetic dystro-
phy, algodystrophy, and chronic neuropathic pain and
have often been used interchangeably. The current
term “complex regional pain syndrome” has been
coined to emphasize the complex interaction of somat-
ic, psychological and behavioural factors and the non-
localized distribution of symptoms (Harden et al.
1999). Pain rarely follows a recognized anatomical or
neuro-anatomical distribution.

In more recent years, there has been a realization
that there are a number of these syndromes involving
the internal organs and predominantly the autonomic
nerve pathways. Examples include chronic heart pain,
loin pain syndromes (Sockeel et al. 2004; Chapuis et al.
2004; Greenwell et al. 2004), chronic pelvic pain (Jani-
cki et al. 2003), including some manifestations of
chronic prostatitis. A common feature of all of these
syndromes is chronic pain which is disproportionate in
intensity, distribution and duration to the underlying
pathology (Dunn 2000). The pain syndrome may or
may not follow a triggering event such as an episode of
very severe pain or an injury, which is often trivial. In
addition, there may be manifestations of sympathetic
overactivity, such as skin oedema, excess sweating, skin
colour and temperature changes, and this has led to the
term “sympathetically maintained pain”, although the
physiological role of the sympathetic nervous system
remains unclear.

The pathology of chronic pain syndromes is not fully
understood, but it is thought that there is a facilitation
of pain nerve pathways at several different levels in the
brain (Janig and Baron 2003), spinal cord and peripher-
al nerves. The process has the unfortunate result that
pain signals are felt at thresholds that would not nor-
mally reach consciousness. The appreciation of pain is
more extreme (hyperalgesia) and even mild stimulation
is felt as pain (allodynia). In the case of chronic testicu-
lar pain, stimuli that would normally pass unnoticed
such as pressure from tight underwear or sitting with
legs crossed can cause noticeable discomfort or pain.
Any subsequent inflammation or injury, including sur-
gical operations, may have the effect of further facilitat-
ing pain nerve pathways and amplifying the pain. Thus
any further surgery such as epididymectomy for post-
vasectomy epididymal pain, or even denervation opera-
tions, can make the problem very much worse.

The Relationship Between Acute and Chronic

Testicular Pain

The relationship between acute and chronic testicular
pain is by no means clear. In some cases, there in an

identifiable triggering episode. This may be an episode
of very severe pain (e.g. torsion or undertaking a vasec-
tomy without ensuring adequate local anaesthesia) or
prolonged pain, for example, from a varicocele. Alter-
natively there might be ischaemic damage following or-
chitis or orchiopexy. Not infrequently, there is an am-
plifying event such as a second operation, for example,
epididymectomy undertaken to try to relieve minor
chronic epididymal discomfort. In a typical scenario,
further surgery is recommended to try to cure the
source of pain and with each episode of surgery there
may be a period of temporary relief but ultimately the
pain recurs and is often worse. To this extent, there is
always a risk that surgical procedures may amplify pain
and this risk, which is unquantifiable, has to be ex-
plained to men when recommending surgical opera-
tions to try to cure testicular pain.

There is no test that defines chronic testicular pain
and the assessment is based on clinical criteria. In the
transition, the pain may become less well localized and
there may be paraesthesia. Unlike other neuropathic
pain conditions, scrotal skin oedema and skin colour
changes are uncommon, probably because the innerva-
tion of the testis is entirely separate from the scrotal
wall. Autonomic nerves and autonomic pain fibres
travel to the testicle in close proximity to the testicular
artery, vas deferens and blood vessels in the cord,
whereas scrotal skin innervation is from terminal
branches of the ilio-inguinal nerve. If scrotal skin oede-
ma and colour changes are part of the clinical picture,
then it is more likely that the chronic pain syndrome re-
lates to a problem with the ilio-inguinal nerve than
from a trigger in the testis.

Postvasectomy Pain

Postvasectomy pain is typically a localized tenderness
or pain or extreme pain on palpation over the epididy-
mis, and except in the most severe cases, this can often
be distinguished by careful clinical examination from
pain in the testicle. In approximately 25% of cases, no
cause for orchalgia can be found. It has been reported
to occur in up to one-third of patients, but long-lasting
pain sufficient to cause the man to regret vasectomy
was reported in 3 men of 172 (1.7%) who responded to
the survey (McMahon et al. 1992) and in another sur-
vey in 3 out of 188 (1.6%) men who responded 10 years
later [3/460 (0.7%) who were sent the questionnaire;
Manikandan et al. (2004)]. These two surveys indicate
that bothersome scrotal pain is more frequent than the
1 in 1,000 figure that is quoted in the literature; howev-
er, in a survey of recent prospective randomized trials
of different vasectomy techniques, chronic pain was
not identified as a problem (Aradhya et al. 2005), indi-
cating that this complication may be technique-depen-
dent. There is a need for better information about the
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incidence of postvasectomy bothersome chronic pain
and also exploration of ways to prevent it. Some au-
thors have suggested that pain may be prevented by
leaving the testicular end of the vas unligated – the so-
called open-ended vasectomy (Shapiro and Silber
1979)

I.7.5.3
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

The diagnosis of testicular pain is usually made on the
basis of careful history and examination, together with
basic urological investigation to reveal the causes. A
practical guide to assessment is given in Box 1.
Testicular pain may be:

■ Unilateral or bilateral
■ Intermittent or constant
■ Focal or radiating – for example to the groin,

abdomen, pelvis, perineum, legs, or back

Usually there is no interference with sexual function,
but pain postvasectomy is often more marked after in-

Box 1: Assessment of the patient with testicular pain – a practical guide

History:
Pain history
■ Duration, character, radiation, exacerbating and

relieving factors

Associated symptoms
■ Lower urinary tract and bowel symptoms
■ Sexual history (self assessment questionnaire

can be useful and save time) (www.urologyedin-
burgh.co.uk/sexual_function_questionnaire.htm).

Examination
■ Lying and standing examination of the testis

1. Look for evidence of varicocele and hernia
2. Size and tenderness of the testicles
3. Transillumination

■ Rectal examination
1. Note pain or tenderness or any other abnor-

mality (Chap. II.3.1)
■ Peripheral nervous system – to exclude evidence

of neuropathy
1. Define any areas of hyperesthesia or any

areas of sensory lossa

2. evidence of motor loss or wasting
3. examination of reflexes

■ Vascular system – to exclude arteriopathy or
aneurysmal dilatation
1. Record presence of peripheral pulses and

bruits
2. Note circulatory sufficiency
3. Bruits

■ Examination of the hips, pelvis and spine
1. Note range of movement, local tenderness in

hip, pubic symphysis and sacroiliac joints
2. Straight leg-raising

Investigations
■ Routine urine analysis (sugar, blood, protein),

microscopy and culture
■ Ultrasound examination

1. Testis
2. Transrectal US

■ Other procedures may include:
1. CT or MRI scan
2. Exclusion of inguinal hernia, injection of

contrast into the peritoneal cavity and a
herniogram X-ray

3. Cord block with bupivacaine has been
reported as a useful test to help select men
suitable for microsurgical cord denervation

a Pain distribution and sensory abnormality in chronic pain syndromes typically do not follow defined
nerve territories. However, assessment is complicated by the variation in the course and cutaneous inner-
vation territories of the ilio-inguinal and genitofemoral nerves.

tercourse. Testicular pain associated with infection is
usually associated with urinary symptoms such as
frequency or urgency or those of sexually transmitted
diseases such as urethral discharge.

Assessment should routinely include a careful his-
tory, examination and urinalysis. Ultrasound of the
testis is essential in acute presentations and usually
worthwhile also in the chronic situation. Many men
with chronic pain are worried about malignancy and
a negative ultrasound scan enables the clinician to
give reassurance with authority. The scan may also
give diagnostic information such as the presence of a
thickened epididymis with a sperm granuloma. Tes-
ticular microcalcification is a relatively frequent find-
ing on ultrasound but although there have been some
reports of an association with testicular pain (Mac-
Kinnon et al. 1990), it is a frequent finding in men who
have no pain. More detailed imaging (e.g. MRI) is
rarely necessary, but occasionally may serve a thera-
peutic purpose in providing reassurance to patient
and doctor alike.
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I.7.5.4
Differential Diagnosis

I.7.5.4.1

Differential Diagnosis of Acute Testicular Pain

The most important differential diagnosis of sudden
onset acute testicular pain is between torsion (see
Part I.7.1) and epididymo-orchitis. It is essential to
have a high index of suspicion for torsion in the youn-
ger man who develops sudden acute testicular pain. If
the differential diagnosis between torsion and epididy-
mo-orchitis cannot be resolved with certainty by ultra-
sound (Dogra and Bhatt 2004), Doppler studies and
clinical examination, or if there is likely to be delay in
undertaking these investigations, then it is best to un-
dertake an exploratory operation to exclude torsion.
Even if an operation for suspected torsion reveals the
diagnosis of epididymo-orchitis, there is unlikely to be
any long-term harm, whereas failure to undertake ex-
ploratory operation and a missed diagnosis of testicu-
lar torsion results in the loss of the testicle.

I.7.5.4.2

Differential Diagnosis of Chronic Testicular Pain

and Chronic Testicular Pain Syndromes

This can be very difficult and depends on the androlo-
gist realizing all the possibilities, including causes of
neuropathic pain and undertaking investigations as de-
tailed above to exclude any treatable cause.

I.7.5.5
Treatment

I.7.5.5.1

Management of Chronic Testicular Pain (Orchalgia)

Medication for Orchalgia

In general, oral analgesia is not very helpful except in
the acute postoperative period after testicular surgery.
It is worth noting that there are sex differences in re-
sponse to analgesics in rodents (Terner et al. 2003; Mit-
rovic et al. 2003) and in men (Fillingim 2002; Craft
2003), and men respond better to opioid analgesics
than women; therefore household analgesics that may
have been prescribed for the female partner are not
necessarily the best option. For established neuropath-
ic pain, oral medication with amitriptyline (Pilowsky
and Barrow 1990; McQuay et al. 1992) and gabapentin
(Gustorff et al. 2002) may help. GABA receptors are pre-
sent in the testis, vas deferens (Geigerseder et al. 2003)
as well as the central nervous system (Naumenko et al.
1996), and thus gabapentin may have an effect at sever-
al levels. The effect of gabapentin on fertility is not
known.

Local Nerve Blockade and Ablation

Local anaesthetic blockade of sympathetic ganglia is
widely used in treatment of chronic pain conditions,
but generally with mixed results (Chaturvedi and Dash
2001; Hord and Oaklander 2003).

Hamza and Rowlingson (2004) reported a small se-
ries in which superior hypogastric plexus block re-
lieved pain in 12 of 14 men with chronic testicular pain,
and Yamamoto et al. (1995) reported transrectal block-
ade of nerves of pelvic plexus to be superior to sper-
matic cord nerve blockade in a further small cohort.

Pulsed radiofrequency neurotomy has been used in
sacroiliac arthropathy (Ahadian 2004) and Cohen and
Foster (2003) have published a case report of three men
with orchalgia who were pain-free at 6 months, but
none of these series provide strong evidence for effec-
tiveness. At best, local nerve blockade may provide a
temporary window of relief during which to initiate
other treatments. Levine and Matkov (2001) have advo-
cated local anaesthetic block of the spermatic cord and
an initial step to identify those likely to gain from mi-
crosurgical denervation.

Intrathecal opioids and other medications have
been used in other intractable chronic pain states (Ka-
noff 1994), as have spinal cord stimulation (Grabow et
al. 2003; Kemler et al. 2004; Forouzanfar et al. 2004),
acupuncture, TENS and other similar techniques. To
our knowledge, there are no reported evaluations so far
of the application of these techniques for chronic testic-
ular pain.

Surgical Intervention

The place of surgical management in the context of
chronic testicular pain remains a matter for debate.
Surgical intervention is likely to work best for condi-
tions where there is clear evidence of a surgically reme-
diable cause, such as primary pathology in the testis or
scrotum, or clear evidence of actual nerve entrapment,
which is likely to be relieved by decompression. Treat-
ments such as epididymectomy to remove a source of
pain or denervation procedures have sometimes been
advocated, but as the pain nerve pathways become
more and more facilitated, ablative procedures become
less and less likely to work and more and more likely to
amplify the pain. Although some success has been re-
ported following cord denervation operations, these
are typically in private practice settings where there
may be surgical bias towards surgical solutions. The se-
ries are generally small, and with only short-term fol-
low-up. There are no properly controlled randomized
clinical trials in the literature for any of the procedures
described.

Reports of interventional procedures for testicular
pain are listed in Table I.7.7.
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Table I.7.7. Results of interventional procedures for chronic testicular pain

Varicocele ligation
Ribe et al. (2002) Improvement or resolution of pain in 22/25 men following subinguinal varicocele

ligation
Yeniyol (2003) Pain cured in 72/87
Maghraby (2002) Pain cured in 49/58 men following laparoscopic varicocele ligation
Peterson et al. (1998) Pain cured in 30/35 men following surgical ligation
Yaman et al. (2000) Pain cured in 72/82 men following microsurgical subinguinal varicocele ligation

Reversal of vasectomy for post vasectomy pain
Myers et al. (1997) Case series (n = 32): reports 75% relief after first reversal procedure plus a

further 10% after second procedure
Nangia et al. (2000) Case series (n = 13): 69% pain-free

Microsurgical denervation of the cord
Levine and Matkov (2001) Complete pain relief in 25/33 testicles

Selected on successful temporary spermatic cord block
Heidenreich (2001); Heidenreich et al.
(2002)

Case series (n = 35): reports 97% success (median follow-up 31.5 months)
Selected on successful temporary spermatic cord block

Devine and Schellhammer (1978) Case report of two men
Caddedu et al. (1999) Case series (n = 9). Laparoscopic denervation – pain relief in 7/9 (mean follow-up

25 months). Selected on successful temporary spermatic cord block
Choa and Swami (1992) Case series (n = 4). Complete relief from pain immediately after surgery in all

four cases (follow-up 2–36 months)

Nerve decompression
Shafik (2002) Case series (n = 4): Decompression of the pudendal nerve in the pudendal canal

relieved pain within 1–3 weeks. Follow-up 9–14 months

Orchiectomy (orchidectomy)
Yamamoto et al. (1995) Three out of four men had pain relief after orchiectomy
Negri et al. (2002) Case report of extraction and preservation of sperm in a man who had an

orchiectomy. This is an option that should be considered for younger men

It must be recognized that surgery in the context of or-
chalgia carries a significant risk that it will make mat-
ters worse rather than better. This should be fully dis-
cussed with the patient and documented as part of the
informed consent procedure. It is also important to re-
member that patients with chronic pain are shown to
make poor decisions about risk (Apkarian et al. 2004)
and this will be particularly relevant when considering
the risks and benefits of further surgery.
Operations that can be considered include:

■ Epididymectomy in cases of postvasectomy
chronic pain, and when on clinical examination
there is localized severe tenderness in the epidi-
dymis

■ Varicocele ligation when there is left-sided
orchalgia

■ Microsurgical division of nerves in the cord to the
testicle when the pain seems to be confined to the
testicle

Orchiectomy is not uncommonly used when all else
fails, but there are very few reported case series in the
literature to define its usefulness.

Surgical denervation should probably be considered
only in cases where local anaesthetic blockade of the
spermatic cord has provided short-term relief (Levine
and Matkov 2001). The operation of cord denervation is
not standardized; some surgeons divide all structures

except the testicular artery and main veins but includ-
ing the vas deferens, whereas other surgeons may pre-
serve the vas deferens and lymphatics. The procedure is
best undertaken using an operating microscope, espe-
cially if lymphatics are to be preserved. It is wise to use
a local anaesthetic field block with an anaesthetic such
as levobupivacaine in addition to general anaesthesia,
so that when the man regains consciousness immedi-
ately following his operation he feels no pain. In addi-
tion, it may be worth considering 6 weeks adjuvant
postoperative gabapentin or amitriptyline; however,
this is anecdotal practice and needs confirmation by
clinical trial. At the 6-week postoperative review, the ga-
bapentin can be stopped if the man has been pain-free
for at least 2 weeks; otherwise it should be continued.

Interdisciplinary Pain Management for Chronic

Testicular Pain Syndromes

Costabile (1991) reviewed records of 48 patients with
chronic testicular pain. Between them, they had had
221 diagnostic procedures and 74 surgical procedures,
in 80% of which only normal tissue was found. After
8 years, 31 were available for interview, of which 29
(93%) had pain unchanged. Schover (1990) assessed 48
men with genital pain and found that 56% met criteria
for somatization, 27% met criteria for major depres-
sion, and 27% were chemically dependent. It is clear
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from this background that surgery is more often than
not a poor treatment choice.

Once the diagnosis of a chronic testicular pain
seems probable and when there is no clearly defined
pathology, management changes from trying to cure
the problem to helping the man come to terms with the
disability and to cope with it as best he can. In the con-
text, management is best undertaken in a multidisci-
plinary fashion by the urologist and the pain manage-
ment team (Harden and Cole 1998). The components of
an interdisciplinary approach to management are sum-
marized in Table I.7.8.

In the presence of unremitting pain, it is common
for individuals to become physically inactive. Second-
ary deconditioning may lead to reduced endorphin lev-
els and heighten the experience of pain. Well-meaning
family members may sometimes be oversolicitous in
their care and attention, and this can result in abnormal
illness behaviour, with the individual adopting an un-

Table I.7.8. Components of an interdisciplinary approach

Medical management
Reassurance that there is no life-threatening underlying

cause and that increased physical activity will not be
harmful

Provide continued follow-up to prevent cure seeking else-
where and iatrogenic damage

Support any litigation/compensation claim to its resolution
and conclusion

Education
Explain how emotional stress and deconditioning can in-

crease symptom experience
Provide insight into how their own behaviours may serve to

exacerbate their symptoms
Help patient to understand and accept a self-management

approach
Teach relaxation techniques, breathing exercises, etc. to re-

verse sympathetic arousal

Psychiatry and psychology
Identify any psychological factors contributing to excessive

symptoms and illness behaviours
Monitor mental state and undertake risk assessment for

self-harm
Treat anxiety and depression (consider psychotropic drug

management if necessary)
Teaching coping strategies, positive thought patterns to

help them regain control and inhibit negative thoughts,
catastrophizing, etc.

Identify and challenge secondary gain resulting in excessive
illness behaviour

Identify maladaptive family behaviours and support family
in encouraging individual to relinquish their sick role
and do more for themselves

Physical and occupational therapy
Progressive increase in physical activity and reconditioning

to build up cardiovascular fitness
Encourage recreational physical exercise and functional

goals
Supported return to social, recreational and vocational

activities as appropriate

necessarily passive role. Sexual difficulties may place
strain on partner relationships and in severe cases, ex-
cessive time off work may lead to job loss and all its ac-
companying disadvantages. Multiple hospital stays or
surgical procedures may alert the clinician to failure of
previous well-intentioned medical interventions, and
any history of litigation should be noted.

Unremitting pain can be a distressing experience
(Hendler 1984), which affects not only the patient
(Kemler and de Vet 2000), but all others in the house-
hold (Kemler and Furnee 2002). It is important there-
fore to recognize and address all the emotional and
psychosocial factors that contribute in each case
(Stanton-Hicks 1998; Harden and Cole 1998). These
may include:

■ Depression, anxiety and other mood disturbance
■ Anger or bitterness relating to the cause of the

problem
■ Fear about the underlying condition or about the

future
■ Sexual and relationship difficulties
■ Social consequences of the problem such as

inability to work and financial problems
■ Litigation or other legal proceedings

The man should be encouraged to lead as normal a life
as possible irrespective of his pain, and analgesics
should be given in the context of encouraging the man
to go out and about and work normally. The rationale
is to try to distract the focus of attention from the
pain.

Litigation procedures may be drawn out over a long
period and may delay resolution of the pain because
the man’s attention is focused on the problem and its
perceived cause. In some cases, it may be appropriate to
work proactively with the individual and his legal advi-
sors to bring litigation to an early conclusion and allow
him to move on.

I.7.5.6
Results of Treatment

In general, if the diagnosis is chronic testicular pain,
then the results of interventional treatments are rea-
sonable, but if the diagnosis is a chronic testicular
pain syndrome, then interventional treatments may
make the problem worse. Unfortunately, there is no
sure way other than clinical acumen to differentiate
the conditions, and because of this difficulty most
treatment series report failure rates of between 20%
and 50% (Gray et al. 2001) (Table I.7.7). Higher suc-
cess rates have been reported after microsurgical de-
nervation procedures provided that cases are selected
on the basis of a good response to a local anaesthetic
nerve block.
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I.7.5.7
Prognosis

I.7.5.7.1

Prevention

Prevention of Chronic Testicular Pain

Prevention of chronic pain syndromes is an important
aspect of all scrotal surgery. There is some evidence
that chronic pain is more likely to be triggered if there
is pain in the immediate postoperative period. There-
fore, it is probably good practice to use local anaesthet-
ic field blocks in addition to general anaesthesia for all
scrotal surgery. It is usually a simple extra procedure to
inject 2–3 ml of 0.5% levobupivacaine into the cord at
the scrotal neck during routine procedures such as hy-
drocele repair, epididymal cyst removal, microsurgical
vasectomy reversal, etc. As is normal with administra-
tion of all local anaesthetics, care should be taken not to
inject directly into a blood vessel.

I.7.5.8
Conclusion

Testicular pain shows spectrum from that caused by lo-
calized conditions that can be treated by appropriate
surgery to diffuse neuropathic pain that is amplified by
any surgical intervention. It is often very difficult to de-
cide on the best management but the urologist should
be aware of the possibility of making matters worse in
their attempts to help men with testicular pain.
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I.8Benign Lesions and Malignant Tumours
of the Male Genital Tract

I.8.1 Scrotal Benign Lesions, Epididymal Cysts,
Epididymal Tumours
K. Turner

■ Most scrotal lesions can be diagnosed with a
combination of clinical examination and ultra-
sound.

■ Damage to the vas or testicular vessels is a
potential hazard in all surgery on the scrotal
contents. This could affect fertility and
patients should be warned about it.

■ Paediatric and adult hydroceles differ in aeti-
ology.

■ Excision of epididymal cysts may not resolve
discomfort attributed to that cyst.

Key Messages

Most scrotal pathology can be diagnosed using a com-
bination of clinical examination and ultrasound. See
Fig. I.8.1.

I.8.1.1
Hydrocele

I.8.1.1.1

Definition

As the testicle descends into the scrotum during devel-
opment, it takes with it a peritoneal protrusion (the
processus vaginalis). The neck of the processus is usu-
ally obliterated between the deep inguinal ring and the
proximal scrotum, resulting in an isolated sac of perito-
neum (the tunica vaginalis) surrounding the testis. A
hydrocele is an abnormal accumulation of fluid within
this sac.

I.8.1.1.2

Aetiology and Pathogenesis

The causes and management of hydroceles in children
differ from those in adults. Paediatric hydroceles are

caused by incomplete obliteration of the processus va-
ginalis (see below). Adult hydroceles are generally idio-
pathic. However, since hydroceles can accompany tes-
ticular neoplasms, ultrasound of the scrotum should be
used to confirm that the testis is normal.

I.8.1.1.3

Clinical Findings and Investigations

Adult hydroceles are fluctuant transilluminable sacs.
They are confined to the scrotum and surround the tes-
tis. If the hydrocele is lax, it may be possible to palpate
the testis (generally behind the hydrocele sac), but in
tense hydroceles, it may not be possible to palpate the
testis separately. Ultrasound is usually diagnostic.

I.8.1.1.4

Treatment

Adult hydroceles, if symptomatic, are best corrected
surgically via a scrotal approach. Intrascrotal anatomy
may be distorted by a hydrocele. Patients should be
warned about the risk of damage to the vas or testicular
vessels during hydrocele repair with consequent im-
pairment of semen quality or fertility. There are a vari-
ety of surgical techniques, including excision of the sac,
excision and reflection of the sac behind the testis and
epididymis (Jaboulay’s operation), and plication of the
sac (Lord’s procedure; Lord 1964). Whatever the tech-
nique, the patient should be warned about residual
bulk on the operated side in comparison to the contra-
lateral scrotum. There is a risk of recurrence with all
approaches.

Sclerotherapy (with inflammatory agents such as
phenol or tetracycline) is an alternative treatment for
hydroceles (and epididymal cysts). Some surgeons
have found that sclerotherapy is as efficacious as sur-
gery, with a lower morbidity and equivalent impact on
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Palpate the swelling 

Is it possible to define the upper limit of the swelling? 

Yes, swelling is confined to the 
scrotum. Request an ultrasound scan if 

available.

No, swelling appears to extend proximally 

Either inguinal hernia or varicocele. Usually
clinically obvious. Ultrasound will confirm

diagnosis of varicocele.

Solid or cystic? Cystic swellings 
usually transilluminable. 

Solid Cystic

Is the swelling separate from the 
testis? 

Yes

Is the swelling separate from the 
testis? 

YesNo No

Probably an epididymal cyst 
which usually lies posteriorly or 

superiorly in relation to the 
testis. Could be a lax hydrocele 

which usually lies in front of 
the testis. 

Probably a hydrocele 

Is the swelling 
painful? 

Is the swelling 
painful? 

Yes No Yes No

Epididymitis

Adenomatoid 
tumours/TB 

Torsion, orchitis, haemorrhage 
into a tumour 

Tumour

Fig. I.8.1. Flow chart for the assessment of scrotal swellings in adults. Scrotal ultrasound is almost universally available and in
many centres will have been performed before the patient is assessed in secondary care. It has not replaced a careful clinical ex-
amination and the experienced clinician can often recommend management without recourse to ultrasound. Adapted with per-
mission from Mostofi and Sesterhenn (1998)
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spermatogenesis (Shan et al. 2003). Multiple injections
of sclerosant may be required. Others report high re-
currence rates and morbidity with sclerotherapy and
advocate that it should be reserved for men where sur-
gery carries an unacceptably high risk (Thomson and
Odell 1979; Sigurdsson et al. 1994).

I.8.1.1.5

Communicating Hydrocele and Hydrocele of the Cord

Failure of the processus vaginalis to close allows intra-
peritoneal fluid to accumulate around the testis, result-
ing in a communicating hydrocele. (If the aperture of
the processus is large, then an inguinal hernia may re-
sult.) Ninety per cent of communicating hydroceles re-
solve before a child is 1 year old and they are very rare
after the age of 5 years. They usually present as painless
transilluminable scrotal swellings that fluctuate in size
during the day and with activity. Surgery is rarely indi-
cated but if required then the processus is approached
through a groin crease incision and is divided. The hy-
drocele can then be aspirated to dryness.

If a segment of the processus remains patent, then a
hydrocele of the cord may result. The presenting feature
is usually a mobile, painless, transilluminable mass in
the line of the spermatic cord. Cord hydroceles may
communicate with the peritoneal cavity (communicat-
ing hydrocele of the cord). Excision of the mass via an
inguinal approach (and closure of the patent processus
if the hydrocele of the cord is communicating) is usual-
ly curative.

I.8.1.2
Epididymal Cysts

I.8.1.2.1

Definition

A sperm containing cyst of the epididymis. Synony-
mous with spermatocele.

I.8.1.2.3

Aetiology and Pathogenesis

Epididymal cysts are very common and their incidence
increases with age. In most cases, there is no obvious
cause. They are more common in the progeny of wom-
en treated with diethylstilboestrol (Vohra and Morgen-
taler 1997). Epididymal cyst-adenomas are a feature of
von Hippel-Lindau disease (Gruber et al. 1980).

I.8.1.2.4

Clinical Findings and Investigations

These cysts are usually spherical, transilluminable and
distinct from the testis. They can occur anywhere in the

epididymis but are most commonly located toward the
head.

I.8.1.2.5

Treatment

Most are asymptomatic and once reassured most pa-
tients decline surgical intervention. Scrotal exploration
and excision of the cyst may be indicated if a cyst is par-
ticularly large or if it is perceived to be the source of
scrotal discomfort. Occasionally pressure on the cyst
replicates a patient’s pain. In all cases, patients should
be warned that excision of an apparently painful cyst
may not be associated with resolution of symptoms and
that epididymal cysts can recur. Damage sustained by
epididymal tubules during excision of an epididymal
cyst may predispose to sperm granuloma formation,
which itself may cause chronic discomfort. The risk of
damage to the vas and testicular vessels and the possi-
bility of consequent reduction in sperm quality and fer-
tility should also be explained. Sclerotherapy is an al-
ternative treatment for epididymal cysts (see above).

I.8.1.3
Epididymal Tumours

I.8.1.3.1

Clinical Features

Masses within the epididymis that do not transillumi-
nate or are solid on ultrasound are likely to be epididy-
mal neoplasms. They are usually painless.

I.8.1.3.2

Aetiology and Pathogenesis

Epididymal tumours are nearly always benign adeno-
mas (adenomatoid tumours of the epididymis) (Folpe
and Weiss 2000). Malignant primary epididymal neo-
plasms are very rare. They include leiomyosarcomas,
rhabdomyosarcomas, and lymphomas (Kizer et al.
2001; Novella et al. 2001; Varzaneh et al. 2002; Maniyur
et al. 2003). Metastases to the epididymis have also been
described (Ozdal et al. 2002; Gaskin and Shah 2003).

I.8.1.3.3

Treatment

Surgery for solid epididymal masses should be via an
inguinal approach with control of the cord before deliv-
ery of the testis. Biopsy and analysis of a frozen section
may be used to differentiate benign from malignant ep-
ididymal tumours intraoperatively. The former can be
excised with preservation of the testis, whilst the latter
should be managed by orchiectomy (Goldstein and Wa-
terhouse 1983).
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I.8.1.4
Other Benign Epididymal Lesions:
Sperm Granuloma
I.8.1.4.1

Definition

Sperm granulomas are caused by the inflammatory re-
action that occurs as a consequence of sperm leakage
from the urogenital tract. They consist of sperm and
macrophages within epithelialized channels.

I.8.1.4.2

Aetiology and Pathogenesis

Any procedure or injury that breaches the urogenital
tract and allows leakage of sperm can cause a sperm
granuloma to form. The most common cause is vasec-
tomy. The incidence after vasectomy is hard to quantify
but microscopic sperm granulomas are detectable at
the vasectomy site in 10–30% of men who undergo va-
sectomy reversal.

I.8.1.4.3

Clinical Features

In most men, these granulomas are small and asymp-
tomatic, though they can be as large as 1–2 cm in diam-
eter and tender to palpation. They are probably more
frequent after vasectomy performed by vasal occlusion
(by suture or clip) than after vasectomy by intraluminal
cautery. In men with chronic postvasectomy orchalgia,
pressure on a palpable granuloma may mimic the pa-
tient’s discomfort.

I.8.1.4.4

Treatment

Excision of the granuloma followed by intraluminal
cautery or vasovasostomy is usually curative (Silber
1977; Schmidt 1979; Belker et al. 1992).

I.8.1.5
Other Benign Epididymal Lesions:
Tuberculosis of the Epididymis

I.8.1.5.1

Aetiology and Pathogenesis

Tuberculosis of the epididymis is usually a conse-
quence of haematogenous spread of Mycobacterium tu-
berculosis. The epididymis may be particularly vulner-
able because of its rich blood supply. It may occur in as-
sociation with renal TB, although frequently a renal fo-
cus can be hard to demonstrate. Involvement of the tes-
tis is rare.

I.8.1.5.2

Clinical Features

Presentation is usually with epididymal swelling
(which may or may not be painful) in a man with a pre-
vious history of TB. The diagnosis is usually made by
isolation of M. tuberculosis from the urine or semen.
Where urine cultures are sterile, the bacterium may be
isolated from an epididymectomy specimen from an
epididymal sinus.

I.8.1.5.3

Treatment

Treatment is with antituberculous chemotherapy.
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I.8.2 Testicular Cancer, CIS, Microcalcifications,
TNM Classification
O. Ståhl, J. Eberhard, A. Giwercman

■ Testicular germ cell cancer (GCC) is the most
common malignancy among young men. It
should be suspected in each case of testicular
pain and tumour.

■ GCC can be prevented by screening for carci-
noma-in-situ testis (CIS).

■ Such screening should be considered for
selected groups of patients, including those
with a history of cryptorchidism, poor sperm
counts or those with a unilateral GCC.

■ With modern therapy, approximately 95% of
GCC patients can be cured. The question of
long-term toxicity and quality of life plays,
therefore, a prominent role.

■ GCC per se and its treatment can have negative
effects on the fertility potential of the patient.
Cryopreservation of semen should be offered
prior to therapy, preferably already before
orchiectomy.

■ GCC and its treatment may also have negative
effects on Leydig cell function. GCC patients
should be offered andrological counselling,
both regarding their fertility and need of
androgen replacement therapy.

Key Messages

I.8.2.1
Testicular Cancer

I.8.2.1.1

Definition of the Disease

More than 90% of all testicular cancers in adults are of
a germ cell origin – testicular germ cell cancer (TGCC)
(Richie 1997). Other testicular neoplasms, such as car-
cinoid, lymphoma, spermatocytic seminomas, meso-
thelioma and Leydig- and Sertoli-cell tumours are rare
and will not be discussed.

Histologically, TGCC is divided into two major sub-
groups, seminomas and nonseminomas, each compris-
ing approximately 50%. There are different classifica-
tion systems: the WHO classification of germ cell tu-
mours of the testis (Table I.8.1) (Mostofi and Sester-
henn 1998) is recommended by the European Germ
Cell Cancer Consensus Group (EGCCCG) (Schmoll et
al. 2004). The peak incidence of nonseminomas is in
the late 20s and they are most often mixed tumours his-
tologically. Seminomas typically present in the mid 30s.
Ten per cent of GCCs are primarily located extragonad-
ally, most commonly in the retroperitoneum or rarely

Table I.8.1. WHO classification of germ cell tumours of the tes-
tis (Mostofi and Sesterhenn 1998)

Tumours of one histological type
Seminoma
Spermatocytic seminoma
Embryonal carcinoma
Polyembryoma
Teratoma

Mature
Immature
With malignant transformation

Yolk sac tumour (endodermal sinus tumour)
Choriocarcinoma

Tumours of more than one histological type
Embryonal carcinoma with teratoma (teratocarcinoma)
Choriocarcinoma and other types
Other combinations

primarily in the mediastinum. Cytogenetically, TGCCs
are most often hyperdiploid, isochromosome 12p or
other aberrations of chromosome 12 being virtually al-
ways present (Chaganti et al. 1993).

I.8.2.1.2

Epidemiology

TGCC is the most common malignancy among young
men, but represents only 1–2% of all malignant dis-
eases among males. The incidence is increasing global-
ly, with a 100% rise every 20 years (Schmoll et al. 2004)
and with a great geographical variation. The highest in-
cidences are in Western and Northern Europe, with a
peak incidence of 15/100,000 in Denmark (Richiardi et
al. 2004), compared to less than 1/100,000 in African-
Americans, and an even lower incidence in the Far East.

I.8.2.1.3

Aetiology and Pathogenesis

An increasing amount of evidence indicates that TGCC
develops from carcinoma-in-situ (CIS) germ cells aris-
ing in early foetal life (for details see “Carcinoma-in-Si-
tu of the Testis” below).

I.8.2.1.4

Symptoms and Clinical Findings

GCC should be suspected in men complaining of a
scrotal mass or swelling, or diffuse testicular pain mim-
icking epididymitis or testicular torsion. Sometimes
GCC is accompanied by hydrocele. Physical examina-
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tion usually discloses a testicular tumour. Usually, an
enlargement of testis size and tenderness is palpated;
however, in some cases a small tumour can be palpated
in a normal size or even atrophic gonad.

The primary site of lymph node metastases is ipsi-
lateral retroperitoneal lymph nodes (unless the patient
has undergone any surgical procedure in the inguinal
region altering the lymphatic drainage of the testes).
The first sign of disseminated disease is often lower
back pain, caused by retroperitoneal lymph node
masses. Haematological dissemination occurs primari-
ly to the lungs, and rarely to other sites, such as liver,
brain and skeleton.

I.8.2.1.5

Clinical Investigation

When a testicular tumour is suspected, an ultrasound
of the testes has to be performed, separating extrates-
ticular from intratesticular masses, of which the vast
majority are malignant. If a tumour is found, a transin-
guinal exploration of the testis should be performed,
and if a malignant tumour cannot be ruled out an or-
chiectomy should follow. Blood samples for measure-
ment of serum markers, alpha fetoprotein (AFP), hu-
man chorionic gonadotrophin ( q hCG) and, if available,
also placenta-like alkaline phosphatase (PLAP) are ob-
tained preoperatively. A biopsy from the contralateral
testicle to exclude CIS (see “Carcinoma-in-Situ of the
Testis” below) is recommended at some centres.

After the diagnosis of GCC, staging investigations,
including a CT scan of the thorax, the abdomen and
pelvis, follow. If the tumour markers are increased pre-
operatively, repetitive measurements during follow-up
are used to monitor the presence of metastases. In
seminomas serum levels of q hCG and PLAP are elevat-
ed in 15–20% and 50–60%, respectively. In nonsemi-
nomas q hCG and/or AFP is elevated in 60–70% of
cases. Prolonged elevation of AFP and q hCG after the
removal of the testicular tumour indicates disseminat-
ed disease. LDH (lactate dehydrogenase) is elevated in
70–80% in patients with disseminated GCC and might
add prognostic information, especially if AFP and

Table I.8.2. Clinical use of tumour markers alpha-fetoprotein
(AFP) and q human chorionic gonadotrophin ( q hCG)

To reclassify histological seminomas to nonseminomas,
AFP is elevated in nonseminomas exclusively
To detect metastasized disease
As a prognostic tool in advanced disease
To evaluate the clinical effect of therapy
For early detection of relapse
AFP can be falsely positive in case of liver disease, and rare-

ly habitual
q hCG can be falsely positive in patients who have hypogo-

nadism or who use marijuana

q hCG are normal (Table I.8.2). Due to cross-reactivity
in smokers, the specificity of PLAP analysis is low, but
can be used in nonsmokers with advanced seminoma.

I.8.2.1.6

Staging System

There are several staging systems; the EGCCCG recom-
mends the use of the TNM classification of the Interna-
tional Union Against Cancer (UICC) (2002) (Ta-
ble I.8.3), with, in case of disseminated disease, a risk
grouping according to the prognostic factor-based
classification of the International Germ Cell Cancer
Collaborative Group (IGCCG) (1997). The Royal Mars-
den Hospital staging system (RMH) is also widely used
(Horwich 1995), and was the system most used prior to
the introduction of the prognostic factor-based classifi-
cation of IGCCG.

Table I.8.3. TNM classification according to UICC (Union Inter-
nationale Contre le Cancer) (2002). (CIS Carcinoma-in-situ)

Primary tumour (T)
The extent of primary tumour is usually classified after
radical orchiectomy, and for this reason a pathological
stage is assigned
pTX Primary tumour cannot be assessed
pT0 No evidence of primary tumour (e.g. histologic scar

in testis)
pTis Intratubular germ cell neoplasia (CIS)
pT1 Tumour limited to the testis and epididymis without

vascular/lymphatic invasion; tumour may invade
into the tunica albuginea but not to the tunica vagi-
nalis

pT2 Tumour limited to the testis and epididymis with
vascular/lymphatic invasion, or tumour extending
through the tunica albuginea with involvement of
the tunica vaginalis

pT3 Tumour invades the spermatic cord with or without
vascular/lymphatic invasion

pT4 Tumour invades the scrotum with or without vascu-
lar/lymphatic invasion

Regional lymph nodes (N)
Clinical
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis with a lymph node mass 2 cm or less in

greatest dimension; or multiple lymph nodes none
more than 2 cm in greatest dimension

N2 Metastasis with a lymph node mass more than 2 cm
but not more than 5 cm in greatest dimension; or
multiple lymph nodes, any one mass greater than
2 cm but not more than 5 cm in greatest dimension

N3 Metastasis with a lymph node mass more than 5 cm
in greatest dimension

Pathologic (pN)
pNX Regional lymph nodes cannot be assessed
pN0 No regional lymph node metastasis
pN1 Metastasis with a lymph node mass 2 cm or less in

greatest dimension; and less than or equal to five
nodes positive, none more than 2 cm in greatest
dimension

184 I.8 Benign Lesions and Malignant Tumours of the Male Genital Tract

I.8



Table I.8.3. (Cont.)

N2 Metastasis with a lymph node mass more than
2 cm but not more than 5 cm in greatest dimen-
sion; or more than five nodes, none more than
5 cm; or evidence of extranodal extension of
tumour

N3 Metastasis with a lymph node mass more than
5 cm in greatest dimension

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
M1a Nonregional nodal or pulmonary metastasis
M1b Distant metastasis other than nonregional

nodal or pulmonary metastasis

Serum tumour markers (S)
SX Marker studies not available or not performed
S0 Marker study levels within normal limits
S1 LDH<1.5 × na and q hCG (mIU/ml) <5,000 and

AFP (ng/ml) <1,000
S2 LDH >1.5–10 × n or q hCG (mIU/ml)

5000–50 000 or AFP (ng/ml) 1,000–10,000
S3 LDH >10 × n or q hCG (mIU/ml) >50,000 or

AFP (ng/ml) >10,000

Stage grouping
Stage 0 pTis N0 M0 S0
Stage I pT1–4 N0 M0 SX
Stage IA pT1 N0 M0 S0
Stage IB pT2 N0 M0 S0

pT3 N0 M0 S0
pT4 N0 M0 S0

Stage IS Any pT/Tx N0 M0 S 1–3
Stage II Any pT/Tx N1–3 M0 SX
Stage IIA Any pT/Tx N1 M0 S 0–1
Stage IIB Any pT/Tx N2 M0 S 0–1
Stage IIC Any pT/Tx N3 M0 S 0–1
Stage III Any pT/Tx Any N M1 SX
Stage IIIA Any pT/Tx Any N M1a S 0–1
Stage IIIB Any pT/Tx N1–3 M0 S2

Any pT/Tx Any N M1a S2
Stage IIIC Any pT/Tx N1–3 M0 S3

Any pT/Tx Any N M1a S3
Any pT/Tx Any N M1b Any S

a n indicates upper limit of normal for the lactate dehydro-
genase (LDH) assay

Table I.8.4. Stage distribution according to RMH criteria (Hor-
wich 1995) with frequencies based on the Swedish-Norwegian
testicular cancer groups registration

Stage Seminoma Nonseminoma

I 88% 57%
II 10% 24%
III 1% 2%
IV 1% 16%

In short, stage I disease is confined to the testicle; stage
II disease is confined to infradiaphragmal lymph node
involvement. Stage III in the TNM classification is de-
fined as dissemination to supradiaphragmal lymph
nodes and/or visceral metastasis. Using the RMH clas-
sification, stage III disease includes supradiaphragmal

lymph node involvement, and stage IV extralymphatic
involvement (lung, liver, brain and skeleton). For stage
distribution according to the RMH classification, see
Table I.8.4.

I.8.2.1.7

Treatment

Unless life-threatening metastatic disease is present,
orchiectomy is done prior to further treatment. Sperm
banking should be offered all GCC patients since anti-
cancer treatment might jeopardize future fertility (see
below). Because of the risk of postorchiectomy azoo-
spermia, sperm cryopreservation should preferably be
performed prior to surgery. Radical orchiectomy is
performed through an inguinal incision, and the entire
testicle and spermatic cord are excised at the level of the
internal inguinal ring. Further treatment is decided by
histological diagnosis, stage of the disease and risk
classification.

TGCC is a highly curable disease, and the single
most important reason is the susceptibility to chemo-
therapy and to cisplatin in particular.

Stage I Disease

Without adjuvant therapy, the risk of relapse is 15–
50% (Schmoll et al. 2004), depending on histology and
a histopathological risk assessment. Adjuvant therapy
will reduce the risk of relapse to 2–5% (Schmoll et al.
2004). The tumour-specific survival is not affected by a
relapse, but it will demand more intensive treatment.

Seminomas are extremely susceptible to both radio-
therapy and chemotherapy. The treatment options are
surveillance, with chemo- or irradiation therapy in
case of relapse, or adjuvant therapy, with either chemo-
therapy, (one cycle of carboplatin), or irradiation (ret-
roperitoneal lymph nodes) (Schmoll et al. 2004). If the
tumour size exceeds 4 cm and rete testis is invaded by
tumour cells the risk of relapse is around 30% (Warde
et al. 2002) and adjuvant treatment is recommended. In
other cases treatment is optional.

Nonseminomas are less sensitive to radiotherapy,
and treatment options are surveillance or adjuvant
treatment, chemotherapy (one or two cycles of chemo-
therapy) or in some centres nerve-sparing retroperito-
neal lymph node dissection (RPLND) (Schmoll et al.
2004). If vascular invasion is present in the testicular
tumour, the relapse risk is 50% (Klepp et al. 1997), and
these patients are recommended adjuvant therapy. In
other cases treatment is optional.

Stage II Disease

Both treatment and prognosis depend upon the extent
of lymph node involvement. For patients with limited
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lymph node engagement, the cure rate is 97–98%
(Classen et al. 2003; Schmoll et al. 2004). Seminomas
are treated with radiotherapy primarily, and in case of
relapse or if radiotherapy is contraindicated, chemo-
therapy is given. Nonseminomas are treated with three
to four cycles of chemotherapy, sometimes followed by
RPLND.

Stage II disease with more extensive retroperitoneal
involvement is treated as discussed below.

Advanced Disease

The primary treatment is always cisplatin-based che-
motherapy, for nonseminomas the BEP regimen (bleo-
mycin, etoposide and cisplatin) and for seminomas
usually the EP regimen (BEP minus bleomycin). Treat-
ment efficacy is evaluated continuously by following
the decline of tumour markers in serum, and by radio-
logical assessments.

Based upon the treatment response, extensive sur-
gery is sometimes indicated, primarily for nonsemino-
ma patients. Nonseminomas often contain benign
components, teratomas, which over time have the abili-
ty for both growth and malignant transformation. The
benign components remain unaffected by chemothera-
py, and therefore need to be surgically removed. In
nonsatisfactory treatment responses, high-dose treat-
ment with autologous stem cell support is a treat-
ment option, currently under investigation (Beyer et al.
1996).

Table I.8.5. IGCCCG classification of prognostic groups (1997)

Prognosis Percentage
of patients
(%)

5-year
survival
(%)

Nonseminoma Seminoma

Good 56 90 Testis or primary extragonadal retroperitoneal tumour
and low markers

Any primary location

AFP <1,000 ng/ml Any marker level
And q -hCG <1,000 ng/ml (<5,000 IU/l) And no nonpulmonary

visceral metastases
And LDH <1.5 × normal level
And no nonpulmonary visceral metastases

Inter-
mediate

28 80 Testis or primary extragonadal retroperitoneal tumour
and intermediate markers

Any primary location

AFP 1,000–10,000 ng/ml And presence of nonpulmo-
nary visceral metastases
(liver, CNS, bone, intestine)
Any marker level

And/or q -hCG 1,000-10,000 ng/ml (5,000-50,000 IU/l)
And/or LDH 1.5–10 × upper normal level
And no presence of nonpulmonary visceral metastases

Poor 16 50 Primary mediastinal germ cell tumour with or without
further risk factors

Testis or primary retroperitoneal tumour
And presence of nonpulmonary visceral metastases

(liver, CNS, bone, intestine)
And/or high markers
AFP >10,000ng/ml
And/or q -hCG > 10,000 ng/ml (50,000 IU/l)
And/or LDH >10 × normal level

I.8.2.1.8

Prognosis

Today 95% of all TGCC patients are cured (Schmoll et
al. 2004), and treatment recommendations consider
not only cure but also the least long-term toxicity pos-
sible.

The cure rate for stage I disease and stage II with
limited lymph node involvement is nearby 100%
(Schmoll et al. 2004). The prognosis for TGCC patients
with more advanced disease depends on numerous fac-
tors. The cure rate varies from less than 50% (in case of
extensive brain metastases) to more than 90% (1997)
(Table I.8.5).

I.8.2.1.9

Side-Effects

The BEP regimen is known to potentially give numer-
ous acute side-effects such as alopecia, bone marrow
depression and nausea. Cisplatin is nephrotoxic and
can induce chronic renal damage. Cisplatin is also po-
tentially oto- and neurotoxic, with a small risk of devel-
oping a permanent hearing disorder or polyneuropa-
thy. Pneumonitis and pulmonary fibrosis are toxicities
associated with bleomycin in a dose-related manner;
the cumulative dose is crucial.

The long-term toxicity of GCC treatment is not fully
known. Sperm production is affected in a dose-depen-
dent manner. Adjuvant chemotherapy does not seem to
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have a negative effect on sperm number, whereas high-
er doses of chemotherapy or radiotherapy can induce
persistent azoospermia (Petersen et al. 1994; Eberhard
et al. 2004). However, for most patients receiving stan-
dard therapy the reproduction ability will return to
pretreatment capacity within 2–3 years after treatment
(Eberhard et al. 2004). Today we lack the means of iden-
tifying the patients who are at risk of developing per-
manent sterility, which is why sperm banking is recom-
mended. Artificial reproductive techniques, such as
ICSI (intracytoplasmic sperm injection) has improved
chances of fatherhood for these patients.

RPLND may lead to retrograde ejaculation, even
though surgical nerve sparing techniques decrease the
risk.

TGCC is associated with hypogonadism, and the
treatment may further decrease testosterone levels; the
patients treated for TGCC should be considered as be-
ing at risk for developing androgen deficiency. Long-
term side-effects also include increased risk of cardio-
vascular diseases and second malignancies (Huddart
et al. 2003; Zagars et al. 2004).

I.8.2.1.10

Prevention

See “Carcinoma-in-Situ of the Testis” below.

I.8.2.2
Carcinoma-in-Situ of the Testis

I.8.2.2.1

Definition of the Disease

The term “carcinoma-in-situ” (CIS) of the testis refers
to a characteristic histological pattern preceding all
types of TGCC, except the spermatocytic seminoma.
The association between CIS and subsequent develop-
ment of TGCC was initially reported in 1972 by Skak-
kebæk (1972). In most typical cases the CIS cells are lo-
cated inside the seminiferous tubules with normal-ap-
pearing Sertoli cells. In some cases, other cells of sper-
matogenesis, even including spermatids, can be pre-
sent in tubules containing CIS. The CIS cells possess
typical cellular characteristics of neoplasia with large
and irregular nucleus, coarse chromatin clumps as well
as often multiple nuclei (Skakkebæk 1978). The cyto-
plasm is abundant and glycogen-rich. Apart from the
term “CIS” other designations such as “gonocytoma-
in-situ”, “intratubular germ cell neoplasia” and “semi-
noma in situ” have been applied.

I.8.2.2.2

Aetiology and Pathogenesis

The aetiology of testicular malignancy is still un-
known. However, there is growing evidence indicating
that CIS cells arise already during the foetal life, most
likely primordial germ cells/gonocytes, at an early time
point during intrauterine development (Rajpert-De
Meyts et al. 1996). High risk of testicular malignancy
has been found in patients with intersex conditions due
to androgen insensitivity or some forms of gonadal
dysgenesis. Furthermore, men with a history of crypt-
orchidism seem to have five to ten times increased risk
of CIS and subsequently TGCC (Giwercman et al. 1993).
It has been suggested that the malignant transforma-
tion from gonocytes into CIS cells is triggered by an im-
balance between oestrogen and androgen effect in fa-
vour of the female sex hormones. This imbalance might
be due to endogenous factors. However, it has even
been hypothesized that exposure to environmental
chemicals with an oestrogenic or antiandrogenic effect
may increase the risk of CIS (Skakkebæk et al. 2001).

Available data indicate that having CIS implies a
very high risk of subsequent development of invasive
tumour. Thus, in infertile men, 70% of patients in
whom CIS was diagnosed developed cancer during a 7-
year follow-up. Spontaneous regression of CIS has not
been reported, so it seems probable that all cases of CIS,
sooner or later, progress to TGCC (Giwercman et al.
1993). The progression of CIS to invasive tumour is
probably dependent on the action of sex steroids and/
or gonadotrophins. CIS can progress to seminomas as
well as nonseminomas.

I.8.2.2.3

Clinical Findings: History, Physical Examination, Technical

Investigations, Laboratory Findings

Certain high-risk groups for development of CIS have
been identified, with the numbers in parentheses indi-
cating the percentage of individuals having CIS (Giwer-
cman 1992):

1. Patients with unilateral TGCC (5–6% in the con-
tralateral testis)

2. Men with a history of cryptorchidism (2–3%)
3. Infertile men with impairment of spermatogenesis

(2–3% of patients with nonobstructive azoosper-
mia)

4. Patients with extragonadal germ cell tumour
(50%)

5. Intersex patients with Y chromosome (25–50%)
The presence of CIS is usually not associated with
any specific symptoms, although a few patients
have registered some reduction of size and even
tenderness of the testis. No tumour is palpable.
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However, testicular ultrasound discloses the so-
called testicular microlithiasis (TM) – multiple, uni-
form, nonshadowing echogenic foci in the testis
(Lenz et al. 1987; von Eckardstein et al. 2001). In
groups 1 and 2 above, the presence of TM was found
to be associated with an approximately 20% risk of
having CIS (Lenz et al. 1996; von Eckardstein et al.
2001). However, absence of TM does not exclude CIS
(Lenz et al. 1996). There are no specific serum mark-
ers which can be used for diagnosing CIS.

The most reliable method for diagnosing CIS is open
surgical biopsy. Since the CIS changes are in most cases
spread throughout the testis, a single tissue specimen
of 3 mm in diameter is very sensitive (95%) in diagno-
sis of CIS (Dieckmann et al. 1999). When assessed by a
trained pathologist, the diagnosis can be made in stan-
dard (haematoxylin-eosin) stained specimens. Howev-
er, the recognition of CIS can be facilitated by use of im-
munohistochemical markers such as placenta-like al-
kaline phosphatase or others. The sensitivity of needle
biopsy or fine-needle aspiration is as yet unknown.

Screening for CIS by biopsy should be offered to the
above-mentioned high-risk groups. In TGCC patients,
a biopsy of the contralateral testicle may be performed,
depending on local recommendations. In men with ex-
tragonadal germ cell tumour, a bilateral biopsy is rec-
ommended. As regards infertile men, with or without
history of cryptorchidism, ultrasound examination can
be used as prescreening and the biopsy restricted to
those having TM. Intersex patients require individual-
ized management, but the high risk of malignancy
should be taken into consideration.

I.8.2.2.4

Differential Diagnosis

For a trained pathologist, the histological diagnosis of
CIS does not usually imply any difficulties. Abnormal,
large spermatogonia, often seen in testes of infertile
men or in cryptorchid gonads, may be misinterpreted
as being CIS cells. In such cases, the use of immunohis-
tochemical markers (see above) may be helpful.

I.8.2.2.5

Treatment

The goal of the therapy of testicular CIS is prevention of
TGCC and the treatment of choice depends on whether
the malignancy is unilateral or bilateral.

If the malignancy is unilateral (the biopsy from the
other testis should also be taken since 5–6% of cases
are bilateral) – as most often seen in infertile men or in
cryptorchid testes – orchiectomy is the therapy of
choice. Subsequently, the usual tumour-staging proce-
dure should be performed in order to exclude metasta-

ses, which, however, have not been reported in case of
isolated testicular CIS.

In men with unilateral TGCC, harbouring CIS in the
contralateral gonad, or in the rare cases of bilateral CIS,
localized irradiation is recommended. Irradiation is
given in fractionated doses of 2 Gy and the total dose
should be between 16 and 20 Gy (Petersen et al. 2002;
Schmoll et al. 2004). The advantage of using irradiation
instead of orchiectomy is that the patient will keep en-
dogenous testosterone production if the testicle is left.
In more than 50% of these cases, androgen replace-
ment will not be necessary (Petersen et al. 2002). How-
ever, radiotherapy is not recommended if the other tes-
tis is without malignancy, since the spermatogenesis
becomes irreversibly destroyed by this treatment.
Therefore, cryopreservation of sperm should be per-
formed prior to irradiation for CIS.

I.8.2.2.6

Results of Treatment

In case of orchiectomy, the disease is cured and there
is no risk of subsequent tumour development. Anec-
dotic cases of TGCC following testicular irradiation
for CIS have been reported (Petersen et al. 2002). How-
ever, in such cases, the dose given was 14 Gy, and no
treatment failure has been reported after 16 Gy radia-
tion therapy.

It should be kept in mind that patients have a risk of
developing Leydig cell insufficiency and consequently
hypogonadism as a consequence of orchiectomy as well
as testicular irradiation.

I.8.2.2.7

Prognosis

See “Results of Treatment” above.

I.8.2.2.8

Prevention

Prevention is not possible, but screening for CIS is to be
considered as prevention of TGCC.
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I.8.3 Penile Inflammations
F.-M. Köhn

■ Since andrologists pay special attention to the
inspection and palpation of the male genital
region, they should have knowledge about
dermatologically relevant penile lesions.

■ Inflammatory dermatoses of the penis may be
symptoms of general diseases or specific alter-
ations of the genital region.

■ The differential diagnoses of penile derma-
toses include infections, balanitides, neoplastic
diseases, trauma, papulosquamous or systemic
diseases, fixed drug reactions, allergic or irri-
tant contact dermatitis and miscellaneous
lesions.

■ Some men may also be worried because they
have discovered penile alterations which are
physiological variations such as heterotopic
sebaceous glands or pearly penile papules.

Key Messages

I.8.3.1
Introduction

Inflammatory dermatoses of the penis may be symp-
toms of general diseases or specific alterations of the
genital region. The differential diagnosis includes in-
fectious diseases or benign and malignant neoplasias.
Often patients consult their physicians only if the pe-
nile disorders cause pain or affect sexual intercourse.
The differential diagnoses of penile dermatoses include
infections, balanitides, neoplastic diseases, trauma, pa-
pulosquamous or systemic diseases, fixed drug reac-
tions, allergic or irritant contact dermatitis and miscel-
laneous lesions (English et al. 1997; Köhn et al. 1999;
Buechner 2002; Bunker 2001, 2004). This section will
only focus on the most important inflammatory penile
diseases.

Fig. I.8.2. Heterotopic sebaceous glands

In contrast, men may also be worried because they have
discovered penile alterations which are physiological
variations such as heterotopic sebaceous glands (Fig.
I.8.2) or pearly penile papules.

I.8.3.2
Pearly Penile Papules

I.8.3.2.1

Definition

Normal anatomic structures located at the glans penis.

I.8.3.2.2

Aetiology and Pathogenesis

Histologically, these papules are acral angiofibromas
with acanthosis, dense connective tissue and a rich vas-
cular complex (Ackerman and Kronberg 1973).

I.8.3.2.3

Clinical Findings

Pearly penile papules are skin-coloured, asymptomatic
and sometimes hyperkeratotic 1- to 2-mm papules with
circumferential distribution around the corona of the
glans penis (Fig. I.8.3). Their incidence was found to be
more than 30% (Rehbein 1977; Rufli et al. 1978).

I.8.3.2.4

Differential Diagnosis

Although pearly penile papules are typical, they are fre-
quently misdiagnosed as condylomata or ectopic seba-
ceous glands.

Fig. I.8.3. Pearly penile papules
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I.8.3.2.5

Treatment

Treatment is not indicated and patients should be assured
about the harmlessness of pearly penile papules. Howev-
er, they have also been treated by carbon dioxide laser
and cryosurgery (Magid and Garden 1989; Ocampo-Can-
diani and Cueva-Rodriguez 1996; Lane et al. 2002).

I.8.3.3
Sclerosing Lymphangitis of the Penis

I.8.3.3.1

Definition

The disease is caused by a thrombosed or sclerosed
lymphatic vessel.

I.8.3.3.2

Aetiology and Pathogenesis

This disorder most often occurs after vigorous sexual
activity and resolves spontaneously. However, it may
also be associated with underlying sexually transmit-
ted diseases (Rosen and Hwong 2003).

I.8.3.3.3

Clinical Findings

The typical symptom of the nonvenereal sclerosing
lymphangitis is a minimally tender, indurated cord in-
volving the coronal sulcus (Fig. I.8.4).

I.8.3.3.4

Differential Diagnosis

Sudden and almost painless cord-like induration on
the penile dorsal surface is due to penile Mondor’s dis-
ease which may be treated with nonsteroidal anti-
inflammatory drugs (Sasso et al. 1996).

Fig. I.8.4. Sclerosing lymphangitis of the penis

I.8.3.3.5

Treatment

Treatment is usually not indicated. Topical treatment
with corticosteroids is recommended in chronic cases
with pain.

I.8.3.3.6

Prognosis

Self-limiting course.

I.8.3.4
Balanitis and Balanoposthitis

I.8.3.4.1

Definition

Balanoposthitis is the inflammation of the contiguous
and opposing mucosa of the glans penis (balanitis) and
the prepuce (posthitis, Fig. I.8.5).

I.8.3.4.2

Aetiology and Pathogenesis

The differential diagnosis of balanoposthitis includes
many infectious and noninfectious diseases (Table
I.8.6). Some cases of balanoposthitis cannot be classi-
fied. However, it could be demonstrated that they show
common clinical and histopathological features. Bala-
nitis was diagnosed in 11% of 2,006 patients attending
a genitourinary medicine clinic (Birley et al. 1993).
In the general population, the incidence of balanitis
depends on whether patients are circumcised or not.

Fig. I.8.5. Acute balanoposthitis after infection with Candida
albicans (several days after start of antimycotic treatment)
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Table I.8.6. Dermatologically relevant penile infections (accord-
ing to English et al. 1997; Köhn et al. 1999)

Mycotic infections Candida species
Malassezia furfur
Trichophyton rubrum
Trichophyton mentagrophytes
Histoplasma capsulatum
Blastomycosis dermatitidis
Cryptococcus neoformans
Penicillium marneffei

Bacterial infections Group B q -haemolytic streptococci
Group A q -haemolytic streptococci
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus milleri, group HB5
Escherichia coli
Pseudomonas aeruginosa
Haemophilus parainfluenza
Klebsiella
Enterococcus faecalis
Proteus mirabilis
Morganella
Gardnerella vaginalis
Bacteroides species
Mycobacterium tuberculosis
Mycobacterium celatum
Chlamydia trachomatis
Mycoplasma hominis
Neisseria gonorrhoeae
Treponema pallidum
Haemophilus ducreyi
Calymmatobacterium granulomatis

Viral infections Herpes simplex virus
Human papillomavirus
Varicella-zoster virus
Molluscum contagiosum virus

Parasitic infections Entamoeba histolytica
Trichomonas vaginalis
Sarcoptes scabiei
Leishmania species

A cross-sectional study with a randomly selected group
of 398 dermatology patients demonstrated that balani-
tis was present in 2.3% of circumcised men and in
12.5% of uncircumcised men. In patients with diabetes
mellitus, balanitis occurred with a higher prevalence of
34.8% in the uncircumcised population (Fakjian et al.
1990).

The group of microorganisms causing penile lesions
is heterogeneous and includes mycotic, bacterial, para-
sitic and viral infections (Table I.8.7). Mycotic and bac-
terial infections become mainly manifest as balanitis or
balanoposthitis and sometimes as ulcerations or gan-
grene. The most frequent causes of infectious balanitis
or balanoposthitis are Candida and Streptococcus spe-
cies. However, anaerobes were also often found in un-
circumcised men (76%) with balanoposthitis (Masfari
et al. 1983). Bacteroides species were the predominant
microorganisms in anaerobic balanitis (Cree et al.
1982). In tropical countries or in patients infected with

Table I.8.7. Differential diagnosis of balanitis and balano-
posthitis (according to Johnson 1993, Köhn et al. 1999)

Infections
Nonspecific intertrigo
Traumatic injury
Allergic or irritant contact dermatitis
Psoriasis vulgaris
Balanitis circinata of Reiter’s syndrome
Fixed drug eruption
Malignant neoplasias
Plasma cell balanitis
Lichen sclerosus et atrophicus
Pemphigus

human immunodeficiency virus, even rare infections
of the penis have to be considered (e.g. leishmaniasis,
leprosy, mycobacteriosis).

Dermatologically relevant parasitic infections of the
penis are those with Trichomonas and scabies. Glans
penis and foreskin lesions (balanoposthitis) occurred
in 34% of 46 males with trichomoniasis and were pre-
dominantly of the erosive type (Michalowski 1981).

I.8.3.4.3

Clinical Findings

Balanitis can be acute or chronic. Typical symptoms of
balanitis are erythema (100%), swelling (91%), dis-
charge (73%), dysuria (13%), bleeding (2%) and
sometimes ulceration of the glans penis (1%) (Escala
and Rickwood 1989). Nocturnal pruritus and erythem-
atous, excoriated papules of the penis are typical for
scabies.

I.8.3.4.4

Differential Diagnosis

The differential diagnoses are summarized in Table
I.8.6.

I.8.3.4.5

Treatment

Treatment of balanoposthitis depends on aetiological
agents or diseases. Therefore, antimicrobic, anti-
inflammatory therapy or circumcision, especially in
cases of recurrent balanoposthitis, are performed.

I.8.3.4.6

Prognosis

The prognosis depends on the aetiology of balanitis.
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I.8.3.5
Lichen Sclerosus et Atrophicus

I.8.3.5.1

Definition

Lichen sclerosus et atrophicus is a chronic sclerotic
process with unknown aetiology.

I.8.3.5.2

Aetiology and Pathogenesis

Traumatic factors, autoimmune disease, genetic factors
and hormonal factors have been discussed.

I.8.3.5.3

Clinical Findings

The disease shows a predominant localization (83%) in
the genital region and is mostly found in uncircum-
cised middle-aged men (Meffert et al. 1995; English et
al. 1997). However, clinical examinations of 100 boys
before circumcision due to phimosis demonstrated li-
chen sclerosus et atrophicus in 14 cases (Chalmers et al.
1984). In general, lichen sclerosus et atrophicus is
found in 3.6–19% of foreskins removed for various
reasons (English et al. 1997).

The disease is characterized by erythematous mac-
ules and plaques, which progress to white atrophic and
sclerotic papules and plaques of the glans penis and the
prepuce (Fig. I.8.6). While early lesions are asymptom-
atic, later patients report pruritus, burning, diminished
sensation of the glans, painful erections, meatal steno-
sis, adhesions between prepuce and glans penis and
phimosis. Haemorrhages, erosions and ulcerations
may also be found in these lesions.

Fig. I.8.6. Lichen sclerosus et atrophicus

Lichen sclerosus was found in 68 of 207 patients with
squamous cell carcinomas and giant condylomas. The
preferential anatomic site of lichen sclerosus was the
foreskin (Velazquez and Cubilla 2003). In contrast, 5 of
86 uncircumcised men with genital lichen sclerosus
showed malignant or premalignant histopathologic
features (three squamous cell carcinoma, one erythro-
plasia of Queyrat, one verrucous carcinoma). The aver-
age lag time from onset of lichen sclerosus was 17 years.
HPV 16 infection was detected by polymerase chain re-
action (PCR) in four of these patients (Nasca et al.
1999).

I.8.3.5.4

Differential Diagnosis

Vitiligo, postinflammatory hypopigmentation, post-
traumatic or surgical scars, cicatrizing pemphigoid.

I.8.3.5.5

Treatment

Treatment includes circumcision, local therapy with
corticosteroids (clobetasol) or immunomodulators
(tacrolimus), carbon dioxide laser vaporization and
topical application of antimicrobic agents in cases of
superinfection (Neill and Ridley 2001). Therapy with
testosterone propionate is not a generally recommend-
ed option nowadays. Patients with lichen sclerosus et
atrophicus should be monitored regularly.

I.8.3.5.6

Prognosis

In rare cases, verrucous or squamous cell carcinoma
can develop in lesions of lichen sclerosus et atrophicus.

I.8.3.6
Balanitis Circumscripta Plasmacellularis
(Zoon’s Balanitis)

I.8.3.6.1

Definition

Plasma cell balanitis is a chronic disease in uncircum-
cised middle-aged and older men. The prevailing
histological feature is the predominance of plasma
cells.

I.8.3.6.2

Aetiology and Pathogenesis

The aetiology is unknown. Poor hygiene and chronic
infection with Mycobacterium smegmatis, physical fac-
tors such as heat, friction or trauma, unknown exoge-
nous agents and immunological processes involving
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IgE class antibodies have been postulated to play a role
in the pathogenesis of Zoon’s balanitis (English et al.
1997).

I.8.3.6.3

Clinical Findings

The disease appears as solitary, shiny, erythematous,
smooth plaque of the glans penis and/or the prepuce
(Kumar et al. 1995). Sometimes the colour is similar to
that of cayenne pepper. Clinical variations with erosive
and vegetative types are known (Johnson 1993). The le-
sion is asymptomatic with the exception of mild pruri-
tus. The diagnosis of plasma cell balanitis has to be
confirmed by biopsies and histopathological examina-
tions. Histological findings are epidermal atrophy, loss
of rete ridges, spongiosis, dense dermal infiltrate with
plasma cells and scattered lymphocytes. Erythrocyte
extravasation and haemosiderin deposition cannot al-
ways be found (Fig. I.8.7; Kumar et al. 1995).

I.8.3.6.4

Differential Diagnosis

The differential diagnosis of plasma cell balanitis in-
cludes erythroplasia of Queyrat, extramammary Pa-
get’s disease, fixed drug eruption, allergic contact der-
matitis, psoriasis, eczema, lichen planus, lichen sim-
plex chronicus, lichen sclerosus et atrophicus, HPV in-
fection, Kaposi’s sarcoma, secondary syphilis, Candida
balanitis, Reiter’s disease and pemphigus vulgaris.

I.8.3.6.5

Treatment

Positive effects on the disease have been reported by
treatment with corticosteroids, circumcision, antimi-
crobic agents and carbon dioxide laser.

Fig. I.8.7. Balanitis circumscripta plasmacellularis (Zoon’s ba-
lanitis)

I.8.3.6.6

Prognosis

Chronic disease with poor response to treatment. No
association with penile cancer.

I.8.3.7
Balanitis Circinata

I.8.3.7.1

Definition

Reiter’s syndrome is defined as the triad of reactive ar-
thritis, conjunctivitis and urethritis; in addition, a vari-
ety of minor symptoms such as diarrhoea, inflammato-
ry eye diseases and mucocutaneous lesions can be pre-
sent.

I.8.3.7.2

Aetiology and Pathogenesis

The pathogenesis of this disease is not completely un-
derstood. Certain genital and gastrointestinal infec-
tions trigger the syndrome in genetically predisposed
patients (HLA-B27 positivity in up to 90%). The infec-
tious agents implicated include Chlamydia trachoma-
tis, Shigella flexneri, Salmonella species, Yersinia ent-
erocolitica, Campylobacter species, Ureaplasma urealy-
ticum and Neisseria gonorrhoeae (Adimora et al. 1994).
Genital chlamydial infections are the most frequently
occurring infections associated with Reiter’s syndrome
(50% of male patients). The incidence and prevalence
of Reiter’s syndrome vary geographically. It is still
speculative whether males are more commonly affect-
ed than females.

I.8.3.7.3

Clinical Findings

Most patients are between 30 and 40 years old. The inci-
dence of Reiter’s syndrome in men younger than
50 years is 3.5 per 100,000 (Michet et al. 1988). Balanitis
circinata is the most common skin finding in patients
with this disease; it is found in 12–70% of all patients
with Reiter’s syndrome (English et al. 1997). The le-
sions are painless and appear as serpiginous, erythem-
atous, sometimes also erosive plaques with ragged
margins (Fig. I.8.8). They are located at the glans penis
in uncircumcised men. In circumcised men, the lesions
are dry and scaling, resembling psoriasis (Johnson
1993). The histopathological pattern is psoriatic.

I.8.3.7.4

Differential Diagnosis

Candida balanitis.
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Fig. I.8.8. Balanitis circinata

I.8.3.7.5

Treatment

Treatment of first choice is local application of mild
corticosteroids.

I.8.3.7.6

Prognosis

Subacute or chronic disease.

I.8.3.8
Psoriasis Vulgaris

I.8.3.8.1

Definition

Psoriasis vulgaris is a chronic relapsing skin disease
with erythrosquamous lesions. In addition to lichen
planus, it is the most frequently occurring syste-
mic dermatosis with optional genital manifestation
(Table I.8.8).

Table I.8.8. Papulosquamous and systemic diseases with lesions
at the glans penis and prepuce (according to Johnson 1993; En-
glish et al. 1997; Köhn et al. 1999)

Psoriasis vulgaris
Lichen planus
Lichen nitidus
Seborrhoeic dermatitis
Atopic dermatitis
Pityriasis rosea
Crohn’s disease
Ulcerative colitis
Sarcoidosis
Amyloidosis
Vitiligo
Pemphigus variants
Bullous pemphigoid

Dermatitis herpetiformis
Henoch-Schönlein-purpura
Wegener’s granulomatosis
Neurofibromatosis
Necrobiosis lipoidica
Hypereosinophilic syndrome
Behçet’s syndrome
Angiokeratoma corporis

diffusum
Erythema multiforme
Lichen sclerosus et atrophicus
Balanitis circinata
Mastocytosis

I.8.3.8.2

Aetiology and Pathogenesis

Psoriatic lesions are characterized by keratocyte prolif-
eration (reduction of epidermal cell cycle from 311 h to
36 h) and inflammation/immune mechanisms (in-
creased numbers of activated T cells within the altered
epidermis and dermis. Early onset psoriasis is associat-
ed with class I and II HLA markers (B13, Bw57, Cw6,
DR7), late onset psoriasis with A2 and B27. Trigger fac-
tors are trauma (Koebner phenomenon), (streptococ-
cal) infections, stress and drugs (beta-adrenergic
blockers). Infection with human immunodeficiency vi-
rus also seems to be a trigger for anogenital psoriasis
(Weitzul and Duvic 1997).

I.8.3.8.3

Clinical Findings

The incidence of psoriasis in Western countries ranges
between 1% and 2%. Psoriasis was diagnosed histolog-
ically in 3% of 60 male patients attending a genitouri-
nary medicine clinic (Hillman et al. 1992). Psoriatic le-
sions of the genital region occur in all age groups from
infancy to the elderly. Approximately 25–50% of epi-
demiologic studies report that genital psoriasis is pre-
sent with a higher frequency in males than in females
(Farber and Nall 1992). The clinical pattern of penile
psoriasis varies between circumcised and uncircum-
cised men. While psoriatic lesions appear as well-de-
marcated erythematous plaques without scale in oc-
cluded skin (intact foreskin, Figs. I.8.9, I.8.10), psoriat-
ic plaques are erythematous, with varying accumula-
tions of scale in circumcised men (Fig. I.8.11; Johnson
1993). With the exception of optional pruritus or in-

Fig. I.8.9. Psoriasis vulgaris of the penis with well-demarcated
nonscaling plaques
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Fig. I.8.10. Psoriasis vulgaris of the penis

Fig. I.8.11. Psoriasis vulgaris of the penis with a scaling plaque

creased sensitivity during sexual intercourse, psoriatic
lesions of the penis are asymptomatic.

I.8.3.8.4

Differential Diagnosis

Zoon’ balanitis, lichen planus, erythroplasia of Queyrat
and extramammary Paget’s disease.

I.8.3.8.5

Treatment

Treatment includes topical application of corticoste-
roids, Castellani’s paint or vitamin D analogues.

I.8.3.8.6

Prognosis

Chronic and relapsing disease. Genital complications
associated with the therapy of psoriasis such as devel-
opment of squamous cell carcinoma or genital ulcera-
tions were demonstrated after PUVA therapy and local
treatment with tazarotene, respectively (De la Brassin-
ne and Richert 1992; Wollina 1998).

I.8.3.9
Lichen Planus

I.8.3.9.1

Definition

Lichen planus is an inflammatory dermatosis affecting
both mucosal and keratinized epithelium. The male
genitalia are affected in 25% of cases.

I.8.3.9.2

Aetiology and Pathogenesis

The aetiology of lichen planus is unknown. Immuno-
logic mechanisms seem to play a major role. Associa-
tion with hepatitis C has been reported (Tanei et al.
1997).

I.8.3.9.3

Clinical Findings

Penile lichen planus appears as typical polygonal, flat-
topped papules with annular configuration and white
striae (Figs. I.8.12, I.8.13). Erosive variants are also
known. Although genital lesions are usually associated
with lichen planus of other skin regions, they may de-
velop as initial or exclusive manifestation of lichen pla-
nus. In typical cases diagnosis is made clinically; other-
wise histological examinations of biopsies are neces-
sary.
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Fig. I.8.12. Penile lichen planus of the glans penis showing typi-
cal polygonal, flat-topped papules with annular configuration
and white striae

Fig. I.8.13. Penile lichen planus of the penile shaft

I.8.3.9.4

Differential Diagnosis

Psoriasis, Zoon’s balanitis, lichen sclerosus, viral warts
(including Bowenoid papulosis), porokeratosis.

I.8.3.9.5

Treatment

Treatment of penile lichen planus includes topical ap-
plication of corticosteroids. In individual cases, erosive

Fig. I.8.14. Fixed drug eruption with a well-demarcated ery-
thematous macule and blistering

lesions have also been systemically treated with ciclo-
sporin or thalidomide (Perez-Alfonzo et al. 1987; Jemec
and Baadsgaard 1993).

I.8.3.9.6

Prognosis

While spontaneous remission with postinflammatory
hyperpigmentation can be expected in most cases, ero-
sive variants of this disease may persist for decades
(Johnson 1993). Squamous cell carcinoma developing
in penile lichen planus is extremely rare (Leal-Khouri
and Hruza 1994).

I.8.3.10
Fixed Drug Eruption

I.8.3.10.1

Definition

After sensitization to a drug, fixed drug eruptions ap-
pear as solitary or multiple well-demarcated erythema-
tous macules or plaques, which may also develop bullae
(Fig. I.8.14). The lesions typically recur at the same an-
atomic sites after exposure to the same drug.

I.8.3.10.2

Aetiology and Pathogenesis

Drugs causing penile fixed drug eruptions are tetracy-
cline, doxycycline, penicillins, phenolphthalein, sul-
fonamides, barbiturates, salicylates, dapsone, griseo-
fulvin, carbamazepine, dimenhydrinate, metamizole,
hydroxyzine hydrochloride and colchicine. Fixed drug
eruptions have also been reported after history of sexu-
al contact with women who were found to be receiving
the same medication to which their partners were hy-
persensitive (Zawar et al. 2004).
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I.8.3.10.3

Clinical Findings

Pandhi et al. (1984) investigated fixed drug eruptions
exclusively involving the genitalia of 60 male patients.
The sites affected were the glans penis, coronal sulcus
and preputial skin. Superficial ulceration or pigmented
areas surrounded by an erythematous halo were the
main clinical findings. Even ulcerations have been de-
scribed.

I.8.3.10.4

Differential Diagnosis

All other differential diagnoses of acute balanitis or ba-
lanoposthitis have to be considered.

I.8.3.10.5

Treatment

Topical application of corticosteroids. Identification
and withdrawal of the responsible drug.

I.8.3.10.6

Prognosis

Fixed drug eruptions heal within 2–3 weeks, leaving
postinflammatory hyperpigmentation.

I.8.3.11
Other Drug-Induced Lesions of the Penis

Prolonged topical application of corticosteroids causes
epithelial and dermal atrophy of the genital region
(Stankler 1982). Local penile ulceration has been re-
ported after irregular subcutaneous injection of pa-
paverine (Borgström 1988). Penile ulcerations may al-
so appear after use of dequalinium and in 5–28% of
patients with AIDS who are treated with foscarnet, a
retroviral reverse transcriptase inhibitor (Braun-Falco
and Lukacs 1970; English et al. 1997). Since foscarnet
is excreted unchanged in the urine, it may be respon-
sible for an irritant contact dermatitis resulting in pe-
riurethral ulcerations. Coumarins including warfarin
may induce penile necrosis (Weinberg et al. 1983).
Coumarin-induced necrosis of the penis is found in
patients with relative protein C deficiency and starts
between the 3rd and 10th days of therapy (Barkley et
al. 1989).

I.8.3.12
Allergic and Irritant Contact Dermatitis
of the Penis

I.8.3.12.1

Definition

Allergic contact dermatitis is caused by a type IV, cell-
mediated, delayed hypersensitivity to allergens. In con-
trast, irritant contact dermatitis is a nonimmunologic
inflammatory reaction after exposure to a chemical or
physical agent.

I.8.3.12.2

Aetiology and Pathogenesis

According to Johnson (1993), contact dermatitis of the
penis may develop after hand-to-penis contact, sexual
intercourse (feminine hygiene deodorant sprays and
douches, lubricants containing propylene glycol) and
as local manifestation of a generalized contact dermati-
tis. The agents causing allergic reactions depend on
geographical aspects. In the United States, for example,
a common cause of penile contact dermatitis are penta-
decylcatechol congeners (poison ivy; Fisher 1996).
Other frequently occurring allergens in condoms or
rubber diaphragms are mercaptobenzothiazole, tetra-
methylthiuram, zinc dithiocarbamate and latex (John-
son 1993; English et al. 1997). The source of the allergen
may be the condom material, the lubricant (paraben
preservatives) or the spermicidal agent (Johnson 1993).
Patients with spinal cord injury using rubber condom
urinals have a higher chance of developing penile con-
tact dermatitis against rubber or latex articles (Brans-
bury 1979). Some condoms contain local anaesthetics
such as benzocaine, which is known to cause allergic
contact dermatitis of the penis (Placucci et al. 1996). In
contrast to allergic penile dermatitis, irritant lesions of
this region occur more frequently. Irritant dermatitis
was diagnosed in 72% of patients with recurrent or un-
responsive balanitis (Birley et al. 1993). The most fre-
quently occurring irritant penile dermatitis is caused
by over-washing (extensive use of soaps) or over-treat-
ment (extensive use of ointments). Diagnostic proce-
dures include patch testing, histological and microbio-
logical examinations.

I.8.3.12.3

Clinical Findings

Since penile vascularization is better than in most oth-
er skin regions, allergic contact dermatitis of the penis
is more florid and symptomatic with erythema, oede-
ma, microvesiculation, erosions and exudation (Fig.
I.8.15). Older lesions are covered by crusts. Scratches
due to intense pruritus are subject to secondary bacte-
rial infection. Especially in cases of allergy to latex,
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Fig. I.8.15. Acute contact dermatitis of the penis

local swelling and itching may be accompanied with
systemic (urticaria) or respiratory symptoms.

I.8.3.12.4

Differential Diagnosis

All other differential diagnoses of balanitis or balano-
posthitis have to be considered.

I.8.3.12.5

Treatment

Irritant or allergic penile dermatitis is treated by local
application of corticosteroids or antimicrobic agents.
In severe cases, corticosteroids or antihistamines are
given systemically.

I.8.3.12.6

Prognosis

Men with irritant penile dermatitis had a greater life-
time incidence of atopic illness and more frequent daily
genital washing with soap. For the majority (90%) of
these patients, use of creams and restriction of soap
washing alone reduced symptoms.

I.8.3.13
Atopic Dermatitis

I.8.3.13.1

Definition

The terms “dermatitis” and “eczema” are often used
synonymously. Atopic dermatitis is one condition of
atopic diathesis; other symptoms can be IgE-mediated
allergies such as rhinitis, conjunctivitis or asthma, in-
creased serum IgE-levels, dry skin (sebostasis) or fa-
milial predisposition.

I.8.3.13.2

Aetiology and Pathogenesis

Atopic dermatitis is a multifactorial disease with a ge-
netic background, environmental and immunologic
factors (IgE-mediated sensitization to a variety of aller-
gens) and sebostasis.

I.8.3.13.3

Clinical Findings

Frequently occurring symptoms of the skin are erythe-
ma, lichenification, excoriation after scratching due to
severe itching, superinfection with impetiginization.
Atopic diathesis was found in more than 70% of men
with irritant balanitis (Birley et al. 1993).

I.8.3.13.4

Differential Diagnosis

Seborrhoeic dermatitis, psoriasis, irritant or contact
dermatitis.

I.8.3.13.5

Treatment

Atopic eczema of the penis is treated by local applica-
tion of corticosteroids, immunomodulators (tacroli-
mus, pimecrolimus) or antimicrobic agents. In severe
cases, corticosteroids, ciclosporin, antibiotics or anti-
histamines are given systemically.

I.8.3.13.6

Prognosis

Chronic and relapsing disease, sometimes self-limit-
ing.

I.8.3.14
Seborrhoeic Dermatitis

I.8.3.14.1

Definition

Chronic erythrosquamous dermatosis of sebaceous
follicle-rich regions of the skin (scalp, face, trunk and
genital region).

I.8.3.14.2

Aetiology and Pathogenesis

Pityrosporum ovale, a commensal yeast of the epider-
mis and follicles, plays an important role in the patho-
genesis of seborrhoeic eczema. Seborrhoeic eczema is
more frequently found in men with HIV infection.
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I.8.3.14.3

Clinical Findings

Typical locations of this disease are scalp, glabella, eye
brows, nasolabial folds and external auditory canal, but
also the genital region. Clinical symptoms are salmon-
coloured erythemas with scaling.

I.8.3.14.4

Differential Diagnosis

Atopic dermatitis, psoriasis, irritant or contact derma-
titis.

I.8.3.14.5

Treatment

Treatment includes local application of corticosteroids
or antifungals such as imidazoles.

I.8.3.14.6

Prognosis

In most cases, mild disease; treatment is not manda-
tory.
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I.8.4 Penile Cancer
I.D.C. Mitchell

■ Rare male malignancy may have delayed
presentation.

■ Ninety-five per cent of malignancies are squa-
mous cell carcinoma.

■ Treatment of local disease and loco-regional
nodes both need consideration in management
of disease.

■ Multi-modality treatment is being investigated
for treatment of advanced disease.

Key Messages

I.8.4.1
Definition

Penile cancer is rare, with a reported incidence of
around 1 per 100,000, representing 0.4–0.6% of can-
cers involving men in Western societies. This tumour
usually affects the glans and/or prepuce of the penis. In
over 90% of cases, this is a squamous cell cancer,
though other tumours have been reported, for exam-
ple, melanoma. It is very rare in Western countries but
is more prevalent in other countries such as Brazil or
India.

I.8.4.2
Aetiology and Pathogenesis

It is thought that chronic infection or inflammation
gives rise to the changes that lead to malignant trans-
formation. Associations have therefore been made with
age, phimosis, viral infection, poor socioeconomic sta-
tus and smoking.

It should be noted that whilst increased age is a fac-
tor, the median age of presentation is around 60 years
old, and therefore this disease is not uncommon in
younger men. The presence of phimosis is an extremely
common finding in patients with this disease. It is felt
that the conditions found under the prepuce lead to the
development of the tumour. This relationship is sup-
ported when one investigates cultures that advocate
early circumcision such as the Jewish faith, and here

penile cancer is almost unknown. It has been noted,
however, that later circumcision does not appear to of-
fer any protection, for example as seen in the Bantu
peoples of South Africa. Recent data from the SEER
programme has not found any racial differences in the
incidence of penile cancer between white and African-
American populations. This study also did not find any
differences in incidence between married men and
men who have never married.

Further investigation of the pathogenesis of this tu-
mour has found human papilloma virus (HPV) in asso-
ciation with this tumour. In particular, HPV types 16,
18 and 33 have been implicated.

I.8.4.3
Clinical Findings

Patients with these tumours are often described as hav-
ing delayed presentation and this has been borne out by
investigation. The delayed presentation may be in-
duced by embarrassment, but also a nonretractile pre-
puce may hide the primary lesion. When a lesion is hid-
den by the prepuce, the presentation may be bleeding,
foul-smelling discharge, an indurated lump arising
from under the prepuce, or even by the detection of
pathological inguinal nodes. The primary lesions may
be ulcerative or exophytic. It is recommended that any
patient who has a persistent lesion on his penis should
have a biopsy taken.

In addition to the localized lesion on the penis, a sig-
nificant proportion of up to 50% of patients will have
palpable inguinal lymphadenopathy and accordingly
the groins should be carefully examined at the time of
presentation. When these nodes are histologically ex-
amined, 30–60% have been reported to be inflamma-
tory; however, a recent study has suggested that the
percentage of palpable nodes demonstrating spread is
considerably higher.

There are two staging systems used to describe these
tumours: Jackson (1966) and the TNM (1997), both
shown in Table I.8.9.
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Table I.8.9. Jackson staging and TNM classification for penile
tumours

Jackson Staging – 1966
I Tumour confined to glans penis, or prepuce, or both
II Tumour involves penile shaft or corpora: negative

nodes
III Tumour confined to penis, with operable inguinal

lymph node metastases
IV Tumour extends beyond penile shaft with inoperable

inguinal or distant lymph nodes, or distant metastases

TNM Classification (1997)
T – Primary tumour
TX Tumour cannot be assessed
T0 No evidence of primary tumour
Tis Carcinoma in situ
Ta Non-invasive verrucous carcinoma
T1 Tumour invades subepithelial connective tissue
T2 Tumour invades corpus spongiosum or cavernosum
T3 Tumour invades urethra or prostate
T4 Tumour invades other adjacent structures

N – regional lymph nodes
NX Cannot be assessed
N0 No regional lymph node metastases
N1 Tumour invades single superficial inguinal lymph

node
N2 Tumour invades multiple or bilateral superficial

inguinal lymph nodes
N3 Tumour invades deep inguinal or pelvic lymph

nodes, unilateral or bilateral

M – distant metastases
MX Cannot be assessed
M0 No distant metastases
M1 Distant metastases present

I.8.4.4
Differential Diagnosis

There are a number of lesions that can mimic penile
cancer and need to be excluded before making the diag-
nosis and carrying out definitive management. These
include condylomata acuminata, Buschke-Lowenstein
tumour, chancre, chancroid, lymphogranuloma vene-
reum, granuloma inguinale and tuberculosis. These
possible diagnoses reinforce the need for a pretreat-
ment biopsy.

I.8.4.5
Treatment

When considering the management of penile cancer, it
is important to consider management of the local dis-
ease and metastatic spread in conjunction, as the long-
term outcome of the patient depends on each. A num-
ber of therapeutic options are available for the local
management of penile cancer; the optimal treatment
often will depend on a number of factors and should be
tailored to each patient.

Carcinoma-in-situ has been reported to be success-
fully treated in a number of ways, which have included
topical 5-fluorouracil, CO2 laser, cryotherapy, Mohs’

microsurgical technique (MMT) and surgical excision
with skin grafting if indicated.

When one is considering the management of larger
lesions, T1 and suitable T2, the concept of organ preser-
vation has become increasingly important. This gener-
ally takes the form of conservative surgery with recon-
struction or radiotherapy though MMT has its propo-
nents. Radiotherapy has been described using three
different techniques, namely mould, implant and exter-
nal beam. There are significant side-effects to radio-
therapy which may necessitate surgical salvage and
most units currently seem to favour a surgical ap-
proach. However, when performing either a traditional
partial penectomy or a reconstructive approach with
split skin grafting, care must be taken to leave the pa-
tient with an adequate stump to allow proper hygiene
as well as sexual function when appropriate.

Retrospective studies have shown that both these
modalities can provide good local control but there are
well-recognized side-effects of these treatments. It
seems likely that in the future, combination approaches
will be tried to reduce the morbidity of these treat-
ments.

However, with larger tumours and T3 and T4 le-
sions, surgery is commonly carried out for local con-
trol, though some have advocated chemoradiotherapy
as per anal cancer.

The greatest controversy and uncertainty in the
management of this disease relates to the treatment of
the inguinal and pelvic lymph nodes. Penile cancer is
one of the few malignancies that lymphadenectomy can
provide a survival benefit. This improved survival is
felt to be most marked in low-volume disease (impalpa-
ble nodes); however, this procedure has significant as-
sociated morbidity and improved selection of patients
for lymphadenectomy is required. There is also some
doubt over the merits of carrying out pelvic lymphade-
nectomy in these patients, as the survival of patients
with positive nodes is extremely low. Experience in the
treatment of other squamous cancers such as anal or
vulval cancers would suggest that multi-modality treat-
ment would be optimal in patients with advanced dis-
ease.

Chemotherapy has only established itself in the
management of penile cancer when 5-fluorouracil is
used topically to treat carcinoma-in-situ; however,
there is some evidence that multi-agent chemotherapy
will have a role in the treatment of penile cancer. In
view of the rarity of the disease, large multi-centre
trials will need to be arranged to assess the validity of
the use of these drugs, but the rationale seems intui-
tive.
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I.8.4.6
Results of Treatment

It is usually possible to provide good local control for
penile cancer by all approaches for early disease (Ta–
T2), but for more advanced disease surgery is usually
the preferred option.

The survival figures of penile cancer are summa-
rized in Table I.8.10.

Table I.8.10. Survival figures for penile cancer. Percentages are
mean 5-year survivals from various reported studies

Treatment Survival (%) at tumour stage
I II III IV

Surgery 65 42 27 0
Radiotherapy 68 51 21 5

Adapted from Gillenwater J, Howards S, Grayhack J, Mitchell
ME (2001) Adult and Pediatric Urology, 4th edn. Lippincott,
Wilkins & Williams, Philadelphia, p. 1990

I.8.4.7
Prognosis

As can be seen in the preceding section, patients with
localized disease have a good prognosis; however,
when there is evidence of spread (except in cases with
minimal inguinal node involvement) the results of
treatment are rather disappointing. Several retrospec-
tive studies have shown the presence of lymph nodal
involvement has a marked impact on survival. Others
have additionally demonstrated that removal of low-

volume disease (prophylactic lymphadenectomy) has a
survival benefit compared to the delayed treatment of
clinically involved nodes. The improved survival for
some patients must be balanced with considerable
morbidity of lymphadenectomy. Tumour grade does
have some prognostic significance. This probably re-
flects the propensity of poorly differentiated tumours
to metastasize, but it should not be forgotten that well-
differentiated tumours also metastasize.

I.8.4.8
Prevention

As has been described previously, early circumcision
can prevent the development of penile cancer, but re-
cent epidemiological studies from Scandinavia have
suggested that good hygiene associated with improved
socioeconomic status can lead to a decreased incidence
of this disease.

I.8.4.9
Other

An increased incidence of cervical and vulval cancer
has been demonstrated in partners of patients with pe-
nile cancer. This observation certainly appears to con-
firm that there is likely to be a common transmissible
factor in the development of these diseases. Recently
there has been hope expressed that vaccination against
HPV will prevent cervical cancer and one would hope
that a similar approach might bear fruit in preventing
the development penile cancer in some patients.

I.8.5 Circumcision
C.F. Heyns, J.N. Krieger

■ Circumcision is the most ancient surgical
procedure known, and has generated more
controversy than any other operation.

■ Medical indications for circumcision include
pathological (cicatrizing) phimosis, recurrent
paraphimosis, recurrent balanitis, condylo-
mata acuminata involving the foreskin and
glans, recurrent coital injury of the prepuce,
and placement of a penile prosthesis.

■ Neonatal circumcision may confer a three- to
sevenfold reduced risk of urinary tract infec-
tion (UTI), but the risk of UTI in an uncircum-
cised male infant is only about 1%.

■ The risk for acquiring sexually transmitted
infections (STI), including human immunode-

Key Messages

ficiency virus (HIV), may be two to eight times
higher in uncircumcised men, but there is not
yet any evidence that circumcision is a cost-
effective strategy to reduce the infection rate.

■ Neonatal circumcision confers a threefold
reduced risk of penile cancer, but almost two
complications of circumcision can be expected
for every case of penile cancer prevented.

■ Although scientific evidence demonstrates
some medical benefits of circumcision, these
data are not yet sufficient to recommend
routine neonatal circumcision.
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I.8.5.1
Introduction

Circumcision is the oldest surgical procedure in the
world, and remains one of the most controversial sub-
jects in medicine. It has been practised for thousands of
years among certain peoples on all the inhabited conti-
nents, and in Egypt the procedure can be dated back to
at least 6,000 years ago (Fig. I.8.16). The Jewish practice
of circumcision precedes its documentation in the To-
rah by over 1,000 years, and it is not a prerequisite for
being Jewish. Circumcision was a common practice in
pre-Islamic Arabia and is considered an external sym-
bol of being a Muslim, but not a condition for becoming
one.

The real motives for circumcision in ancient cul-
tures are open to speculation, but theories suggest that
it originated as a:

1. Rite of passage or initiation ceremony
2. Mark of defilement imposed on slaves or prisoners

of war
3. Form of social control in patriarchal societies
4. Method of “pain imprinting” to enhance the child’s

ability for survival later in life
5. Mark of cultural identity
6. Fertility rite
7. Hygienic or preventive health intervention
8. Measure to control male sexuality
9. Rite of male bonding

(Gairdner 1949; Kaplan 1983; Dunsmuir and Gor-
don 1999; Elchalal et al. 1999; Glass 1999; Goldman
1999; Goodman 1999; Hammond 1999; Rizvi et al.
1999; Lerman and Liao 2001; Alanis and Lucidi
2004).

Fig. I.8.16. Modern replica on
papyrus of a decoration
from the tomb of Ankh-
Mahor at Saqqara (2400 BCE),
depicting circumcision in
ancient Egypt

I.8.5.2
Epidemiology of Circumcision

There are substantial differences in circumcision rates
in different parts of the world, but approximately 80%
of the world’s males are uncircumcised. The prevalence
of neonatal circumcision is influenced by religious af-
filiation, country of origin, ethnicity, residential area,
maternal education, socioeconomic status, type of
health insurance and the attitudes of parents and physi-
cians (Kaplan 1983; Laumann et al. 1997; Lerman and
Liao 2001).

In the United States, the rate of neonatal circumci-
sion declined from about 90% in the 1950s to around
60–70% in the 1980s, while recent studies have re-
ported rates varying from 65% to 82%. Circumcision is
very uncommon in European countries, Central and
South America and Asia. In the UK, circumcision rates
fell from about 30% in 1940 to 6% by 1975. South Korea
is the only Asian country where circumcision has been
widely performed since the Korean war in the 1950s,
with a circumcision rate for high school boys above
90% (Gairdner 1949; Frisch et al. 1995; Niku et al. 1995;
Dunsmuir and Gordon 1999; Goldman 1999; Ham-
mond 1999; Rickwood 1999; Quayle et al. 2003; Alanis
and Lucidi 2004).

I.8.5.3
Embryology and Function of the Foreskin

Development of the prepuce begins at 8–12 weeks
of intrauterine life and is usually complete by 16–
20 weeks. The epithelium of the inner prepuce and
glans is stratified squamous in type, with both layers
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initially fused to each other. Separation of the prepuce
from the glans begins by 24 weeks of gestation, but is
usually incomplete at birth. Thus, the normal neonatal
prepuce is not retractable. During the first 3–4 years of
life, the prepuce and glans separate as a consequence of
several processes, including growth of the penile body,
accumulation of epithelial debris (smegma) and inter-
mittent penile erections. Ventral or dorsal preputial de-
velopment is usually deficient with hypospadias and
epispadias, respectively (Kaplan 1983; Niku et al. 1995;
Cold and Taylor 1999; Lerman and Liao 2001).

Gairdner (1949) found that the incidence of a nonre-
tractable prepuce progressively decreased from 96% in
newborns to 6% in boys aged 5–13 years. Similarly,
Øster (1968) found that the foreskin was retractable in
almost all boys by 17 years of age (Fig. I.8.17).

Kayaba et al. (1996) classified preputial status into
five types based on retractability and found that the in-
cidence of type V prepuce (easy exposure of the whole
glans) increased from 0 in boys younger than 1 year to
63% in those 11–15 years old. A tight prepuce, defined
as a stenotic ring that prevented the prepuce from be-
ing retracted, decreased from 84% at ages 0–6 months
to 9% at 11–15 years.

Smegma is a white, creamy material consisting of
desquamated epithelial cells which may collect under
the prepuce. Male smegma contains steroids, sterols
and fatty acids which may have a protective function.
In boys 5–13 years old, inspissated smegma may be-
come malodorous, which does not occur in younger
boys. The production of smegma increases in quantity
at the age of 12–13 years.

Uropathogenic bacteria adhere to and readily colo-
nize the mucosal (inner) surface of the foreskin. In
newborn boys, the periurethral area is colonized with
aerobic bacteria, especially Escherichia coli, enterococ-
ci and staphylococci, but this colonization disappears

Fig. I.8.17. Incidence of a nonretractable prepuce and phimosis
related to age (data derived from Gairdner 1949; Øster 1968)

during the 1st year of life. After about 5 years of age, pe-
riurethral colonization by uropathogens is found only
in boys who get recurrent UTIs (Gairdner 1949; Øster
1968; American Academy of Pediatrics 1999; Cold and
Taylor 1999).

The prepuce is often regarded as a redundant vesti-
gial structure, but its functions may include:

1. Preventing meatal ulceration due to injury of the
glans by contact with sodden nappies

2. Enhancing the pleasure of sexual activity by means
of its sensory innervation

3. Providing lubrication for atraumatic vaginal inter-
course

4. Forming part of the cutaneous mucosal immune
system, because it contains Langerhans cells

5. Being a source of live human fibroblasts for cell-
culture research

6. Providing tissue for genital tract reconstructive
surgery
(Gairdner 1949; Cold and Taylor 1999; Dunsmuir
and Gordon 1999; Hammond 1999).

I.8.5.4
Indications for Circumcision

Indications for circumcision include:

1. Pathological phimosis
2. Recurrent paraphimosis
3. Recurrent balanitis or balanoposthitis
4. Lichen sclerosus of the penis (balanitis xerotica ob-

literans)
5. Condylomata acuminata (if extensive) and rare le-

sions such as lymphogenous cysts of the prepuce,
and chronic penile lymphoedema

6. In preparation for placement of a penile prosthesis
(not always necessary)

7. As part of genital reconstructive surgery for hypo-
spadias or urethral stricture

8. Nonmedical indications: religious, cultural (paren-
tal advice), social (peer pressure), or personal (en-
hanced sexuality or self-image of a larger penis)
(Niku et al. 1995; Cold and Taylor 1999; Kim et al.
1999; Rickwood 1999; Fink et al. 2002).

I.8.5.4.1

Pathological Phimosis

Physiological phimosis (nonretractable foreskin) seen
in the infant is not an indication for circumcision.
When one draws the penile shaft skin towards the base
of the penis, a pinpoint opening is frequently noted,
creating the impression of pathological phimosis. How-
ever, if one were to draw the prepuce distally instead,
one would see that the preputial opening is quite wide
and would not interfere with voiding. This is often mis-
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takenly termed pin-hole meatus, but it is not an indica-
tion for circumcision.

True pathological phimosis is characterized by a
white, scarred and/or indurated meatal orifice, with no
“flowering” on attempted retraction of the foreskin.
True phimosis is rare below the age of 5 years, and af-
fects only 0.6–4% of boys by the age of 17, and 0.9% of
men aged 19–31 years. Pathological (cicatrizing) phi-
mosis shows histological appearances characteristic of
balanitis xerotica obliterans (BXO), identical to those
of vulval lichen sclerosus et atrophicus. Some authors
believe that secondary phimosis may be due to at-
tempts to retract the prepuce, causing tissue damage
and scar formation, or that chronic inflammation of the
foreskin may lead to scarring. True pathological phi-
mosis that is resistant to topical corticosteroid treat-
ment represents an absolute indication for circumci-
sion. However, some patients may prefer to avoid ste-
roid therapy and to proceed directly to circumcision
(Gairdner 1949; Øster 1968; Kaplan 1983; Rickwood
1999; Kim et al. 1999; Larsen and Williams 1990).

I.8.5.4.2

Recurrent Paraphimosis

Paraphimosis (phimotic prepuce retracted behind the
glans with swelling) is not so rare, especially on a uro-
logical service where many cases occur after proce-
dures, but most can be managed conservatively, so that
neonatal circumcision to prevent paraphimosis is not
warranted. Reduction under local or general anaesthet-
ic is almost always possible without requiring a dorsal
slit. Circumcision should be considered only for the
rare case experiencing recurrent episodes of paraphi-
mosis, in patients whose paraphimosis cannot be re-
duced, or in uncircumcised elderly men who require
intermittent or chronic bladder catheterization, and
who may have a higher risk of paraphimosis (Gairdner
1949; Dunsmuir and Gordon 1999; Rickwood 1999;
Lerman and Liao 2001).

I.8.5.4.3

Recurrent Balanitis/Balanoposthitis

Infection or inflammation of the glans (balanitis) and
foreskin (posthitis) may occur in isolation, but simulta-
neous involvement of both structures (balanoposthitis)
is much more common. Acute balanoposthitis is char-
acterized by erythema and oedema of the prepuce and/
or purulent discharge from the preputial orifice. Com-
mon causative organisms are E. coli and Proteus vulga-
ris, although in about 30% of cases in children the pre-
putial discharge is sterile. In adults, most cases are re-
lated to mixed infection, often including anaerobes and
fungi, especially in diabetics. Posthitis may be part of
an ammonia dermatitis due to urea-splitting bacteria

liberating ammonia from the urea in urine. Other cases
of balanoposthitis are related to contact dermatitis,
fixed drug eruption, or psoriasis.

The incidence of balanoposthitis is about 3% in un-
circumcised male children, and only one-third of these
experience recurrences. It occurs most often in boys
between 5 and 11 years old, suggesting that it is ulti-
mately self-limiting. In adult men, balanitis may occur
five times more often in uncircumcised men, especially
monilial balanitis in the setting of diabetes mellitus.
However, circumcised carriers are more likely to be
asymptomatic, potentially making these men a more
insidious vector for the spread of yeast infections to
women. Clinical experience suggests that diabetics
with recurrent balanoposthitis benefit substantially
from circumcision, but there are no prospective studies
on the value of prophylactic circumcision in diabetic
men. Zoon’s balanitis may require circumcision, but
topical steroid cream or carbon dioxide laser therapy
are alternative treatments (Gairdner 1949; Kaplan 1983;
Kayaba et al. 1996; Rickwood 1999; Van Howe 1999;
Lerman and Liao 2001).

I.8.5.4.4

Penile Prosthesis

Some authors advise circumcision before placement of
a semi-rigid penile prosthesis to avoid an oedematous
inner-tube deformity of the subglanular skin. However,
in men who prefer to remain uncircumcised, satisfacto-
ry results may be obtained after the initial preputial oe-
dema resolves. If balanoposthitis is present, a first-
stage circumcision is advised to reduce the risk of infec-
tion (Lewis and Jordan 2002).

I.8.5.5
Contraindications for Circumcision

Contraindications to performing neonatal circumci-
sion include:

1. Prematurity, or if there is any concern about the
well-being of the neonate

2. Any blood dyscrasia, haemophilia, or family histo-
ry of a bleeding disorder

3. If the ventral foreskin is short or absent
4. A dorsal hood deformity
5. Hypospadias or epispadias
6. Ventral or dorsal chordee, with or without hypo-

spadias
7. Megameatus with an intact prepuce
8. Megalourethra
9. A webbed, small or inconspicuous penis

(Kaplan 1983; Niku et al. 1995; Glass 1999).
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I.8.5.5.1

Redundant Prepuce

Ammonia dermatitis involving the prepuce may cause
thickening of the skin, and this is often labelled a “re-
dundant prepuce”, a misnomer that may lead to unnec-
essary circumcision. Preputial dimensions vary little
between individuals, therefore true “redundant fore-
skin” does not exist and the term, like “pin-hole mea-
tus”, should be discarded (Gairdner 1949; Kim et al.
1999; Rickwood 1999).

I.8.5.5.2

Ballooning of the Foreskin

A nonretractile foreskin is often associated with bal-
looning of the prepuce during micturition. In child-
hood, the condition is self-limiting, there is no evi-
dence that it signifies urinary tract obstruction and it
does not require circumcision (Gairdner 1949; Rick-
wood 1999; Babu et al. 2004).

I.8.5.5.3

Preputial Adhesions

Preputial adhesions are usually harmless and self-lim-
iting and give rise to symptoms only when their break-
down results in minor episodes of inflammation. The
“separation of preputial adhesions” represents unnec-
essary treatment (Øster J 1968; Rickwood 1999).

I.8.5.6
Complications of Circumcision

The true incidence of complications after circumcision
is unknown, because the reported rates vary widely, de-
pending on the type of study (survey vs chart review vs
prospective), setting (medical facility vs community),
operator (physician vs ritual circumciser), type of in-
strument used, definitions of specific complications,
and length of follow-up. Some studies have reported a
complication rate of 0.2–0.6% for neonatal circumci-
sion, whereas others have mentioned figures ranging
from 1.5% to 10%. The most common complications
are haemorrhage, infection, meatal stenosis, frenular
ulcer, buried (trapped) penis, preputial adhesions, and
incomplete or inadequate circumcision (Gee and An-
sell 1976; Kaplan 1983; Niku et al. 1995; Ahmed et al.
1999; Rizvi et al. 1999; Amir et al. 2000; Christakis et al.
2000; Sylla et al. 2003; Alanis and Lucidi 2004).

I.8.5.6.1

Haemorrhage

Haemorrhage is the most common complication, with
a reported incidence of 0–35%. Most of these episodes

are minor and of no clinical consequence, but fatal hae-
morrhage may be caused by bleeding disorders (Gaird-
ner 1949; Kaplan 1983).

I.8.5.6.2

Infection

Wound infection is the second most common compli-
cation, with a reported incidence of 0.2–10%. Most of
these infections are minor and of no consequence. Hes-
itancy and dysuria is seen in as many as 60% of older
boys, and UTI may occur. Ritual circumcision in rural
areas of developing countries often takes place under
unsanitary conditions, which may contribute to infec-
tive complications (Kaplan 1983; Crowley and Kesner
1990; Wiswell et al. 1993; Niku et al. 1995; Senkul et al.
2004).

I.8.5.6.3

Recurrent Phimosis

When insufficient skin has been removed, the cosmetic
appearance is such that the penis does not appear to
have been circumcised. If there is contraction or fibro-
sis of the preputial ring, true recurrent phimosis can be
produced, which manifests as a concealed penis (Ka-
plan 1983; Williams et al. 2000; Lerman and Liao 2001;
Blalock et al. 2003).

I.8.5.6.4

Skin Bridge

A skin bridge between the penile shaft and the glans
may tether the erect penis, with resultant pain or penile
curvature. It may result from injury to the glans, or
from failure to completely free the inner preputial epi-
thelium from the glans at the time of circumcision (Ka-
plan 1983).

I.8.5.6.5

Meatitis/Meatal Stenosis

Meatitis and meatal ulcers probably occur because the
glans is no longer protected by the prepuce from the ef-
fect of ammonia produced by bacterial action on urine,
and the reported incidence is 8–31%. Ulcerative mea-
titis may lead to meatal stenosis, with a reported inci-
dence of 5–10%. Meatal stenosis may also possibly re-
sult from devascularization caused by cutting of the
frenular artery during circumcision (Gairdner 1949;
Kaplan 1983; Niku et al. 1995; Cold and Taylor 1999;
Rickwood 1999).
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I.8.5.6.6

Pain

There is evidence that during and after neonatal cir-
cumcision, babies experience significant pain which
can disrupt breast-feeding, mother–infant bonding
and sleeping patterns (Goodman 1999; Van Howe et al.
1999; American Academy of Pediatrics 1999; Alanis and
Lucidi 2004).

I.8.5.6.7

Rare Complications

Rare but serious complications may occur after cir-
cumcision, although their true incidence is unknown,
because we have no denominator data. Rare but serious
infective complications include septicaemia, Fournier’s
gangrene (necrotizing fasciitis), staphylococcal scalded
skin syndrome (toxic epidermal necrolysis), meningi-
tis, neonatal tetanus, and poststreptococcal glomerulo-
nephritis. Tuberculosis of the penis and genital HSV-1
infection have been described after Jewish ritual cir-
cumcision in which a mohel (ritual circumciser) per-
formed oral metzitzah (sucking on the baby’s penis to
stop the bleeding). Hepatitis B and C may also be trans-
mitted during ritual circumcision.

Chordee can be produced by a dense scar on the ven-
trum of the penis. Both hypo- and epispadias have been
produced by inadvertently splitting the glans. Epider-
mal inclusion cysts may be produced by the rolling-in
of epidermis at the time of suturing, or by the implanta-
tion of smegma in the circumcision wound. Penile
lymphoedema may occur, especially if the wound sepa-
rates or becomes infected. Urinary retention may occur
secondary to a tight haemostatic bandage, and may
lead to urosepsis, systemic infection, renal failure or
bladder rupture. Urethrocutaneous fistula may be
caused by crushing the urethra with the circumcision
clamp, incising it with a knife or with a suture placed
for haemostasis, or by tissue damage due to electrocau-
tery.

Amputation of the distal glans or penis with a Mo-
gen clamp, and penile denudation or degloving injury
may occur. Necrosis and slough of the glans or entire
penis may result from infection, the use of solutions
containing epinephrine, attempts at haemostasis with
suture or cautery, prolonged use of a tourniquet or tight
bandage, or using contact laser (Fig. I.8.18). Other rare
complications include acute heart failure, pneumotho-
rax, gastric rupture, pyogenic granuloma, and subgla-
nular stricture causing a mushroom-like deformity.
Death after circumcision may occur due to haemorrha-
ge, sepsis, or anaesthesia (Gairdner 1949; King 1982;
Kaplan 1983; Sotolongo et al. 1985; Crowley and Kesner
1990; Niku et al. 1995; Laumann et al. 1997; Dunsmuir
and Gordon 1999; Glass 1999; Rizvi et al. 1999; Van

Fig. I.8.18. Gangrene of the penis probably due to use of a tour-
niquet after ritual circumcision in a young adult who subse-
quently died of systemic sepsis and multi-organ failure despite
emergency penile amputation and treatment in an intensive
care unit

Howe 1999; Patel et al. 2001; Ncayiyana 2003; Gesund-
heit et al. 2004).

I.8.5.7
Current Controversies About Circumcision

I.8.5.7.1

Prevention of Genital Cancer

Neonatal circumcision offers some protection against
invasive penile cancer, but it has a less protective effect
against carcinoma-in-situ. Circumcision after the neo-
natal period still carries the risk of development of pe-
nile carcinoma, while adult circumcision offers little or
no protection. There appears to be at least a threefold
increased risk of penile cancer in uncircumcised men,
and phimosis increases this risk further. However, the
estimated annual incidence of penile cancer is low,
ranging from 0.1/100,000 men in Israel to 1/100,000 in
the United States and 10.5/100,000 in India. Therefore,
even if the risk is increased more than threefold, the
likelihood of penile cancer developing in an uncircum-
cised man is very low. Moreover, there are alternative
preventive measures, such as maintaining genital hy-
giene. One study estimated that circumcision decreases
the number of quality-adjusted life years by a mean of
14 h, while another found a mean increase of just
10 days. It has been estimated that with neonatal cir-
cumcision almost two complications can be expected
for every case of penile cancer prevented (Gairdner
1949; Kaplan 1983; Ganiats et al. 1991; Lawler et al.
1991; Frisch et al. 1995; American Academy of Pediat-
rics 1999; Van Howe et al. 1999; Christakis et al. 2000;
Schoen et al. 2000; Lerman and Liao 2001; Alanis and
Lucidi 2004).

Despite conflicting evidence, it appears that male
circumcision, together with factors such as monogamy,
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sexual hygiene and the use of barrier contraceptives,
may reduce the incidence of cervical cancer in female
partners (Niku et al. 1995; Shanta et al. 2000; Castells-
ague et al. 2002).

I.8.5.7.2

Prevention of Urinary Tract Infection

Bacterial adherence to the epithelial cells of the fore-
skin leading to periurethral colonization of the prepu-
tial sac may predispose to UTI, which may be prevented
by circumcision. Recent studies, using cohort and
case–control design, indicate a three- to sevenfold in-
creased risk of UTI in uncircumcised boys, with the
greatest risk in infants younger than 1 year of age. How-
ever, the absolute risk of developing a UTI in an uncir-
cumcised male infant is low (at most about 1%). The
relationship between young age at first symptomatic
UTI and subsequent renal scar formation and de-
creased glomerular filtration is not well defined, and
there is a lack of information on the sequelae of UTI in
infants with a normal urogenital tract. The total cost of
managing UTI in uncircumcised males may be ten
times higher than for circumcised males, but there is no
evidence that neonatal circumcision is a cost-effective
prophylactic measure in the management of UTI in
children. It has been estimated that it may take 80–100
neonatal circumcisions to prevent one UTI, while six
UTIs can be prevented for every complication of cir-
cumcision endured. UTI develops more often in uncir-
cumcised patients with vesico-ureteric reflux (VUR),
because antibiotic prophylaxis is not effective in reduc-
ing bacterial colonization of the prepuce. Therefore, a
persuasive case can be made for circumcision in male
infants known to have major VUR or other significant
structural urinary tract abnormalities. UTI may occur
in up to 5% of hospitalized premature infants, suggest-
ing that neonatal circumcision may prove beneficial in
these babies, although the operative risk may be higher
(Wiswell et al. 1993; American Academy of Pediatrics
1999; Rickwood 1999; Cason et al. 2000; Christakis et al.
2000; Schoen et al. 2000; Cascio et al. 2001; Alanis and
Lucidi 2004; Mingin et al. 2004).

I.8.5.7.3

Prevention of Sexually Transmitted Infection

Most of the earlier studies linking uncircumcised status
with STIs were not adequately adjusted for potentially
confounding factors, such as race, age, socioeconomic
status, level of education, number of lifetime sexual
partners, frequency of sexual contacts or previous STIs,
or cultural, ethnic and healthcare-seeking differences.
Moreover, a substantial percentage of boys and men re-
port their circumcision status incorrectly, and even
physicians commit errors in the classification of male

circumcision status, which could bias studies linking
STIs to lack of circumcision. However, in recent studies
there appears to be a consistent trend indicating that
uncircumcised males may be two to seven times more
susceptible to genital ulcer disease (GUD), i.e. herpes,
syphilis and chancroid, with lymphogranuloma vene-
reum (LGV) in some populations, while circumcised
men are more prone to urethritis. The ulcerative STIs
(GUD) are especially important as they are associated
with breaks in the genital skin and recruitment of in-
flammatory cells, with a two- to fourfold increase in the
rate of HIV infection and transmission. It has been pro-
posed that, in populations in which safe sexual prac-
tices are not adhered to, routine circumcision may help
to prevent STIs (Cook et al. 1994; Laumann et al. 1997;
Goldman 1999; Lavreys et al. 1999; Van Howe 1999; Dis-
eker et al. 2001; Alanis and Lucidi 2004; Reynolds et al.
2004).

I.8.5.7.4

Prevention of Human Immunodeficiency Virus Infection

Studies on the relationship between circumcision sta-
tus and the risk of HIV infection have produced con-
flicting results, and it is possible that behavioural fac-
tors may be more important than circumcision. How-
ever, it appears likely that there is at least a two- to
eightfold increased risk of HIV infection among uncir-
cumcised men at high risk for HIV. The age at circumci-
sion may be a critical factor, with the strongest protec-
tive effect seen in those circumcised before the age of
12, and no effect in those circumcised after the age of
20. Recommending circumcision as a public health
measure for the prevention of HIV should await the re-
sults of controlled clinical trials which are at present
being conducted. However, the fact that up to 30% of
circumcised African men believe that circumcision
protects them completely against HIV and that they
could safely have sex with multiple partners, may ne-
gate any beneficial effects of removing the foreskin.
Furthermore, the cost-effectiveness of circumcision as
a preventive measure against HIV transmission needs
to be carefully considered (Laumann et al. 1997; Ameri-
can Academy of Pediatrics 1999; Lavreys et al. 1999;
Van Howe 1999; Quinn et al. 2000; Weiss et al. 2000; Ler-
man and Liao 2001; Siegfried et al. 2003; Alanis and Lu-
cidi 2004; Reynolds et al. 2004).

I.8.5.7.5

Sexual and Psychological Consequences of Circumcision

It has been suggested that the severe pain of circumci-
sion and the disrupted mother–infant bond may have
long-lasting negative emotional consequences such as
feelings of mutilation, low self-esteem, rage, resent-
ment, depression, and a sense of violation or parental
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betrayal. Decreased sensitivity of the penis after adult
circumcision may be perceived as favourable, giving
more control over orgasm, or as an irretrievable loss.
Surveys of adult men before and after circumcision
found no significant difference with regard to sexual
drive, erection, ejaculation or overall satisfaction, al-
though the mean ejaculatory latency time was signifi-
cantly longer (Goldman 1999; Hammond 1999; Kim et
al. 1999; O’Hara and O’Hara 1999; Senkul et al. 2004).

I.8.5.7.6

Ethical and Legal Issues

Organizations for the protection of children’s rights as-
sert that neonatal circumcision is unethical, because
children should not be subjected to prophylactic inter-
ventions “in their best interests” or for public health
reasons when alternatives exist. It has also been sug-
gested that offering the parents medically unnecessary
surgery that will benefit the physician and hospital but
not the patient is unethical. Some authors have chal-
lenged the legality of neonatal circumcision and argued
that it constitutes child abuse, assault and even torture.
Several countries have passed specific legislation to
prohibit all forms of female genital mutilation (FGM),
whereas other countries consider it illegal under exist-
ing child-abuse laws. It has been argued that courts
have the duty to extend the protection against FGM to
male neonatal circumcision. It has also been pointed
out that proponents of the argument that FGM and
male circumcision are radically different, provide no
principled basis and little empirical support for treat-
ing male and female genital alteration differently (Lau-
mann et al. 1997; Elchalal et al. 1999; Freeman 1999;
Goodman 1999; Van Howe et al. 1999; Hodges et al.
2002).

I.8.5.8
Alternatives to Circumcision

I.8.5.8.1

Topical Steroids

Topical steroid treatment with betamethasone, triam-
cinolone, clobetasol or mometasone cream twice daily
for 1 month has reported success rates of 67–95% with
no side-effects. Appropriate candidates are boys older
than 3 years who have persistent phimosis and no evi-
dence of infection. Topical steroids were found to be
successful in 87%, 88% and 75% of patients with phi-
mosis alone, coexisting balanitis and a history of uri-
nary tract infection, respectively. Sceptics suggest that
most of these boys had physiological phimosis (unre-
tractable foreskin), but advocates of the treatment
maintain that they included only boys in whom BXO
was diagnosed clinically by cicatricial phimosis (Golu-

bovic et al. 1996; Monsour et al. 1999; Rickwood 1999;
Webster and Leonard 2002; Ashfield et al. 2003).

I.8.5.8.2

Retraction of the Foreskin

Attempting to free the prepuce forcibly from the glans
in small boys usually results in pain and bleeding, and
runs the risk of glanular excoriation and injury, with
resultant scarring and phimosis, as well as psychologi-
cal trauma. Forcible retraction of the foreskin can lead
to paraphimosis, and should be avoided (Gairdner
1949; Kaplan 1983; Niku et al. 1995; Cold et al. 1999;
Rickwood 1999).

I.8.5.8.3

Dorsal Slit and Preputioplasty

The dorsal slit is rarely to be recommended as the cos-
metic result is unsatisfactory. However, it is useful in el-
derly men with multiple medical problems who have
severe balanoposthitis or recurrent paraphimosis. Pre-
putioplasty may take the form either of a limited dorsal
slit, with transverse suture, or longitudinal incision of
the “constrictive ring” proximal to the preputial mea-
tus, again with transverse suture. However, it has been
suggested that preputioplasty is a treatment for unre-
tractile foreskin, and not for pathological phimosis,
where the operation is either ineffective from the out-
set, or later becomes so as the disease process resteno-
ses the orifice (Cuckow et al. 1994; Rickwood 1999; Bar-
ber et al. 2003).

I.8.5.8.4

Uncircumcision

Surgical procedures to restore the prepuce were first
described by Celsus 2,000 years ago, and several modi-
fications have been described in the twentieth century.
More recently, some members of the “genital-integrity
movement” have severely criticized neonatal circumci-
sion and have propounded the merits of uncircumci-
sion. For the surgeon undertaking preputial restora-
tion surgery, it is essential to carefully counsel the pa-
tient about the potential complications, cosmetic re-
sults and unusual nature of the surgery (Kaplan 1983;
Brandes and McAninch 1999).

I.8.5.9
Conclusions

Male circumcision has long been used for religious and
cultural reasons to provide and reinforce group identi-
ty. These differences and preferences result in wide var-
iation in circumcision rates among different geograph-
ic areas and in various groups.
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Male circumcision for specific medical indications
clearly confers advantages. Well-established and gener-
ally accepted indications for male circumcision include
pathological phimosis, recurrent paraphimosis, recur-
rent balanoposthitis, extensive condylomata acumina-
ta, and as part of genital reconstructive surgery.

Currently, there are at least four major controversies
in male circumcision:

1. The risk of genital cancer is definitely decreased by
neonatal circumcision, but from the perspective of
the risk-benefit ratio it is not a compelling preven-
tive health measure.

2. The risk of UTI in boys is decreased after neonatal
circumcision, and the risk-benefit ratio is better
than with regard to genital cancer, but still not
good enough to recommend routine neonatal cir-
cumcision.

3. The reduced risk of HIV infection is a very impor-
tant question for high-risk populations and one
that is under active investigation, but evidence
from prospective clinical trials should be awaited
before circumcision is propagated as an HIV pre-
ventive measure.

4. With regard to reduced sexual pleasure and ad-
verse psychological effects, there is some anecdotal
evidence, but this is generally not supported by
well-designed prospective studies, and it remains
an area of active investigation.
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I.9Problem: Diseases of the Prostate
(Infection, Benign Prostatic Hyperplasia, Cancer)

I.9.1 Benign Prostatic Hyperplasia and Prostatic Cancer
S.A. McNeill, S.K.W. Leung

■ Benign prostatic hyperplasia and prostate
cancer are common conditions which increase
in incidence in the ageing male.

■ Both conditions may present with lower
urinary tract symptoms.

■ Digital rectal examination and prostate-
specific antigen testing are useful methods for
assessing the nature of the disease.

■ Benign prostatic disease may be treated medi-
cally in many patients.

■ Radical prostatectomy and radiotherapy
remain the mainstay of curative treatment for
organ-confined prostate cancer.

Key Messages

I.9.1.1
Introduction

Benign prostatic hyperplasia (BPH) and prostate can-
cer are two distinct diseases that commonly affect the
prostate in ageing males. The prostate is a gland with
accessory sexual function, located around the urethra
at the base of the bladder in the male, which enlarges
after puberty under the influence of testosterone. The
glandular tissues of the prostate are arranged into
three zones, as described in the work of McNeal (1981,
1988). The two disease processes tend to affect differ-
ent areas of the gland. BPH almost exclusively affects
the transition zone of the prostate, which is the region
surrounding the urethra. Prostate cancer most com-
monly afflicts the peripheral zone of the gland, al-
though it may also arise in the central and transition
zones, which is why digital rectal examination (DRE)
provides such a useful assessment of the prostate. Giv-
en the different parts of the gland preferentially affect-
ed by these diseases, it is not surprising that BPH
tends to present with symptoms related to bladder
outflow obstruction rather earlier than prostate can-
cer, whilst men with obstructive urinary symptoms

caused by prostate cancer will often have advanced
disease (Fig. I.9.1).

I.9.1.2
Aetiology and Pathogenesis

I.9.1.2.1

Benign Prostatic Hyperplasia

BPH is the most common benign tumour in men,
which has a pathological prevalence that increases with
age: 50% of men aged between 50 and 60 years are af-
fected, and as many as 90% of men aged over 80 years
(Berry et al. 1984). The aetiology of BPH is not clearly
defined but is likely to involve several factors, including
disordered interactions between the stroma (support-
ing tissues) and epithelium (glandular tissue), and
their response to growth factors, androgens and oe-
strogens. In the absence of functioning testes, BPH
does not develop. This observation led surgeons, such
as Louis Mercier in 1857, to perform orchidectomy as a
treatment for BPH.

The epithelial cells of the glands produce prostate-
specific antigen (PSA), a kallikrein protease that is se-
creted into the ejaculate, where it liquefies the semen,
thus promoting motility of the sperm. Consequently,
the increase in epithelial tissue associated with BPH of-
ten results in a greater amount of PSA entering the se-
rum where it can be assayed. PSA is also produced by
epithelial cells which have undergone malignant
change in prostate cancer, but the reader is reminded
that PSA is specific to prostatic tissue and is therefore
not a true marker of prostate cancer. However, the
higher the PSA value, the greater the likelihood that
prostatic malignancy is responsible.

The stromal tissue of the prostate consists of smooth
muscle cells, fibroblasts, neuroendocrine cells, blood
vessels, neural tissues and lymphatic vessels. Within
the prostate and bladder neck smooth muscle, there is
a rich innervation with alpha-adrenergic receptors,
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Fig. I.9.1. Zonal anatomy of the prostate

which causes closure of the bladder neck and expres-
sion of the prostatic fluid during ejaculation. In-
creased tone in these smooth muscles is believed to
play a part in the bladder outlet obstruction associat-
ed with BPH.

I.9.1.3
Prostate Cancer

As with all cancers, the development of prostate cancer
is likely to be multifactorial, and there is good evidence
that genetic and dietary risk factors play a part. This is
manifest by the fact that first-degree relatives of pros-
tate cancer sufferers are themselves at three times
greater risk of developing the disease, particularly if
their relative develops the disease at a young age. Fur-
thermore, prostate cancer is more common in Blacks
and uncommon in Asians. There is also evidence that
the Western diet, which is high in fat, increases the risk
of prostate cancer (Reiter and de Kernion 2002).

The natural history of prostate cancer is often very
long and thus it is possible to detect the disease when it
is organ-confined and curable. Much debate centres on
screening for prostate cancer using the PSA blood test,
but until the results of several large, ongoing trials are
available, population screening cannot be recom-
mended.

I.9.1.4
Symptoms, Diagnosis and Treatment

The main lower urinary tract symptoms which arise as
a result of bladder outlet obstruction with BPH and
prostatic cancer are hesitancy (waiting for the urinary
stream to commence), poor urinary flow which may be
intermittent, dribbling at the end of the urinary stream
(terminal dribble), urinary frequency during the day
and night, and urinary urgency where the desire to pass
urine is almost uncontrollable. The level of symptoms
are assessed by the International Prostate Symptom
Score (see Part II), whilst measurement of the urinary
flow rate and postvoid residual volume measured by
transabdominal ultrasound are useful for assessing the
extent of bladder outlet obstruction. Benign pathology
is likely if digital rectal examination of the prostate re-
veals a smooth gland, which is not craggy or hard, and
if the serum PSA is within the normal range (see
Part II). In symptomatic males, it is important to mea-
sure a serum PSA, as those with symptoms may have
prostate cancer and a diagnosis of prostate cancer may
alter the approach to treatment of the patient’s symp-
toms.

If prostate cancer is suspected because of a raised
PSA or an abnormal-feeling prostate on DRE, a trans-
rectal ultrasound (TRUS) -guided biopsy, which is per-
formed under local anaesthetic, is recommended. If a
diagnosis of prostate cancer is made on TRUS-guided
biopsy, then the patient may require a bone scan and
MRI of the pelvis as staging investigations, prior to the
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optimum treatment strategy being determined for that
patient at a multidisciplinary team meeting of oncolo-
gists, urological surgeons and associated clinicians and
nurses. Prostate cancer is graded according to the
scheme described by Gleason and Mellinger (1974),
which allows it to be characterized into one of five pat-
terns that reflect prognosis. Prostate cancer is staged
according to the UICC TNM staging classification (see
Part II).

I.9.1.4.1

Treatment of Benign Prostatic Hyperplasia

Medical Therapy of Benign Prostatic Hyperplasia

Whilst for many years the mainstay of therapy of BPH
was the surgical removal of prostate tissue, at open oper-
ation or by transurethral resection, medical therapy has
become increasingly popular over the last two decades.
Alpha-adrenergic blocking agents, which specifically
target the alpha-receptors in the prostate (uroselective)
result in relaxation of the smooth muscle that is accom-
panied by an improvement in symptom scores, urinary
flow and postvoid residual urine. They do not have any
impact on the size of the prostate or the serum PSA.

The other class of agents commonly used are the 5-
alpha-reductase inhibitors (5ARI), which inhibit the
conversion of testosterone to its more active metabolite
dihydrotestosterone within the prostate. This results in
a reduction in the glandular volume of the prostate of
18–25% over a period of 3–6 months, which is associ-
ated with a reduction in the serum PSA of approximate-
ly 50% (McConnell et al. 1998; Roehrborn et al. 2002).
Improvements in symptom scores, flow rates and a re-
duced incidence of acute urinary retention and surgical
intervention have been observed. These effects are en-
hanced if an alpha-blocking agent is combined with the
5ARI (McConnell et al. 2003).

Phytotherapeutic agents are also commonly used in
many European countries. Their action is thought to be
mainly through 5 alpha-reductase activity.

Surgical Therapy of Benign Prostatic Hyperplasia

For patients with symptoms that are not responsive to
medical therapy or who have developed complications
of BPH such as refractory urinary retention, surgical
removal of prostate tissue remains the treatment of
choice. The various approaches to prostatectomy are
outlined in Part II.

I.9.1.4.2

Treatment of Early Prostate Cancer

Early prostate cancer, where cancer is confined to the
prostate and the PSA is low, can be managed with a cu-

rative intent using external beam radiotherapy, brachy-
therapy (implantation of radioactive pellets directly in-
to prostate) or radical prostatectomy (surgical removal
of the entire prostate and seminal vesicles). As many el-
derly men who are diagnosed with early prostate can-
cer are unlikely to die of the disease or suffer symptoms
related to it, a policy of active monitoring of their pros-
tate cancer may reasonably be adopted. Active moni-
toring involves regular review of the patients with PSA
testing, whilst some recommend a programme of re-
peat prostatic biopsies.

Radiotherapy

External beam radiotherapy involves a fractionated
dose of radiotherapy over a 4- to 5-week period. Using
3D conformal radiotherapy, a dose of up to 74 Gy is de-
livered, with reported results showing a 5-year bio-
chemical (PSA) recurrence-free survival of up to 79%
for patients with T2 disease regardless of tumour grade
(Perez et al. 2002). Cystitis and proctitis, the common
side effects induced by external beam radiotherapy, are
less common with 3D conformal radiotherapy.

Brachytherapy involves the delivery of a dose of ra-
diation to the prostate by the implantation of either io-
dine (125) or palladium (103) radioactive pellets. This
has been shown to have very good biochemical pro-
gression-free survival outcomes in patients with low-
risk disease [low PSA (<10)], low tumour grade (Glea-
son 2–6), low stage (T1–T2b) of 87% at 10 years
(Grimm et al. 2001).

Radical Prostatectomy

Radical prostatectomy involves the complete surgical
removal of the prostate and seminal vesicles. The re-
ported biochemical recurrence-free survival following
radical prostatectomy is related to the grade of disease
reported on biopsy and the PSA at diagnosis. For those
with low-grade and low-stage disease, biochemical
progression-free survival rates of up to 95% have been
reported at 10 years (PSA<10, Gleason 2–6, Stage T1c)
(Han et al. 2001).

It will be apparent to the reader that comparing
treatments for prostate cancer in terms of outcome is
difficult given the impact of grade, stage and PSA on
prognosis. This in turn can lead to difficulty in recom-
mending a particular treatment to any patient. For this
reason, a randomized trial of the various treatments,
including active monitoring, is being undertaken in the
UK (ProTecT Study) for patients with PSA detected dis-
ease (Mills et al. 2003). The outcome of this trial is ea-
gerly awaited.
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I.9.1.4.3

Treatment of Advanced Prostate Cancer

Once prostate cancer has metastasized, there is no cu-
rative therapy; however, suppression of testosterone
production has been shown to cause regression of the
cancer and improve survival. Whilst surgical castra-
tion was widely used in the past, chemical castration
has become increasingly popular since the observa-
tions of Huggins and Hodge in 1941 of the beneficial
effects of oestrogens in patients with metastatic pros-
tate cancer. Depot injections of gonadotrophin-releas-
ing hormone analogue have been shown to be equiva-
lent to castration and may prolong survival for many
years, depending on the grade and stage of the cancer
at presentation (Albertsen et al. 1998). They act by sup-
pressing the production of luteinizing hormone from
the pituitary, which in turn causes a cessation of pro-
duction of testosterone by the testes. Antiandrogens
are sometimes used in combination with LHRH analo-
gues, as they block the effect of circulating testosterone
produced by the adrenal glands (maximum androgen
blockade).

Chemotherapeutic strategies have had limited suc-
cess in treating advanced prostate cancer thus far, but
with newer agents such as Doclitaxel, improvements in
outcomes are promised (Meluch et al. 2004).
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I.9.2 Prostatitis
M.C. Bishop

■ Acute prostatitis is a well-defined infective
condition caused by standard uropathogens.
Antibiotic treatment may need to be supple-
mented by surgery to deroof abscesses and
release calculi.

■ No more than 5% of patients with chronic
prostatitis have unequivocal infection in the
urinary tract.

■ The majority of the remainder suffer from
chronic pelvic pain syndrome (CPPS; new
terminology NIH Category IIIA and B).

■ In a minority of CPPS cases, inflammatory
cells can be identified in expressed prostatic
secretion, postmassage urine, seminal fluid or
in prostate biopsy samples.

■ Prostatic localization tests are not recom-
mended beyond the research clinic.

■ New molecular analytical techniques are likely
to clarify the link between infection, possibly
by fastidious or unusual organisms, inflamma-
tion and symptoms of chronic prostatitis.

■ Whatever the cause of CPPS, it is likely that
treatment aimed at pain management of
increasing sophistication will be required to
supplement or even replace conventional treat-
ments (antibiotics, nonsteroidal anti-inflam-
matory agents, alpha-blocking drugs, etc.).

Key Messages

I.9.2.1
Introduction

The early classification of prostatitis described four
syndromes for which pelvic pain in the male was the
common factor (Drach et al. 1978) (Table I.9.1). The

Table I.9.1. Classification of prostatitis. (EPS Expressed prostatic secretion, PSA prostate-specific antigen, UTI urinary tract infec-
tion, WBC white blood cell count)

Cate-
gory

Name Defining features Old classification
(Drach et al. 1978)

I Acute bacterial prostatitis Acute infection of prostate Acute bacterial prostatitis

II Chronic bacterial prostatitis
(CP)

Recurrent UTI WBC and +ve culture in EPS, etc.
when asymptomatic

Chronic bacterial prostatitis

IIIA Chronic pelvic pain syn-
drome (CPPS) inflammatory

Symptoms of CPPS WBC in EPS/postmassage urine/
seminal fluid

Chronic nonbacterial prosta-
titis

IIIB CPPS noninflammatory Symptoms of CPPS, insignificant WBC in EPS, etc. Prostatodynia

IV Asymptomatic inflammatory
prostatitis

No symptoms Chance finding (e.g. ↑PSA) WBC ±
infection in postmassage specimens, inflammation
in prostatic histology or cytology

occasional association of lower urinary tract symptoms
with the common sign of prostatic tenderness was reas-
suring, indicating that the condition generically was due
to inflammation in the prostate. Having established this
commonality, it was then possible to discern that chron-
ic prostatitis was the commonest reason for specialist
urological referral in men under 50, with a prevalence in
males in the same age group of approximately 10%
(Schaeffer 2003). Furthermore, its devastating effect on
the quality of life could be compared with unstable angi-
na and Crohn’s disease (Wenninger et al. 1996; Pewitt
and Schaeffer 1997; McNaughton-Collins et al. 2000).

There was never any doubt about the diagnosis of
acute bacterial prostatitis. There was a little less certain-
ty in the criteria for chronic bacterial prostatitis as a fo-
cus for recurrent acute urinary infection (Anderson
2002). Unfortunately, the commonest categories of
chronic abacterial prostatitis and prostatodynia were
very loosely defined according to the presence or ab-
sence of inflammatory cells and/or bacteria in expressed
prostatic secretion and/or urine passed immediately af-
ter massage or in seminal fluid. Unfortunately, the num-
ber of white blood cells and organisms diagnostic of
prostatitis was never validated. Opinion was markedly
divided. On the one hand, there were those who believed
in the “common wisdom” dictating that a significant
number of cases were caused by bacteria. However,
they could not be isolated either because of inadequate
bacteriological technique or as a result of the presence
of fastidious organisms which eluded conventional lab-
oratory identification. The alternative view of the scep-
tics was that chronic prostatitis was not a distinct entity
at all (Lummus and Thompson 2001; Nickel 2000).

The later NIH classification went some way to provid-
ing a compromise and leaving the door open for further
research to settle the issue. This was to use the noncom-
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mittal term “chronic pelvic pain syndrome” to cover
both inflammatory and noninflammatory abacterial
prostatitis. An interesting new category was also de-
fined: asymptomatic inflammatory prostatitis (Krieger
et al. 1999).

It is possible that other perplexing chronic inflam-
matory states of the genitourinary tract having a well-
defined acute phase should be considered as a continu-
um with prostatitis. Therefore, logically, a case could be
made for considering acute and chronic cystitis, epidi-
dymo-orchitis, urethritis and prostatitis together.

I.9.2.2
Diagnosis of Prostatitis

I.9.2.2.1

Categories

Acute Prostatitis (NIH Category I)

The diagnosis of acute bacterial prostatitis is invariably
straightforward. The background may be important.
Patients who have undergone urethral catheterization
and instrumentation or prostatic biopsy are at risk, and
particularly if they are immune-compromised. They
may present with pain in the lower abdomen, perine-
um, genitalia and lower back, a pyrexial illness and
symptoms of irritative or obstructive voiding. Rectally,
the prostate will be tender and even fluctuant due to ab-
scess formation. The midstream urine specimen will
show a causative organism, which with few exceptions
will be a coliform with the frequency of pathogens re-
flecting the community from which the patient has ac-
quired the organisms. These will invariably already
populate the bowel flora. Occasionally, prostatic infec-
tion will be associated with urethritis as part of a sexu-
ally transmitted infection. The organism will then be
Gonococcus or Chlamydia. Occasionally, and as in fe-
males with abacterial cystitis, several types of virus can
affect the urothelium and skin simultaneously, e.g. her-
pes zoster. Lower urinary tract inflammation may lead
to the development of systemic sepsis but rarely, gener-
alized inflammatory symptoms may co-exist with low-
er urinary tract irritation as part of a named syndrome
(e.g. Reiter’s, Behçet’s).

Inflammation of the prostate may cause enlarge-
ment and acute retention. Serum inflammatory mark-
ers may be grossly elevated (ESR, CRP). PSA can rise to
levels of more than 100 ng/ml and it is important to un-
derstand that it may take up to 3 months after resolu-
tion of the acute prostatitis for baseline levels to be re-
sumed (Tchetgen and Oesterling 1997).

Chronic Bacterial Prostatitis (NIH Category II)

A hallmark of a small minority of men with this condi-
tion is recurrent episodes of urinary tract infection

caused by one of the standard pathogens (commonly
Escherichia coli). There may be irritative or less often
obstructive lower urinary tract symptoms and patients
often complain of pain in the perineum, lower abdo-
men, genitalia, back and lower rectum. These men also
present with exacerbations of acute urinary infection
with worsening of symptoms of bladder irritation, oc-
casionally pyrexia, abdominal and loin pain. As in
acute prostatitis, standard urinary pathogens can be
cultured from the midstream specimen during the epi-
sodes of UTI. Between these episodes, the prostatic ori-
gin of recurrent infection is apparently established by
the traditional Stamey-Meares four-glass test (Meares
and Stamey 1968). Here positive cultures are obtained
from material which is assumed to originate in the
prostate (expressed prostatic secretion, postprostatic
massage urine or specimens of ejaculate). The validity
of this test has always been questionable, as Koch’s pos-
tulates establishing a microbe as pathogenic are rarely
fulfilled. This is discussed in more detail below.

Chronic Pelvic Pain Syndrome (NIH Category III)

The majority of patients presenting with pelvic/perine-
al pain do not have a history of recent urinary tract in-
fection. There may be a wide variety of additional
symptoms, much the same as are found in chronic bac-
terial prostatitis. In categories II–IIIB of prostatitis, the
prostate is variably tender on rectal examination.

In both categories IIIA and IIIB, midstream urine
specimens show normal white cell counts and insignifi-
cant bacterial colony counts on culture. The distinction
between the two is based on the presence of white
blood cells in expressed prostate-specific fluid and
urine after prostatic massage and/or in seminal fluid.
The methodology and significance of positive findings
in the Stamey-Mears test and its simpler alternative is
considered below.

Some enthusiastic investigators will perform trans-
rectal ultrasound. A wide range of abnormalities may
be apparent, but their validity is questionable. The sig-
nificance of multifocal calcification is not settled. Occa-
sionally prostate cancer can be diagnosed in patients
presenting with pelvic pain, minimal or no elevation of
the serum PSA, a tender irregular prostate and focal
changes on transrectal ultrasound, which encourages
the operator to perform biopsies. Investigation of lower
urinary tract symptoms and haematuria will of course
dictate the need for flow studies, urodynamics, cystos-
copy and upper tract imaging.

Rarely prostatic pain will be referred as part of a sacral
neuropathy and detailed investigation will then of course
be motivated by additional clinical signs. Included in this
category is the condition termed pudendal neuralgia.
The mere acquisition of a diagnostic label is, for some pa-
tients, important when no proof can be advanced.
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Category IV Asymptomatic Inflammatory Prostatitis

This is a relatively newly defined category in which
there is evidence of inflammation, infection or both in
prostate-specific specimens after massage and/or in cy-
tological or histological investigations of prostatic bi-
opsy specimens which have been obtained on account
of elevation of the serum PSA (Potts 2000).

I.9.2.2.2

The Stamey-Meares Test

The Stamey-Meares test has been the gold standard for
very many years for localizing inflammation and patho-
genic organisms to the prostate. Arguably the test was
first described in 1930 (Nickel 1930). The protocol is
shown in Table I.9.2 and its interpretation in Table I.9.3.

Table I.9.2. Protocol for quantitative prostatic localization
(Stamey-Meares). (VB2 Premassage urine, VB3 postmassage
urine)

1. No voiding 3 h prior to test

2. Full bladder

3. Expose glans penis, clean with simple soap solution

4. Void urine First 5–10 ml VB1
Mid stream VB2

5. Vigorous prostatic massage for 1 min from periphery to
midline. Secretion at meatus – EPS

6. Immediately after massage void
urine

5–10 mol VB3

7. VB1–3 and EPS immediate microscopy for WBC (N/HPF)
and culture

Table I.9.3. Interpretation of Stamey-Meares test. (CC Colony count, WBC white blood cell count)

NIH
Category

TEST VB1 VB2 VB3 EPS Comments
Urethral
urine

Bladder
urine

Prostate
urine

Prostatic
fluid

I CC >105/ml >105/ml Prostatic
massage con-
traindicated

Prostatic
massage con-
traindicated

WBC + +

II CC Few Few >104/ml >104/ml + recurrent UTI
WBC 0 ± + +

IIIA CC 0 0 0 0 Occasionally bacteria cultured in VB3, EPS.
No recurrent UTIWBC 0 0 + +

IIIB CC 0 0 0 0
WBC 0 0 0 0

IV CC 0 0 0 0 Occasionally bacteria cultured in EPS/VB3
WBC 0 0 + +

Cystitis CC >105/ml >105/ml >105/ml ±>105/ml KASS count quoted but <105/ml can be diagnostic
(Infective) WBC VB1 → EPS can all be +ve in presence of ure-

thritis due to contamination; therefore treat with
nitrofurantoin then repeat

Urethritis CC ±>105/ml 0 0 0
WBC + + + 0

The test is difficult to perform. Often EPS is not ob-
tained. False-negative findings are common. Virtually
all patients labelled as chronic prostatitis will have
been given antibiotics. It is quite possible that bacterial
growth will be suppressed even if medication is discon-
tinued for a month before the test is performed. Organ-
isms other than coliforms and of doubtful significance
may be cultured (e.g. Gram-positive organisms). A
grave drawback is that the results may not be predictive
of treatment response. Perhaps for one or more of these
reasons, the test is rarely performed. A simplified “poor
man’s test” describing the use of pre- and postmassage
urine has probably been in use unofficially as a substi-
tute for some time (Nickel 1998) (Table I.9.2). Clearly
there should be no evidence of urethritis or cystitis,
which might easily co-exist with Category II prostatitis.
In these circumstances, there is no alternative to treat-
ment with an antibiotic for at least 3 days. Ideally this
should not have great tissue penetration and nitrofu-
rantoin is ideal. If chronic bacterial prostatitis is pre-
sent there will still be an increase in inflammatory cells
and positive bacterial culture in the postmassage urine
specimen. Unfortunately, culture of the ejaculate is of
uncertain significance (Weidner et al. 1991).

I.9.2.2.3

Quantitation of Symptoms

There seems little doubt that the majority of primary
care physicians and possibly even urologists regard
chronic prostatitis as a diagnosis made on the basis of a
symptom complex and will offer standard treatment
without bothering with localization studies or, if they
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do perform them they are not influenced by negative
results (McNaught-Collins et al. 2000). The situation is
perhaps akin to the official quantitation of lower uri-
nary tract symptoms in the IPSS score. The name im-
plies prostatic pathology and usually BPH. However,
this is by no means always the case and the score will
certainly not determine a diagnosis. Nevertheless, it is
immensely valuable for stratification of symptom se-
verity and more particularly how much quality of life is
affected, for epidemiology and trials of treatment. A
multiplicity of questionnaires, tools, instruments and
indices have been devised (Brähler et al. 1997; Nickel
1998). The common factors in all are self-assessment by
the patient on the presence and degree of pain in the
genitalia, perineum, rectum and abdomen. Secondly,
voiding is assessed both from the point of view of ob-
structive and irritative symptoms. In some sexual func-
tion is assessed.

I.9.2.3
Aetiology of Chronic Prostatitis

I.9.2.3.1

An Infectious Disease?

Most prostatitis specialists feel that the majority of pa-
tients suffer from an infectious disease (Nickel 2000).
Failure by a urologist to culture an organism is there-
fore a matter of technical inadequacy. So-called cryp-
tic, fastidious or even nonculturable microorganisms
are possible contenders (Weidner and Ludwig 2003)
(Table I.9.4). One contentious issue is how long pros-
tate-specific fluid specimens should be cultured. One
group considers that EPS or semen should be cultured
for 5 days rather than the conventional 2 days (Shoskes
et al. 2000). In so doing, patients with white cells in EPS
may in fact be shown to have organisms, too. Such pa-
tients should perhaps be classified as Category II al-
though officially they may not have had recurrent epi-
sodes of conventional urinary tract infection.

Table I.9.4. Causes of chronic pelvic pain syndrome

Conventional uropathogens
Autoimmune reaction (? Previous bacterial infection)
Dysfunctional high pressure voiding (+ intraprostatic duct

reflux)
Fastidious/nonculturable organisms/atypical bacteria

Bacterial fragments
Biofilm
Prostatic calculi
Viruses

Chemical irritation from instrumentation, catheterization,
etc.

Other diagnoses
Interstitial cystitis
Carcinoma in situ of bladder

Functional somatic syndrome

There is considerable scepticism that patients with-
out objective evidence of inflammation, i.e. Type IIIB
do not have a microbial cause. The significance of in-
flammatory cells in EPS from patients with CPPS must
be questioned when the majority of patients have no
evidence of inflammation (IIIB). An important study
on the histopathology in 368 biopsies from 97 patients
with CPPS showed that inflammation was detectable in
only 33% of patients and this was moderate or severe in
only 5% of 97 patients who were evaluated (True et al.
1999). As asymptomatic men with positive white cells
in EPS are an entity, perhaps the relationship between
pain and white cells or other signs of inflammation is
not causal so that the distinction between IIIA and IIIB
is artificial. Even positive cultures may be questionable
whilst a normal flora of the prostate is still uncertain.
However, in a study of patients undergoing radical or
transvesical prostatectomy, the data were more reas-
suring in favour of the conventional view (Hochreiter et
al. 2000). Furthermore, a comprehensive analysis of
specific PCR (polymerase chain reaction) for all patho-
gens incriminated in chronic prostatitis and of broad-
spectrum PCR in prostate biopsies from men with
CPPS undergoing conventional testing showed correla-
tion of EPS white cell concentration with the presence
of 16sr DNA (Krieger et al. 2003).

It is possible that the search for inflammatory cells
represents a rather crude approach and a more sensi-
tive indication of inflammation might come through
the identification of cytokines and various measures of
oxidative stress in EPS (Shahed and Shoskes 2000). In
one such study, there was evidence of induced antioxi-
dant enzymatic activity and of induction of the appro-
priate genes in symptomatic patients with positive EPS
culture. However, the organisms were predominantly
Gram-positive and their relevance would therefore
normally be questioned. In a small number of such
men, there was a detectable injury response, a favour-
able clinical response to antibiotics and a reduction of
oxidative stress.

A variety of constituents of prostatic fluid alter their
concentration rather typically in response to bacterial
infection (Table I.9.5) (Weidner et al. 1997). A rise in pH
can result from infection with an organism, producing
urease or a fall in citric acid concentration. Theoretically
this could lead to reduction in bioavailability of certain
antibiotics but in practical terms this is not an issue.

Another group investigated IL1 beta and tumour ne-
crosis factor alpha (TNF [ ) in prostatic secretions
(Nadler et al. 2000). The levels appeared to be higher in
men with Category IIIA than IIIB and in healthy con-
trols. There was a good correlation between the pres-
ence of IL1 q and TNF [ but none between either and
the presence of white blood cells.

It is possible that fungi might be implicated in some
cases of prostatitis even if patients are not immunosup-
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Table I.9.5. Changes in prostatic secretion in chronic bacterial
prostatitis (NIH II)

Rise
pH, IgA, IgG, IgM
LDH5/LDH1

Fall
Specific gravity
Prostate antibacterial factor (PAF)
Cations (zinc, magnesium, calcium)
Citric acid
Enzymes (lysozyme, acid phosphatase)

From Weidner et al. (1997)

pressed (Elert et al. 2000). Specialized culture media
and DNA analysis may be required to demonstrate
these elusive organisms.

The small numbers of men with Category I or II
prostatitis will mainly show coliform organisms of an
identical type in urine and EPS. In such patients, there
are a variety of potential routes of entry of bacteria in-
to the prostate. Reflux of urine into the intraprostatic
ducts is certainly feasible and has been demonstrated
using appropriate imaging studies. Similarly, it is rea-
sonable to suppose that heavy colonization of the male
urethra with coliforms such as from catheterization
instrumentation and anal intercourse can involve the
paraurethral glands and prostate. Heterosexual trans-
mission has also been questioned. The presence of cal-
culi within the prostate composed of substances found
in the urine but not the prostate (e.g. urate) are also
indicative of reflux. Such calculi very often harbour
bacteria and may be associated with biofilm, particu-
larly if there is secondary infection from a Proteus.
The persistence of an inflammatory process initially
associated with proven bacterial infection is another
fascinating conundrum and is perhaps a common fac-
tor in a family of chronic inflammatory conditions
including prostatitis, epididymitis and interstitial cys-
titis.

I.9.2.3.2

Experimental Prostatitis

Rodent and animal models have been used to establish
coliform infection of the prostate (Nickel 1997). They
may provide important evidence for the origin of con-
tinuing chronic inflammation in sterile tissue from
acute infective prostatitis which apparently had re-
solved on appropriate antibiotic treatment. Abacterial
chronic prostatitis can also be induced by immuniza-
tion with syngeneic prostatic tissue components. An-
other interesting observation in animal models is that
bacterial aggregates which adhere to the ductal epithe-
lium become covered with glycocalyx matrix, render-
ing them relatively resistant to host defence mecha-
nisms and antibiotics in normal tissue concentrations.

Animal models have also allowed another principle
to be established, namely that prostatic inflammation
may be a consequence of dysfunctional voiding caused
by obstruction combined with intraprostatic ductal re-
flux driving urine into the prostate gland. If the urine is
infected acute bacterial prostatitis will develop, but if
there has been previous infection a less severe form of
chronic bacterial inflammation occurs.

Experimental prostatitis with E. coli is well estab-
lished but there is some evidence in large animal mod-
els that Chlamydia can also be pathogenic. These mod-
els, and in particular the dog, have been used to dem-
onstrate prostate secretion of various antibiotics and to
study distribution and pharmacodynamics of the vari-
ous agents. It was confirmed that several antibiotics,
e.g. trimethoprim and quinolones, were preferentially
concentrated in the duct systems. It was also shown
that the intraduct compartment was likely to be very
different in the inflamed gland compared with the nor-
mal uninfected gland. Infected ducts could be blocked
with debris, leading to unequal distribution of antibiot-
ics apparently present in adequate concentration in the
normal gland.

There seems little doubt that animal models will of-
fer great potential in studying the fundamental pro-
cesses of bacterial invasion and adherence. It is likely
that the significance of bacterial DNA fragments de-
tectable by molecular methodology will be clarified.

I.9.2.4
Treatment

I.9.2.4.1

Conventional

Acute Prostatitis

The treatment of acute prostatitis is usually straightfor-
ward, but there is a significant risk of endotoxaemia
and systemic sepsis. Initially a broad-spectrum antibi-
otic combination is given, if necessary intravenously,
together with supportive or resuscitative measures.
Blood and urine cultures should be taken and the anti-
biotic therapy adjusted according to the sensitivities
when they become available. If the clinical response is
unsatisfactory or not sustained the presence of a pros-
tatic abscess should be considered and excluded by CT
scanning. Rectal manipulations should be avoided after
an initial very gentle diagnostic examination, as pres-
sure on the inflamed gland may be extremely painful
and encourage systemic spread of infection. A prostatic
abscess may drain spontaneously into the urethra or
rectum but is quite likely to require deroofing by trans-
urethral resection or preferably incision with the Col-
lins knife. Although there is little guidance from the lit-
erature, it is probably wise to continue oral antibiotic
treatment for 3 weeks and to check MSU cultures
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monthly thereafter for 6 months. When the acute infec-
tion has settled, it is customary to investigate the uri-
nary tract with some form of imaging. It is almost in-
variably normal.

Chronic Prostatitis

There is no high-quality evidence base on which to plan
treatment of any category of chronic prostatitis.

Antibiotics

It is logical to give a long course of antibiotics in Cate-
gory II disease, using the sensitivities from microbio-
logical examination of the MSUs during the recurrent
episodes of acute urinary infection. If these results are
equivocal a clearer indication may be available from
culture of EPS or postmassage urine. In the very small
number of patients who hover between Category II and
IIIA, i.e. those without a history of recurrent urinary
infection but in whom there is clear evidence of bacte-
rial infection in the prostate, treatment will logically be
based on sensitivities.

A fluoroquinolone is recommended with a pre-
sumed Gram-negative therapeutic target (Naber et al.
2000). The new evidence from molecular bacterial
analysis would suggest that tetracycline resistance is
common and interestingly it is a matter of clinical expe-
rience that any initial improvement with a tetracycline-
based antibiotic is not sustained (Krieger et al. 2003).
Similarly, it was found that the response to antibiotic
treatment in Category III patients would be predicted
from the presence of bacterial genomic fragments
demonstrated by 16 S recombinant real-time PCR
(RTPCR) reaction (Shoskes and Shahed 2000). In other
words, men with negative cultures and negative reac-
tion could avoid prolonged courses of antibiotics and
the corresponding expense and the risk of side effects.
Many clinicians will, as an act of desperation, always
give antibiotics in CPPS. It is possible that in the future
this decision may be refined by use of these molecular
techniques.

Generally speaking, there is no evidence that there is
a difference in response between antibiotics with or
without the addition of anti-inflammatory agents be-
tween Category IIIA and IIIB disease. The point has
been well made that any benefit could be a placebo ef-
fect, particularly as it is short-lived (Weidner et al.
1999).

Prostatic Massage

Prostatic massage may be effective, particularly if un-
dertaken under regional or general anaesthesia (Nickel
et al. 1999). The logic is to open blocked ducts and dis-
perse sequestered bacteria, allowing better antibiotic

penetration. The presence of prostatic calculi may also
inhibit tissue penetration and bacterial clearance, but
again there is no hard evidence for this. Transurethral
resection may be effective in opening up the pockets of
calculi but tends to be used as a last resort, as of course
the procedure has to be very radical in removing as
much tissue as possible, particularly in the true glandu-
lar layer adjacent to the capsule.

Use of Alpha Blockers/Finasteride

The use of alpha-blocker agents is also controversial.
Enthusiasts believe there is evidence of external ure-
thral sphincter over-activity in patients with CP/CPPS
(Barbalias 2003). However, there is no correlation be-
tween response to treatment and the presence or extent
of urodynamically proven obstruction. It has even been
suggested that it may be responsible for prostatic in-
flammation and therefore the term “painful male ure-
thral syndrome” may be appropriate. The evidence is
poor quality and therefore, as for every other agent or
combination used, the trial will be empirical. The evi-
dence for efficacy of finasteride is more convincing and
perhaps underrated (Leskinen et al. 1999).

I.9.2.4.2

Alternative Treatments

The bioflavonoid quercetin was found to improve
symptoms in patients with CPPS Category IIIA and B
disease in a placebo-controlled trial (Shoskes et al.
1999). This naturally occurring substance has a variety
of actions, including inhibition of nitric oxide, tyrosine
kinase and inhibition of several inflammatory cyto-
kines. Several studies have indicated that the levels of
IL1 and TNF [ in EPS and semen were higher in men
with Category IIIA than IIIB disease.

Interestingly, quercetin has been shown to cause a
decrease in levels of isoprostane, a marker of oxidative
stress in prostatic fluid.

There are many inconsistencies in relating symp-
toms to the presence of white blood cells and inflam-
matory markers in EPS, prostatic histopathology and
to the new molecular evidence for the presence of bac-
terial fragments. Most disturbing of all are the very
considerable number of patients who can be catego-
rized as type IV chronic prostatitis. One subgroup con-
cerned asymptomatic patients presenting to a urology
clinic for investigation of a raised PSA. Elevated white
cells were found in EPS in 42% (Potts 2000). Clearly this
could represent a very large number of patients in a
population of middle-aged men and could be classified
as a control group in the study of inflammatory mark-
ers localized to the prostate in relation to chronic pain
and other symptoms which constitute the clinical diag-
nosis of CPPS. A recurring theme in this chapter is the
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lack of evidence that CPPS is a distinct entity. The point
has been well made that any benefit of any of the con-
ventional treatments could be due to placebo effect,
particularly as it tends to be short-lived.

I.9.2.4.3

Psychosomatic Aspects

It is important that the clinician should not be perma-
nently focussed upon the prostate as the source of
symptoms. Almost every specialty in medicine em-
bodies a series of painful conditions for which no cause
can be found. There is undoubtedly a psychological
component for any patient in whom conventional test-
ing shows negative results and a wide range of treat-
ments is ultimately ineffective. This is compounded by
an unsympathetic, impatient approach by the clinician
who may imply to the patient that his symptoms are a
reflection of a weak personality or worse still malinger-
ing (Wessely et al. 1999).

In other allied specialties, gynaecology and colo-
proctology, very similar symptoms reflecting muscle
spasm within the pelvic floor are found. It may be help-
ful to view all of these syndromes as one family of con-
ditions occurring in both sexes. In principle there may
be rather little difference between chronic epididymal
or penile pain syndromes and vulvodynia (Fall et al.
2004). There may be more specific conditions: puden-
dal nerve entrapment may after all be a real condition
but only if symptoms are restricted to unilateral burn-
ing sensation and lateral tenderness on rectal examina-
tion. There may be delayed pudendal nerve latency on
the appropriate side and local anaesthetic may be tem-
porarily effective. MRI scanning may demonstrate the
course of pudendal and other pelvic nerves and spinal
roots affected by a variety of pathological conditions. A
high proportion of patients will respond, if only in the
short term, to physical therapy and internal massage to
effect a myofascial release of pelvic floor muscle trigger
points. This physiotherapeutic technique has been
shown to be effective in NIH category III patients (Potts
2003).

A whole range of allied conditions may co-exist, in-
cluding irritable bowel syndrome, chronic fatigue syn-
drome, premenstrual pain and non-ulcer dyspepsia.
Disruptions in the serotonergic pathways have been
implicated. An entity termed the limbically augmented
pain syndromes implies an association between treat-
ment of refractory pain and brain functions which may
be localized in the limbic system at the rostral end of
the brain stem, which links the hypothalamus, pineal
body, hippocampus and temporal lobe cortex. These
areas control sleep and arousal, libido, aspects of mem-
ory and tolerance to stress. The corollary is that all such
patients with functional somatic syndromes should be
considered together.

Appropriate medication, in particular tricyclic anti-
depressants, stress management and biofeedback tech-
niques, can all be effective provided they are prescribed
as part of a programme planned in a specialized unit
and preferably administered by a single clinician with
well-developed counselling skills.
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I.10Problem: Male Breast Disorder

I.10.1 Gynaecomastia and Benign Breast Hyperplasia
Including Iatrogenic Causes
W. Krause

■ Define gynaecomastia by measuring the size of
the swelling.

■ Look for drugs, hormones and testicular
diseases.

■ Consider male breast carcinoma and exclude it
by mammography, in particular in men from
risk families.

■ Recommend surgical removal of the enlarged
tissue; drug therapy is not successful.

Key Messages

I.10.1.1
Definition, Epidemiology

Gynaecomastia is an enlargement of the male breast.
The term is derived from the Greek word “ * ^ ˆ 5 ”
(women) and “µ [ c S ; c ” (breast). Literally, it originally
designates the female breast, and the term “andromas-
tia” would be more correct (Leiber 1995).

There are no generally accepted clinical thresholds
of gynaecomastia. It cannot be defined by means of im-
aging or laboratory examinations and histological
signs are unknown. Niewöhner and Nuttall (1984) used
a horizontal skinfold as a measure and suggested gyn-
aecomastia, if it exceeded 2 cm (Fig. I.10.1). In our de-
partment, we followed this suggestion with two varia-
tions (Krause and Splieth 1996): if the BMI exceeded
25 kg/m2 in the men investigated, the cut-off of the
skinfold diameter was 3 cm. Irrespective of the skin-
fold, a gynaecomastia was assumed if the diameter of
the areola mammae exceeded 3 cm.

The pathological substrate of gynaecomastia is not
always an increase in glandular tissue, but an increase
in fat deposits in this area also leads to an identical clin-
ical appearance. Sometimes this is called pseudogynae-
comastia or lipomastia. Although the relation of fatty
and glandular tissue may be different, there is no reli-

Fig. I.10.1. Measuring horizontal skinfold in gynaecomastia

able method of discrimination by clinical appearance,
imaging or histological examination. (Labhardt et al.
1978). Das et al. (1995) studied 188 men with gynaeco-
mastia by fine needle aspiration and described a pseu-
dogynaecomastia histologically in none of them.

A physiological gynaecomastia is found in three life
periods: in the newborn, where it depends on the ma-
ternal oestrogens, in pubertal boys, where it resolves it-
self spontaneously, and in ageing men. The frequency
in the general population is high. Niewöhner and Nut-
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tall (1984) investigated 214 men from 27 to 92 years of
age, using a horizontal skinfold as a measure. They
found a gynaecomastia in 65% of these men; the per-
centage was higher in the men older than 50 years. They
also observed a correlation with the body mass: men
with a high body mass index (BMI) had a higher inci-
dence of gynaecomastia than slender men. In a study
with 115 patients in a dermatology department, gynae-
comastia was observed in 32 patients (27.8%).

I.10.1.2
Aetiology and Pathogenesis

The male glandular tissue of the breast is oestrogen-
susceptible. Gynaecomastia may occur with an in-
crease of oestrogen concentrations at the cellular level
because of:

■ Enhanced oestrogen serum levels
■ An increased on-site oestrogen metabolism or
■ An increased sensitivity of the target cells

Most authors address an imbalance of androgen and
oestrogen action as a pathogenic factor. Although the
presence of androgen receptors in normal and patho-
logical male breast tissue is well proven, the mecha-
nism of an inhibiting androgen action has not been
well studied up to now (Calzada et al. 2001).

Enhanced oestrogen serum levels may be the conse-
quence of different mechanisms:

■ Oestrogen-producing tumours (most frequently
testicular tumours)

■ Diseases with altered oestrogen metabolism
(e.g. liver diseases)

■ Drugs with oestrogen-like side effects
(e.g. oestrogen treatment in prostatic carcinoma)

■ Accidental oestrogen resorption through the skin
(e.g. partner transmission of vaginal oestrogenic
creams)

The increased on-site production of oestrogens by in-
creased activity of the aromatase (conversion of andro-
stenedione and testosterone to oestrone and oestradi-
ol) and steroid sulphatase (conversion of oestriol sul-
phate to oestradiol may underlie most of the drug-in-
duced gynaecomastias. Satoh et al. (2002) studied the
effects of 29 drugs which were reported to cause gynae-
comastia in vitro by incubating placental microsomes
as a source of the enzymes. Table I.10.1 gives selected
results of their study.

Enhanced aromatization of testosterone to oestro-
gens may also occur as a consequence to mutations in
the aromatase gene. Isolated mutations were described
by Shozu et al. (2003). An activation of the aromatase
may also be the cause of gynaecomastia in diabetes
mellitus (Seibel et al., 1998). A competitive inhibition
of cytochrome P450 CYP3A by calcium antagonists

Table I.10.1. Drugs suspected in the literature to cause gynaeco-
mastia (Satoh et al. 2002)

Drug Indication Experimental
inhibition of
aromatase

Allylestrenol Nausea
Chlormadinone acetate Antiandrogen 12%
Cimetidine Gastric ulcer 13%
Cyclosporin A Immune modulator 5%
Famotidine Gastric ulcer
Flutamide Antiandrogen 15%
Griseofulvin Tinea
Haloperidol Schizophrenia 0
Ipriflavone Phyto-oestrogen
Isoniazid Tuberculosis
Ketoconazole Tinea 52%
Lansoprazole Gastric ulcer
Manidipine Hypertension
Metoclopramide Nausea 18%
Nicardipine Hypertension
Nifedipine Hypertension 19%
Nisordipine Hypertension
Nitrendipine Hypertension
Omeprazole Gastric ulcer 19%
Pilsicainide Hypertension
Ranitidine Gastric ulcer
Spironolactone Hyperaldosteronism 23%
Sulpiride Dopamine antagonist
Tacrolimus Immune modulator 0
Verapamil Hypertension 13%

may lead to increased oestradiol levels (Ioulios et al.
2003). The mechanism leading to gynaecomastia in
highly active antiretroviral therapy (HAART) for HIV
infection is unclear (Jover et al. 2004).

Antiandrogens induce an imbalance of androgen
and oestrogen action by blocking androgen action. The
compounds are used in prostate cancer, and the inci-
dence of gynaecomastia observed during these treat-
ments varies between 6% and 79% (McLeod and Iver-
sen 2000). During the treatment with bicalutamide
(Casodex) in 8,113 patients, gynaecomastia occurred
in 47% of cases (McLeod 2002).

Increased sensitivity to oestrogens may be the cause
of unexplained gynaecomastia also in the ageing male.

Another rare cause of gynaecomastia is hyperpro-
lactinaemia. Thresholds of prolactin levels, above
which gynaecomastia occurs, are not known. The de-
velopment of gynaecomastia seems to depend on indi-
vidual sensitivity. It is independent of the cause of hy-
perprolactinaemia, which may be induced by pituitary
adenoma or by drugs (Coppola and Cuomo 1998). In
particular, dopamine-like drugs such as selective sero-
tonin reuptake inhibitors are effective in this respect
(Damsa et al. 2004).
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I.10.1.3
Clinical Features

The term “gynaecomastia” is used in all types of in-
creased breast volume and increased swelling of the
male breast region, irrespective of the consistence and
of the degree of swelling (Fig. I.10.2). Khan and Blamey
(2003) discriminated two forms of gynaecomastia: a
lump type and a fatty type. The former is a single firm,
often retro-areolar lump, the latter is a diffuse fatty le-
sion in the whole breast area. The first type is more
common in adolescents, the latter in elderly men. The
areola may be enlarged and more heavily pigmented
(Fig. I.10.3).

Neither the aetiology nor the pathological substrate
can be suspected from the clinical appearance, al-
though some authors claim to discriminate “real gyn-
aecomastia” and “pseudogynaecomastia”. An increase
in glandular tissue and also an increase in fat deposits
in this area lead to identical aspects. There is also no re-
liable histological method of discrimination. Das et al.
(1995) studied 188 men with gynaecomastia by fine

Fig. I.10.2. Gynaecomastia in the adolescent: uniform swelling
of the breast surrounding and elevating the nipple

Fig. I.10.3. Enlargement and stronger pigmentation of the areo-
la in gynaecomastia

needle aspiration and described a pseudogynaecomas-
tia histologically in none of them.

The gynaecomastia may be unilateral or bilateral.
Bilateral breast masses indicate a low probability of
cancer (Volpe et al. 1999). Pain is more common in be-
nign gynaecomastia, but the lack of symptoms is not
helpful in differential diagnosis (Giordano et al. 2002).
Hyperprolactinaemia is usually associated with bilater-
al swelling. In most cases, the left side is more promi-
nent.

I.10.1.4
Histopathology

Correct diagnosis is impossible without histological
examination of an excised tissue. The most frequent
differential diagnosis was myofibroblastoma (Magro et
al. 2002). Most threatening is the diagnosis of male
breast cancer as a cause of breast enlargement.

Williams (1963) described two types of gynaecomas-
tia. Type I, the florid gynaecomastia, is characterized by
an increased number of ducts with irregular lumen, in
some cases showing pseudolobule formation. The epi-
thelium may have more than three layers, sometimes
with small papillae. The ducts may be surrounded by
cuffs of connective tissue, which is well demarcated from
the normal interlobular connective tissue (Fig. I.10.4).
Type II, the quiescent gynaecomastia, shows ducts with
normal, unilayer epithelium, but irregular lumen and
slight ectasia. No cuffs of connective tissue are seen. The
stroma often shows hyalinization and no fibroblastic
proliferation (Fig. I.10.5). By immunohistology, PSA im-
mune reactivity is found in normal and hyperplastic duct
epithelium in gynaecomastia, but not in male breast can-
cer (MBC). This may be important for differential diag-
nosis (Gatalica et al. 2000; Kidwai et al. 2004).

In patients with diabetes mellitus, mastopathy may
be observed. There is an inflammatory reaction with

Fig. I.10.4. Histologic picture of florid gynaecomastia. The epi-
thelium may have more than three layers, sometimes with
small papillae
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Fig. I.10.5. Histologic picture of quiescent gynaecomastia.
Ducts with normal, unilayer epithelium. No cuffs of connec-
tive tissue are seen

chronic periductal and perivascular infiltrates and so-
called epithelioid stromal fibroblasts within the fibrotic
matrix (Hunfeld et al. 1997).

I.10.1.5
Genetic Risk Factors

Genetic causes or risk factors of gynaecomastia itself
are not known. However, there is a familial occurrence.
Also genetic types of hypogonadism increase the risk of
gynaecomastia. In particular, genes enhancing the risk
of breast cancer are important to consider in men with
gynaecomastia. The most important of these genes is
the BRCA1 gene, and the combination of BRCA1 and
BRCA2 gene mutations is responsible for approximate-
ly 80% of hereditary breast cancer risk (de Jong et al.
2002). BRCA1- and BRCA2-related proteins are pro-
duced by the normal mammary epithelium in men and
women (Bernhard-Gallon et al. 2003).

I.10.1.6
Diagnostic Procedures

I.10.1.6.1

Clinical Diagnosis

In the history, drugs and diseases causing gynaecoma-
stia have to be ruled out by standardized history taking.
Oestrogens, antiandrogens and gestagens are rare, but
clear causes. A number of drugs are also suspected of
causing gynaecomastia (Table I.10.1). The statements
are mostly based on case reports. The authors publish-
ing this table attempted to find evidence for the efficacy
of the drugs on grounds of the stimulation of the aro-
matase (Satoh et al. 2002).

Table I.10.2 shows the results of a small study with
115 patients suffering from gynaecomastia on the fre-
quency of drugs. Eighteen different drugs were quoted,

Table I.10.2. Drugs indicated by the patients with (GM) and
without (C) gynaecomastia (from Seibel et al. 1998)

Drug GM C Odds ratio P-value

Diazepam 0 2 0 1.0
Broncholytica 0 2 0 1.0
Urologica 0 2 0 1.0
Sulfonylurea 1 1 2.7 0.3
Insulin 2 0 0 0.07
Antihypertensive agents 0 3 0 0.57
Dermatica 1 2 1.30 1.0
ACE – inhibitors 2 2 2.70 0.30
Antiarrhythmic agents 0 4 0 0.55
NSAR 1 3 0.86 1.0
Allopurinol 3 2 4.19 0.13
Thyreostatica 1 4 0.63 1.0
q -blocking agents 2 3 1.77 0.61

Analgesics 2 4 1.31 0.67
Diuretics 1 5 0.50 1.0
Digitalis glycosides 1 5 0.50 1.0
Coronary dilatator 3 4 2.64 0.39
Ca-channel blocker 2 6 0.85 1.0
Cimetidine 2 2 2.70 0.30

Confidence intervals are not given, because of the low frequen-
cy of drugs indicated

but the number of patients taking the drugs was small.
No patients were found taking more than two drugs
(allopurinol, coronary dilators). None of the drugs was
associated with a significant increase or decrease in the
risk of gynaecomastia. The highest probability was
found for insulin (p = 0.07). This may be explained by
the stimulation of the aromatase in the mammary
gland by insulin, thus inducing higher oestradiol levels
within the tissue (Milazzo et al. 1992).

Also, a number of underlying diseases may cause the
imbalance of oestrogens and androgen (Fig. I.10.6);
these have to be ruled out by specific diagnostic proce-
dures (Table I.10.3). Table I.10.4 enumerates dermato-
logical and other diseases of the patients observed in
our study. Also, none of these diseases was associated
with a significant increase or decrease in the risk of

Fig. I.10.6. Gynaecomastia in a patient with Klinefelter’s syn-
drome
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Table I.10.3. Causes of gynaecomastia on the basis of oestro-
gen-androgen imbalance

Hypogonadism
Testicular tumours
Adrenal tumours
Other tumours
Renal failure

Liver cirrhosis
HIV infection
Malnutrition
Alcoholism

Table I.10.4. Diseases in patients with (GM) and without (C)
gynaecomastia (from Seibel et al. 1998)

Disease GM C Odds
ratio

Confidence
interval

P-value

Diabetes mellitus 3 1 8.48 [0.84; 84.81] 0.065
Hyperthyreosis 1 4 0.63 [0.068; 5.92] 1.0
Liver diseases 1 6 0.35 [0.041; 2.96] 0.44
Kidney diseases 4 10 1.55 [0.42; 5.70] 0.49
Cerebral injuries 1 3 2.75 [0.52; 14.44] 0.34
Basalioma 4 18 0.48 [0.16; 1.66] 0.75
Psoriasis 5 11 1.09 [0.38; 3.81] 0.76
Allergic diseases 5 10 1.35 [0.42; 4.31] 0.75
Varicosis 2 9 0.54 [0.11; 2.68] 0.54
Dermatitis 2 7 0.72 [0.14; 3.68] 1.0
Urticaria 6 10 1.68 [0.55; 5.09] 0.26
Melanoma 1 4 0.63 [0.06; 5.92] 1.0
Erysipelas 3 1 8.48 [0.848; 84.81] 0.065
Darier’s disease 1 0 0 0.278
Phimosis 2 1 2.64 [0.16; 43.60] 0.48
Psychic discomfort 1 2 1.30 [0.11; 14.92] 1.0

gynaecomastia, although a trend may be read for dia-
betes (OR 8.48) and erysipelas (8.48). No patients with
HIV were included in our study.

Fig. I.10.7. B-mode sonogra-
phy: region of lower echoge-
nicity with “dendritic” pro-
cessus, no cysts or calcifica-
tion, no distinct solid mass
formation

I.10.1.6.2

Sonography

B-mode sonography gives unspecific results (Fig.
I.10.7). The appearance of a complex cystic mass in the
male breast on sonography should suggest the possibil-
ity of malignancy and therefore warrants biopsy (Yang
et al. 2001).

Schinina et al. (2002) investigated patients with gy-
naecomastia due to HAART in HIV patients. They
could not differentiate between glandular tissue and fat
accumulation. They recommended magnetic reso-
nance tomography, which successfully achieved the dif-
ferentiation. However, they failed to indicate the clini-
cal consequences of their findings.

I.10.1.6.3

Mammography

On the basis of 104 mammograms in 89 men, Merkle et
al. (1996) concluded that mammography is necessary
only in rare cases, when malignancy is not suspected
on clinical grounds. Nevertheless, the investigation of
male breast enlargement by X-rays appears to be a use-
ful and reliable method. Appelbaum et al. (1999) de-
scribed that MBC usually appeared subareolar and ec-
centric to the nipple. The margins of the lesions were
more frequently well defined, and calcifications are less
frequent and coarser than those occurring in female
breast cancer (FBC). In contrast, benign gynaecomas-
tia usually appeared as a “fan-shaped density emanat-
ing from the nipple, gradually blending into surround-
ing fat.” However, there was substantial overlap be-
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tween these features, in particular chronic inflamma-
tion could mimic gynaecomastia.

I.10.1.6.4

Fine Needle Biopsy

Cytology of fine needle aspirates is a very reliable
method for the diagnosis of breast lesions. Vetto et al.
(1998) compared the results in 51 males with gynaeco-
mastia and six cases with malignancy with histological
evaluation of a biopsy. The negative predictive value
and specificity for malignancy was 100%, the positive
predictive value and sensitivity was also 100%. Mam-
mography did not add additional diagnostic informa-
tion in their series. In a case of secretory carcinoma, cy-
tology was similar to lactational changes or a lactating
adenoma (Vesoulis and Kashkari 1998).

Joshi et al. (1999) reported on fine needle aspirates
from 507 men in a total group of 13,175 patients. In 393
of 507, the aspirates were satisfactory, 70 of these were
positive for malignancy, 295 were negative (58%), and
29 were inconclusive. With respect to histology as ob-
tained after surgical intervention, FNA in this database
had a sensitivity, specificity and diagnostic accuracy of
100% for male breast lesions. Siddiqui et al. (2002),
who had 614 male patients in a total of 14,026 breast
fine needle aspirations, reported similar figures. The
aspirates were unsatisfactory in 94 patients, 21 of which
were operated on. From these 21 patients, 19 had gyn-
aecomastia and two had cancer. They estimated 427
cases to be benign. Thirty-two were diagnosed as ma-
lignant, of these were 15 primary cancer and 17 were
metastatic tumours. The overall sensitivity with re-
spect to malignancy was 95.3%, specificity was 100%,
and diagnostic accuracy was 98%.

Somewhat lower numbers were reported from
Westenend and Jobse (2002): the sensitivity was 100%
and the specificity 89%. The positive predictive value
of a diagnosis of malignancy, however, also was 100%.

Pitfalls in diagnosis by fine needle aspiration cytolo-
gy have to be considered, such as gynaecomastia fol-
lowing finasteride. There was nuclear atypia particu-
larly and cytoplasmic vacuolization. In the subsequent
excisional biopsy, no evidence of malignant change was
found. With gynaecomastia in general, extreme cau-
tion should be used before rendering a cytologic diag-
nosis of malignancy (Zimmerman et al. 2000). When
gynaecomastia occurs during systemic cytotoxic treat-
ment, it has to be considered that histological severe
cell atypia may be seen in benign tissue (Jun Yang
2002). Furthermore, histological evaluations revealed a
large body of entities in gynaecomastia. Apocrine
metaplasia and epithelial atypia were common findings
(Amrikachi et al. 2001).

I.10.1.6.5

Discrimination Gynaecomastia – Male Breast Cancer

In general, the probability that a breast lump is a cancer
is low. Gynaecomastia is not a risk factor for cancer.
Olsson et al. (2002), who followed a cohort of 446 pa-
tients with gynaecomastia for 20 years and reported on
the malignancies in these patients, explicitly stated that
no new cases of MBC have been observed. Ambrogetti
et al. (1996) reported on 748 consecutive male patients,
referred for breast screening, at an average age of
50.5 years. A malignant lesion was detected in 20 pa-
tients (2.67%). Sensitivity for nonmalignancy was 85%
for palpation, 88.8% for mammography, 93.7% for cy-
tology and 100% for ultrasound. Specificity was 95.3%,
94%, 95.6% and 97.9%, respectively. Combined palpa-
tion and mammography had 100% sensitivity. A histo-
ry of consumption of drugs known or suspected to
cause gynaecomastia does not increase the probability
of cancer (O’Hanlon et al. 1995). In the series of 175
men with gynaecomastia in the Daniels and Layer
study (2003), at a median age of 44 years, two had tes-
ticular cancer, but no MBC was observed. As an out-
standingly high percentage, Gill et al. (2000) reported
on a series of 150 men, in which 58.66% had MBC. This
high percentage is due to the specific reference practice
of their institution.

I.10.1.7
Prevention and Treatment

I.10.1.7.1

Pharmacological

The only drug appearing to be effective is the antioe-
strogenic compound tamoxifen. Mostly, it was used in
adolescent gynaecomastia. Tamoxifen was effective in
83% of patients (no controlled trial; Khan and Blamey
2003). Results of controlled trials are not available. Al-
though side effects are rare and not severe, Doughty
and Wilson (2003) emphasize that the evidence base for
the treatment is small. Data are insufficient to show that
tamoxifen is safe in this group of patients. Many ques-
tions remain unanswered: What effect does it have on
bone growth? Does gynaecomastia come back after
stopping treatment? What is the optimum duration of
treatment? From the view of evidence-based medicine
(EBM) the treatment cannot be recommended so far.

I.10.1.7.2

Radiotherapy

As a prevention in hormonal treatment of prostatic
cancer, radiotherapy is well proven (McLeod and Iver-
sen 2000). Tyrell et al. (2004) treated 106 men prior to
the treatment with bicalutamide either by a single dose
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Fig. I.10.8. Surgical treatment of gynaecomastia by semicircu-
lar, intra-areolar incision and resection of tissue

of electron beam radiotherapy (10 Gy) or sham radio-
therapy. The incidence of gynaecomastia was signifi-
cantly lower with radiotherapy (52% vs 85%). A simi-
lar number of patients in both groups, however, experi-
enced breast pain (83% vs 91%).

I.10.1.7.3

Surgery

The treatment of choice is surgery of the enlarged tis-
sue. There is a great variety of procedures (Rohrich et
al. 2003):

■ Semicircular, intra-areolar incision and resection
of tissue (Fig. I.10.8)

■ Nipple transposition on a single derma flap
■ Free nipple graft after excision of redundant skin

and breast tissue
■ Transaxillary approach
■ Suction-assisted lipectomy
■ Suction-assisted lipectomy, ultrasound guided

The latter is the most successful treatment from a func-
tional and aesthetic point of view.
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I.10.2 Skin Diseases of the Male Nipple
W. Krause

■ Skin lesions at the nipple may be part of a
general skin disease.

■ Tumours may be benign or malignant, in
particular Paget’s disease has to be considered.

■ Polythelia is not associated with other general
diseases.

Key Messages

I.10.2.1
General Skin Diseases

All the disseminated skin diseases may involve the nip-
ple and the areola mammae. An enumeration of possi-
bilities may be taken from any complete dermatology
textbook.

I.10.2.2
Localized Inflammatory Diseases

I.10.2.2.1

Nipple Piercing

Nipple piercing may lead to mastitis. The risks in nip-
ple piercing appear to be underestimated: they may
amount to 10–20% in the months after the procedure.

I.10.2.2.2

Mammillary Eczema

Mammillary eczema, an itching and often erosive le-
sion, causes swelling of the nipple and areola (Fig.
I.10.9). It occurs as allergic contact dermatitis after
transdermal sensitization with special antigens. In this
region, cosmetics, clothes and dyes, detergents, and
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Fig. I.10.9. Mamillary eczema in a patient with atopic dermatitis

scents are of relevance. Another form is part of atopic
dermatitis, which is a congenital abnormal reaction of
the skin to different influences.

I.10.2.2.3

Lymphadenosis Benigna Cutis

Lymphadenosis benigna cutis is a B cell lymphoma of
the skin associated with Borrelia burgdorferi infection.
Specific sites of this disease are the nipple, scrotum,
and earlobe (Gissler and Heininger 2002). Usually,
there are polyclonal B cells.

I.10.2.2.4

Nipple Discharge

A discharge from the nipple may indicate inflammation
but also an underlying tumour. Since nipple discharge
is a rare event, its diagnostic value is limited.

I.10.2.2.5

Naevoid Hyperkeratosis

Naevoid hyperkeratosis (Fig. I.10.10) was described for
the first time by Tauber in 1923 (quoted from Kubota et
al. 2000). Later, it was classified into three types (Kubo-
ta et al. 2000). The first type is part of epidermal naevi,
the second type is associated with ichthyosis, the third
is the naevoid form in young women. The rete ridges
are markedly elongated, and the dermis in the papilla
shows filiform acanthosis and hyperkeratosis with
largely dilated keratin-filled spaces. The histological
appearance resembles the “pomade crust” observed in
infants resulting from intense skin care (Gartmann and
Steigleder 1975).

Fig. I.10.10. Nevoid hyperkeratosis: The rete ridges are markedly
elongated, and the dermis in the papilla shows filiform acantho-
sis and hyperkeratosis with largely dilated keratin-filled spaces

I.10.2.3
Tumours

I.10.2.3.1

Areolar Sebaceous Hyperplasia

In the areola, areolar sebaceous hyperplasia is called
Montgomery’s tubercles. Although anatomically iden-
tical to sebaceous glands, these are physiologically dif-
ferent. Areolar sebaceous hyperplasia is different from
Montgomery’s hyperplasia. It occurs predominantly in
women, and there are rare observations in men (Krisp
and Krause 2003). It appears as whitish or yellowish
plaques with a papillated surface (Fig. I.10.11). Histo-
logically, fully differentiated sebaceous glands are ob-
served. Treatment is not known and not necessary.

I.10.2.3.2

Benign Cutaneous Tumours

Nearly all kinds of benign cutaneous tumours have al-
ready been described at the nipple, such as melanocytic
naevi (Fig. I.10.12), seborrhoeic keratosis (Fig. I.10.13),
skin tags (fibroma pendulans), and venous lakes (angi-

Fig. I.10.11. Areolar sebaceous hyperplasia: whitish or yellow-
ish plaques with papillated surface
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Fig. I.10.12. Melanocytic naevus (mole): brown, soft tumour,
existing since childhood

Fig. I.10.14. Basal cell carcinoma may also involve the nipple. It
appears as reddish, flat tumour with minor scaling

oma senile). Clinical features and processing are identi-
cal to those in other skin areas.

Leiomyoma is a rare benign solitary skin tumour
rising from smooth muscles of three types: m. arrector
pili, vascular smooth muscles (angioleiomyoma) and
the tunica dartos or the mamilla. Leiomyomas of the
skin are usually painful, but this does not apply for
those of the genital or areolar skin, although the nerve
fibres are easily seen as in the other leiomyomas.

I.10.2.3.3

Basal Cell Carcinoma

Basal cell carcinoma (BCC) is the most common cancer
in men (Fig. I.10.14). It usually occurs in sun-exposed
skin areas, mainly in the face. The appearance on the
nipple or the areola mammae is rare; Betti et al. (2003)
reviewed 20 cases from the literature. The clinical ap-
pearance is similar to that of BCC of the face. An
asymptomatic, flesh-colored nodule grows slowly with-
in several months or years. Upon taking a biopsy, the
typical histopathological appearance of a BCC is ob-
served. The tumour should be surgically removed.

Fig. I.10.13. Seborrhoeic keratosis: flat tumour with rough,
warty surface

I.10.2.3.4

Malignant Melanoma

There is no special clinical entity of mammary malig-
nant melanoma, but it occurs at the nipple or the mam-
milla by chance. The superficial spreading melanoma
(SSM) may be mistaken as a benign mole for a long
time. Nodular melanoma (NM) shows rapid growth in
three dimensions and shows early ulceration. The diag-
nostic and therapeutic processing does not differ from
the melanoma of other skin areas.

I.10.2.3.5

Paget’s Disease

Paget’s disease designates the intraepidermal spread-
ing of cancer cells around the nipple growing out from
a ductal carcinoma. The Paget cells are large, clear cells
with positive immunostaining for oestrogen receptor,
carcinoembryonic antigen (CEA), epithelial membrane
antigen, pan-cytokeratin and human-milk fat globule
protein but negative for S-100 or HMB-45 (Nakamura
et al. 2001). Expression of cytokeratin-7 is characteris-
tic for Paget cells.

Paget’s disease is rarely observed in males. It has to
be considered in particular in association with a breast
lump. There are several reports in the literature on this
disease (Desai et al. 1996; Holloway et al. 1996; Raton
et al. 1998; Bodnar et al. 1999; Menet et al. 2001; Chao
et al. 2003). Hayes et al. (2000) reported 43 published
cases of Paget’s diseases in MBC on the basis of a Medli-
ne search. In their own observation, there was the
unique infiltration of skin adnexa by the malignant
cells. Ottuso (2002) reported the first case of infiltrating
carcinoma diagnosed on the basis of Paget’s disease in
the dermatological literature. As a rare variation of Pa-
get’s disease, pigmented lesions were also described.
The pigmentation results from numerous melanocytes
with abundant melanin in close contact with Paget’s
cells, possibly due to a factor similar to the proopiome-
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Fig. I.10.15. Carcinoma erysipelatoides: lymphatic spreading of
breast carcinoma with involvement of the nipple

lanocortin (POMC) peptide. These were found to be
more frequent than in women (Menet et al. 2001).
O’Sullivan et al. (1995) as well as Takeuchi et al. (1999)
described Paget’s diseases without an underlying carci-
noma.

I.10.2.3.6

Breast Cancer

Inoue et al. (2003) presented a case report of a 72-year-
old man with nipple enlargement accompanied by a
discharge. Histopathological examination of the nipple
resection revealed noninvasive intracystic papillary
carcinoma of the nipple. The differential diagnosis was
benign adenoma of the nipple (gynaecomastia of the
nipple; Liebau et al. 1998). In our department, we ob-
served the involvement of the nipple in carcinoma ery-
sipelatoides (Fig. I.10.15).

As in women, male breast cancer has a genetic basis
in about 10% of cases. Mutations of the BRCA1 and the
BRCA2 genes are responsible for the majority of geneti-
cally induced cases. Paget’s disease seemed to be more
frequent in BRCA2 mutations (Neuhausen et al. 1998;
Ottini et al. 2003).

I.10.2.4
Malformations

I.10.2.4.1

Aberrant Mammalian Tissue

There is a broad clinical spectrum in aberrant mamma-
lian tissue. It occurs as (in decreasing frequency) a nip-
ple alone (polythelia), a nipple with areola (polythelia
areolaris), a nipple with adjacent glandular tissue, or a
complete breast.

Polythelia is observed in up to 1% of newborns, usu-
ally along embryonic milk lines. In most cases, this
phenomenon is observed only in adulthood (Fig.

Fig. I.10.16. Polythelia: multiple areola–mamillary complexes
in the adult, normal male, hirsute areola

I.10.16). Dermatoscopic observation (epiluminescence
microscopy), which is broadly used in the diagnosis of
skin diseases, in particular in pigment tumours, is also
useful in an accessory nipple. Dermatoscopy reveals a
central white scar-like patch with a delicate pigmented
network at the periphery, which may be explained by
an epidermal hyperplasia, also present in the areola
mammae of the original nipple. This appearance is
quite similar to that of dermatofibroma (Blum and
Roehm 2003). There is also the phenomenon of intra-
areolar polythelia, called paired nipples or dysplastic
divided nipples (Urbani and Betti, 1996b).

Numerous publications describe the relationship
between aberrant mammary tissue (AMT) and kid-
ney–urinary tract malformations. Camacho et al.
(1998) observed 72 cases in 3 years, 30 of which were
men. No congenital/hereditary nephrourinary defects
or sense organ disorders were found. In the literature,
the association between aberrant mammary tissue and
urinary tract malformations is discussed controversial-
ly. In some populations (Jewish and Hungarian), up to
40% of children born with supernumerary nipples had
malformations of the urinary tract. However, there
have so far been no explanations for this association.
Urbani and Betti (1996a) studied 146 patients with
aberrant mammalian tissue. Kidney and urinary tract
malformations were present in 11 patients with AMT
(nine men, two women) and in one control. These au-
thors are convinced that accessory mammary tissue of-
fers an important clue for congenital and hereditary
anomalies of the kidneys and urinary collecting sys-
tems.

Polythelia was also observed in Char syndrome
(OMIM 169100), which consists of typical face, strabis-
mus, and foot anomalies (Zanolli et al. 2000). There is
evidence that Char syndrome is caused by missense
TFAP2B (601601) defects acting in a dominant-nega-
tive manner.
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I.10.2.4.2

Absence of the Nipple

Absence of the nipple occurs in Finlay-Marks syn-
drome (OMIM 181270), described in 1978 in a kindred
with ten individuals over five generations showing an
abnormality of the scalp, ears, and nipples. Although in
part the scalp abnormality resembled that of aplasia
cutis congenita, the syndrome appeared to be distinc-
tive. The affected persons showed raised, firm nodules
over the posterior aspect of the scalp, not covered by
hair. Histologically, there was an excess of collagenous
connective tissue. The nipples were rudimentary or ab-
sent. Women had virtually complete aplasia of the
breasts and a small skin dimple without any pigmenta-
tion instead of the normal nipple. Dental changes in-
cluded widely spaced or missing secondary teeth. The
ears were cupped or folded and stood out from the
head. Axillary apocrine secretion and axillary hair
growth were reduced. Fingernails were brittle. Renal
and urinary tract abnormalities should be regarded as
part of the syndrome.

I.10.2.5
Surgical Interventions

I.10.2.5.1

Excision

The surgical excision of breast enlargement (gynaeco-
mastia) should usually be performed through a cir-
cumareolar section with purse-string suture (see
Chap. I.10.1). This creates the best aesthetic results,
with few complications and little risk of relapse (Persi-
chetti et al. 2000). An alternative surgical procedure in
severe gynaecomastia is total mastectomy and free nip-
ple grafting.

I.10.2.5.2

Reconstruction

After bilateral total loss of the nipple due to the treat-
ment of benign and malignant tumours as well as
chronic inflammations or trauma, a reconstruction for
aesthetic purposes is useful. In order to calculate basic
data for such a reconstruction, Beer et al. (2001) carried
out a cross-sectional study on the configuration and lo-
calization of the nipple–areola complex in 100 healthy
men aged 20–36 years; 91 had oval and seven had a
round nipple–areola complex. Asymmetry between the
right and the left side was rare. The centre of the nip-
ple–areola complex was in the fourth intercostal space
in 75% and in the fifth intercostal space in 23% of the
subjects. Murphy et al. (1994) calculated the appropri-
ate location of the new nipple from 20 healthy men as
models. The average sternal notch-to-nipple measure-

ment was determined to be 21 cm. The nipple plane was
located 0.33 times the distance from the sternal notch
to the pubis, and the internipple distance was 0.23
times the chest circumference. Spence (1992) reviewed
technical details of reconstruction. He concluded that a
satisfying reconstruction is difficult.
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I.10.3 Male Breast Cancer
P.S.H. Soon, J.M. Dixon

■ Male breast cancer is rare.
■ Patients most commonly present with a pain-

less, retroareolar lump.
■ Diagnosis is made by triple assessment – clin-

ical examination, imaging and needle biopsy.
■ Management is similar to that of female breast

cancer

Key Messages

I.10.3.1
Incidence

Male breast cancer is rare, comprising less than 1% of
all breast cancers and about 1% of all cancers in males.
It also accounts for 0.1% of all deaths from cancers in
males (Memon and Donohue 1997). In the United
Kingdom, less than 0.5% of all breast cancers occur in
men and breast cancer makes up 0.7% of all male can-
cers (Dixon et al. 2000).

I.10.3.2
Risk Factors

Klinefelter syndrome, a congenital condition where a
male inherits an extra X chromosome, resulting in the
47XXY karyotype, is the most significant risk factor
for male breast cancer. Klinefelter syndrome multi-
plies the risk of breast cancer by 20–50 (Johnson et al.
2002).

Family history is also an important risk factor for
male breast cancer. Patients with a first-degree female
or male relative with breast cancer are at increased risk.
SEER (surveillance, epidemiology and end results, a
program run by the National Cancer Institute in the
United States publishing cancer incidence and survival
data from 14 population-based cancer registries and
three supplemental registries covering approximately
26% of the US population) data have shown that men
with a positive family history of breast cancer have an
odds ratio of 3.98 for developing breast cancer, and the
risk increases with increasing numbers of first-degree
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relatives, especially those with young age at diagnosis
(Giordano et al. 2002).

The BRCA2, not the BRCA1 gene, has been associat-
ed with male breast cancer. As in females, breast cancer
in males is hormonally driven with abnormalities in
oestrogen and androgen balance underpinning the risk
factors. Conditions such as cirrhosis, where there is an
increased serum oestrogen level due to decreased
breakdown, is associated with an increased risk of male
breast cancer. Obesity resulting in relative hyperoestro-
genaemia, is also associated with an increased risk of
male breast cancer. Gynaecomastia, which results from
a relative excess of oestrogen, has been associated with
male breast cancer, but any association could be due to
the fact that both conditions are associated with an ex-
cess of oestrogen. Conditions causing hypoandroge-
nism, which include testicular trauma and infertility,
are also associated with a small increased risk of breast
cancer (Levi et al. 2002).

As in females, a history of chest wall irradiation also
results in the risk of developing breast cancer (Memon
and Donohue 1997).

Men from higher social class, single men and Jewish
men are also more likely to develop breast cancer (Levi
et al. 2002).

I.10.3.3
Pathology

Breast cancer in men and women differs with respect to
age at diagnosis, frequency of histological types and
percentage of hormone receptor expression.

Mean age of male patients with breast cancer is 60,
10 years older than for females.

Ninety per cent of male breast cancers are invasive
and the remaining 10% are ductal carcinoma in situ.
Most invasive breast cancers in men are ductal carcino-
mas; these comprise over 80% of invasive male breast
cancers. It was initially thought that there were no inva-
sive lobular carcinomas in males because of the ab-
sence of breast lobules, but a 40-year review of 229 cases
of male breast cancer at the Princess Margaret hospital
in Canada revealed a 2.6% incidence of invasive lobular
carcinoma (Goss et al. 1999).

As in women, there is a high prevalence of hormone
receptor positivity in male breast cancers; 80–90%
are oestrogen-receptor positive, 70% progesterone re-
ceptor-positive and 50% androgen receptor-positive
(Osborne 1998).

Prognostic factors for male breast cancer are similar
to those in females. They include axillary lymph node
status, tumour size, histological grade and hormone re-
ceptor status. Axillary lymph node involvement is a
poor prognostic factor. A 5-year survival rate for path-
ological node-positive disease was 65% compared to
90% for node-negative disease in one series. The num-

ber of axillary lymph nodes involved is also an impor-
tant prognostic factor, with the 10-year survival rate for
patients without nodal involvement, one to three
lymph nodes involved and four or more lymph nodes
involved being 84%, 44% and 14%, respectively (Gui-
nee 1993). Primary tumour size is another important
prognostic factor: the 5-year survival rates are 85% for
tumours under 2 cm, 63% for tumours 2–5 cm and
51% for tumours over 5 cm (Cutuli et al. 1995). Histo-
logical grade is another significant risk factor. Five-
year survival rates have been reported as 76%, 66%
and 43% for grades 1, 2 and 3 tumours, respectively
(Ribeiro et al. 1996).

I.10.3.4
Presentation

As in women, men with breast cancer generally present
with a lump (Fig. I.10.17), skin or nipple changes and
blood-stained nipple discharge. Most male cancers are
evident as hard, nontender lumps in the retroareolar
region; the upper outer quadrant is the second most
common site. In a retrospective study over 20 years
from Nottingham, there were 43 male patients with
breast cancer – two DCIS and 41 invasive cancers.
Eighty-eight per cent (36/41) presented with a lump,
three with blood-stained nipple discharge, one with
pain and one with nipple deformity. Thirty-nine of the
41 had a palpable lump, with the remaining two pa-
tients having nipple discharge only (Willsher et al.
1997).

Bilateral male breast cancer is very rare. This could
be due to the later onset of male breast cancer and the
tendency for men to die of other causes before onset of

Fig. I.10.17. Picture of male patient with left breast cancer. The
black mark placed in the axilla is over a palpable axillary
lymph node.
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contralateral breast cancer. Mammographic screening
of the unaffected breast to look for contralateral can-
cers is not recommended in males (Goss et al. 1999).

I.10.3.5
Investigation

The main differential diagnosis of breast cancer in
males is gynaecomastia; this is common in males be-
tween 5th to 8th decades. Mammography is useful in
distinguishing between benign and malignant lumps
(Fig. I.10.18). A carcinoma is often eccentric in the
breast and has irregular, spiculated margins. Ultra-
sound is also valuable in helping with diagnosis and
in guiding biopsy. Fine needle aspiration biopsy or
core biopsy should be performed on all suspicious
lumps. Core biopsy in male patients reliably diagnoses
malignancy and facilitates planning of further man-
agement and avoids unnecessary operations in gynae-
comastia patients (Westenend 2003). Vetto et al.
(1998) looked at the cost-effectiveness of physical ex-
amination, fine needle aspiration biopsy and mam-
mography in the assessment of breast lumps in males
and concluded that mammography, in addition to
physical examination and fine needle aspiration biop-
sy, did not add any further diagnostic information or
changed management.

Once a diagnosis of breast cancer is established on
biopsy, limited staging tests are usually performed. All
patients should have a full blood count, liver function
tests and chest X-ray. Patients with abnormal liver
function tests and patients with advanced breast cancer
should be considered for liver ultrasound. Bone scan

Fig. I.10.18. Bilateral mammogram of man with cancer in left
breast

should be performed in symptomatic patients or pa-
tients with advanced breast cancer.

I.10.3.6
Management of Early Breast Cancer

Because of the rarity of male breast cancers, no ran-
domized controlled trials have been conducted and
treatment is largely based on experience with manag-
ing female breast cancers.

Surgery is the mainstay of treatment, with modified
radical mastectomy (mastectomy and axillary clear-
ance) being the most common operation. While there
are no data regarding the efficacy of breast conserva-
tion surgery in males, because of the small amount of
breast tissue present, lumpectomy is only an option for
patients with small tumours. Though no randomized
controlled study has been conducted on the use of sen-
tinel lymph node biopsy in males with breast cancer, it
is feasible to perform simple mastectomy and sentinel
lymph node biopsy instead of a modified radical mas-
tectomy. Cimmino et al. performed sentinel lymph
node biopsy in six male breast cancer patients with a
mean cancer size of 1.6 cm (range, 0.7–2.8 cm). A mean
of 2.2 sentinel lymph nodes were identified; they used
radioisotope tracer and blue dye in five patients and
blue dye alone in one patient. Four of the six patients
with positive sentinel lymph nodes went on to a com-
pletion axillary dissection and only one of these had
further positive axillary lymph nodes. The authors
concluded that sentinel lymph node biopsy can be of-
fered as an alternative to a full axillary dissection in
males with early breast cancer (Cimmino et al. 2004).

Postoperative radiotherapy is delivered to patients
with locally advanced disease or tumours with pres-
ence of axillary lymph node metastases. Postoperative
radiotherapy has been noted to decrease local recur-
rence rates but has no impact on survival (Memon and
Donohue 1997). In one study of 21 patients with opera-
ble male breast cancer, it was concluded that postopera-
tive radiotherapy is an essential part of the overall
treatment strategy. Six of these 21 patients relapsed –
two in the scar and four in the axilla; all the patients
who relapsed had not received postoperative adjuvant
radiotherapy (Schuchardt et al. 1996).

Systemic adjuvant therapy is beneficial in terms of
survival for men with node-positive disease. Tamoxifen
is the most frequently used systemic therapy. Ribeiro
and Swindell looked at use of adjuvant tamoxifen for
1–2 years in stage 2 and operable stage 3 male breast
cancer compared with historical controls. The actuarial
5-year disease-free survival of the adjuvant treated pa-
tients was 61% compared to 44% for historical con-
trols, with overall survival being 56% and 25%, respec-
tively (Ribeiro and Swindell 1992). Moredo Anelli et al.,
however, noted a 20.8% attrition rate to adjuvant ta-
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moxifen treatment in less than 1 year in males com-
pared to 4% in female patients. Of 24 male patients
treated with tamoxifen, 62.5% developed side effects:
29.2% experienced a decrease in libido, 25% had
weight gain, 20.8% had hot flushes and mood alter-
ation, 16.6% developed depression, 12.5% had insom-
nia and 4.2% had deep venous thrombosis (Moredo
Anelli et al. 1994).

Chemotherapy is indicated in patients with ER-
negative cancers. Treatment of node-positive male pa-
tients with surgery only yields 5-year survival rates of
16–57%. Patel et al. (1989) looked at adjuvant 5-fluo-
rouracil, doxorubicin and cyclophosphamide in ten
male patients with stage 2 and 3 disease and reported
an estimated 5-year survival rate greater than 85%.

The MD Anderson Cancer Center recommends
5 years of tamoxifen for hormone receptor-positive
tumours and offers adjuvant chemotherapy to men
with node-positive disease or where the primary
tumour is larger than 1 cm. Studies at the National Can-
cer Institute and the MD Anderson Cancer Center have
shown improved outcomes with 5-year survival rates
between 80% and 85% for patients with node-positive
disease who have been given adjuvant chemotherapy
(Giordano et al. 2002).

I.10.3.7
Management of Metastatic Breast Cancer

Systemic therapy is the mainstay of metastatic breast
cancer. Orchiectomy is a highly effective form of treat-
ment for hormone receptor-positive metastatic breast
cancer. Tamoxifen, however, is the most common form
of treatment as it is reversible and more acceptable to
males (Giordano et al. 2002). Nevertheless, there is a
high rate of treatment-limiting symptoms in these pa-
tients (Moredo Anelli et al. 1994). There have been a
few reports of the use of aromatase inhibitors in pa-
tients with metastatic disease. Aromatase inhibitors
appear to be less effective than tamoxifen or orchiecto-
my because they are only able to block about 80% of
oestrogen production in males with normal testes be-
cause of the intact feedback loop (Giordano et al.
2002).

I.10.3.8
Follow-up

These patients should be followed up annually for
5–10 years.

I.10.3.9
Conclusion

Male breast cancer is rare. Presentation is most com-
monly with a painless, retroareolar lump. Diagnosis is

by clinical examination, imaging and needle biopsy.
Management is similar to that of female breast cancer.
For early disease, surgery followed by tamoxifen with
or without radiotherapy is the treatment of choice. For
metastatic disease, tamoxifen or chemotherapy is indi-
cated.
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I.2Problem: Abnormal Pubertal Development
S.A. Wudy

■ Puberty is a landmark of development. It
begins with increased and nocturnal pulsatile
secretion of gonadotrophin-releasing hormone
(GnRH). The primary guidelines for manage-
ment of precocious as well as of delayed
puberty are to rule out an organic disorder
that requires treatment in and of itself.

Key Message

I.2.1
Physiology

During puberty – the period of transition between
childhood and adulthood – full sexual maturation, the
adolescent growth spurt and fertility (production of
mature gametes) are attained. Puberty starts with an
increase in pulsatile secretion of the hypothalamic
hormone gonadotrophin-releasing hormone (GnRH,
LHRH). Consequently, the pituitary gonadotrophins
(LH, luteinizing hormone; FSH, follicle-stimulating
hormone) are stimulated and their release consecutive-
ly leads to an increase in gonadal steroids (predomi-
nantly testosterone in males).

In boys, the first sign of pubertal development is an
increase in testicular volume (4 ml), which occurs at a
mean age of 12 years (Marshall and Tanner 1970). To
characterize the physical changes in individuals and in
populations, Tanner developed standards for assessing
sexual maturation (Table I.2.1).

I.2.2
Precocious Puberty

In boys, puberty is considered precocious if typical sec-
ondary sex characteristics occur prior to 9 years of age.
Because of the premature closing of the epiphyses, sub-
jects who have undergone precocious puberty are gen-
erally shorter than normal.

It is important to separate true (i.e. central) preco-
cious puberty – which is due to the premature activa-
tion of the hypothalamic-pituitary-gonadal axis –
from pseudoprecocious puberty – which is generally
due to a secreting tumour, inducing only the develop-

Table I.2.1. Tanner stages of pubertal development in boys

A. Genital development
Stage 1: Preadolescent. Testes, scrotum, and penis are about
the same size and proportion as in early childhood.

Stage 2: The scrotum and testes have enlarged; the scrotal
skin shows a change in texture and also some reddening.

Stage 3: Growth of the penis has occurred, at first mainly in
length but with some increase in breadth; there is further
growth of the testes and scrotum.

Stage 4: The penis is further enlarged in length and breadth
with development of the glans. The testes and scrotum are
further enlarged. The scrotal skin has further darkened.

Stage 5: Genitalia are adult in size and shape. No further
enlargement takes place after stage 5 is reached.

B. Pubic hair development
Stage 1: Preadolescent. The vellus over the pubes is not fur-
ther developed than that over the abdominal wall; i.e. there
is no pubic hair.

Stage 2: Sparse growth of long, slightly pigmented, downy
hair, straight or slightly curled, appearing chiefly at the
base of the penis.

Stage 3: Hair is considerably darker, coarser, and curlier
and spreads sparsely over the junction of the pubes.

Stage 4: Hair is now adult in type, but the area it covers is
still considerably smaller than in most adults. There is no
spread to the medial surface of the thighs.

Stage 5: Hair is adult in quantity and type, distributed as an
inverse triangle. The spread is to the medial surface of the
thighs but not up the linea alba or elsewhere above the base
of the inverse triangle. Most men will have further spread
of the pubic hair

ment of the secondary sex characteristics (Partsch et al.
2002).

In gonadotrophin-dependent true precocious puber-
ty, the premature activation of the hypothalamic GnRH
pulse generator induces an increase in amplitude and
frequency of episodic secretion of pituitary LH and
FSH. This form of precocious puberty can be classified
into two types: one with identifiable neurological le-
sions (e.g. intracranial tumours, congenital malforma-
tions, traumatic causes, postinfectious causes, etc.); in
the absence of such a lesion, the precocious puberty is
said to be idiopathic (sporadic, familial forms).
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True precocious puberty must be distinguished
from the gonadotrophin-independent form of sexual
precocity. Its differential diagnosis comprises gonado-
trophin-secreting tumours (inside or outside the cen-
tral nervous system), increased androgen secretion by
the adrenals (congenital adrenal hyperplasia, adrenal
neoplasms) or by the testes (Leydig cell adenoma or te-
stotoxicosis).

In case an underlying cause resulting in early puber-
ty can be identified, therapy should be directed to treat-
ing this cause if possible. Such a treatment could con-
sist in surgery, radiation, or chemotherapy for cerebral,
ectopic gonadotrophin-producing, gonadal, or adrenal
tumours. Congenital adrenal hyperplasia warrants ad-
renal suppression. In gonadotrophin-independent pre-
cocity, testolactone or ketoconazole have been used.
Among patients with central puberty – idiopathic or
otherwise – the current treatment of choice consists in
stopping gonadotrophin production with gonadotro-
phin-releasing hormone (GnRH) analogues. Adequacy
of treatment should be monitored by clinical indices
and hormonal testing.

I.2.3
Delayed Puberty

In boys, puberty is considered delayed when secondary
sex characteristics (testicular volume <4 ml) do not
occur prior to 14 years of age.

There is a multitude of causes for delayed puberty
(Pozo and Argente 2003). Constitutional delay of
growth and puberty is the most frequent cause of de-
layed puberty in boys. Usually there is a family compo-
nent of late maturation. Furthermore, functional hypo-

gonadotrophic hypogonadism can be due to chronic
pathology such as chronic illnesses, nutritional disor-
ders, isolated growth hormone deficiency, other hor-
monal disturbances or stress. The spectrum of perma-
nent hypogonadotrophic conditions comprises entities
such as Kallmann’s syndrome, isolated gonadotrophin
deficiency, fertile eunuch syndrome, or multiple pitui-
tary hormone deficiencies. Chromosomal anomalies,
anomalies of hormone biosynthesis and receptivity,
malformation syndromes, agenesis of the gonads, go-
nadal hypoplasia and acquired primary gonadal failure
lead to hypergonadotrophic hypogonadism.

Full replacement of androgen to attain and maintain
an adult male state physically and sexually requires
parenteral administration of testosterone. The dosage
of initial therapy depends on age and maturational sta-
tus of the patient and the rapidity of pubertal develop-
ment desired. Traditionally, testosterone is given as a
depot injection. Transdermal application via patches or
gels may become a substitute for this mode of therapy;
data in children are still scarce. Although observation is
the main recommendation in individuals with consti-
tutional delay of growth and puberty, short-term ad-
ministration of testosterone can be beneficial in some
situations.
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I.11Problem: Male Ageing

I.11.1 Neuroendocrine Regulation of Testicular Function
J.M. Kaufman

■ Many endocrine systems change during
ageing, resulting in the decreased secretion of
growth hormone, dehydroepiandrosterone and
testosterone.

■ The circadian variability of testosterone, which
is present in young men, is blunted in ageing
men.

■ Decreased serum concentrations of total and
free testosterone result from both the
decreased secretion capacity of testicular
Leydig cells and the altered regulation of
luteinizing hormone (LH) secretion at the
hypothalamopituitary level.

■ In contrast to the decreased endocrine func-
tion of the testes, Sertoli cell function and
spermatogenesis are fairly well preserved in
the elderly.

Key Messages

I.11.1.1
Definition

No physiological function remains unaffected by the
ageing process, which inescapably results in dimin-
ished functional capacity and effectiveness of homeo-
static regulatory mechanisms. All hormonal systems
are altered to some extent by ageing, with the male go-
nadal axis being no exception, even though the changes
are progressive and of modest amplitude compared to
the rather abrupt and dramatic decrease in gonadal
hormonal production that characterize climacteric
transition in women.

The main hormonal changes related to androgenic
action and reproductive function observed during age-
ing in men are summarized in Table I.11.1. These
changes in healthy ageing men show considerable in-
terindividual variation as to their pace and extent.
Moreover, there is in older men a rather high preva-
lence of disease states and use of medication that can

adversely affect sex steroid production and accentuate
the age-related changes (Table I.11.2). Finally, older
men can also be affected by specific diseases of the go-
nadal function (e.g. a prolactinoma) or still show con-
sequences of defects of the gonadal axis that are con-
genital or were acquired at a younger age (e.g. Klinefel-
ter syndrome, cryptorchidism, torsion of testis, hypo-
gonadotrophic hypogonadism). Obviously, andrologic
evaluation in an elderly man requires a thorough and
broad clinical approach.

I.11.1.2
Aetiology and Pathogenesis

There is a circadian variation in serum testosterone,
with amplitude of approximately 35%, the highest lev-
els in the early morning and the lowest levels in the late
afternoon (Resko and Eik-Nes 1966). This circadian
rhythm is blunted in elderly men (Bremner et al. 1983;
Deslypere and Vermeulen 1984; Plymate et al. 1989;
Diver et al. 2003); therefore differences in serum testos-
terone levels between young and older men are most
clearly demonstrated in studies with blood sampling
performed in the morning. Such studies have shown
that the mean total serum testosterone (T) level at age
65 years is about two-thirds of the mean level at age 25
(Deslypere and Vermeulen 1984; Vermeulen et al.
1996). Whereas the age-related changes in total serum
T are rather subtle, they are accompanied by a progres-
sive increase by about 1.2% per year of the serum levels
of sex hormone-binding globulin (SHBG) (Vermeulen
et al. 1996; Feldman et al. 2002), so that compared to the
decrease of total serum T there is in fact a steeper age-
related decline of the serum T fractions not bound to
SHBG, i.e. the free testosterone and the so-called bio-
available T (combined free T and albumin-bound T
fractions) that are readily available for biological ac-
tion. The population means for serum levels of free T
and bio-available T are decreased by as much as 50%
between age 25 and 75 years (Deslypere and Vermeulen
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Table I.11.1. Ageing in men: hormonal changes related to reproduction and androgenic action; schematic representation of mean
trends in healthy elderly men relative to young men

Age-related
trend

Remarks

Serum total testosterone (T) ↓ e 30% Between age 25 and 75 years; valid for (early) morning
levels; in majority of subjects within range for young men;
blunting of T circadian rhythm

T metabolic clearance rate (MRC) ↓ Decreased serum levels with decreased MRC indicates decreased
T production

Testicular T secretion ↓ As measured in testicular vein plasma
Serum SHBG ↑↑ By about 1.2%/year
Serum FT ↓↓ Biologically active fraction; by & 50% between age 25 and 75 years
Serum non-SHBG-bound T or bio-available T ↓↓ Biologically active fraction; by & 50% between age 25 and 75 years
Tissue androgen concentrations ↓↓ In most tissues with some exceptions such as scrotal skin
Serum total oestradiol (E2) → Decreased substrate for aromatization compensated by increased

aromatase activity
Serum free E2 ↓ Usually e 30% between age 25 and75 years
Serum non-SHBG-bound E2 or bio-available E2 ↓ Usually e 30% between age 25 and 75 years
Serum androstenedione ↓↓

Serum dihydrotestosterone (DHT) → (↑? ↓?) Not representative for tissue levels; unchanged according to most
but not all reports

Serum DHEA (sulphate) ↓↓↓ Mainly from adrenal origin; & 80% between age 25 and 75 years
Serum cortisol/DHEA(S) ratio ↑↑↑ Cfr. unchanged or slightly increased adrenal cortisol production
Serum luteinizing hormone (LH) ↑ In majority of subjects within range for young men
Serum follicle stimulating hormone (FSH) ↑↑ More consistent increase than for serum LH
Serum inhibin B ↓ (→) Only modest decrease; early changes rather suggestive for testi-

cular factors different from ageing; relatively stable in older
men

Serum inhibin B/FSH ↓↓ Clear progressive decline

↑, ↑↑, ↑↑↑: limited, moderate, strong increase, respectively; ↓, ↓↓, ↓↓↓: limited, moderate, strong decrease, respectively

Table I.11.2. Some diseases and treatments that can temporarily
or more permanently accentuate the age-related decline of tes-
tosterone production

Acute disease
Any acute disease state
Myocardial infarction
Acute critical illness

Chronic disease
(Morbid) obesity; insulin resistance
(Poorly controlled) diabetes mellitus
Atherosclerosis
Chronic obstructive pulmonary disease
Lung fibrosis
Asthma
Obstructive sleep apnoea
Chronic liver disease (with or without cirrhosis)
Haemochromatosis
Renal failure
Cushing syndrome
Prolactinoma
Other pituitary tumours

Habits and medication
Glucocorticoids
Neuroleptic drugs
Ketoconazole
Spironolactone
Alkylating chemotherapeutics
Opioids
Cannabinoids
Alcohol abuse

1984; Simon et al. 1992; Vermeulen et al. 1996; Ferrini
and Barrett-Connor 1998). These age-related changes
observed in cross-sectional studies in healthy ambula-
tory men have also been confirmed when assessed in a
longitudinal setting (Morley et al. 1997; Zmuda et al.
1997; Harman et al. 2001; Feldman et al. 2002). Given
that the metabolic clearance rate of T tends to decrease
with age (Vermeulen et al. 1972), it can be assumed that
the age-related decline in serum T reflects a decreased
testicular T production, which has indeed been demon-
strated in early studies with measurement of spermatic
vein T levels (Hollander and Hollander 1958) and the T
blood production rate (Kent and Acone 1966; Vermeu-
len et al. 1972; Giusti et al. 1975; Baker et al. 1977).

The limited information that is available on the in-
fluence of age on tissular androgen concentrations in-
dicates that the decline in plasma T levels is paralleled
by a decrease in androgen concentrations in most, al-
beit not in all (e.g. not in scrotal skin) tissues (Deslype-
re and Vermeulen 1981, 1985). Testosterone exerts di-
rect androgenic effects through binding to the andro-
gen receptor (AR). However, T acts as a prohormone,
whereby a substantial part of the physiologic T action
results from its activating metabolism in the tissues, i.e.
on the one hand its 5-reduction to dihydrotestosterone
(DHT), a more powerful androgen and the major an-
drogen in the tissues from the urogenital tract, and on
the other hand its aromatization to oestradiol, which
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exerts in men physiologically important actions
through binding with the oestrogen receptor alpha and
beta (ER and ER). There have been reports of un-
changed (Gray et al. 1991; Vermeulen et al. 1996), de-
creased (Sparrow et al. 1980; Couillard et al. 2000) as
well as increased (Feldman et al. 2002) DHT serum lev-
els in ageing men. However, given that 80% of the DHT
in the circulation originates from 5-reduction of testos-
terone in the tissues, that the 5-reductase activity is dif-
ferentially regulated in different tissues (Russell and
Wilson 1994) and that part of the DHT formed is me-
tabolized locally, plasma DHT concentration should
not be regarded as a reliable reflection of tissular levels.

Plasma oestradiol originates for 80% from aromati-
zation of T and androstenedione in the tissues, i.e. in
particular in (subcutaneous) fat and striated muscle,
although aromatase activity is present in many tissues.
Total plasma oestradiol levels in adult men do not vary
substantially with age, because the age-related decline
of serum concentrations of T and androstenedione, the
substrate for the aromatase cytochrome P450 enzyme,
is compensated by an increase in fat mass and tissue
aromatase activity with age (Hemsell et al. 1974; Ferrini
et al. 1998; Vermeulen et al. 2003).

The serum concentration of androstenedione shows
a significant decline with age (Vermeulen 1995), the an-
drogenic activity of androstenedione being dependent
on its conversion to testosterone. Serum dehydroepi-
androsterone (DHEA) and DHEA-sulphate (DHEAS)
are secreted almost exclusively by the adrenals, no
more than 10% of DHEA being derived from the go-
nads. Although the hypothesis that DHEA may have
specific hormonal actions is being actively tested by
several laboratories, its known hormonal actions in hu-
mans are dependent on conversion of DHEA to either T
or oestrogens, and such conversion in peripheral tis-
sues may contribute to androgenic and oestrogenic tis-
sular activity (Labrie et al. 2003), although the contri-
bution of DHEA(S) to the global androgenic activity in
adult men is probably only marginal. The serum con-
centrations of both DHEA and DHEAS show a progres-
sive and dramatic age-related decline of over 80% be-
tween age 20 and 75 years.

The end metabolites of the metabolism of endoge-
nous androgens, i.e. androsterone, etiocholanolone
and 3, 17 q -diol are either glucuronidated or sulphated
and excreted by the kidneys (Griffin and Wilson 1980).
The serum levels and urinary excretion of androstane-
diol-glucuronide decrease with age, as in men the me-
tabolite is derived for 70% from T and for 30% from
DHEAS (Deslypere et al. 1982).

The age-related hormonal changes described above
are mean trends for the population, but at all ages there
is considerable interindividual variation, in particular
for serum T levels. With ageing there is a progressive
shift of the distribution of serum T towards lower val-

ues, with an increasing proportion of men presenting
with serum T levels below the lower limit of the range
for young men, i.e. roughly 315 ng/dl (or 11 nmol/l) for
total T, approximately 6.5 ng/dl (or 0.225 nmol/l) for
free T, and roughly 140 ng/dl (or 5 nmol/l) for bio-avail-
able T (Vermeulen 2001; Mahmoud et al. 2003). More
than 20% of otherwise healthy men aged 65 years or
older have low serum T levels compared to young men,
but a majority of older men still have serum levels with-
in the range for young men. Although the mechanisms
underlying the considerable interindividual variability
of serum T levels have not been fully elucidated, this
variability appears to be multifactorially determined
with contribution of genetic, physiological, and life-
style-related factors (Kaufman and Vermeulen 1997;
see Kaufman et al. 2004 for a review).

It should be emphasized that many factors intervene
in the determination of T tissular action, which in-
cludes T production, T plasma protein binding and
metabolic clearance rate, determinants of availability
of testosterone for tissular action, the local regulation
of T metabolism in the tissues, the expression of AR
and/or ER, genetic variants in these receptors as well as
the expression of a number of co-activators and repres-
sors of these receptors. Many of these factors may be af-
fected by age, and the effect of ageing may vary accord-
ing to the considered tissue and physiological function.
This may explain why it has not yet been clearly estab-
lished whether T requirements might change with age,
a clinically important issue for which the available clin-
ical data has not yet provided a clear answer (Kaufman
and Vermeulen 1997; Kaufman et al. 2004 for review).

I.11.1.2.1

Mechanisms of Decreased Serum Testosterone Levels

Some of the relevant characteristics of the gonadal axis
in elderly men are summarized in Table I.11.3.

Primary testicular factors with reduced testosterone
secretory capacity, altered neuroendocrine regulation
of the Leydig cells and an independent increase of plas-
ma testosterone binding capacity all contribute to the
age-related changes in testosterone levels in the sys-
temic circulation.

Primary Testicular Changes

In healthy men, ageing is accompanied by a modest de-
crease in testicular volume, with mean volume at age
75 years being reduced by about 30% relative to that in
young men (Mahmoud et al. 2003). Studies with ad-
ministration of human chorionic gonadotrophin (hCG;
Longcope 1973; Rubens et al. 1974; Harman and Tsitou-
ras 1980; Nankin et al. 1981), gonadotropin-releasing
hormone (GnRH) intermittently (Mulligan et al. 1999),
or biosynthetic LH following suppression of endoge-
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Table I.11.3. Some reported characteristics of the gonadal axis
in healthy elderly men

Testis compartment
Decreased volume (by about 30% between age 25 and

75 years)
Decreased number of Leydig cells
Decreased number of Sertoli cells
Decreased number and qualitative changes tubuli seminiferi
Decreased testosterone response to LH

Pituitary compartment
Maintained LH responsiveness to physiologic GnRH stimu-

lation

Hypothalamic compartment
Blunted circadian rhythm of serum LH and testosterone
Decreased regularity of serum LH pulses
Unchanged or slightly increased LH pulse frequency
Decreased frequency of large amplitude LH pulses
Decreased mean LH pulse amplitude
Decreased synchrony of LH secretion with FSH and prolactin
Decreased synchrony with sleep pattern and nocturnal

penile tumescence
Diminished LH response to opioid blockade (decreased

opioid tone)
Increased sensitivity to sex steroid inhibitory feedback

nous LH secretion (Mulligan et al. 2001) consistently
indicate that the secretory capacity of the testis for tes-
tosterone is reduced in the elderly compared to young
men. This decrease in testicular secretory reserve can
be attributed to a reduction in the number of Leydig
cells (Harbitz 1973; Neaves et al. 1984). There is, more-
over, evidence for involvement of vascular changes (Su-
oranta 1971) and changes in testicular steroid biosyn-
thesis (Vermeulen and Deslypere 1986; Zirkin and
Chen 2000). In accordance with the existence of prima-
ry testicular defects, mean LH levels tend to increase in
ageing men (Vermeulen and Giagulli 1991; Tsitouras
and Bulat 1995; Culty et al. 2002 for review).

Altered Regulation of LH Secretion

Although the combined observations of a diminished
testicular reserve for testosterone secretion and of in-
creased basal gonadotrophin levels do seem in line with
the view that the age-related decline of Leydig cell func-
tion results from primary testicular dysfunction, the
age-related increase in LH serum levels is of only mod-
est amplitude and inconsistent (Morley et al. 1997), and
many elderly men with serum testosterone concentra-
tions below the range for young men do not have ele-
vated LH levels (Vermeulen and Kaufman 2002). More-
over, the only modest increase in basal serum LH in el-
derly men results at least in part from a slower plasma
clearance rather than from increased pituitary secre-
tion (Kaufman et al. 1991; Bergendahl et al. 1998). In
any case, in many elderly men the increase of LH is less
than would be expected in the face of persistent low se-
rum testosterone levels, which in turn indicates the ex-

istence of an altered regulation of LH secretion in these
elderly men. The latter neuroendocrine changes are
relevant. Indeed, whereas the experiments with direct
stimulation of testicular androgen secretion revealed a
diminished secretory capacity in the elderly, they also
showed that elderly men usually still have a residual se-
cretory reserve capacity that would allow many of them
to substantially increase their serum testosterone levels
if the pituitary LH drive is adequate.

In contrast to early reports of a delayed or dimin-
ished pituitary LH response upon stimulation with
synthetic GnRH, which were based on administration
of large pharmacological doses of GnRH, more recent
studies assessing the pituitary LH response to in vivo
administration of small, near physiological doses of
synthetic GnRH have revealed a maintained (Mulligan
et al. 1999) or, in line with expectations in the situation
of relative hypoandrogenism, a slightly increased LH
response, as measured by either immunoassay or bio-
assay in elderly men compared to the young (Kaufman
et al. 1991). These experiments showing a preserved pi-
tuitary secretory capacity for LH thus indirectly indi-
cate that the apparent failure of the feedback regulatory
mechanisms to produce an adequate increase of serum
LH in presence of persistent low testosterone levels
must result from regulatory changes at the hypotha-
lamic level.

Several changes in the neuroendocrine control of
LH secretion have been documented in elderly men.
First, the circadian rhythm of LH and testosterone se-
cretion is blunted in elderly men (Bremner et al. 1983;
Deslypere and Vermeulen 1984; Tenover et al. 1988;
Plymate et al. 1989; Diver et al. 2003). Second, the pul-
satile pattern of LH secretion is altered with increased
irregularity (Pincus et al. 1997) and disruption of syn-
chrony with the secretion of follicle-stimulating hor-
mone (FSH) and prolactin as well as with nocturnal pe-
nile tumescence and sleep phases (Veldhuis et al. 1992,
2000; Luboshitzky et al. 2003). The LH pulse frequency
remains essentially unchanged (Winters et al. 1984;
Deslypere et al. 1987; Tenover et al. 1987; Urban et al.
1988) or is slightly increased (Veldhuis et al. 1992) as
compared to young men, but there is a decreased fre-
quency of large-amplitude LH pulses with a reduction
of the mean LH pulse amplitude, the latter being a rele-
vant parameter of the stimulating effect of LH pulses on
Leydig cells (Deslypere et al. 1987; Veldhuis et al. 1992).

The pituitary pulsatile secretion of LH is the result of
intermittent stimulation by hypothalamic GnRH, each
LH pulse being the result of the release of a bolus of
GnRH into the hypophyseal portal circulation. There-
fore, besides the increased irregularity of LH pulses,
the largely unchanged frequency of LH pulses points
towards hypothalamic changes. Indeed, the frequency
of the hypothalamic GnRH pulse generator is expected
to increase in a state of hypoandrogenism (Plant 1986).
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Given that the pituitary secretory capacity for LH is
preserved in the elderly, the diminished mean LH pulse
amplitude can by inference also be attributed to hypo-
thalamic changes, with most likely a reduction in the
size of the bolus of GnRH being intermittently released
in the portal circulation. Although the possibility of a
contribution of vascular changes in the portal circula-
tion cannot be excluded, a reduction in the size of the
intermittently released GnRH bolus can in turn be the
consequence of a reduced number of GnRH neurones,
a less efficient recruitment and/or synchronization of
GnRH neurones, and/or a functional down-regulation
of GnRH neurones by local and/or systemic factors. As
to the latter, an important observation is that of a clear-
ly increased sensitivity in elderly men to the inhibitory
feedback effects of androgens (Winters et al. 1984; Des-
lypere et al. 1987; Mulligan et al. 1997; Winters and At-
kinson 1997). This increased suppressive effect on LH
secretion in the elderly has been shown for the nonaro-
matizable pure androgen DHT as well as for testoster-
one (Winters et al. 1984; Deslypere et al. 1987). It is
presently not known how oestrogens are involved in
the age-related alterations in the regulation of LH
secretion. However, it has recently been shown that
administration of an aromatase inhibitor is able to sub-
stantially raise LH and testosterone secretion in elderly
men (Leder et al. 2004). The increased negative feed-
back effect of sex steroids in the elderly is not the conse-
quence of an increased hypothalamic opioid tone, as
the latter is rather reduced (Vermeulen et al. 1989; Mi-
kuma et al. 1994). It has also been shown that the alter-
ations in neuroendocrine regulation of Leydig cell
function are not the consequence of abnormalities in
serum leptin levels (Van den Saffele et al. 1999).

I.11.1.2.2

Increase of Plasma SHBG Binding Capacity

On the background of altered androgen secretion in the
elderly as a consequence of changes at both the testicu-
lar and the hypothalamic level, the age-related increase
in SHBG levels in the elderly translates into a reduction
of the non-SHBG bound fraction of serum testosterone
that is readily available for biological action (i.e. free T
and bio-available T). This increase in SHBG occurs de-
spite an increase in fat mass and insulin levels in the el-
derly, which are negative determinants of serum SHBG
levels (Demoor and Goossens 1970; Haffner et al. 1993;
Giagulli et al. 1994; Vermeulen et al. 1996, 2003). The
mechanisms responsible for the age-associated in-
crease in serum SHBG have yet to be unravelled. It is
unlikely that the decrease in plasma T is itself responsi-
ble, since the increase in SHBG levels appears to begin
at a younger age (Vermeulen et al. 1996). A possible role
of the decreased activity of the somatotropic axis in the
elderly is supported by indirect evidence (Erfurth et al.

1996; Pfeilschifter et al. 1996; Vermeulen et al. 1996)
and needs to be further investigated.

I.11.1.2.3

Altered Spermatogenesis and Sertoli Cell Function

A decrease in mean testicular volume by about 30% in
men 75 years compared to young men and a progres-
sive increase in serum FSH (Mahmoud et al. 2003) indi-
cate changes in spermatogenic capacity in elderly men.
Nevertheless, the limited data available suggests that
ageing has no major influence on sperm quality, with
changes in semen parameters essentially limited to a
decrease in ejaculate volume and sperm motility (Nie-
schlag et al. 1982; Rolf et al. 1996); the decrease of ejacu-
lation frequency in elderly men is a confounding factor
that complicates the evaluation of age-related changes.

Global testicular Sertoli cell function and spermato-
genic activity, as assessed indirectly through serum in-
hibin B levels, appear to be well maintained in ambula-
tory elderly men. Indeed, it has been shown that medi-
an serum inhibin B levels show a decline at a relatively
young age, with stable levels between age 35 and
79 years, and only a modest further decrease thereafter
(Mahmoud et al. 2000). Nevertheless, there are age-re-
lated changes in Sertoli cell function, as the serum in-
hibin B levels can be maintained only at the cost of a
progressive increase in the drive by pituitary FSH
(Mahmoud et al. 2000). In the elderly, as in the young,
serum inhibin B levels are strongly negatively associat-
ed with serum FSH, and testicular volume in older men
is strongly positively associated with serum inhibin B
levels and negatively with serum FSH levels. There is a
sharp age-related decrease of the serum inhibin B over
FSH ratio. These findings, together with the modestly
reduced testicular volume, are consistent with the con-
cept that in elderly men Sertoli cell mass is reduced
(Mahmoud et al. 2003) in accordance with such a re-
duction described in morphologic studies (Johnson et
al. 1984). Notwithstanding these testicular changes, the
global Sertoli cell function is largely, albeit not fully,
preserved at the cost of increased pituitary FSH stimu-
lation. Thus, at variance with the altered neuroendo-
crine regulation of LH secretion, the pituitary regula-
tion of FSH secretion appears to remain largely un-
changed in the elderly.

I.11.1.2.4

Altered Adrenal Androgen Secretion

Ageing in men, as is the case in women, is accompanied
by a selective and drastic decrease in plasma levels of
adrenal androgens, with maintained or even increased
serum cortisol levels. These changes result from a se-
lective decrease in functional zona reticularis cells (En-
doh et al. 1966). Upon stimulation with ACTH, the se-
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rum DHEA response is markedly diminished in the el-
derly, whereas the cortisol response is maintained com-
pared to young men (Parker et al. 1981; Vermeulen et
al. 1982). It was shown that during stimulation with
ACTH, the increase in DHEAS in the elderly is propor-
tional to the decreased basal level (Yamaji and Ibayashi
1969), which is compatible with the concept of a dimin-
ished mass of responsive cells and maintained respon-
siveness of the residual cells.

I.11.1.3
Clinical Findings, Technical Investigations
and Laboratory Findings

History taking may reveal symptoms that are usually
lumped together under the denominator of andro-
pause or PADAM (partial androgen deficiency of the
ageing male). These include psychological, physical
and sexual complaints. History taking may also reveal
pathology, incidents or interventions at the testicular
or inguinal level having caused testicular damage or
atrophy. However, symptoms similar to those de-
scribed in andropause may also result from systemic
diseases, and these must be excluded by general phys-
ical examination and blood tests, as well as elective
imaging.

Upon physical examination, particular signs are
suggestive of altered androgen secretion such as scarce
pubic hair and small testicular volume. Men with vari-
coceles commonly present premature androgen defi-
ciency and andropause symptoms.

The diagnosis of altered neuroendocrine function-
ing requires the measurement of blood hormones, in-
cluding total and free testosterone, thyroid hormones
and dehydroepiandrosterone sulphate.

I.11.1.4
Differential Diagnosis

The signs and symptoms of neuroendocrine alteration
can be caused by systemic diseases such as obesity, dia-
betes, atheromatosis and cardio- as well as cerebrovas-
cular disease, depression, and malignant tumours. Hy-
poandrogenism may be secondary to these and to other
conditions which require preparatory treatment before
any hormonal substitution is considered.

I.11.1.5
Treatment

There is an ongoing debate on the risk–benefit ratio of
hormone substitution therapy in ageing men with al-
tered neuroendocrine function. Substitution with
growth hormone or dehydroepiandrosterone cannot
be recommended on the basis of available scientific evi-
dence. Tamoxifen and human chorionic gonadotro-

phin have been used to enhance the endogenous testos-
terone production, but there is insufficient evidence to
sustain this treatment. The use of androgen replace-
ment, restoring the physiological circadian variability,
may be considered in particular circumstances.

I.11.1.6
Results of Treatment

Treatment aiming at the restoration of androgen con-
centrations observed in young men may result in ame-
lioration of general complaints and physical condition.
Fatigue, sleep disturbances, depressive mood, and im-
paired short-term memory have been reported to im-
prove, and libido as well as sexual function may amelio-
rate. However, long-term prospective trials including a
large number of cases are needed to assess the balance
between some alleged beneficial effects and possible
adverse effects. Hormone treatment must always be tai-
lored to the needs of any particular patient and necessi-
tates close follow-up.

I.11.1.7
Summary and Conclusions

Ageing in healthy men is accompanied by a progres-
sive, individually variable decline in serum total T lev-
els, with a sharper decline of the levels for the biologi-
cally active free T and bio-available T. These changes
are underlined (1) by a diminished testicular secretory
capacity resulting from a reduced mass of Leydig cells,
(2) by alterations of the hypothalamic regulation of pi-
tuitary LH secretion, with increased sensitivity to sex
steroid negative feedback and (3) by an independent
increase in serum-binding capacity for testosterone by
increased SHBG levels. As a consequence, with age
there is an increasing proportion of men presenting
with low serum T levels as compared to the range for
young men. The prevalence of such low serum T
amounts to over 20% in men 60 years and older and
over 35% in men 80 years and older. Global Sertoli cell
function, on the other hand, is relatively well main-
tained in older men, a decrease in Sertoli cell mass be-
ing compensated for by a progressive increase in FSH
secretion. From the limited data available and as as-
sessed indirectly through serum inhibin B levels, it ap-
pears that global spermatogenic activity is generally
fairly well preserved in the elderly.
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I.11.2 Male Ageing: Wear and Tear
F. Comhaire, A. Mahmoud

■ The ageing process affects the neuroendocrine
and immunological systems, and free oxygen
radicals cause damage to the membrane,
mitochondria and DNA of body cells.

■ Wear and tear damage to cells induces
impaired function and increases the risk of
diseases.

■ The early detection and correct treatment of
diseases, adaptation of nutritional habits and
exercising are the cornerstones of healthy
ageing.

■ Cell damage can be counteracted by judicious
food supplementation with particular nutra-
ceuticals.

Key Messages

I.11.2.1
Definition and Pathogenesis

Although we do not get older, we live longer. This para-
dox summarizes the fact that the maximum life expec-
tancy of the human species seems to be genetically lim-
ited, but that a larger proportion of the population can
live up to that maximum expectancy. It seems that the
number of cell divisions is limited by the loss of chro-
mosomal material during each division, which ulti-
mately shortens the telomeres (Morin 1997; Dhaene et
al. 2000; Martens et al. 2000; Stewart et al. 2003; Baird
and Kipling 2004) to such an extent that chromosomes
cannot replicate and cells cannot function normally.

During the ageing process, several changes occur in
the neuroendocrine system and in the immune defence
mechanisms (Bruunsgaard 2002). Furthermore, organ
functions decline and organ failure may occur. This, to-
gether with inherited constitution, favours the occur-
rence of age-related diseases.

It is not clear which factors determine the weakening
cellular and organ function, but all kinds of toxins
causing damage seem to be involved. These include ex-
ogenous toxins that have accumulated in the body after
inhalation or from nutrition, and oxygen radicals (re-
active oxygen species, ROSs) generated by endogenous

metabolism. Commonly, exogenous toxins have a long
half-life and they accumulate in the body, particularly
in fat tissue that has a slow metabolism. Bioaccumula-
tion and dispersion to the body from the stocks in fat
tissue may hinder normal metabolism by inhibiting en-
zymatic processes. For instance, the apolar polychlori-
nated bisphenyls (PCBs) inhibit the function of the oxi-
doreductase Q10 which is essential for optimal energy
production. Metabolism itself causes “waste” products
and generates ROSs, which change the phospholipid
composition of the cell membrane, decreasing the ac-
tivity of membrane-bound enzymes, and which affect
the three-dimensional configuration of receptors that
lose some of their binding capacity. Furthermore, ener-
gy production by the lysosomes decreases, and oxida-
tive changes of the DNA can occur, inducing mutagene-
sis (Knight 2000). Also, oxidative stress inducing the
formation of oxidized guanosine, accelerates telomere
shortening (Kawanishi and Oikawa 2004).

I.11.2.2
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

Any diseases, serious accidents or interventions leave
remnants increasing the vulnerability of that particular
organ or system. History taking must therefore include
a full list of past as well as present medical conditions
and treatments. Also, familial history is important, as
this may reveal constitutional disposition for particu-
lar diseases. A systematic evaluation of the psychologi-
cal status and level of activities in daily living is recom-
mended. Careful evaluation of the physical condition
must, as much as possible, assess vital systems and
functions. Depending on the history and clinical find-
ings, complementary technical investigations may be
indicated, avoiding techniques with poor reliability or
potential risk.

A number of blood analyses need to be performed at
regular intervals in order to screen for age-related dis-
eases, but also to evaluate the nutritional status, partic-
ularly in aged persons who depend on caretakers either
in institutions or in their home.
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lose some of their binding capacity. Furthermore, ener-
gy production by the lysosomes decreases, and oxida-
tive changes of the DNA can occur, inducing mutagene-
sis (Knight 2000). Also, oxidative stress inducing the
formation of oxidized guanosine, accelerates telomere
shortening (Kawanishi and Oikawa 2004).

I.11.2.2
Clinical Findings: History, Physical Examination,
Technical Investigations, Laboratory Findings

Any diseases, serious accidents or interventions leave
remnants increasing the vulnerability of that particular
organ or system. History taking must therefore include
a full list of past as well as present medical conditions
and treatments. Also, familial history is important, as
this may reveal constitutional disposition for particu-
lar diseases. A systematic evaluation of the psychologi-
cal status and level of activities in daily living is recom-
mended. Careful evaluation of the physical condition
must, as much as possible, assess vital systems and
functions. Depending on the history and clinical find-
ings, complementary technical investigations may be
indicated, avoiding techniques with poor reliability or
potential risk.

A number of blood analyses need to be performed at
regular intervals in order to screen for age-related dis-
eases, but also to evaluate the nutritional status, partic-
ularly in aged persons who depend on caretakers either
in institutions or in their home.
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I.11.2.3
Treatment and Prevention

Clearly, any diseases detected in ageing men need to be
treated with state-of-the-art means. Thanks to the
enormous improvement of techniques in anaesthesio-
logy and surgery, interventions in the elderly carry on-
ly a slightly higher risk than in younger persons. Ad-
vanced age may, therefore, not be an excuse for not ad-
ministering adequate treatment or performing surgery
whenever indicated.

The early detection of age-related diseases and can-
cer (Mulshine 1999; Srivastava et al. 2001; Baker et al.
2004; Kelly et al. 2004; Troyer et al. 2004) should be im-
plemented systematically, and treatment performed in
as timely a fashion as possible. There is no doubt that
diseases, including cancer, carry a better prognosis
when detected and treated in an early stage, than if
complications have occurred or curative treatment is
impossible.

On the other hand, the ageing person should be en-
couraged to adapt his nutritional habits and reduce cal-
orie intake (Montani et al. 2002; Patel and Finch 2002)
to balance the lower level of energy expenditure. Regu-
lar physical activity adapted to the operating capacity
should be stimulated (Ji 2001).

Hormone replacement therapy with testosterone
should be considered in cases with hypoandrogenism,
since this shifts the cytokine balance to a state of re-
duced inflammation and lowers total cholesterol (Mal-
kin et al. 2004).

Finally, food supplementation using a judicious
mixture of vitamins, minerals and plant extracts may
reduce the burden of toxic and oxidative overload, and
counteract some of their effects on DNA (Ferguson et
al. 2004) and the telomeres (von Zglinicki 2000), on the
cell membrane, the organs, and the vital systems
(McCarty 2004).

I.11.2.4
Other

Aside from correcting endocrine deficiencies when-
ever present, a logical strategy to combat the conse-
quences of ageing should pursue a holistic approach.
This includes the early detection and adequate treat-
ment of age-related diseases and cancers, the adapta-
tion of nutrition, the encouragement of physical activi-
ties, and the judicious use of food supplements.
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I.11.3 Organ Failure and Common Disease
of the Ageing Male
E.J.H. Meuleman, F. Comhaire

■ Cardiovascular disease and depression are the
two major, non-cancer-related conditions that
adversely affect ageing males. Both conditions
are interrelated, with common urological
conditions such as benign prostate hyper-
trophy (BPH), erectile dysfunction (ED) and
late-onset hypogonadism (LOH).

■ Sedentary life style, excessive food intake and
lack of physical exercise are responsible for
diseases such as diabetes and obesity, and the
resulting metabolic syndrome and enhanced
risk of all types of cancer.

■ General complaints of ageing men are often
considered to be part of normal ageing,
whereas these complaints are in fact caused by
specific and treatable as well as commonly
curable diseases.

■ The first goal of treatment is eliminating all
causal factors detected upon extensive investi-
gation. The second aim is symptomatic relief.

Key Messages

I.11.3.1
Introduction and Definition of the Disease

Men live on average 5 years less than women. This phe-
nomenon, called gender gap, has been attributed to a
difference in overall susceptibility to diseases between
sexes. Also, it has been suggested that men look after
themselves much less well than women do and it ap-
pears that men’s coping with stressful events may be
poorer because of less adaptive physiology, behaviour,
and emotional tolerance (Kristenson et al. 1998; Weid-
ner and Cain 2003).
Poor socioeconomic conditions are emerging as signif-
icant contributors to the gender gap. Men in the upper
classes – those who have a good education, hold high-
paying jobs, and live in comfortable neighbourhoods –
live longer and healthier lives than do men in the lower
classes, many of whom are members of ethnic minori-
ties (Isaacs and Schroeder 2004). In general, education
and income appear to be the most powerful predictors
of mortality (Winkleby et al. 1992; Lantz et al. 1998).

In general, cardiovascular disease and depression
are the two major, non-cancer-related conditions that
adversely affect ageing males. Both conditions are in-
terrelated, with common urological conditions such as
benign prostate hypertrophy (BPH), erectile dysfunc-
tion (ED) and late onset hypogonadism (LOH), also

known as partial androgen deficiency of the ageing
male (PADAM) or andropause. On the other hand, a
sedentary life style, excessive food intake and lack of
physical exercise are probably responsible for diseases
such as diabetes and obesity, and the resulting meta-
bolic syndromes and enhanced risk of all types of can-
cer.

I.11.3.2
Aetiology and Pathogenesis

I.11.3.2.1

The Metabolic Syndrome (Syndrome X)

The metabolic syndrome was defined by Reaven (1988)
and refers to a group of disorders related to the periph-
eral resistance to the activity of insulin. At least three of
the following five risk factors should be present in or-
der to accept the diagnosis of the metabolic syndrome
(NCEP Expert Panel 2001):

1. Abdominal obesity
2. Increased fasting triglycerides
3. Low concentration of HDL cholesterol
4. Hypertension
5. Elevated fasting glycaemia

In 41% of European men older than 55 years, the meta-
bolic syndrome is present. The syndrome results from
the interaction of genetic and lifestyle factors, particu-
larly over-nutrition and lack of physical exercise. The
X-syndrome predisposes to cardiovascular disease and
type 2 diabetes mellitus (Bjorntorp 1988; Wanname-
thee et al. 2005).

I.11.3.2.2

Cardiovascular Disease

Until today, cardiovascular disease (CVD) has been the
main cause of male death (33%). Together with hyper-
cholesterolaemia, hypertension and diabetes mellitus
type 2, lifestyle factors and tobacco smoking in partic-
ular are the most important risk factors (NCEP Expert
Panel 2001). In addition, an elevated concentration of
homocysteine (Geisel et al. 2003) and an increased
marker of inflammation, CRP (Ridker et al. 2001;
Brandt et al. 2004), have been identified as independent
risk factors. The World Health Report 2002 estimates
that around 8% of all disease burden in developed
countries is caused by hypercholesterolaemia, and
11% by elevated blood pressure. Finally, diabetes mel-
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litus type 2, which increases the annual risk of CVD
two- to fourfold (Garcia et al. 1974) occurs in 5.8% of
men between 55 and 68 years of age and in 8.7% of men
over 75 years (Heartstats). Diabetes not only increases
the risk of CVD but also magnifies the effect of other
commonly associated risk factors for CVD such as
raised cholesterol levels, raised blood pressure and
obesity.

I.11.3.2.3

Heart Failure

Chronic heart failure is a major disruptor of quality of
life (QoL) of the ageing male with an incidence ap-
proaching 10 per 1,000 population among persons old-
er than 65 years. Of these men, 75% have a history of
hypertension, which was either undetected or has been
insufficiently treated. Heart failure is a clinical syn-
drome arising from diverse causes. Not all patients with
the condition have poorly contracting ventricular mus-
cle, and a low ejection fraction may be due to ischaemic
cardiomyopathy. Patients may suffer from uncorrected
valvular disease, such as aortic stenosis or mitral regur-
gitation, or abnormal filling, resulting in diastolic heart
failure. Many patients have at least one serious coexist-
ing condition, in addition to advanced age (Jessup and
Brozena 2003). There are reasons to believe that long-
term exposure to environmental toxins may also be in-
volved. Dioxins and (a-polar) polychlorinated poly-
phenyls (PCBs) present in small particles in exhaust
gasses from cars (particularly those running on diesel)
have been incriminated as pathogens.

I.11.3.2.4

Depression

Depression, one of the most common mental disorders,
is particularly widespread among the elderly. In the
USA, the prevalence of depression among community-
dwelling older adults ranges from 1% to 3%, with de-
pressive symptoms occurring in 8–16% (Blazer et al.
1987). The prevalence of depression far exceeds the fre-
quency of Alzheimer’s disease. Although depression is
more common in female, unemployed, disabled per-
sons, or persons who were never married or previously
married (Alonso et al. 2004), the prevalence increases if
there is chronic illness or the person is in a nursing
home. It seems to be the sense of a meaningless life that
is mainly responsible. According to data from clinical
studies in which structured interviews were used, the
reporting of somatic symptoms – somatization – by de-
pressed patients is widespread (Simon et al. 1999).
Therefore, depression frequently remains undetected
(Rapp et al. 1988) and older persons in fair or poor self-
reported health should especially be screened for de-
pressive symptoms (Ried and Planas 2002).

The depression that often accompanies ischaemic
heart disease, chronic lung disease, and cerebrovascu-
lar insufficiency may reflect a reduced delivery of oxy-
genated blood to certain regions of the brain and the
regression of critical nerve cells. Moreover, current the-
ories implicate a reduction in central nervous system
serotonergic activity (Bryer et al. 1992) and the age-de-
pendent decline of testosterone in men may be associ-
ated with symptoms of depression. It has indeed been
demonstrated that hormone replacement with testos-
terone may produce a remarkable antidepressant effect
in depressed men with low testosterone levels (Pope et
al. 2003).

I.11.3.2.5

Dementia

Aside from Alzheimer’s disease, senile dementia is a
common pathology in elderly men. Cerebrovascular
insufficiency, but also damage due to reactive oxygen
species and unbalanced food intake have been identi-
fied as contributing factors. In particular, inadequate
intake of polyunsaturated fatty acids of the omega 3
group has been associated with impaired memory
function and progressive dementia.

I.11.3.2.6

Erectile Dysfunction

The prevalence of erectile dysfunction (ED) increases
with age and has a considerable impact on QoL (Feld-
man et al. 1994; Fugl-Meyer et al. 1997; Stolk and Bus-
schbach 2003). A systematic review of population-
based studies shows that the prevalence of ED ranges
from 2% in men younger than 40 years to 86% in men
80 years and older (Meuleman et al. 2001; Prins et al.
2002; de Boer et al. 2004). Depression, lower urina-
ry tract symptoms (LUTS), cardiovascular disease,
chronic heart failure and late-onset hypogonadism are
the most common co-morbid conditions. Further-
more, ED is thought to be an early indicator of cardio-
vascular morbidity and mortality (Meuleman 2002;
Seftel 2003).

I.11.3.2.7

Lower Urinary Tract Symptoms

Benign prostatic hyperplasia (BPH) is the main cause
of lower urinary tract symptoms (LUTS) in older men.
The specific biochemical event that initiates and pro-
motes BPH has yet to be identified and characterized.
Dribbling, reduced force of stream and urgency are the
three most prevalent symptoms. The prevalence of
LUTS increases with age: 10% of men aged 40–49 re-
port moderate to severe symptoms compared with
44% of men over 70 (Sonke et al. 2000). Although the
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symptoms may adversely affect QoL and interfere with
activities of daily living, only 9% of men consult a doc-
tor because of LUTS, with a mean delay of 10 months
(Stolk and Busschbach 2003). Even though the severity
of LUTS is an independent risk factor for sexual dys-
function (Rosen et al. 2003), the negative impact of
LUTS on QoL is not as pronounced as in ED. Neverthe-
less, the detection and treatment of LUTS may improve
QoL (Welch et al. 2002) and may prevent acute urinary
retention, surgery, incontinence, urinary tract infec-
tion, or obstructive uropathy (see Chap. II.4.3.d).

The prevalence of prostate cancer increases with
age, quite remarkably at the time in life when serum
testosterone in blood decreases. Prostate cancer may be
detected when the patient consults because of LUTS. In
an increasing proportion of cases, however, the disease
is detected upon systematic screening, particularly
when the prostate-specific antigen is measured in
blood and/or digital rectal examination is performed
(see Chap. II.3.6.). Prostate cancer is a very common
finding in autopsy material of elderly men, but the dis-
ease often remains confined to the prostate. The rea-
sons prostate cancer becomes invasive are not
completely understood (see Chap. II.2.8.).

I.11.3.2.8

Late Onset Hypogonadism

With male ageing, there is a gradual decline in testos-
terone and an increase in sex hormone-binding globu-
lin, resulting in a relatively greater fall in the level of
free testosterone (Vermeulen et al. 1996) (partial an-
drogen deficiency of the ageing male, or PADAM).

The clinical manifestations and the basis of the clin-
ical part of the diagnosis of the LOH syndrome include
loss of libido and erectile function; loss of lean body
mass and muscle mass; reduced insulin sensitivity;
decrease in bone mineral density resulting in osteopo-
rosis; depression, irritability and diminution of men-
tal acuity; fatigue; and vasomotor symptoms (hot
flushes).

There is continuing debate about the reality of the
LOH syndrome and whether the somatic and affective
complaints are really related to androgen deficiency or
are just physiological manifestations of ageing (Har-
greave et al. 2004). Moreover, many of the symptoms
that are attributed to androgen deficiency are nonspe-
cific and may have other causes. For example, a cross-
sectional study among Dutch community-dwelling
older men demonstrated the adverse impact of LUTS,
ED and cardiac symptoms on health status domains
(Blanker et al. 2002) and community studies in Germa-
ny underline these interactions. Also, there is a rela-
tionship between failing sexual function, depression
and other disease processes. Fatigue, reduced activity
and increased depression scores and anxiety about sex-

ual function are common in older men (Beute et al.
2002; Tan and Philip 1999). Based on this knowledge, it
is justified to say that there is still a lack of good evi-
dence to justify routine use of androgen replacement
therapy for ageing men, although there are enormous
potential benefits. First, there is a need to develop
markers of the efficiency of use of testosterone as well
as relying on serum testosterone levels.

I.11.3.2.9

Osteoporosis

Osteoporosis is the main cause of fractures in elderly
men. Hip fractures occur at a later age in men than in
women, but their prognosis is worse in men since near
50% of cases are fatal. The later occurrence of hip frac-
tures relates to the higher peak bone mass in men than
in women. Osteoporosis in men is related to the de-
creased testosterone production and late onset hypogo-
nadism (Van Pottelbergh et al. 2004). In addition, the
risk is significantly higher among men with elevated
homocysteine concentration in blood (McLean et al.
2004; van Meurs et al. 2004), and genetic factors may be
involved. The risk of fractures is particularly elevated
in men treated with androgen deprivation because of
prostate cancer (Shahinian et al. 2005) or patients re-
ceiving long-term corticosteroid treatment, for exam-
ple, for chronic obstructive pulmonary disease (COPD)
(Campbell et al. 2004).

I.11.3.3
Clinical Findings: History, Physical Examinations
and Laboratory Findings

The most important message regarding organ failure
and common diseases in the ageing male is that any
person consulting with complaints, either in the uro-
genital or cardiovascular or cerebral sphere needs a
thorough general investigation. History taking must
include the person’s previous history of diseases and
treatments, present complaints and their development
over time, as well as history taking related to different
systems. Physical examination can only effectively be
done when the man is completely undressed. The clini-
cian must always palpate and perform careful ausculta-
tion of the entire body, assess blood circulation, mea-
sure blood pressure, perform a digital rectal examina-
tion, etc. Blood and urine analyses should be rather ex-
tensive and testing for the prostate-specific antigen
(PSA), as well as a hormonal evaluation, are recom-
mended. Imaging using radiology, echography and
scanning should electively be applied depending on the
findings of history taking and physical examination.

Ageing men may harbour cancer of the colon or
stomach, or lung cancer, and these must be detected at
an early stage to permit complete cure. Diabetes,
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hyperlipaemia, renal failure, anaemia, etc. need to be
corrected. The cardiovascular status can be assessed by
means of electrocardiography, cardioechography and
cycloergometry. Bone density may need to be mea-
sured. A detailed investigation of diet and food habits
may reveal unbalanced nutrition and possibly deficient
intake of particular vitamins, minerals or omega-3 fat-
ty acids.

I.11.3.4
Differential Diagnosis

Too often general complaints of ageing men are consid-
ered to be part of normal ageing, whereas these com-
plaints are in fact caused by specific and treatable as
well as commonly curable diseases. However, investiga-
tion by clinicians may be focussed on the complaints of
the person, suggesting a particular organ deficiency or
disease, and other diseases may be overlooked. In a se-
ries of men presenting for self-perceived andropause,
over 80% showed serious pathology, whereas in no
more than 20% of cases was late onset hypoandroge-
nism the only detectable factor (T’sjoen et al. 2003).

I.11.3.5
Treatment

Treatment must always aim at eliminating all causal
factors detected upon extensive investigation. Clearly,
just prescribing medication (see below) for erectile
dysfunction is futile if the patient suffers from serious
illness (e.g. vascular, metabolic or neurological dis-
eases), which will remain undetected if a general evalu-
ation is not done.

In the early 1980s, the only available treatment op-
tion for the man with ED was sex therapy, a prosthetic
implant, a vacuum device or testosterone therapy,
which was often inappropriate. The advent of intraca-
vernosal injection therapy enabled stoical couples to
resume sexual relationships, but many found such
treatment painful and invasive (Hatzichristou et al.
2000). In 1998, the PDE5 inhibitor sildenafil was intro-
duced as the first effective oral treatment for ED. Pre-
ferred symptomatic treatment for ED by patients con-
sists of oral treatment (73.8%), intraurethral PGE1
(medicated urethral system for erection) (5.1%), intra-
cavernosal injection (ICI) therapy (4.7%), vacuum
erection device (5.8%) and implantation of a penile
prosthesis (2.4%) (Braun et al. 2000). Based on these
data, the current symptomatic ED treatment consists of
a step-up program of trial and failure, ranging from
noninvasive oral or mechanical treatment over intra-
urethral and ICI treatment to implantation of a penile
prosthesis (see Chap. I.4).

The first-line treatment for men with symptomatic
BPH is pharmacological, either an alpha-adrenergic-

receptor antagonist (alpha-blocker), which reduces
smooth-muscle tone in the prostate and bladder neck,
or a 5 [ -reductase inhibitor, which reduces prostate vol-
ume by lowering the level of dihydrotestosterone
(DHT), the primary active metabolite of testosterone in
the prostate, thereby inducing epithelial atrophy (Lepor
et al. 1996).

As alpha-blockers have a relatively fast onset of ac-
tion in reducing symptoms (within days to weeks), they
are often the first choice, particularly in men with a
smaller prostate. The onset of action of 5 [ -reductase
inhibitors which are most useful for men who have
large prostates (>40 ml) can take up to 6 months. More-
over, they reduce the long-term risk of acute urinary re-
tention and the need for invasive therapy (McConnell
et al. 1998, 2003). They also reduce the levels of PSA.
Broad concern arose about the lower PSA levels as they
may mask the presence of prostate cancer. However, re-
cent evidence suggests that the ability of PSA to detect
men with clinically relevant prostate cancer is not ad-
versely affected by 5 [ -reductase inhibition.

The Medical Therapy of Prostatic Symptoms
(MTOPS) study was conducted to determine whether
combined treatment with an alpha blocker (doxasosi-
ne) and a 5 [ -reductase inhibitor (finasteride) would be
more effective than either drug alone. The results of
this study indicated that a greater delay in time to clini-
cal progression of BPH was observed with a combina-
tion therapy than with either drug alone (risk reduc-
tion relative to placebo: doxazosin 39%, finasteride
34%, combination therapy 67%) (Tan and Philip 1999).
Pharmacological treatment of LUTS due to BPH has re-
duced the number of surgical procedures and delayed
their use. However, a quarter of men with moderate
symptoms, and even more men with severe symptoms
eventually need surgery. Transurethral resection of the
prostate (TURP) is the standard procedure, but less in-
vasive procedures, such as transurethral thermothera-
py (TUMT) have gained prominence (de la Rosette et
al. 2003).

The nonpharmaceutical approach using plant ex-
tracts should be considered as well, since its cost is low-
er and adverse or side effects are less common (Com-
haire and Mahmoud 2004).

Osteoporosis is commonly undertreated (Meryn
2005). In fact, hormone replacement therapy with aro-
matizable androgens may be indicated. Supplementary
nutritional calcium supply and vitamin D3, but most of
all biphosphonates are the treatment of choice (Dia-
mond 2005).

With regard to syndrome X, prevention is of pivotal
importance. Treatment of affected patients commonly
uses biguanides such as metformin to increase insulin
sensitivity (Knowler et al. 2002).
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I.11.3.6
Prevention

Whereas ageing cannot be stopped, diseases associated
with it should be detected and corrected at an early
stage. An unhealthy lifestyle must be corrected to pro-
mote health, by stimulating physical exercise and adap-
tation of nutritional habits. The regular intake of par-
ticular nutraceuticals (see Chap. II.4.15) and food sup-
plements may decelerate cellular wear and tear and (ox-
idative) damage to DNA and the cell membrane. Also,
nutritional supplementation with calcium and vitamin
D3, as well as with vitamins B6, B9 and B12 may prevent
osteoporosis, also by reducing the homocysteine level
in the blood. Hormone replacement therapy may be in-
dicated in cases of low hormone values in the blood.
There is strong evidence that antioxidant supplementa-
tion with vitamin E and C, together with food supple-
mentation with polyunsaturated fatty acids of the ome-
ga 3 group may prevent the occurrence of Alzheimer’s
disease (Zamaria 2004; Zandi et al. 2004).

These measures may reduce the gender gap, because
there is no evident biological reason why men should
not enjoy the same (healthy) life span as women.
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II.1Understanding Normal Anatomy and Function

II.1.1 Anatomy and Histology of the Male Genital Tract
A. Meinhardt

II.1.1.1
Testis and Scrotum

II.1.1.1.1

Testis

The testis has two major functions: the production of
the male gamete, the spermatozoa, in a process called
spermatogenesis and the synthesis and controlled re-
lease of testosterone as the main androgen, termed ste-
roidogenesis. The testes are paired oval-shaped organs
suspended outside the abdominal pelvic cavity result-
ing in a temperature 2–3°C below the core body tem-
perature of 37°C. Sperm development will only pro-
gress normally at this cooler temperature. The venous
plexus pampiniformis also contributes to the cooling
since it is found to coil around the testicular artery to
absorb heat from the arterial blood thus cooling it
before it enters the gonad. Before birth the testes de-
scend from the abdominal cavity where they develop
through the inguinal canal into the scrotum. During
their course they become invested by coverings derived
from the serous, muscular and fibrous layers of the ab-
dominal parietes as well as by the scrotum. Each testis
is surrounded by a whitish tough fibrous capsule, the
tunica albuginea, which contains smooth muscle cells.
At the dorsal surface the tunica albuginea thickens and
forms the testicular mediastinum. Here, blood and
lymphatic vessels, nerves and the efferent ducts drain-
ing spermatozoa to the epididymis enter or leave the
gonads. From the tunica albuginea approximately 250
fibrous trabeculae are given off centripetally subdivid-
ing the testicular parenchyma into lobules. In each lob-
ule one to four highly convoluted seminiferous tubules
are found, which produce sperm (Fig. II.1.1). The semi-
niferous tubules are continuous at both ends with other
tubules, the ductuli efferentes, which transport the
sperm from the testis to the ductus epididymidis.

II.1.1.1.2

Interstitial Compartment

The production of androgens and spermatozoa occurs
in two discrete compartments within the testis. Sper-
matozoa develop within the seminiferous tubules in
close association with the Sertoli cells, whereas the an-
drogens are produced in the Leydig cells located in the
interstitial space between the tubules (Fig. II.1.1). Be-
sides the Leydig cells the interstitial space mainly com-
prises fibrocytes, blood and lymphatic vessels and a
significant number of leukocytes (mainly macrophages
and to a lesser extent T lymphocytes and mast cells).
The Leydig cells often aggregate in small clusters
around blood vessels and are rich in smooth endoplas-
mic reticulum, a characteristic structural feature of ste-
roid-hormone-synthesizing cells. They have abundant
pink cytoplasm with lipid, lipochrome pigment, Reinke
crystalloids (hexagonal prisms by electron microsco-
py) as well as round nuclei with distinct nucleoli and
are often associated with nerve fibres. Scattered Leydig
cells are also found in the spermatic cord (funiculus
spermaticus) as well as in the tunica albuginea. Leydig
cells synthesize testosterone as the main androgen and
many proteinergic factors such as growth factors, neu-
ropeptides and cytokines. Normal Leydig cell function
is dependent on luteinizing hormone (LH).

II.1.1.1.3

Scrotum

The scrotum is a cutaneous pouch that encloses the tes-
tes and the lower part of the spermatic cords. A raphe is
visible on the median surface of the scrotum, which ex-
tends forward under the surface of the penis and back-
ward as a tangible ridge along the middle line of the per-
ineum to the anus. The external appearance of the scro-
tum varies under different circumstances from short
and corrugated to elongated and flaccid. The scrotum
consists of the following layers from outside to inside:
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Fig. II.1.1. Histology of the
human testis. The Leydig
cells (arrow) can be seen in
the interstitial space between
the seminiferous tubule (ST).
On the left the tunica albugi-
nea is partly visible

skin (no subcutaneous fat) – tunica dartos (a thin layer
of smooth muscle fibres) – the external spermatic fas-
cia – cremaster muscle – internal spermatic fascia – tu-
nica vaginalis [a serous membrane covering the front
and sides of the testis and epididymis, composed of a
visceral layer (lamina visceralis) and a parietal layer
(lamina parietalis), originating from the peritoneum].

II.1.1.1.4

Vessels and Nerves

The artery supplying the testis and epididymis is the
testicular artery which originates directly from the ab-
dominal aorta underneath the renal artery. The testicu-
lar vein fans out to the plexus pampiniformis which fol-
lows the course of the testicular artery. Both vessels are
found within the spermatic cord. After passage
through the inguinal canal the veins reunite and drain
on the left into the renal vein and on the right side into
the inferior vena cava. The scrotum and its coverings
receive their arterial blood supply via the cremasteric
artery from the inferior epigastric and branches of the
pudendal artery. The veins follow the corresponding
arteries. The lymphatics of the testis end in paraaortic
lymph nodes around the origin of the testicular artery
(nodi lymphatici lumbales), whereas the scrotal lym-
phatics lead to the inguinal lymph nodes. The crema-
steric muscle, the tunica dartos and the scrotal skin are
innervated by the scrotal rami of the ilioinguinal nerve
and by branches of the pudendal nerve.

II.1.1.2
Epididymis

The epididymis consists of a central body (corpus epi-
didymidis), an upper enlarged extremity (caput epidi-
dymidis), and a lower pointed part, the tail (cauda epi-
didymidis), which is continuous with the ductus defe-
rens. The epididymis is covered by a thin fibrous tunica
albuginea and is connected to the back of the testis by
two small ligaments. The head of the epididymis is pal-
pable through the skin of the scrotum and therefore ac-
cessible for clinical inspection. The rete testis at the
dorsocranial part of the testis connects the seminifer-
ous tubules with the efferent ducts in the caput of the
epididymis. Approximately 6–12 efferent ducts con-
verge into a single duct, the epididymal duct, which is
highly convoluted and increases in diameter and thick-
ness as it meanders to the ductus deferens. The convo-
lutes are held together by fine connective tissue. The
head of the epididymis contains the efferent ducts and
the proximal end of the epididymal duct, whereas cor-
pus and cauda include only the epididymal duct. Histo-
logically the epithelium of the terminal part of the sem-
iniferous tubules contains only Sertoli cells, and it
gradually blends with the cuboidal or columnar epithe-
lium of the rete testis. These epithelial cells may actually
represent a continuation of the Sertoli cells that line the
seminiferous tubules. The efferent ducts are character-
ized by a columnar epithelium of different height which
gives the inner surface a wave-like appearance. The
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ductus epididymidis is lined with a pseudostratified
stereociliated columnar epithelium which consists of
ciliated tall columnar (principal) cells, narrow darker
staining columnar cells, basal cells, clear cells and occa-
sional intraepithelial lymphocytes (Fig. II.1.2). Tight
junctions between neighbouring epithelial cells form a
diffusion barrier. Proximally the epididymal tubules
have a thin muscular coat, which becomes gradually
more prominent in the corpus and particularly in the
vicinity of the ductus deferens. Spermatozoa are stored
within the lumen of the epididymis while they undergo
a complex series of biochemical modifications to be-
come mature sperm (Fig. II.1.2). Development and
function of the epididymis depend on the luminal
supply of testosterone, which is bound to a carrier pro-
tein – the androgen-binding protein (ABP), a secretory
product of the Sertoli cell. The ABP–testosterone com-
plex is transported in the ductal fluid, taken up by the
epididymal epithelial cells, and metabolized to dihyd-
rotestosterone by the activity of 5 [ -reductase. The epi-
didymal epithelial cells secrete a variety of factors and
enzymes that are involved in the maturation of sperm,
amongst them the HE (human epididymis) proteins
characteristic of the epididymis. Mature sperm are
stored in the distal part of the epididymal duct until
ejaculation. In times of low sexual activity excessive
spermatozoa are released at a slow rate in the ductus
deferens and are washed away during urination.

Fig. II.1.2. Cross-section
showing tall columnar epi-
thelium lining the coiled epi-
didymal duct. The lumen is
packed with spermatozoa.
The tubules have a muscular
coat, which plays an impor-
tant role in sperm movement
through the epididymis

II.1.1.3
Spermatic Cord and Ductus Deferens

II.1.1.3.1

Spermatic Cord

The spermatic cord (funiculus spermaticus) extends for
about 10 cm from the abdominal inguinal ring to the
upper back part of the testis. The left cord is rather lon-
ger than the right, consequently the left testis hangs
somewhat lower than its fellow. Embedded in fat and
connective tissue, the spermatic cord contains arteries,
veins, lymphatics, nerves, and the ductus deferens as
the excretory duct of the epididymis. These structures
are invested by the layers brought down by the testis in
its descent and include from outside to inside: scrotal
skin – tunica dartos – external spermatic fascia – cre-
master muscle – internal spermatic fascia. The crema-
ster muscle serves in the regulation of testicular tem-
perature as contraction and relaxation influence the
distance between the testes and the body. The crema-
ster muscle is innervated by the genital branch of the
genitofemoral nerve. The femoral branch in turn pro-
vides the sensory innervation of the skin of the medial
surface of the thigh. Irritation of this area causes a re-
flective contraction of the cremaster muscle.
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II.1.1.3.2

Ductus Deferens

The ductus deferens is the continuation of the canal of
the epididymis and is approximately 3 mm in diameter.
As a constituent of the spermatic cord it traverses the
inguinal canal into the pelvic cavity. Before the ductus
deferens enters the prostate at its dorsal surface it en-
larges to an ampulla and is subsequently joined by the
duct of the seminal vesicle to form the ejaculatory duct,
which passes through the prostate and opens into the
prostatic portion of the urethra, close to the orifice of
the prostatic utricle. The ductus deferens is palpable in
the spermatic cord due to its dense wall. The adult duc-
tus deferens is lined by pseudostratified columnar epi-
thelium (consisting of principal cells, pencil cells, and
mitochondria-enriched cells) resting on a layer of basal
cells. The massive muscular coat consists of two to
three massive layers of smooth muscle fibres. The ex-
ternal adventitia consists of connective tissue, blood
vessels and nerve fibres.

II.1.1.3.3

Vessels and Nerves

The arteries of the spermatic cord comprise the testicu-
lar arteries, which divide into several branches and
supply the testes and epididymis. The spermatic veins
emerge from the back of the testis, and receive tributar-
ies from the epididymis, to form a convoluted plexus,

Fig. II.1.3. Cross-section
through the prostate. The
lumen is surrounded by a
two-layered epithelium and
a dense fibromuscular stro-
ma. Occasionally concre-
tions can be seen in the lu-
men (arrow)

the plexus pampiniformis. Upon entering the abdomen
the veins unite to form the testicular vein, which drains
on the left into the left renal vein and on the right side
directly into the inferior cava vein. The nerves are the
genital ramus of the genitofemoral nerve, the scrotal
branch of the ilioinguinal nerve, and fibres of the auto-
nomic nervous system.

II.1.1.4
Prostate

The prostate is a firm gland about the size of a chestnut,
which is placed in the pelvic cavity encircling the com-
mencement of the urethra. Enclosed by a connective
tissue capsule, it is composed of a radial array of up to
30–50 branched tubuloalveolar glands surrounded by
a dense fibromuscular stroma. Contraction of the
smooth muscle releases the contents of the prostate
gland into the urethra at the time of ejaculation. The
epithelium has a layer of cuboidal-to-columnar epithe-
lium, and a second layer of basal cells (Fig. II.1.3). Most
characteristic of the gland, however, is the presence of
concretions which can be seen as onion-like structures
in the lumen. According to embryological and histolog-
ical studies, the internal structure of the human pros-
tate is separated into four compartments: (1) the non-
glandular stroma, (2) the preprostatic segment, (3) the
peripheral zone and (4) the central zone. The central
zone surrounds the ejaculatory ducts; it is made up of
acini with a relatively simple configuration and is in-
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serted in a wedge-like manner into the peripheral zone.
The so-called preprostatic segment is the periurethral
portion, which is regarded as the predilection site for
the development of benign prostatic hyperplasia
(BPH).

The human prostate has a dual function in that it
produces a number of secretory compounds condition-
ing the urethral surface for sperm passage and acting
on spermatozoa as well as on vesicular coagulation
proteins (semen liquefaction). The secretion is lightly
acid (pH 6.4) and is rich in zinc, citrate, acidic phos-
phatases and proteases, among which the prostate spe-
cific antigen is used for diagnostic purposes.

II.1.1.4.1

Vessels and Nerves

The arteries supplying the prostate are derived from
the internal pudendal and inferior vesical. Its veins
form the plexus vesicoprostaticus around the sides and
base of the gland; they receive the dorsal vein of the pe-
nis, and end in the hypogastric veins. The prostate re-
ceives dual autonomic innervation: sympathetic from
the last thoracic and lumbar roots via the hypogastric
nerves, and parasympathetic via the pelvic nerves.

Fig. II.1.4. Histology of the seminal vesicle.
The epithelium consists of one or two layers
of columnar epithelial cells which fold to a
characteristic highly reticular pattern. The
mucosa is surrounded by a muscular coat
rich in collagen and elastic fibres

II.1.1.5
Seminal Vesicle, Bulbourethral Gland

II.1.1.5.1

Seminal Vesicle (Glandula Vesiculosa)

The seminal vesicles are paired, elongated, sac- or tu-
bule-like structures surrounded by a thick coat of
smooth muscle. The glands are placed between the fun-
dus of the bladder and the rectum. The seminal vesicles
have a capacity of about 3.4–4.5 ml and contribute
about 60–70% of the seminal fluid. They empty sepa-
rately into the posterior urethra after joining the ductus
deferens. Their proximal and ampullary portions are
capable of fluid reabsorption and spermatophagy (in-
gestion and degradation of damaged spermatozoa by
epithelial cells). Each vesicle consists of a single tube,
coiled upon itself and giving off several irregular diver-
ticula, which give the gland a humpy exterior surface.
The lumen is lined by one or two layers of a columnar
epithelium which folds to a highly reticular pattern.
The epithelium is surrounded by a muscular coat
(Fig. II.1.4).

Secretory activity of the glands is a measure of tes-
tosterone supplementation to the epithelium. The se-
cretory products of the seminal vesicles encompass
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ions, fructose, prostaglandins and peptides as well as
proteins. In addition to plasma protein-related forms
such as transferrin, lactoferrin and fibronectin, specific
proteins such as semenogelin (52 kDa) are synthesized,
the scaffold protein of semen coagulate forming the
substrate of prostate specific antigen (PSA) and immu-
nosuppressive factors. Therefore, functions of the sem-
inal vesicles concern: (1) formation of seminal coagu-
lum, (2) modification of sperm functions (motility,
capacitation) and (3) immunosuppression.

II.1.1.5.2

Vessels and Nerves

The arteries supplying the seminal vesicle are derived
from the inferior vesicle and the median rectal artery.
The veins accompany the arteries and contribute to the
vesicoprostatic venous plexus. The nerves are derived
from the superior and inferior hypogastric plexuses.
Nervous regulation of secretion is realized by choliner-
gic postganglionic, sympathetic (and perhaps para-
sympathetic) fibres, derived from the pelvic plexus.
Contraction of the muscular wall occurs under the in-

a
b

Fig. II.1.5a, b. Longitudinal and cross-sections through the penis. a Corpora cavernosa (violet) and corpus spongiosum with the
glans of the penis (green). b Cross-section through the body of the penis

fluence of excitatory adrenergic and modulatory neu-
ropeptide Y (NPY)–encephalin–peptidergic nerve fi-
bres.

II.1.1.5.3

Bulbourethral Gland (Cowper Gland)

The bulbourethral glands are paired, tiny, pea-sized
glands situated inferiorly to the prostate. They produce
a thick, clear mucus that drains into the urethra, which
is released prior to ejaculation. The secretion is be-
lieved to neutralize traces of acidic urine in the urethra
and to act as a lubricant.

II.1.1.6
Penis and Urethra

II.1.1.6.1

Penis

The penis and the scrotum constitute the male external
genitalia. The penis consists of an attached root and a
free body or shaft that ends in an enlarged sensitive tip,
the glans penis, over which the skin is doubly folded to
form a loosely fitted retractable case, the prepuce or
foreskin. Internally, the penis comprises in essence the
urethra and three spongy, erectile bodies. The two up-
permost cylinders are the paired corpora cavernosa, the
smaller lower unpaired one, which contains the ure-
thra, is the corpus spongiosum (corpus cavernosum
urethrae). All three masses are enclosed by a fibrous
connective fascia and loose-fitting skin (Fig. II.1.5).
The anterior three-quarters of the corpora cavernosa
lie in close apposition, but behind this they diverge into
two crura, which are firmly attached to the inferior ra-
mi of the pubic bone by two branches which are sur-
rounded by the ischiocavernosus muscle. Contraction
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of this muscle results in increased tumescence of the cor-
pora cavernosa during erection. Just before the two cor-
pora cavernosa meet, both crura enlarge in the bulb of
the corpus cavernosum penis. Each corpus cavernosum
penis ends in a rounded extremity that is covered by the
mushroom-shaped glans penis, which is a distal dilation
of the corpus spongiosum (Fig. II.1.5). The corpora ca-
vernosa penis are surrounded by a strong fibrous enve-
lope, the tunica albuginea, forming the septum of the
penis by their junction in the median plane. This is thick
and complete proximally, but is imperfect distally, where
it consists of a series of vertical bands arranged like the
teeth of a comb; it is therefore named the septum pectini-
forme (Fig. II.1.5). The tunica albuginea is 1 mm thick
and rich in elastic fibres, which countervails a distension
of the corpora cavernosa during maximal erection.

The corpus spongiosum expands at its proximal end
to form the urethral bulb and is taken up in its distal
course by the concave inferior side of the corpora ca-
vernosa. The three erectile tissue cylinders are muffled
by a common fascia, the fascia penis profunda. The
urethra enters the bulb nearer to the upper than to the
lower surface. The geminate bulbocavernosus muscle
encompasses the proximal portion of the corpus spon-
giosum and aids in the emission of the ejaculate by
compressing the urethra. The anterior end of the cor-
pus spongiosum is dilated in the form of an obtuse
cone. This expansion is termed the glans penis and is
moulded on the anterior ends of the corpora cavernosa
penis. A slit-like vertical external urethral orifice opens
at the glans penis (Fig. II.1.5). The corona glandis is a
flange at the base of the glans, overhanging a deep ret-
roglandular sulcus. For descriptive purposes the penis
is divided into the following regions: the root, which is
connected to the periost of the pubic bone, the body
and the extremity holding the glans penis.

Immediately behind the corona glandis originates
the prepuce (foreskin) which completely covers the
glans in the non-erect penis. The inner leaflet of the
prepuce is covered by a stratified squamous epithelium
which is slightly cornified. After birth the inner leaflet
of the epidermis detaches from the prepuce and con-
ceives flexibility, which is limited by the frenulum at-
tached at the median inferior side of the glans.

II.1.1.6.2

Histology and Function

The corpora cavernosa allow the erection of the penis.
They consist of a spongy tissue. The interspaces (cav-
ernous spaces) are larger at the centre than at the pe-
riphery. They are filled with blood, and are lined by a
flattened layer of cells resembling the endothelial lining
of veins. The cavernous spaces are crossed by numer-
ous fibrous trabeculae which are covered at their lumi-
nal surface by endothelial cells and contain bundles of

smooth muscles and elastic fibres. They contain
branches of the Aa. helicinae and nerves originating
from the N. pudendus. The Aa. helicinae arise in nu-
merous divisions from the A. pudenda penis, which
passes through the corpus cavernosus, and branch at
their distal end. Without an interposed capillary bed
the Aa. helicinae open directly into the cavernous
spaces. They are characterized by so-called epithelioid
muscle cells located underneath the endothelium,
which protrude into the lumen of the vessel.

The corpus spongiosum contains trabeculae that are
more delicate than those in the corpora cavernosa and
fewer smooth muscle cells with smaller meshes be-
tween them compared to the corpora cavernosa. Blood
supply is ensured by the A. bulbi penis, which enters the
corpus spongiosum in the bulb, and by small branches
of the dorsal penis artery. Tumescence of erection is
less rigid than in the corpus cavernosum to prevent ob-
struction of the urethra during ejaculation.

The venous blood is drained from the large central
cavities in the smaller sinus at the periphery. It is col-
lected by venae emissariae which pass transversally
through the tunica albuginea and return the blood to
the dorsal deep vein of the penis. Some veins emerge
from the undersurface of the corpora cavernosa penis,
receive branches from the corpus spongiosum and con-
tribute to the deep dorsal vein after winding around the
sides of the penis.

II.1.1.6.3

Vessels and Nerves

The vena dorsalis penis profunda is clearly visible un-
der the skin and joins the prostatic vein plexus. The pe-
nis is traversed by numerous lymphatic vessels which
are found in the skin, the glans penis and the urethra.
They finally drain into the median inguinal lymph
nodes. The afferent nerves are derived from the puden-
dal nerve via the dorsal nerve of the penis. They termi-
nate in free endings or in specialized touch corpuscles.
Parasympathetic fibres (Nn. erigentes) are derived
from the S2–S4 segment; the sympathetic nerves origi-
nate from Th12–L2.

II.1.1.6.4

Male Urethra

The male urethra extends from the internal urethral or-
ifice in the urinary bladder to the external urethral ori-
fice at the end of the penis. It is approximately 20 cm in
length and is divided into four portions: the intramu-
ral, prostatic, membranous and cavernous portions. The
intramural portion (pars intramuralis) is 0.5–1 cm
long and extends from the caudal part of the muscular
wall of the bladder. It continues in the prostatic portion
(pars prostatica), which is about 3 cm long and runs
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vertically through the prostate. At the posterior wall is
an elevation, the colliculus seminalis, upon or within
the margins of which the openings of the prostatic ex-
cretory and ejaculatory ducts are located. The membra-
nous portion (pars membranacea) is 1–2 cm long and
traverses the urogenital diaphragm. It is the narrowest
part of the canal and is enclosed by the fibres of the
sphincter urethrae muscle. The cavernous portion (pars
cavernosa) is contained in the corpus spongiosum and
represents the longest part of the urethra (15 cm). It di-
lates in the glans to form the fossa navicularis before it
opens in the external urethral orifice. The mucosa of
the male urethra shows regional differences, with the
typical urothelium in the proximal portion developing

a columnar pseudostratified epithelium further distal-
ly. In the fossa navicularis the columnar epithelium
flattens to become cuboidal. Here, it contains glycogen,
which is metabolized to lactate by the non-pathogenic
lactobacilli generating an acid milieu to prevent as-
cending infections of the urinary tract.
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II.1.2 Sexual Differentiation and Development
Y. L. Giwercman, A. Nordenskjöld

Normal sexual differentiation requires complex
molecular events to take place in a precise order,
and even though much knowledge has been
gained in recent decades, further research is still
needed to understand the pathogenesis of differ-
ent disorders of sexual differentiation. For the cli-
nician who is confronted with a child with sexual
ambiguity, it is most important not to guess the
sex but to initiate a proper diagnostic procedure,
preferably done by a specialist team. Diagnosis
generally requires a thorough clinical examina-
tion of the child and careful family history taking.
The further diagnostic procedure includes cyto-
genetic hormonal and mutational analyses before
sex assignment. Advances in molecular genetics
are continuously providing tools for the detection
of genetic defects and the primary diagnosis of in-
tersex disorders. These methods may also be ap-
plied to prenatal diagnosis and carrier identifica-
tion.

Summary

II.1.2.1
Introduction

Genital ambiguity is a devastating condition for par-
ents of a newborn and an accurate diagnosis and ratio-
nal sex assignment of crucial importance. Clinical diag-
nosis is however often difficult and knowledge of nor-
mal sexual differentiation necessary to understand
these disorders. Below we describe the principles of
sexual development, disorders related to different steps
during sex differentiation and some helpful key points
in the diagnosis of intersex disorders.

Two processes determine the phenotypic sex – sex de-
termination as a first step followed by sex differentia-
tion. During the first 6 weeks of normal human foetal
development male and female embryos have the same
phenotype although the chromosomal sex differs, 46,
XY and 46, XX respectively. The embryo at that stage
develops two bipotential gonads and two double ductal
systems, the Wolffian ducts and the Müllerian ducts
(Fig. II.1.6). In the sex determination step the gonad
will develop to either testis or ovary according to differ-
ent genetic events, thereby giving the foetus a gonadal
sex. Classic animal studies by Alfred Jost in 1947 found-
ed the research on mammalian sex determination (Jost
1947). Jost surgically removed the gonadal ridges, from
which testes and ovaries are both derived, from devel-
oping rabbit foetuses in utero and then allowed the cas-
trated animals to develop to term. The experiment
showed that embryonic castration of male rabbits
before a critical stage of development resulted in female
differentiation of the internal as well as external genita-
lia, whereas unilateral castration resulted in female
genitals unilaterally. Jost suggested that testis deter-
mining factors, i.e. locally acting hormones from the
foetal testis, were essential for normal male differentia-
tion. The testicular hormones that are essential for the
male development are testosterone secreted from the
testicular Leydig cells and anti-Müllerian hormone
(AMH) produced by the Sertoli cells. Testosterone acts
together with receptors on the Wolffian ducts thus
stimulating the development of male internal genitalia,
resulting in vas deferens, epididymis and the seminal
vesicles. AMH acts on the cells of the Müllerian ducts,
resulting in regression of these ducts and hence also
preventing formation of the uterus and Fallopian tubes.
In the same manner, the external genital organs in
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Fig. II.1.6. Development of internal genitalia. The Müllerian duct is indicated in red and the Wolffian in blue. The ureter is green.
The urogenital sinus, the bladder, urethra and distal vagina are shown in yellow. Modified from original by Larsen, Human Em-
bryology

males and females are identical after gestational week 6
(Fig. II.1.6). Under the androgenic influence in males
the genital tubercle grows and differentiates to a penis,
the urethral plate gradually closes to a urethra that
opens on the tip of the glans, a scrotum is formed by fu-
sion in the midline and the testes migrate from the ini-
tial abdominal position to the scrotum. The internal
and external male genital development thereby nor-
mally constitutes the male phenotypic sex, together
with normal puberty and fertility.

Due to this developmental cascade of events disor-
ders of sex development in the male occur as different
degrees of under-masculinization. In mild forms the
boy has hypospadias with a urethral meatus located
near the glans. In the most severe forms the meatus is
located in the perineum. This severe form is also usual-
ly associated with a small and curved penis and often is
regarded as an intersex condition. Other associated
malformations are cryptorchidism and micropenis. In
females, virilization causes different degrees of en-
largement of the clitoris or midline closure to a urogen-
ital sinus and scrotum. The most common cause of in-
tersex conditions in females is congenital adrenal hy-
perplasia.

Based on the finding of sex chromosome abnormali-
ties, Turner syndrome (45, XO) and Klinefelter syn-

drome (47, XXY) pointed to a testis-specific factor on
the Y chromosome. In some male infertility patients
most of the long arm of the Y chromosome was found
to be lacking, whereas the short arm was duplicated
(Jacobs and Ross 1966). Patients with deletion of the
short arm were phenotypic females. These observa-
tions led to the conclusion that a gene or genes required
for testis formation must be located on the short arm of
the Y chromosome. By studying the genome of XX
males with varying amounts of translocated Y chromo-
some material the testis-determining gene was finally
cloned by Sinclair and co-workers in 1990 (Sinclair et
al. 1990). The main male sex-determining factor was
named SRY for the “sex-determining region of the Y
chromosome”, causing the indifferent gonad in males
to differentiate to a testis and thereby initiating the
whole cascade of events of male genital differentiation.

Besides Turner and Klinefelter syndromes, which
have played crucial roles in our understanding of the
importance of sex chromosomes and of testis differen-
tiation, other disorders have also been important in de-
fining the process of sexual differentiation thereby
identifying key genes (Fig. II.1.7). Mutations in any of
these genes lead to different intersex conditions with
predictable phenotypes in most cases.
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Fig. II.1.7. Schematic model of male sex differentiation

II.1.2.2
Genes Involved in Male Sex Differentiation

II.1.2.2.1

SF-1 (Steroidogenic Factor 1)

SF-1 encodes an orphan nuclear receptor protein,
which is expressed in the urogenital ridge prior to dif-
ferentiation of the gonad (Luo et al. 1994). SF-1 also
plays a direct role in steroidogenesis by regulating the
expression of steroidogenic enzymes involved in the
production of testosterone. Inactivation of the mouse
homologue gene results in animals lacking adrenal
glands and gonads. These mice died from adrenal in-
sufficiency shortly after birth. In 1999 the first patient
with a mutation in the SF-1 gene was described (Acher-

mann et al. 1999). This patient presented with adrenal
crisis and female phenotype despite a 46, XY karyo-
type. As predicted from the mouse model, the pheno-
type was due to the absence of gonads and adrenal
glands.

II.1.2.2.2

WT1 (the Wilms’ Tumour 1 Gene)

WT1 was identified initially through its role as a tu-
mour suppressor gene in Wilms’ tumour or nephrobla-
stoma, a paediatric kidney tumour (Little and Wells
1997). The normal WT1 gene product exists in different
isoforms that both interact with SF-1 and promote the
expression of other downstream genes, such as AMH
(see below), and function by transactivation of the SRY
gene (Hossain and Saunders 2001). The gene is located
in the chromosomal region 11p13. Loss of this chromo-
somal region is seen in children with WAGR syndrome,
a multigene disorder with aniridia, genital malforma-
tions, mental retardation and Wilms’ tumour (Francke
et al. 1979). Due to the very specific expression pattern,
in both a spatially and a timely manner in the early gen-
ital ridge, gonads and kidneys, this gene was identified
to cause Denys–Drash syndrome (Pelletier et al. 1991a).
This unusual syndrome consists of early renal insuffi-
ciency resulting from mesangial sclerosis, gonadal dys-
genesis and Wilms’ tumour. In boys the syndrome is
more easily recognized due to the male pseudoher-
maphroditism caused by the gonadal deficiency. In
girls, on the other hand, only a very high grade of suspi-
cion will reveal the diagnosis before the Wilms’ tumour
has already given symptoms. Therefore, this syndrome
must always be suspected in small girls with renal in-
sufficiency in order to diagnose tumours early. Muta-
tions in this gene also seldom cause genital malforma-
tions and Wilms’ tumour (Pelletier et al. 1991b).

II.1.2.2.3

SRY (Sex-Determining Region of the Y Chromosome)

SRY is the initial factor that starts the cascade of events
that differentiates the bipotential gonad into a testis,
leading to normal male genital differentiation. The
gene is located on the short arm of the Y chromosome
and consists of one exon with a central homeobox re-
gion and functions as a transcription factor (Sinclair et
al. 1990). Further studies have revealed that mutations
or deletions of the SRY gene cause at least 20% of all XY
females. This condition is associated with a substantial
risk of gonadal tumours. A lack of normal SRY function
always leads to a complete gonadal dysgenesis with
streak gonads. However, all other stigmata are lacking.
In addition, about 80–90% of all XX males have an SRY
gene translocation, usually to the X chromosome. Sur-
prisingly, some XY female cases inherit the SRY muta-

268 II.1 Understanding Normal Anatomy and Function

II.1



tion from their healthy father. The mechanism is un-
known but is thought to arise through gonadal mosai-
cism. To add even more to the complexity of genital de-
velopment, a few cases of an XX male phenotype but
lacking the SRY gene have been reported, indicating
that other sex reversal genes may stimulate normal
male development even without SRY.

II.1.2.2.4

SOX9 (SRY-Related HMG-BOX Gene 9)

SOX9 is an autosomal gene situated on chromosome
band 17q24. It is probably directly downstream of the
SRY gene and is particularly important for Sertoli cell
differentiation (Morais da Silva et al. 1996). It is ex-
pressed during chondrocyte differentiation and is
upregulated in the male genital ridge as compared with
the female. SOX9 expressed in XX gonads in a mice
model gives rise to testis differentiation. Inactivating
heterozygote mutations of this gene causes a syndrome
called campomelic dysplasia, probably due to haploin
sufficiency. This skeletal dysplasia, with characteristi-
cally bent limbs, is combined with a total gonadal dys-
genesis in XY females (in 75%) or a partial dysgenesis
(Foster et al. 1994).

II.1.2.2.5

DSS (Dosage-Sensitive Sex Reversal)

DSS refers to a region on the X chromosome (p21–22),
which has been duplicated in some 46, XY females. This
region is normally thought to be X-inactivated, since
47, XXY and 48, XXXY individuals are phenotypic
males, whereas in DSS subjects, who have two active
copies of the region, the function of SRY is overridden
and they fail to develop testes (Bardoni et al. 1994).

II.1.2.2.6

DAX-1 (DSS-ACH Critical Region on the X Chromosome,

Gene 1)

DAX-1 derives its name from its dual pathologic role in
humans, i.e. DSS syndrome and adrenal hypoplasia
congenital (AHC). AHC is a disease of the adrenal cor-
tex and lethal if left untreated, due to dehydration and
electrolyte imbalance because of mineralocorticoid
deficit. DAX-1 is essential for the gonadal development
of males but is dispensable in females. Inactivating mu-
tations in the DAX-1 gene result in X-chromosome-
linked AHC and hypogonadotrophic hypogonadism in
boys (Muscatelli et al. 1994). Moreover, a testicular de-
fect is present in AHC males, because treatment with
gonadotrophins does not normalize spermatogenesis.
In biopsy samples, Leydig cell hyperplasia as well as
disorganization of seminiferous tubular structures is
seen (Ozisik et al. 2003). However, in a female homozy-

gous for a DAX-1 mutation, ovarian differentiation oc-
curred (Merke et al. 1999). Over-expression of the gene,
i.e. due to duplications of Xp21, causes ambiguous gen-
italia in 46, XY individuals, possibly by an antagonizing
effect of DAX-1 on both AMH and testosterone produc-
tion. The exact mechanism of DAX-1 action is not
known and factors involved in DAX-1 regulation in dif-
ferent tissues and during development remain to be
clarified.

II.1.2.2.7

MIH (Müllerian Inhibiting Hormone)

MIH, also recognized as anti-Müllerian hormone
(AMH) or Müllerian inhibiting substance, is produced
from the testicular Sertoli cells at 7–8 weeks of gesta-
tion, when the testis has recognizable tubules. High ip-
silateral concentrations of MIH and testosterone lead
to Müllerian duct regression and Wolffian duct preser-
vation, respectively (Josso et al. 1977). Notably, there
seems to be a window during development when Mül-
lerian duct regression occurs in response to MIH be-
tween 8 and 12 weeks of gestation. Later production of
MIH does not include this event. In the absence of MIH,
the bilateral ducts normally develop into the internal
reproductive structures of the female, and mutations in
the AMH gene lead to persistent Müllerian duct syn-
drome in otherwise normally virilized males (Imbeaud
et al. 1996). The same syndrome also occurs in about
half of the total cases caused by mutations in the MIH
receptor on the Müllerian ducts (Imbeaud et al. 1995).

II.1.2.2.8

17�-HSD Type 3 (17 � Hydroxysteroid Dehydrogenase)

17 q -HSD type 3 is the last enzyme of the pathway of
synthesis of testosterone from androstenedione in foe-
tal testes. Deficiency of this enzyme is an autosomal re-
cessive disorder with male pseudohermaphroditism,
usually with a female phenotype but with internal male
genital organs indicating a certain amount of testoster-
one production initially in foetal life (Geissler et al.
1994). There are three isoforms of the enzyme that
probably account for the spontaneous masculinization
at puberty and the initial foetal male development. The
testicular form is the type 3 isoform. The syndrome can
therefore be suspected in male pseudohermaphrodites
with a high concentration of androstenedione exhibit-
ing masculinization during puberty.

II.1.2.2.9

3�-HSD (3�-Hydroxysteroid Dehydrogenase)

3 q -HSD isoenzymes are essential for the formation of
progesterone (the precursor hormone of aldosterone)
and 17-hydroxyprogesterone (17-OHP, the precursor
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hormone of cortisol) in the adrenal cortex. It is also es-
sential for the formation of androstenedione, testoster-
one and oestrogen in the adrenal glands and gonads,
thus catalysing a step in the formation of all classes of ac-
tive steroid hormones. In humans, there are two 3 q -HSD
isoenzymes, which were chronologically designated type
I and II and are encoded by the HSD3B1 and HSD3B2
genes, respectively. The HSD3B1 gene encodes the 3 q -
HSD isoenzyme expressed almost exclusively in the pla-
centa and peripheral tissues, whereas the HSD3B2 gene
encodes the predominant 3 q -HSD isoenzyme expressed
in the adrenal gland, ovary and testis. Deficiency of type
II 3 q -HSD is responsible for a rare form of congenital ad-
renal hyperplasia, causing various degrees of salt wasting
in both sexes and incomplete masculinization of the ex-
ternal genitalia in genetic males (Simard et al. 1995). A
milder, nonclassic variant of 3 q -HSD deficiency has also
been reported to be the cause of premature sexual hair
growth in many young children and of hirsutism and
menstrual disorders in a great number of adolescents
and young women (Nayak et al. 1998).

II.1.2.2.10

SRD5A2 (Steroid 5�-Reductase 2)

SRD5A2 converts testosterone to the more potent di-
hydrotestosterone (DHT) in target organs, namely ex-
ternal genitalia (scrotum and penis) as well as the pros-
tate gland. Deficiency of DHT consequently leads to in-
sufficient development of male external organs but
with normal male internal genitalia (Wilson et al.
1993). A lack of this enzyme does not have a phenotype
in women. The condition is an autosomal recessively
inherited form of male pseudohermaphroditism and
was first described in an isolated area in the Dominican
Republic (Imperato-McGinley et al. 1974). These pa-
tients will subsequently have a high testosterone/DHT
ratio, accentuated after a human chorionic gonadotro-
phin (hCG) stimulation test that can be used for diag-
nostic purposes together with mutation analysis. Also
in this form of male pseudohermaphroditism, there is
masculinization during puberty due to an alternative
isoform of the enzyme (SRD5A1). The isoenzyme is not
expressed in foetal tissue and only very briefly ex-
pressed in newborn skin; however, later in life, after pu-
berty, it is expressed in liver and skin. The remaining
physical stigmata in affected individuals even after pu-
berty include a small prostate gland, a reduced amount
of body hair, lack of acne and a female temporo-frontal
hairline. Due to underdevelopment of the prostate
gland this disorder almost always leads to male infertil-
ity with a few exceptions (Katz et al. 1997; Nordenskjold
and Ivarsson 1998). Mutational studies of affected
males have shown that mutations are scattered over the
five exons of the gene. Different mutations cause differ-
ent degrees of impairment of the enzymatic activity

due to different functional defects concerning ligand
binding, co-factor binding or the half-life of the en-
zyme, which explains the varied severity of phenotypes
of affected males (Wigley et al. 1994).

II.1.2.2.11

AR (Androgen Receptor)

The androgen insensitivity syndrome (AIS), a disorder
of male sexual differentiation, is by far the most com-
mon identifiable cause of male pseudohermaphrodit-
ism (Quigley et al. 1995). AIS is an X-linked recessive
disorder, thus only affecting individuals having a 46,
XY karyotype. AIS is caused by an absent or dysfunc-
tional AR and the phenotype encompasses a wide spec-
trum of genital ambiguities from completely female
phenotype to slightly undervirilized males. Both tes-
tosterone and DHT bind to the AR and consequently
any defect in the AR gene will, in the most severe cases
with complete AIS (CAIS), lead to female external ap-
pearance, including female external genitalia. General-
ly, normal but immature testes are present and as dif-
ferentiation of the embryonic Wolffian ducts occurs in
response to androgens, Wolffian ducts are absent in in-
dividuals with CAIS. Müllerian ducts are usually also
absent, as AMH action in the foetus is normal. Usually
affected subjects lack pubic and axillary hair as well.

At puberty, the androgen resistance results in high
LH levels in the circulation and subsequently an in-
creased testosterone level. Testosterone is in turn pe-
ripherally aromatized to oestradiol, which in individu-
als with AIS is observed as normal breast development
and feminization of the body contours. Patients with
CAIS come under medical attention at various stages of
life, a few being diagnosed soon after birth and some
with the development of an inguinal hernia containing
a testis during infancy. A portion of individuals, undi-
agnosed throughout childhood, present after puberty
with primary amenorrhoea.

In the partial form of AIS (PAIS), the genital pheno-
type in affected individuals varies widely, from pre-
dominantly female appearance (cases with female ex-
ternal genitalia and development of pubic hair in pu-
berty, or with slight labial fusion and/or mild clitoro-
megaly), to subjects with ambiguous genitalia, or cases
with a predominantly male phenotype. Wolffian-duct-
derived structures may be fully developed or rudimen-
tary in PAIS, depending on residual androgen activity.
Thus, the epididymes, vasa deferentia and seminal ves-
icles may develop to a variable extent, from rudimenta-
ry to being fully formed. At puberty, elevated LH, tes-
tosterone and oestrogen levels are observed and, as in
CAIS, feminization of the breasts and body contours
occurs as a result of high oestrogen levels, but in gener-
al the degree of feminization is less compared to that in
individuals with CAIS.
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Diagnosis of AIS requires the demonstration of a 46,
XY karyotype and functional testes, which are able to
synthesize and metabolize androgens normally. Once a
CAIS diagnosis has been made the gonads are often re-
moved, if possible before puberty, because of the risk of
malignancy. Although some mutations were found sev-
eral times in unrelated individuals, no major hotspots
for mutations exist in the AR gene (AR mutation data-
base). In situations where there is a limited family his-
tory of the disorder, precise information may be ob-
tained only by sequencing the AR gene for the causative
mutation.

II.1.2.3
Diagnosis of Sexual Ambiguity

The diagnosis of sexual ambiguity is clinically easy
when the sex cannot be decided by a standard examina-
tion. It is crucial at this point not to make a guess about
the sex of the child. One other immediate practical ac-
tion is to take a blood sample during the first 24 h of life
for testosterone investigation since that can be helpful
in the final decision. The usual procedure is then to send
the patient as soon as possible to a qualified team for a
thorough investigation before assigning a sex to the
child together with the parents. The team consists of
physicians from Paediatric Endocrinology, Paediatric
Surgery, Paediatric Psychiatry, Gynaecology and Clini-
cal Genetics. The team will proceed with urgency, col-
lecting data on heredity, making a pedigree as well as
performing a thorough physical examination of the
child, sometimes with ultrasound, urethrocystoscopy,
laparotomy/laparoscopy and biopsy of the gonad. The
single most important laboratory investigation is a kar-
yotype and/or SRY examination. If the karyotype is 46,
XX the cause is almost always congenital adrenal hyper-
plasia, caused by 21-hydroxylase deficiency. The further
diagnostic procedure in 46, XY individuals is more
complex but the above-mentioned syndromes are the
most studied so far. In clinical reality, there are children
with male pseudohermaphroditism (46, XY karyotype
and testes with underdevelopment of the phenotypic
male sex) that in the end do not have a specific molecu-
lar diagnosis before assignment to either sex. This is the
ultimate future challenge for researchers in this field.
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II.1.3 Physiology of Spermatogenesis
M. Bergmann

Spermatogenesis includes multiplication of sper-
matogonia, meiosis of spermatocytes and differen-
tiation of spermatids into the male gamete, which is
capable of motility and fertilizing an egg. Spermato-
genesis occurs within the testicular seminiferous
tubules, which consist of peritubular tissue and the
seminiferous epithelium. The latter is composed of
germ cells and somatic Sertoli cells. Somatic Sertoli
cells divide the seminiferous epithelium into basal
and adluminal compartments by inter-Sertoli cell
junctional complexes protecting spermatocytes and
spermatids from the immune system. They support
and trigger germ cell development by mediating
hormonal stimuli because they are the only cells
within the epithelium possessing follicle-stimulat-
ing hormone and androgen receptors. Germ cell
apoptosis is most important during pubertal estab-
lishment of the species-specific ratio of germ cells to
Sertoli cells, and is increased together with sper-
matogenic impairment. There are six different, spe-
cific germ cell associations within the seminiferous
epithelium: “stages of spermatogenesis”. These
stages are sequentially arranged along the length of
a tubule: “wave of spermatogenesis”. The duration
of this wave is the “cycle of spermatogenesis”. It
takes 16 days; the whole process of spermatogenesis
from the spermatogonium to the release of the sper-
matozoon takes about 70–75 days.

Spermatogenic efficiency is within the range of
other primates and shows that sperm number is not
limited by germ cell loss during meiosis but depends
on the number of spermatogonia entering meiosis.

Spermatogenic impairment is regularly associat-
ed with Sertoli cell maturation deficiency, and incor-

Summary

rect DNA integrity and condensation due to failure
in histone to protamine exchange may be an im-
portant factor predicting the outcome of assisted
reproduction by in vitro fertilization or testicular
sperm extraction/intracytoplasmic sperm injec-
tion.

II.1.3.1
Spermatogenesis

Spermatogenesis represents the entire process of germ
cell development within the seminiferous epithelium of
the adult testis. It can be divided into four phases and
includes: (1) the proliferation and differentiation of
spermatogonia, (2) meiotic divisions of spermatocytes,
(3) the transformation of haploid round spermatids
arising from the second meiotic division into sperma-
tozoa (spermiogenesis), which (4) are released into the
lumen of the seminiferous tubules (spermiation)
(Fig. II. 1.8a, b).

II.1.3.2
Seminiferous Tubules

Seminiferous tubules have a diameter of about 180 µm
and consist of peritubular tissue (lamina propria) and
the seminiferous epithelium. The lamina propria
(8 µm) is composed of four to five layers of contractile
myofibroblasts and connective tissue. The seminifer-
ous epithelium (80 µm) rests on a basal lamina and
consists of germ cells in different developmental stages
and the supporting somatic Sertoli cells, which provide
an extreme cytoplasmic ramification and surround ad-
jacent germ cells (Fig. II. 1.9a, b).
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Fig. II.1.8a, b. Seminiferous epithelium and process of spermatogenesis. a Normal seminiferous epithelium. [Ap Spermatogonium
type A (pale), Ad spermatogonium type A (dark), sgB spermatogonium type B, P primary pachytene spermatocyte, rsd round
spermatid, elsd elongated spermatid.] Paraffin section, haematoxylin and eosin, primary magnification, ×40. b Process of sper-
matogenesis

a
b

Fig. II.1.9a, b. Normal seminiferous epithelium. a Seminiferous tubules with intact seminiferous epithelium (arrows) and intersti-
tial tissue containing blood vessels (bv), and Leydig cells (Lc); paraffin section, haematoxylin and eosin, primary magnification,
×20. b Schematic drawing of the seminiferous epithelium. [1 Basal compartment, 2 adluminal compartment, 3 Sertoli cell nucle-
us, 4 inter-Sertoli cell junctional complex, 5 type a (pale) spermatogonium, 6 primary pachytene spermatocyte, 7 round sperma-
tid, 8 elongated spermatid, 9 residual body.] From Holstein (1994)
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II.1.3.3
Spermatogonia

Spermatogonia are the diploid (2n2 C) stem cells of
spermatogenesis, and can be divided into type A and
type B. They undergo mitotic divisions and thus repre-
sent the renewing stem cell population. The classifica-
tion is mainly based on differences of nuclear chroma-
tin pattern. Type A spermatogonia have an oval eu-
chromatic nucleus in contrast to type B spermatogonia,
which have a round heterochromatic nucleus. In pri-
mates including humans, type A spermatogonia are
further divided into A pale (Ap) and A dark (Ad) ac-
cording to their differing nuclear appearance. In con-
trast to Ap, Ad spermatogonia are characterized by a
dark nucleus showing a light halo. A possible function-
al significance in respect of mitotic activity remains
controversial. In non-human primates Ad spermatogo-
nia have no or only weak proliferative activity (Schlatt
and Weinbauer 1994), whereas S-phase-specific Ki-67
immunoreactivity indicating mitotic activity was
found in both Ap and Ad spermatogonia by Steger et al.
(1998) in the human.

It is generally agreed that type B spermatogonia are
able to differentiate and enter the process of meiosis.
Due to incomplete cytokinesis, type B spermatogonia
remain interconnected after the last mitotic division by
intercellular bridges forming cellular clones, which al-
low synchrony of germ cell maturation. These intercel-
lular bridges persist until late spermiogenesis. In sper-
matogonia, genomic imprinting for parent-of-origin-
dependent regulation of gene expression via DNA
methylation takes place and is finished before the first
meiotic division (Kierszenbaum 2002).

II.1.3.4
Spermatocytes/Meiosis

II.1.3.4.1

Primary Spermatocytes

Meiosis starts with DNA synthesis of type B spermato-
gonia which lose contact with the basal lamina (prelep-
totene). After completion of DNA synthesis, each chro-
mosome consists of two chromatids (C). These cells are
named primary spermatocytes, and the DNA content is
tetraploid (2n4 C). Primary spermatocytes undergo the
first meiotic division. The prophase of the first meiotic
division takes about 1–3 weeks and is divided into sev-
eral stages: the leptotene, zygotene, pachytene and dip-
lotene stages.

The leptotene stage is characterized by DNA con-
densation resulting in the appearance of thin filaments
within the nucleus. In the zygotene stage, condensation
of chromosomes proceeds, and pairing of homologous
chromosomes takes place due to the formation of the

“synaptonemal complexes” which are only visible us-
ing an electron microscope. In the pachytene stage,
there is an exchange of genetic material derived from
maternal and paternal sources between sister chroma-
tids of homologous chromosomes involving DNA
breakage and repair in autosomes but not in the hetero-
somes “x” and “y”. The pairing of chromosomes leads
to a “crossover” of adjacent sister chromatids. When
the chromosomes start to separate in the pachytene
stage, these sites become visible and are termed “chias-
mata”. In the diplotene stage, chromosomes separate
with the exception of the chiasmata sites. The end of the
meiotic prophase is recognized as “diakinesis”, when
chromosomes shorten and the four separate chroma-
tids become visible. Finally, the nuclear membrane dis-
appears and chromosomes are subsequently arranged
in the metaphase plate. After formation of the spindle
apparatus, chromosomes move to opposite poles, but,
in contrast to mitotic division, chromatids remain in-
terconnected. Thus the number of chromosomes in re-
sulting secondary spermatocytes is haploid, but the
DNA content is still diploid (1n2 C).

II.1.3.4.2

Secondary Spermatocytes

Secondary spermatocytes undergo the second meiotic
division after a short interphase of about 6 h in the hu-
man without DNA synthesis. By this division, chroma-
tids are finally separated leading to round spermatids
with a haploid number of chromosomes and DNA con-
tent (1n1 C).

II.1.3.5
Spermatids/Spermiogenesis

Early round spermatids are postmitotic cells, exhibit a
nucleus with a homogenous chromatin pattern and can
be identified by the perinuclear acrosome vesicle,
which can easily be seen after periodic acid Schiff (PAS)
reaction on formalin, or Bouin-fixed paraffin-embed-
ded sections or at the ultrastructural level.

The transformation of conventional round cell sper-
matids into spermatozoa with the capacity for motility
and fertilization of an egg includes a complex sequence
of events: (1) formation of the acrosome, (2) condensa-
tion of the nucleus, (3) development of the sperm tail,
(4) reorganization of cellular organelles such as mit-
ochondria and centrioles and (5) reduction of the cyto-
plasm.

The synthesis of many acrosome-specific proteolyt-
ic enzymes starts as early as in pachytene spermato-
cytes. These proteins, such as proacrosin, are packed
into electron-dense vesicles: proacrosomal granules
(PAGs) derive from the trans-Golgi complexes. They
start to fuse after completion of meiotic divisions in
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step1 spermatids. The growing acrosome forms a cap-
like structure that covers about 30–50% of the nuclear
surface (Bermudez et al. 1994).

Nuclear condensation in the human is due to re-
placement of about 85% of the DNA-associated lysine-
rich histones by transition proteins, and finally by argi-
nine-rich protamines. In contrast to histones, which
form a loop-like association with DNA (nucleosomes),
protamines are associated with the grooves of the DNA
helix, leading to extreme condensation and finally to a
reduction to about 10% of the original nuclear size.
Transition proteins are believed to be involved in DNA
repair mechanisms during histone to protamine ex-
change (Fig. II.1.10). Associated with the increased ex-
change of nuclear proteins is a decrease in and cessa-
tion of gene transcription. Thus, in spermatids gene
transcription and protein translation are temporally
uncoupled (for review see Steger 1999, 2001), together
with the temporal storage of mRNA in spermatid-spe-
cific nucleoprotein complexes, which were described at
the ultrastructural level by Holstein and Roosen-Runge
(1981). The fertilization capacity of spermatozoa de-
pends on the protamine content being adequate and
the ratio of the two protamines PRM1 and PRM2 being
correct (Steger et al. 2003).

The formation of the tail (flagellum) starts early in
spermiogenesis. The axoneme shows the typical “9+2”

Fig. II.1.10. Schematic presentation of histone to protamine exchange

structure of microtubules. This is the common pattern
of eukaryotic cilia and derives from one of the pair of
centrioles. These centrioles are placed in a nuclear fos-
sa opposite the acrosome. The distal centriole gives rise
to the flagellum. The other structures of the flagellum,
the fibrous sheet and outer dense fibres are developed
when spermiogenesis takes place.

Mitochondria from the periphery of the spermatid
aggregate around the proximal part of the flagellum in
a helical manner forming the latter’s mid-piece. At the
end, the spermatid’s cytoplasm is shed by active in-
volvement of the adjacent Sertoli cell, and this “residual
body” is phagocytosed by Sertoli cells.

The events described occur either simultaneously or
with a degree of overlap. For practical reasons, depend-
ing on the development and formation of the acrosome,
the whole process of spermiogenesis can be divided as
follows:

■ Golgi phase
Development of the acrosome vesicle

■ Cap phase
Formation of the acrosomal cap together with the
start of nuclear condensation and development of
the flagellum

■ Acrosome phase
Differentiation of the acrosome, and elongation of
the nucleus and cell body
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■ Maturation phase
Differentiation of the species-specific form of the
acrosome and sperm head; completion of nuclear
condensation, and the reduction of cytoplasm.

The release of fully differentiated spermatids into the
lumen of the seminiferous tubule, which is triggered by
the Sertoli cell, is termed “spermiation”.

The haploid germ cell within the seminiferous epi-
thelium is termed the “spermatid” (round, elongating,
elongated). The haploid germ cell after spermiation is a
“spermatozoon” (sperm).

II.1.3.6
Spermatozoon (Fig. II.1.11)

The length of the human spermatozoon measures
about 60 µm. The flat and oval head (diameter: 3 µm,
length: 5 µm) consists of the acrosome and the ex-
tremely condensed nucleus. The acrosome covers the
head surface, and contains numerous proteolytic en-
zymes, i.e. hyaluronidase, collagenase, neuraminidase,
phospholipase A, acrosin and others. The release of
these enzymes, the so-called acrosome reaction, en-
ables the spermatozoon to penetrate the “corona radia-
ta” of follicle cells and the zona pellucida of the egg.
Some nuclear vacuoles are common.

The flagellum measures about 55 µm in length. It
possesses the central axoneme and is divided into:

■ The neck/connecting piece (1 µm). It contains the
basal and striated bodies and is the point of articu-
lation between the sperm head and the flagellum.

■ The mid-piece (6 µm). It contains the mitochondria
and the nine doublets of microtubules, which are
associated with outer dense fibres, each consisting
of at least 14 polypeptides with a molecular mass
ranging from 11 to 87 kDa (Henkel et al. 1994).
Outer dense fibres are believed to maintain the
passive elastic structure for flagellar bending and
also to protect it from shearing forces during
epididymal transit and ejaculation (Baltz et al.
1990). Hinsch et al. (2004) detected the voltage-
dependent anion-sensitive channels VDAC2 and
VDAC3 in bovine outer dense fibres, indicating
their functional role in the regulation of sperm
motion or sperm structural integrity.

■ The principal piece (45 µm). In addition to the
outer dense fibres, the flagellum contains a fibrous
sheet.

■ The end-piece (5 µm) only contains microtubules.

Spermatozoa acquire motility during epididymal pas-
sage and their competence for fertilization during the
passage of the female genital tract (capacitation).

Fig. II.1.11. Schematic drawing of the human spermatozoon ac-
cording to Holstein and Roosen-Runge (1981). a Longitudinal
section showing 1 head with acrosome, 2 neck, 3 mid-piece
and 4 principal piece, and 5 end-piece. b–f Flagellar cross sec-
tions through the b, c mid-piece, d, e principal piece, and f end-
piece

II.1.3.7
Sertoli Cell

Sertoli cells are postmitotic somatic cells, which extend
from the basement membrane of the seminiferous tu-
bule to the lumen, providing an extreme cytoplasmic
ramification, and surround adjacent germ cells (Figs.
II.1.9b, II.1.12a). They are responsible for the establish-
ment of the blood–testis barrier (BTB) within the semi-
niferous epithelium by inter-Sertoli cell junctional
complexes. These complexes are located between the
level of spermatogonia and primary spermatocytes and
consist of tight junctions and gap junctions, which are
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associated with actin filaments and cisternae of the en-
doplasmic reticulum. The latter bears ribosomes on the
cytoplasmic site. Tight junctions prevent diffusion
through the intercellular space, which can be demon-
strated by tracer application such as lanthanum or
horseradish peroxidase (Bergmann et al. 1989). By this,
Sertoli cells divide the seminiferous epithelium into a
basal compartment (blood milieu) and an adluminal
compartment (milieu of the intratubular fluid created
by Sertoli cells) (Figs. II.1.9a, II.1.12b–d). The function-
al significance is: (1) as an immunological barrier to
protect spermatocytes and spermatids from the im-
mune system preventing autoimmune orchitis and (2)
to create a specific milieu for germ cell development
that differs from the normal intercellular blood-borne
milieu. The BTB has to be considered as a highly dy-
namic structure undergoing disintegration and recon-
struction during the passage of developing germ cells
from the basal to the adluminal compartment.

d

a

b

Fig. II.1.12. Sertoli cells and inter-Sertoli cell junctional complex.
a Normal Sertoli cells within intact seminiferous epithelium
showing anti-vimentin immunoreactivity (red colour, I) and
undifferentiated Sertoli cells (arrows) associated with matura-
tion arrest at the level of spermatogonia showing additional an-
ti-cytokeratin 18 immunoreactivity (brown colour, II). Arrow-
heads: spermatogonia [from Bergmann and Kliesch (1994)].
b Electron micrograph of type A (pale) spermatogonium (sg)
surrounded by electron-dense tracer lanthanum nitrate
(arrow). c Magnification of rectangle in Fig. II.1.12b: showing
inter-Sertoli cell junctional complexes consisting of tight junc-
tions preventing tracer penetration (arrow), actin filaments
(af) and cisternae of endoplasmic reticulum (er) [b, c from
Bergmann et al. (1989)]. d Schematic drawing of inter-Sertoli
cell junctional complex [from Pelletier and Byers (1992)]

c

Intercellular communication within the seminifer-
ous epithelium occurs via inter-Sertoli cell and Sertoli-
germ cell gap junctions (Fig. II.1.12d). The most im-
portant gap-junction protein is connexin 43 (Cx43) and
to a lesser extent connexin 26 (Cx26), which are first ex-
pressed during puberty at the same time as the onset of
spermatogenesis and the formation of the BTB (see
Brehm et al. 2002).

Sertoli cells support and trigger germ cell develop-
ment and differentiation by mediating the hormonal
stimuli. They are known to be the only cell type within
the seminiferous epithelium to express both the mem-
brane-bound follicle-stimulating hormone (FSH) re-
ceptor (FSHR) (Böckers et al. 1994), and the nuclear an-
drogen receptor (AR) (Van Roijen et al. 1995; Suarez-
Quian et al. 1999). However, FSH and FSHR mRNA
were later found in germ cells, from spermatogonia to
round spermatids, by Baccetti et al. (1998). FSH expres-
sion is regulated by the steroid hormone inhibin pro-

II.1.3 Physiology of Spermatogenesis 277

II.1



duced by Sertoli cells. The typical cytoplasmic skeletal
elements are microtubules and vimentin intermediate
filaments which are responsible for Sertoli cell shape
(Fig. II.1.12a) (see Bergmann and Kliesch 1994).

Sertoli cells produce numerous factors such as an-
drogen-binding protein (ABP), which ensures high lev-
els of testosterone in the seminal fluid within the adlu-
minal compartment, rete testis, efferent ductules and
epididymis, the iron-binding protein “transferrin” and
copper-binding protein “ceruloplasmin”, both neces-
sary for germ cell differentiation (for review see De
Kretser 2003). They trigger spermatogonial prolifera-
tion via the FSH-dependent stem cell factor (SCF),
which binds to the tyrosine kinase receptor c-kit which
is expressed by spermatogonia (Rossi et al. 2000). Their
metabolism is influenced by germ cells and vice versa.

II.1.3.8
Apoptosis and Spermatogenesis

Apoptotic cell death is a prerequisite for continuous
spermatogenesis, and limits the germ cell population in
physiological conditions. It is most important to estab-
lish a species-specific ratio between germ cells and Ser-
toli cells during prespermatogenesis and especially
around puberty (Heiskanen et al. 1996; Rodriguez et al.
1997). In the adult human seminiferous epithelium,
apoptosis occurs at the level of spermatogonia, sper-
matocytes and spermatids, as a rare event (Brinkworth
et al. 1997), and shows possible ethnic differences be-
tween Caucasian and Chinese men. These differences
may help to explain the greater efficacy of testosterone-
induced spermatogenic suppression observed in Asian
compared to non-Asian men (SinhaHikim et al. 1998).
However, apoptosis is increased in patients with im-
paired spermatogenesis (Lin et al. 1997), especially in
primary spermatocytes and round spermatids associ-
ated with incomplete spermiogenic failure (Tesarik et
al. 1998). Regulation of apoptosis within the seminifer-
ous epithelium depends on the Fas/FasL system. FasL is
expressed by Sertoli cells and Fas only by degenerating

Fig. II.1.13. VI stages of spermatogenesis [from Bergmann (1998)]

germ cells (Francavilla et al. 2000). The proteins of the
Bcl2 family prevent apoptosis (for review see Print and
Loveland 2000). It seems to be inhibited by testosterone
(Singh et al. 1995) and FSH (Tesarik et al. 2000). Apo-
ptosis of Sertoli cells under physiological conditions
has not yet been reported.

II.1.3.9
Kinetics of Spermatogenesis

II.1.3.9.1

Cycle of the Seminiferous Epithelium

The seminiferous epithelium in a given cross-section
shows characteristic germ cell association at different
developmental stages. The type of spermatogonium is
specific to the stage of meiosis and spermatid develop-
ment. The series of different germ cell associations be-
tween the two appearances of the same stage was first
described in the rat by LeBlond and Clermont (1952)
and later by Clermont (1963) in the human as the cycle
of the seminiferous epithelium. In the rat, XIV stages
were defined based on 19 different steps of spermio-
genesis as identified by the PAS reaction of the acro-
some. The number of stages was found to differ accord-
ing to the species: XII stages in the mouse or in non-
human primates; VIII stages in the bull, stallion, or
dog; and VI stages including eight steps of spermiogen-
esis in the human and great apes (Fig. II.1.13) (see
Wistuba et al. 2003).

Whatever the case, stage I is defined by the occur-
rence of early round spermatids showing an acrosome
vesicle after the second meiotic division. The last stage
(VI, VIII, XII, or XIV, according to the species) is char-
acterized by the presence of secondary spermatocytes.

In human spermatogenesis, in stage II residual bod-
ies derived from spermatid cytoplasm are found within
Sertoli cells. After stage II, spermiation takes place.
Stage III is characterized by the beginning of spermatid
nuclear condensation and the entry of type B sperma-
togonia into meiosis.
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Stages IV and V exhibit ongoing condensation of
spermatid nuclei, and can be distinguished by the pres-
ence of leptotene primary spermatocytes in stage IV
and zygotene primary spermatocytes in stage V. After
stage V, pachytene primary spermatocytes undergo
diakinesis and the first meiotic division takes place.
The second meiotic division of secondary spermato-
cytes at the end of stage VI gives rise to round sperma-
tids in stage I. In stage I, type A spermatogonia differ-
entiate into type B spermatogonia.

These stages are arranged sequentially along the
length of a tubule resulting in a “wave of spermatogene-
sis” in space. In contrast to most mammals investigated
so far, in humans, as in the great apes, a given seminif-
erous tubule cross-section contains more than one
stage of spermatogenesis (multi-stage arrangement vs.
single-stage arrangement, i.e. in the rat) (Fig. II.1.14).
This was explained by Schulze and Rheder (1984) to be
the result of a helical orientation of several spirals of
spermatogenic waves, but Johnson et al. (1996) demon-
strated a random distribution of different stages within
a given cross section. The difference between single-
stage and multi-stage arrangements most likely de-
pends on differences in the size of germ cell clones, be-
ing smaller in species with a multi-stage arrangement
(for review see Luetjens et al. 2005).

The duration of this wave in time is the “cycle of
spermatogenesis”. In the human, this cycle takes about
16 days and the progression from spermatogonia to
spermatozoa about 70–75 days, i.e. four and a half cy-
cles (Heller and Clermont 1964).

Fig. II.1.14. Multi-stage arrangement (stages II, IV, V) of normal
human seminiferous epithelium, paraffin section, HE, prima-
ry magnification, ×40

II.1.3.9.2

Efficiency of Human Spermatogenesis

The efficiency of spermatogenesis depends on many
factors, i.e. the absolute number of germ cells and Ser-
toli cells, the Sertoli cell/germ cell ratio, duration of the
seminiferous cycle, germ cell loss during spermatogen-
esis, as well as on anatomical parameters such as the
length of the seminiferous tubules or testis size result-
ing in different species-specific values for daily sperm
production. In primates, the absolute number of germ
cells is within a low range of 100–300 ml/g testis weight
compared to about 530 ml/g testis weight in the rat.
However, in the human, the conversion ratio from
pachytene spermatocytes to round spermatids was
found to be 3.5, and from round spermatids to elongat-
ed spermatids to be about 0.9 almost reaching theoreti-
cal levels of 4 and 1 respectively. These values are with-
in the range of those for other primates as well as the rat
(3.85/1.33), indicating that the efficiency of spermato-
genesis in the human does not differ from that in other
mammals (for review see Wistuba et al. 2003; Luetjens
et al. 2005). These data also show that sperm produc-
tion is not limited by germ cell loss during meiosis or
spermiogenesis, but depends on the number of sper-
matogonia entering meiosis.

II.1.3.10
Pathophysiology of Spermatogenesis
and Infertility

Impairment of spermatogenesis leading to infertility is
associated with the histological appearance of hypo-
spermatogenesis, partial or complete maturation arrest
at the level of early round spermatids, primary sper-
matocytes or spermatogonia, to a complete loss of
germ cells (Sertoli cell only syndrome = SCO) or even
all cells (tubular shadows) within the seminiferous epi-
thelium. The latter are often described as “hyalinized
tubules”. SCO and hyalinized tubules are often found in
Klinefelter syndrome. In addition, numerous alter-
ations of germ cell differentiation, i.e. meiotic arrest
(megalospermatocytes) or impairment of spermiogen-
esis (multinucleated spermatids), are described (for re-
view see Holstein et al. 1988). Interestingly, any sper-
matogenetic impairment is associated with a popula-
tion of Sertoli cells showing signs of differentiation de-
ficiency, including the persistence of undifferentiated
nuclei, anti-Müllerian hormone secretion or the (re-)
expression of foetal cytokeratin 18 intermediate fila-
ments (Bruning et al. 1993; Bergmann and Kliesch
1994; Steger et al. 1999; Maymon et al. 2000, for review
see Sharpe et al. 2003) (Fig. II.1.12a).

Impairment of spermatogenesis influences ejaculate
parameters leading to a reduction of sperm density
(oligo-), motility (oligo-astheno-), and an increase of
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abnormal morphology (oligo-astheno-teratozoosper-
mia = OAT syndrome). There is now increasing evi-
dence that incorrect DNA integrity and condensation
due to failure during spermiogenesis (histone to prot-
amine exchange) seems to be an important factor pre-
dicting the outcome of assisted reproduction with mor-
phologically normal spermatozoa (Blanchard et al.
1990; Ankem et al. 2002; Steger et al. 2003) or even in
globozoospermia with germ cells missing an acrosome
(Vicari et al. 2002).
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II.1.4 Physiology of Sexual Function
O. Baldo, I. Eardley

The parasympathetic nervous system provides the
primary pro-erectile innervation of the penis. Origi-
nating from the sacral nerve roots (S2–S4) the
nerves provide vasodilating innervation to the ca-
vernosal tissue. The parasympathetic nerves release
a cocktail of pro-erectile neurotransmitters, of
which the most important is nitric oxide (NO),
which acts on the smooth muscle cell via a second
messenger system involving cyclic GMP. The sympa-
thetic innervation mediates detumescence and orig-
inates within the thoraco-lumbar cord (T11–L2) via
release of noradrenaline. Our knowledge of the
pharmacology of erection has recently provided us
with a number of therapeutic approaches to the
treatment of erectile dysfunction. The pudendal
nerve represents the somatic innervation of the pe-
nis carrying both afferent impulses from the genita-
lia and motor fibres to the muscles of the pelvic floor.

The erection itself is a vascular event during
which the degree of erection depends upon the bal-
ance between the arterial inflow and venous out-
flow of the penis. Parasympathetic stimulation
(with an accompanying reduction in sympathetic
stimulation) results in smooth muscle relaxation in
the penile arteries, relaxation of the cavernosal
(trabecular) smooth muscle and closure of the ve-
nous outflow from the penis.

Ejaculation has two phases, emission and ejec-
tion, the latter usually being accompanied by or-

Summary

gasm. Emission involves the sequential contrac-
tion of the epididymis, vas deferens, seminal vesi-
cles and prostate, with ejaculatory fluid being
“emitted” into the posterior urethra. Ejection is ac-
companied by tight closure of the bladder neck,
with contraction of the prostatic musculature to-
gether with a sequence of variably coordinated
contractions of the bulbocavernosus, ischiocaver-
nosus and other pelvic floor muscles. The ejaculate
is propelled into the anterior urethra and beyond.

The foreskin or the prepuce is a specialized,
junctional mucocutaneous tissue that marks the
boundary between mucosa and skin. It may have a
number of functions including one as a sensory
erogenous area and there may be others, but little
is actually known.

Male sexual function can be thought of as having four
phases, namely desire, arousal, orgasm and resolution.
This chapter will deal with the physiology of the second
and third of these phases, namely arousal and orgasm.
In men, the most obvious manifestation of arousal is
penile erection while ejaculation usually occurs with
orgasm, although they are actually separate events.
This chapter will deal initially with the physiology of
erection, moving on to the physiology of ejaculation
and orgasm, before finishing with a brief résumé of
what we know about the physiology of the foreskin.
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This chapter will deal with the physiology of the second
and third of these phases, namely arousal and orgasm.
In men, the most obvious manifestation of arousal is
penile erection while ejaculation usually occurs with
orgasm, although they are actually separate events.
This chapter will deal initially with the physiology of
erection, moving on to the physiology of ejaculation
and orgasm, before finishing with a brief résumé of
what we know about the physiology of the foreskin.
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II.1.4.1
Penile Erection

II.1.4.1.1

Neuroanatomy of Erection

The parasympathetic nervous system provides the pri-
mary pro-erectile innervation of the penis. Originating
from the intermedio-lateral column of the sacral spinal
cord, fibres exit via the sacral nerve roots (S2–S4) and
travel in the nervi erigentes to the pelvic plexus before
passing onwards in the cavernous nerves, which run
alongside the prostate. These nerves provide vasodila-
ting innervation to the cavernosal tissue. The cavern-
ous nerve has considerable significance for surgeons,
particularly in its relationship to the prostate, since it is
at risk of damage during open prostatectomy. The cav-
ernous nerve runs through the retroperitoneal space
on the lateral aspect of the rectum and the bladder and
then passes inferiorly and laterally towards the prostate
before piercing the urogenital diaphragm just lateral to
the membranous urethra (Walsh and Donker 1982).
The parasympathetic nerves innervate the smooth
muscle of the penile vasculature and the cavernosal si-
nusoids.

The sympathetic innervation mediates detumes-
cence and originates within the thoraco-lumber cord
(T11–L2). It passes via the ventral roots and the sympa-
thetic chain to the hypogastric plexus before reaching
the pelvic plexus. The postsynaptic fibres pass within
cavernous nerves to the penis, where they also inner-
vate the smooth muscle of the penile arteries and the
cavernosal sinusoids.

The pudendal nerve represents the somatic innerva-
tion of the penis; it carries both afferent impulses from
the genitalia via the dorsal nerve of the penis and motor
fibres to the muscles of the pelvic floor including the
bulbocavernosus and ischiocavernosus muscles. The
cell bodies of these motor fibres lie within Onuf ’s nu-
cleus, which itself is located within the sacral cord (S2–
S4). The dorsal nerve of the penis is the terminal
branch of the pudendal nerve and contains sensory fi-
bres only. Lying on the dorsal aspect of the penile shaft
lateral to the dorsal artery, multiple branches fan out to
provide proprioceptive and sensory nerve terminals to
the dorsum of the tunica albuginea and skin of the pe-
nile shaft and the glans penis.

II.1.4.1.2

Neurophysiology of Erection

There appear to be at least three ways in which an erec-
tion can be initiated. First, erections can be initiated by
an erotic stimulus that may be visual, olfactory, audito-
ry or imaginative and the stimulus is probably accom-
panied by cortical stimulation of the hypothalamus.
These are so-called psychogenic erections. From the

hypothalamus pro-erectile fibres descend in the inter-
mediolateral column of the spinal cord to the sacral
parasympathetic outflow. The second type of erection
is the reflex erection that occurs in conjunction with
tactile stimuli to the genitalia. Afferent impulses are
carried to the spinal cord in the dorsal nerve of the pe-
nis and efferent impulses via the pelvic parasympathet-
ic fibres. The two pathways (i.e. the central and the pe-
ripheral) can interact in order to maximize parasympa-
thetic stimulation to the penile smooth muscle and
there will also, inevitably, be simultaneous inhibition of
the anti-erectile sympathetic outflow. This integration
probably occurs in the spinal cord. The third mecha-
nism of erection relates to nocturnal erections. All po-
tent men develop several erections during the course of
a night’s sleep. The central neural mechanisms involved
in this are not clearly understood, but must involve in-
hibition of the sympathetic outflow and stimulation of
the parasympathetic outflow.

II.1.4.1.3

Penile Erection as a Vascular Event

An erection is a vascular event during which the degree
of erection depends upon the balance between the arte-
rial inflow and venous outflow of the penis. Parasym-
pathetic stimulation (with an accompanying reduction
in sympathetic stimulation) results in smooth muscle
relaxation in the penile arteries and relaxation of the
cavernosal (trabecular) smooth muscle. This causes in
increased arterial inflow and accumulation of blood
within the sinusoidal tissue. The resultant swelling of
the cavernosal sinusoids leads to compression of the ef-
ferent sub-tunical veins against the tunica albuginea
with a resultant reduction in venous outflow. This is
called the veno-occlusive mechanism. The sequence of
events accompanying an erection was described by
(Lue et al. 1983) and is outlined in Table II.1.1.

II.1.4.1.4

Central Neuropharmacology of Erection

Our recent knowledge of the central neuropharmacolo-
gy of penile erection is obtained largely from animal
experiments (Giuliano and Rampin 2000). These data
suggest that there are descending pro-erectile pathways
that emanate from the paraventricular nucleus (PVN)
and medial preoptic area (MPOA) of the hypothala-
mus. There are multiple cortical influences on the PVN
and MPOA mediating the erotic stimuli discussed earli-
er. In terms of neurotransmitters, dopamine, nitric ox-
ide (NO), alpha melanocyte-stimulating hormone ( [ -
MSH), glutamate and adrenocorticotropic hormone
(ACTH) all appear to have pro-erectile influences while
gamma-aminobutyric acid (GABA) and noradrenaline
(NA) appear to be inhibitory. From the hypothalamus,
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Table II.1.1. Vascular physiology of erection (Lue et al. 1983)

Phase Name Neurophysiology Penile vascular changes

0 Flaccid Dominant sympathetic tone Arterial flow is low
Contracted trabecular smooth muscle
Empty sinusoids
Blood gases are similar to those in venous blood

1 Filling Parasympathetic stimulation
with reduced sympathetic
tone

Arteriolar dilatation
Massive increase in arterial flow
Trabecular relaxation
Sinusoidal filling without little increase in intracavernosal pressure

(ICP)

2 Tumescent Dominant parasympathetic
tone

ICP rise leads to a relative fall in the arterial inflow
As ICP rises above diastolic pressure, flow continues only during the

systolic phase
Sinusoids expand with compression of the subtunical venous plexus
The penis expands to its maximal capacity

3 Full erection Dominant parasympathetic
tone

ICP equals mean systolic pressure
With further blood drawn into the expanding sinusoids this causes

compression of the subtunical venous plexuses leading to reduced
flow into the emissary veins

Blood gases equal those of the arterial blood

4 Rigid erection Dominant parasympathetic
tone with concurrent puden-
dal stimulation

Contraction of ischiocavernosus muscle results in a rise of ICP to
greater than systolic pressure

No influx of blood via the cavernous artery
Veins are completely shut preventing any efflux of blood
The phase continues until the muscle is fatigued and the process is

reversed

5 Initial
detumescence

Increased sympathetic stimu-
lation

Smooth muscle contraction against a temporarily closed venous system
Small transient rise ICP

6 Slow detum-
escence

Dominant sympathetic tone Contraction of the trabecular smooth muscle
Arteriolar network constricts with reduction in ICP
Filling of the cavernosal venous bed

7 Fast detum-
escence

Dominant sympathetic tone Rapid fall in the arterial blood flow
Fall in ICP
Increase in venous outflow
Penile flaccidity

passing oxytocinergic pathways pass to the spinal cord
from where the parasympathetic outflow originates.
Dopamine may also have a pro-erectile action at this
level.

There is probably a second descending pathway from
the reticular formation of the medulla to the sympathet-
ic outflow. Stimulation of this pathway will result in de-
tumescence and current evidence suggests that the most
important neurotransmitter in this system is serotonin.

There must be coordination between these two
pathways, to allow reciprocal activity, but as yet the an-
atomical and physiological basis of the interaction is
unclear.

II.1.4.1.5

Peripheral Pharmacology

The state of the smooth muscle is determined by the bal-
ance between the sympathetic (contractile) and the para-

sympathetic (relaxant) nervous systems, and the devel-
opment of an erection requires not only an increase in
the degree of parasympathetic stimulation, but also a re-
duction in the degree of sympathetic stimulation. Func-
tionally, although there are minor differences, the
smooth muscle of the penile arteries appears to behave
similarly to the smooth muscle that lines the trabecular
sinusoids. There are multiple neurotransmitters involved
in the peripheral control of smooth muscle tone (Ta-
ble II.1.2), but the dominant “players” are thought to be
NO (smooth muscle relaxation) and NA (smooth muscle
contraction) (Saenz de Tejada et al. 2004). The primary
sources of the mediators are the autonomic nerves, but,
as can be seen, the endothelium also plays a part, as do
(to a lesser extent) circulating humoral factors.

The parasympathetic nerves that innervate the pe-
nile smooth muscle release a cocktail of pro-erectile
neurotransmitters, of which the most important is NO.
Synthesized by neuronal nitric oxide synthase (nNOS),
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nNOS 
eNOS 

Nitric 
oxide 

Nitric oxide 

Guanylate  
cyclase 

GTP 
(inactive) 

cGMP 
(active) 

Parasympathetic nerve Vascular endothelium

Smooth 
muscle cell 

Table II.1.2. Factors influencing the state of the penile smooth
muscle

Contractile factors Relaxant factors

Neuro-
transmitter

Source Neuro-
transmitter

Source

Noradrena-
line

Sympathetic
nerves

Nitric oxide Parasympa-
thetic nerves
and
Endothelium

Endothelin Endothelium Vasoactive
intestinal
polypeptide

Parasympa-
thetic nerves

Constrictor
prostanoids

Endothelium Relaxant
prostanoids

Endothelium

Angiotensin
II

Circulating Acetyl-
choline

Parasympa-
thetic nerves
(mediated
via endothe-
lium)

and supplemented by NO from the endothelium (where
it is synthesized by endothelial nitric oxide synthase or
eNOS), the NO is able to enter the penile smooth mus-
cle cell to stimulate the enzyme guanylate cyclase to
produce the active second messenger, cyclic GMP
(cGMP) (Fig. II.1.15). A cascade of processes ensues re-
sulting in a fall in intracellular calcium with resultant
smooth muscle relaxation (Fig. II.1.16). The action of
cGMP is terminated by the enzyme phosphodiesterase
type 5 (PDE5). Drugs that inhibit this enzyme, includ-
ing sildenafil, tadalafil and vardenafil, will prolong the
activity of cGMP and have proven to be valuable thera-
pies in the treatment of men with erectile dysfunction.

Fig. II.1.15. Diagrammatic
representation of the sources
of nitric oxide that lead to
smooth muscle cell relaxa-
tion in the smooth muscle of
the penis. Neuronal nitric
oxide synthase (nNOS) and
endothelial nitric oxide
(eNOS) produce nitric oxide,
which enters the smooth
muscle cell. There it converts
guanylyl triphosphate (GTP)
to cyclic guanylyl monophos-
phate (cGMP), the active sec-
ond messenger

In addition to NO, the parasympathetic nerves re-
lease vasoactive intestinal polypeptide and acetylcho-
line, both of which are pro-erectile. Acetylcholine ap-
pears to act (at least in part) by stimulating the eNOS
within the vascular endothelium to produce NO.

The sympathetic nerves also release a cocktail of
neurotransmitters including NA, while the vascular en-
dothelium releases a number of anti-erectile substances
including endothelin and various prostanoids. The ac-
tion of NA upon the smooth muscle is via the alpha-1-
adrenoceptor that is linked via a G protein to a mem-
brane-bound enzyme (phospholipase C) which, in turn,
initiates a series of intracellular processes, ultimately re-
sulting in a rise of the cytoplasmic calcium and conse-
quent smooth muscle contraction (Fig. II.1.17).

II.1.4.1.6

Pharmacological Targets for the Treatment of Erectile

Dysfunction

In the past few years the use of inhibitors of phosphodi-
esterase type 5 (PDE5Is) has revolutionized the treat-
ment of men with erectile dysfunction. The rationale
for their use is outlined above. Although PDE5 is found
in other organs (such as vascular smooth muscle, gas-
trointestinal smooth muscle and the nasopharyngeal
mucosa), sexual stimulation results in release of NO in
the penis (and not these other tissues) so there is func-
tional selectivity for the use of these drugs to facilitate
penile erection. Other approaches to the treatment of
men with erectile dysfunction based upon the smooth
muscle cell have included intracavernosal injections of
agents that relax smooth muscle, such as prostaglandin
E1 (alprostadil) and papaverine. Alternatively, drugs
that interfere with the noradrenergic smooth muscle
contraction, including phentolamine (an alpha adreno-
ceptor blocking agent), have also been used. Modest ef-
ficacy was demonstrated with this drug both as an in-
jectable and as an oral agent.
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Fig. II.1.16. The intracel-
lular actions of nitric
oxide (NO) within the
smooth muscle cell. NO
stimulates guanylate cy-
clase to convert GTP in-
to cGMP, the active sec-
ond messenger. cGMP is
broken down by phos-
phodiesterase type 5
(PDE5). cGMP stimu-
lates protein kinase G
which in turn opens the
potassium channels and
closes the calcium chan-
nels via a series of se-
quential phosphoryla-
tions. This ultimately
causes a fall in the cyto-
plasmic calcium and
smooth muscle relaxa-
tion as a consequence

Fig. II.1.17. The actions of
noradrenaline on the penile
smooth muscle cell. It stimu-
lates the cell surface alpha-1
adrenoceptor to convert
phosphatidylinositol bis-
phosphate (PIP) to diacylgly-
cerol (DAG) and inositol tris-
phosphate (IP3). IP3 stimu-
lates the sarcoplasmic reticu-
lum to release calcium into
the cytoplasm and DAG
stimulates protein kinase C,
which in turn opens calcium
channels and closes the po-
tassium channels via a series
of phosphorylations. As a
result, there is a rise in the
cytoplasmic calcium and
smooth muscle contraction

With our increasing knowledge of the central con-
trol of penile erection, drugs that act centrally have also
been tested. Apomorphine, a dopaminergic agent, has
been licensed in Europe for the treatment of erectile
dysfunction, although its efficacy is limited. Currently
there is some interest in melanocortin analogues,
which appear to stimulate erection via central pathways
that may (or may not) involve the dopaminergic sys-
tem.

II.1.4.2
Ejaculation and Orgasm

II.1.4.2.1

Neuroanatomy of Ejaculation

As with penile erection, our knowledge of the neuro-
anatomy and neurophysiology of ejaculation has large-
ly been elucidated using animal models and our knowl-
edge of these processes in humans is currently incom-
plete. We do know however that ejaculation is a reflex
(Fig. II.1.18). The afferent limb begins at the sensory re-
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Fig. II.1.18. The neural mechanism involved in ejaculation.
Dotted lines represent inhibitory pathways and full lines
represent excitatory pathways

ceptors of the penis, foreskin and genitalia, and sensory
fibres travel with the dorsal nerve of the penis. Somatic
sensory pathways ascend in the spinal cord and are
probably accompanied by sensory impulses that have
travelled with the sympathetic nerves via the hypogas-
tric plexus. The paraventricular nucleus (PVN) and the
medial preoptic area (MPOA) are almost certainly the
principal site in the anterior hypothalamus where the
sensory inputs are integrated and where ejaculation is
controlled. The PVN and MPOA receive input from the
ascending sensory pathways, and also from higher cen-
tres such as the sensory cortex (McMahon et al. 2004).

From the hypothalamus, descending pathways pass
to the spinal cord, and in particular to the sympathetic
outflow (T12–L2). With cell bodies in the lateral col-
umns of the grey matter, efferent fibres pass out to the
sympathetic chain, which, via the hypogastric and pel-
vic plexus, innervate the smooth muscle of the epididy-
mis, vas deferens, prostate, bladder neck and seminal
vesicles. The paragigantocellular reticular nucleus of
the medulla may have an inhibitory influence upon
these descending pathways.

II.1.4.2.2

Physiology of Ejaculation

Ejaculation has two phases, emission and ejection, the
latter usually being accompanied by orgasm. Emission

involves the sequential contraction of the epididymis,
vas deferens, seminal vesicles and prostate, with ejacu-
latory fluid being “emitted” into the posterior urethra.
The bladder neck (or pre-prostatic sphincter) usually
becomes closed at this point, thereby preventing reflux
into the bladder. There is a progressive sensation of in-
evitability, over which there usually is some degree of
voluntary control, although this is gradually lost as the
degree of inevitability increases.

Ejection is accompanied by tight closure of the blad-
der neck, with contraction of the prostatic musculature
together with a sequence of variably coordinated con-
tractions of the bulbocavernosus, ischiocavernosus
and other pelvic floor muscles. The ejaculate is pro-
pelled into the anterior urethra and beyond. Quite what
happens at the striated urethral sphincter is something
of a mystery; clearly it must relax for the ejaculate to
pass through, but this relaxation must either be incom-
plete or very short lived, since men who have under-
gone transurethral prostatectomy (with disruption of
he bladder neck) do not become incontinent at this
time. There is extremely limited voluntary control of
ejection.

The best explanation that we have of orgasm is that
it is the sensation associated with these processes, and
in particular the build up of ejaculate in the posterior
urethra and the contractions of the bulbocavernosus,
ischiocavernosus and the other muscles of the pelvic
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floor. It appears to be a spinal reflex since it can occur in
those with a spinal cord injury. Clearly however, there
are effects upon higher centres. For instance, there is
some evidence that orgasm is accompanied by changes
in cerebral blood flow, with increased perfusion in
some areas (such as the right pre-frontal cortex) and
decreases in others (Tiihonen et al. 1994).

II.1.4.2.3

Central Neuropharmacology of Ejaculation

Within the hypothalamus, there appears to be interplay
between a number of neurotransmitters with dopa-
mine and serotonin currently thought to be the “main
players”. Dopamine appears to promote ejaculation,
probably via D2 receptors, while serotonin appears to
be inhibitory. Which receptors are most important is
unclear, but it is of clinical relevance that serotonin
reuptake inhibitors (SSRIs) tend to delay ejaculation,
and indeed have been used therapeutically to achieve
this effect. Other neurotransmitters such as GABA, ace-
tylcholine, noradrenaline and nitric oxide may have a
role, but as with the central control of erection our
knowledge is limited at this time.

II.1.4.2.4

Peripheral Pharmacology of Ejaculation

The smooth muscle of the genital tract appears to con-
tract primarily in response to a sympathetic noradren-
ergic stimulus. However, other neurotransmitters are
almost certainly involved, including acetylcholine,
neuropeptide Y among others, and in the coming years
we will learn more about the neurophysiological pro-
cess involved here.

II.1.4.2.5

Pharmacological Targets for the Treatment of Premature

Ejaculation

The potential use of SSRIs in the treatment of rapid ejac-
ulation has already been alluded to. At the time of writ-
ing there are at least two SSRIs in development for the
potential (on demand) treatment of premature (or rap-
id) ejaculation. Other approaches to this problem have
included attempts to interrupt the afferent limb of the
reflex arc, by the use of local anaesthetic agents applied
to the glans penis. The role of PDE5Is in this condition is
currently under investigation given the common coexis-
tence of erectile dysfunction and premature ejaculation.

II.1.4.2.6

Structure and Function of the Foreskin

The foreskin or the prepuce is a specialized, junctional
mucocutaneous tissue that marks the boundary be-

Table II.1.3. Structural features of the prepuce

Structural
feature

Inner layer of prepuce Outer layer of prepuce

Mucosal
surface

Squamous mucosal
epithelium

Keratinized, stratified
squamous epithelium

Langerhans cells are
seen

Langerhans cells are
seen

Melanocytes are not
seen

Melanocytes are seen

Sensory
nerve
endings

Mostly free nerve
endings

Encapsulated nerve
endings

Few encapsulated
nerve endings near
frenulum and coro-
nal sulcus

Submuco-
sal region

No hair follicles Typical dermis
No sweat or sebaceous

glands
Scattered sebaceous

glands
Vascular +++ More elastic fibres

than inner layer

tween mucosa and skin (Cold and Taylor 1999). It ap-
pears at the eighth week of intrauterine life as a ring of
thickened epidermis. The fused mucosa of the glans pe-
nis and the inner lining of the prepuce breaks down
within the first 6 months of post-natal life and separates
gradually over a period of years as a spontaneous bio-
logical process. The separation of the prepuce/glans
penis mucosa is usually complete by about 17 years of
age.

Structurally, the foreskin provides a transition be-
tween the epithelium of the glans penis and the normal
skin of the shaft of the penis. This transition is reflected
in the structural differences between the inner and the
outer layers of the foreskin that have some functional
significance (Table II.1.3). Between the inner and outer
layers of the prepuce lies a layer of dartos muscle to-
gether with a rich vascular network.

The prepuce may have a number of functions. First it
is a sensory erogenous area. However, the innervation
of the glans penis provides only crude, poorly localized
feelings, and indeed the only part of the body with less
fine touch discrimination is the sole of the foot! Howev-
er, at the junction with the outer layer of the prepuce,
particularly around the frenulum, there is a change in
the sensory endings (as seen on histology) and this cor-
relates with an increased degree of discriminative sen-
sation. Circumcision certainly seems to disturb sensa-
tion in this area.

Other possible functions include possible immuno-
logical function in the prevention of infection, via the
Langerhans cells and via the presence of a wide and
varied commensal community, including Corynebacte-
rium, Gram-negative anaerobes, enterococci and my-
cobacteria. The secretions of the prostate, seminal vesi-
cles and Littre’s glands provide lubrication within the
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so-called preputial sac which may be of importance for
lubrication during intercourse.
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II.1.5 Endocrine Regulation
F. Comhaire, A. Mahmoud

Pulsatile secretion of luteinizing hormone releasing
hormone (LHRH) by the hypothalamus stimulates
the production and secretion of the gonadotro-
phins luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) by the pituitary gland. These
gonadotrophins circulate in the blood to reach the
testis. LH stimulates the secretion of testosterone
and oestradiol by the interstitial cells of Leydig.
Very high concentrations of testosterone surround
the seminiferous tubules and these are required for
spermatogenesis. Testosterone in blood induces
puberty and virilization, and exerts feedback inhi-
bition of LHRH and LH secretion, after aromatiza-
tion and 5-alpha reduction at the hypothalamo–pi-
tuitary level. FSH binds to Sertoli cells, stimulating
the production and secretion of enzymes and sub-
stances that support spermatogenesis. Depending
on the intensity of spermatogenesis, the Sertoli
cells secrete inhibin B into the blood, which exerts
feedback inhibition of FSH secretion by the pitui-
tary. Optimal spermatogenesis depends on ade-
quate functioning of all aspects of the hypothala-
mo–pituitary–testicular axis, but can be deregu-
lated by many internal and external factors.

Summary

II.1.5.1
Hypothalamo–Pituitary–Testicular Axis

II.1.5.1.1

Luteinizing Hormone Releasing Hormone (LHRH)

Maleness depends on the effects of androgens, mainly
testosterone, which is needed for pubertal development
(Hammond et al. 1979), body composition, growth, sex-
ual function and spermatogenesis (Dufau 1988). The hy-

pothalamic neurons produce and secrete a releasing fac-
tor called gonadotrophin releasing factor or hormone
(GnRH), more commonly referred to as luteinizing hor-
mone releasing hormone (LHRH). GnRH results in a
preferred release of LH, and it seems to play a less deter-
minant role in the secretion of follicle-stimulating hor-
mone (FSH). However, a specific FSH-releasing hor-
mone has not been detected (Schally et al. 1971), and the
deficient secretion of GnRH results in failure to release
both LH and FSH. The secretion of GnRH is not continu-
ous, but rather pulsatile (Crowley et al. 1991). The so-
called pulse generator (Kaufman et al. 1985; Knobil
1990) initiates pulsatility, which is inherent of the neuro-
endocrine cells of the hypothalamus (Knobil 1980; Mar-
shall and Kelch 1986). It is under feedback control of tes-
tosterone (Matsumoto and Bremner 1984; Plant and Du-
bey 1984) which is converted to oestradiol by the aroma-
tase of the hypothalamic cells. GnRH pulsatility is also
influenced by neurotransmitters and endorphins (Veld-
huis et al. 1984). It can be depressed in the case of ex-
treme stress or physical exertion (MacConnie et al. 1986;
Opstad 1992), serious disease conditions (Aitken et al.
1985), depression, malnutrition (Warren 1983) and
abuse of “recreational drugs” (Kesner et al. 1986; Vesco-
vi et al. 1992). The GnRH is transported through the por-
tal veins along the pituitary stalk to the anterior lobe of
the pituitary gland where it binds to the receptors on the
gonadotropes. In physiological circumstances the
GnRH–receptor complex is internalized and the GnRH
receptor is upregulated (Clayton 1989). Continuous or
high GnRH concentrations result in profound gonado-
trope desensitization (Schurmeyer et al. 1984; Matsumo-
to et al. 1991), involving receptor downregulation (Bel-
chetz et al. 1978; Conn and Crowley 1991). Figure II.1.19
represents a simplified summary of the hormonal regu-
lation of testicular function and spermatogenesis.
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II.1.5 Endocrine Regulation
F. Comhaire, A. Mahmoud

Pulsatile secretion of luteinizing hormone releasing
hormone (LHRH) by the hypothalamus stimulates
the production and secretion of the gonadotro-
phins luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) by the pituitary gland. These
gonadotrophins circulate in the blood to reach the
testis. LH stimulates the secretion of testosterone
and oestradiol by the interstitial cells of Leydig.
Very high concentrations of testosterone surround
the seminiferous tubules and these are required for
spermatogenesis. Testosterone in blood induces
puberty and virilization, and exerts feedback inhi-
bition of LHRH and LH secretion, after aromatiza-
tion and 5-alpha reduction at the hypothalamo–pi-
tuitary level. FSH binds to Sertoli cells, stimulating
the production and secretion of enzymes and sub-
stances that support spermatogenesis. Depending
on the intensity of spermatogenesis, the Sertoli
cells secrete inhibin B into the blood, which exerts
feedback inhibition of FSH secretion by the pitui-
tary. Optimal spermatogenesis depends on ade-
quate functioning of all aspects of the hypothala-
mo–pituitary–testicular axis, but can be deregu-
lated by many internal and external factors.

Summary

II.1.5.1
Hypothalamo–Pituitary–Testicular Axis

II.1.5.1.1

Luteinizing Hormone Releasing Hormone (LHRH)

Maleness depends on the effects of androgens, mainly
testosterone, which is needed for pubertal development
(Hammond et al. 1979), body composition, growth, sex-
ual function and spermatogenesis (Dufau 1988). The hy-

pothalamic neurons produce and secrete a releasing fac-
tor called gonadotrophin releasing factor or hormone
(GnRH), more commonly referred to as luteinizing hor-
mone releasing hormone (LHRH). GnRH results in a
preferred release of LH, and it seems to play a less deter-
minant role in the secretion of follicle-stimulating hor-
mone (FSH). However, a specific FSH-releasing hor-
mone has not been detected (Schally et al. 1971), and the
deficient secretion of GnRH results in failure to release
both LH and FSH. The secretion of GnRH is not continu-
ous, but rather pulsatile (Crowley et al. 1991). The so-
called pulse generator (Kaufman et al. 1985; Knobil
1990) initiates pulsatility, which is inherent of the neuro-
endocrine cells of the hypothalamus (Knobil 1980; Mar-
shall and Kelch 1986). It is under feedback control of tes-
tosterone (Matsumoto and Bremner 1984; Plant and Du-
bey 1984) which is converted to oestradiol by the aroma-
tase of the hypothalamic cells. GnRH pulsatility is also
influenced by neurotransmitters and endorphins (Veld-
huis et al. 1984). It can be depressed in the case of ex-
treme stress or physical exertion (MacConnie et al. 1986;
Opstad 1992), serious disease conditions (Aitken et al.
1985), depression, malnutrition (Warren 1983) and
abuse of “recreational drugs” (Kesner et al. 1986; Vesco-
vi et al. 1992). The GnRH is transported through the por-
tal veins along the pituitary stalk to the anterior lobe of
the pituitary gland where it binds to the receptors on the
gonadotropes. In physiological circumstances the
GnRH–receptor complex is internalized and the GnRH
receptor is upregulated (Clayton 1989). Continuous or
high GnRH concentrations result in profound gonado-
trope desensitization (Schurmeyer et al. 1984; Matsumo-
to et al. 1991), involving receptor downregulation (Bel-
chetz et al. 1978; Conn and Crowley 1991). Figure II.1.19
represents a simplified summary of the hormonal regu-
lation of testicular function and spermatogenesis.
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Fig. II.1.19. Summary of the hormonal
regulation of testicular function and
spermatogenesis

II.1.5.1.2

Luteinizing Hormone (LH)

The pituitary gonadotrophic hormones are LH and
FSH, which are two structurally related glycoproteins.
They are dimeric molecules composed of two dissimi-
lar, noncovalently linked subunits: the alpha- and the
beta-subunit (Nilsson et al. 1986). The alpha-subunit is
common to both gonadotrophins, and shared with
other hormones namely human chorionic gonadotro-
phin (hCG) and thyroid stimulating hormone or thy-
rotrophin (TSH). The specific activity of LH and FSH is
determined by the beta-subunit. The secretion of LH
closely follows the stimulation pattern by GnRH and is
clearly pulsatile (Spratt et al. 1988), whereas this is
much less clear for the secretion of FSH. The mean
time interval between pulses of LH in eugonadal men
is approximately 120 min. The amplitude of the LH
pulses is determined by a complex interaction of sever-
al factors including the intrinsic responsiveness and
the number of gonadotropes, the GnRH pulse frequen-
cy, the size of the bolus of GnRH secreted into the por-
tal circulation along the pituitary stalk, and the time
elapsed since the previous GnRH bolus. The amplitude
of LH pulses in eugonadal men is highly variable with-
in and between subjects. A remarkable diurnal vari-
ability of LH secretion is seen in pubertal boys, with
strikingly higher amplitude pulses during night-time
(Boyar et al. 1972). In adult men, diurnal variability is
less pronounced and differs between subjects (Fehm et
al. 1991).

In response to the LH stimulation, secretion of tes-
tosterone by the Leydig cells also presents a pulsatile
pattern, but pulsatility is less distinct in peripheral
blood (Veldhuis et al. 1987). Testosterone and oestradi-
ol are co-secreted episodically (Winters and Troen
1986). The intra-testicular variability of the testoster-
one concentration is very large (Comhaire and Ver-
meulen 1976) and it follows the LH rhythmic secretion
closely. The possible importance of the latter is un-
known, but it has been speculated to serve as a kind of
“pace maker” influencing the timing of the subsequent
steps in spermatogenesis. A pulsatile pattern of LH se-
cretion is not necessary for sustained testosterone se-
cretion, since men with hypogonadotrophic hypogona-
dism can perfectly well be treated with injections of
hCG, which cause prolonged and uninterrupted stimu-
lation of the Leydig cells and normal male develop-
ment. On the other hand, the absence of pulsatility may
influence spermatogenesis, as treatment of hypogo-
nadotrophic men with pulsatile administration of
GnRH may result in better spermatogenesis than non-
pulsatile treatment with gonadotrophins in some cases
(Hoffman and Crowley 1982; Christiansen et al. 2002).

The secretion of LH is regulated by the feedback ac-
tion of testosterone, influencing the pulse frequency of
GnRH secretion (Bridges et al. 1993). Testosterone is
aromatized into oestradiol by the hypothalamic neuro-
secretory cells, which reduces the amplitude of GnRH
pulses (Santen 1975; Winters and Troen 1985). In cer-
tain models, the 5-alpha-reduced dihydrotestosterone
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exerts feedback on the secretion of LH at the pituitary
level, further influencing the LH secretion (Santen
1975; Canovatchel et al. 1994).

II.1.5.1.3

Follicle-Stimulating Hormone (FSH)

The pattern of secretion of FSH is less clearly pulsatile
(Veldhuis et al. 1989) and FSH has a relatively long half-
life. FSH binds to its receptors on the cells of Sertoli
and, in synergy with testosterone, it stimulates these to
produce substances that are secreted into the seminif-
erous tubules. These are necessary for initiating and
sustaining spermatogenesis (Verhoeven 1992) (see
Chap. I.3.14) in a normal qualitative and quantitative
manner. Once spermatogenesis has been initiated dur-
ing puberty, it can be maintained by high concentra-
tions of testosterone alone, but sperm production will
not reach a normal quantity. The Sertoli cells also se-
crete inhibin B (Anderson and Sharpe 2000), a glyco-
protein that specifically inhibits the secretion of FSH at
the pituitary level (Ying 1988; Hancock et al. 1992). In-
hibin B is also implicated in the paracrine regulation of
spermatogenesis and may reduce sperm production. It
is debated whether FSH secretion is governed, at least
in part (Hayes et al. 2001b), by feedback action of tes-
tosterone (Hayes et al. 2001a) or rather by oestradiol.
The concentration of inhibin B in serum also reflects
the level of spermatogenesis and its quantity. It is re-
duced in cases with incomplete or absent spermatogen-
esis (Pierik et al. 2003), and is inversely correlated with
sperm concentration (Mahmoud et al. 1998).

II.1.5.1.4

Prolactin and Melatonin

The role of prolactin in endocrine regulation is com-
plex (Bartke 1977). High concentrations of prolactin
inhibit the secretion of GnRH and LH (Winters and
Troen 1984) causing hypoandrogenism, whereas lower
concentrations may strengthen the effect of LH on the
Leydig cells through interaction with the LH receptor
and androgen metabolism (Magrini et al. 1976).

Long-term melatonin administration does not alter
pituitary gonadal hormone secretion in normal men.
Sleep parameters are influenced by melatonin, whereas
the mean nocturnal LH, FSH, testosterone and inhibin
B integrated values do not change (Luboshitzky et al.
2000).
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II.1.6 Immunology of the Testis and Excurrent Ducts
H.-C. Schuppe, A. Meinhardt

Immune cells are regular components of the male
reproductive tract of mammals, including humans.
Whereas interactions between the testis and the
immune system have been a source of considerable
curiosity and remained obscure for many years,
there is now compelling evidence that testicular
immune cells play a key role in testicular function.
Located in the interstitial compartment of the nor-
mal, unaffected testis they are implicated in the
mechanisms that make the testis an immunologi-
cally privileged site where germ cells are protected
from autoimmune attack and foreign tissue grafts
may survive for extended periods. With regard to
normal development and function of the testis,
both pro- and anti-inflammatory cytokines are in-
volved in the complex interactions between testic-
ular somatic cells and resident as well as circulat-
ing immune cells. The same cytokines experience
considerable upregulation during the induction
and amplification of cellular immune responses, il-
lustrating that the testicular environment does not
preclude inflammatory reactions and subsequent
disturbance of spermatogenesis and steroidogene-
sis. Notably, active immunization with testicular
tissue or adoptive transfer of specific T lympho-
cytes causes autoimmune orchitis in experimental
animals. In men, infection and inflammation of the
reproductive tract including the testes are widely
accepted as important aetiological factors of infer-
tility. Whereas symptomatic orchitis due to bacte-
rial or viral infections is considered to be rare, a
high prevalence of asymptomatic testicular in-
flammatory reactions is observed among infertile
males.

Immune cells including macrophages, mast
cells and lymphocytes are also encountered in the
interstitial and peritubular tissue of the epididy-
mis and excurrent ductal system. In contrast to the
seminiferous epithelium, however, macrophages
and lymphocytes are observed within the epitheli-
um, the majority of lymphocytes being CD8+ T
cells. Obviously, separation of germ cell-related
antigens and immune cells is not as stringent in the
excurrent ducts as in the testis, but the mecha-
nisms of local immunoregulation remain unclear.
With regard to immune activation and recruitment
of inflammatory cells, the epididymis appears to be
more susceptible than the testis. Insults such as va-
sectomy are associated with a high risk of forma-
tion of antisperm antibodies.

Summary

In conclusion, immunopathological reactions in
the testis and excurrent ducts should not be ne-
glected as an underlying reason for, or co-factor of,
male infertility. Further investigation of the mech-
anisms that regulate testicular and epididymal im-
mune functions in health and disease may encour-
age the search for appropriate diagnostic and ther-
apeutic strategies for male infertility.

II.1.6.1
Immune Privilege of the Testis

Studies in experimental animals indicate that the testis
is one of very few organs of the body capable of sustain-
ing foreign tissue grafts for extended periods of time
without evidence of rejection (Head et al. 1983b; Head
and Billingham 1985). Enhanced survival of allogeneic
grafts was also observed after co-transplantation of tes-
ticular tissue into other sites (Bellgrau et al. 1995; Kor-
butt et al. 1997). This “immunological privilege” of the
testis is believed to arise from the need to prevent im-
mune responses against meiotic and haploid germ cells
expressing “nonself” antigens which first appear at the
time of puberty, long after the establishment of immu-
nological self-tolerance in the perinatal period. Para-
doxically, the same antigens may become targets of a
vigorous autoimmune attack if activation of specific T
lymphocytes is induced elsewhere in the body, e.g. after
dermal injection (Tung and Teuscher 1995; Hedger
1997). Moreover, defense mechanisms including both
innate and adaptive immunity are not generally im-
paired in the testis. This is illustrated by the obvious ca-
pacity of the testis for inflammatory responses to local
and systemic infection, neoplasia as well as chemical or
physical noxae (Mikuz and Damjanov 1982; Bell et al.
1987; Weidner et al. 1999; Schuppe 2002).

II.1.6.2
Immune Cells in the Testis

Immune cells are found in considerable numbers in the
normal unaffected testis of mammals, including hu-
mans (El Demiry et al. 1985, 1987; Pöllänen and Niemi
1987; Hedger 1997) (Table II.1.4). Located within the
interstitial compartment, they are implicated in the
mechanisms that make the testis an immunologically
privileged site. In addition to resident macrophages,
which represent the second most abundant cell type
next to Leydig cells, mast cells are regular components
of interstitial and peritubular tissue (Nistal et al. 1984;
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Table II.1.4. Immune cells in the normal adult human testis

Macrophages ++
Mast cells +
Lymphocytes (+)a

Natural killer (NK) cells ?
Dendritic cells ?
Granulocytes –

Data obtained from Nistal et al. (1984), El Demiry et al. (1987),
Pöllänen and Niemi (1987), Schuppe (2002)
a Predominantly T cells (CD4+, CD8+)

Gaytan et al. 1989). The number of lymphocytes in the
testis is relatively small, although circulating immune
cells have access to the organ, and testicular lymphatic
vessels allow drainage to regional lymph nodes (Head
et al. 1983a; Hedger and Meinhardt 2000). The presence
of natural killer (NK) cells known to be involved in in-
nate immune responses was reported in rodents,
whereas consistent data for the human testis are not
available. Moreover, dendritic cells as potential profes-
sional antigen-presenting cells and key players during
induction of specific immune responses remain to be
identified in the normal testis. Under physiological
conditions, neither resident nor circulating immune
cells are found within the seminiferous tubules and
polymorphonuclear leukocytes remain completely ab-
sent.

II.1.6.2.1

Macrophages

There is substantial evidence that testicular macro-
phages and their functions are largely determined by
the local environment (Hedger 1997, 2002). In the rat
testis, two distinct subpopulations of macrophages
were identified by means of the monoclonal antibodies
ED1 and ED2, with 85% of the cells revealing the “resi-
dent” phenotype ED1–ED2+ (Wang et al. 1994). The
number of macrophages increases during pubertal de-
velopment and is partly dependent on interaction with
Leydig cells (Hedger 2002). On the other hand, resident
macrophages have a trophic effect on Leydig cell ste-
roidogenesis in the adult testis (Wang et al. 1994). In
mice lacking colony-stimulating factor-1, reduced
numbers of testicular macrophages result in impaired
spermatogenesis as a consequence of dramatically re-
duced testosterone levels (Cohen et al. 1999). Beyond
their impact on testis-specific functions, macrophages
in the testis have to be considered as potential effector
cells in the first line of host defense, i.e. activating in-
nate immune responses and thus inflammation. Nota-
bly, testicular macrophages have been shown to express
major histocompatibility complex class II (MHC II)
molecules essential for antigen presentation to CD4+

T cells (Hedger 1997). However, the ability of freshly
isolated rat testicular macrophages to release pro-in-

flammatory cytokines such as interleukin-1 (IL-1), IL-6
and tumour necrosis factor- [ (TNF- [ ) is reduced in
comparison with macrophages of other origin (Kern et
al. 1995; Hayes et al. 1996). Available data suggest that
resident macrophages in the normal adult testis mainly
exert anti-inflammatory activities and participate in
the regulation of steroidogenesis and spermatogenesis
(Frungieri et al. 2002; Hedger 2002; Hedger and Mein-
hardt 2003).

II.1.6.2.2

Mast Cells

Similar to macrophages, mast cells seem to be involved
in the complex local regulation of testicular function
(Hedger 1997). Mast cells are known to play an impor-
tant role in innate immunity as well as specific acquired
immune responses and are capable of releasing a wide
variety of inflammatory mediators such as tryptase and
other proteases, histamine, leukotrienes, prostaglan-
dins and cytokines (Janeway et al. 2005). In the adult
human testis, mast cells can be found in the interstiti-
um, within the lamina propria of seminiferous tubules,
and in the tunica albuginea (Nistal et al. 1984; Jezek et
al. 1999; Meineke et al. 2000; Schuppe 2002). Localiza-
tion and different ultrastructural phenotypes of testic-
ular mast cells suggest a functional heterogeneity.

II.1.6.2.3

Lymphocytes

Approximately 15% of the immune cells in the normal
adult rat testis have been shown to be lymphocytes
(Hedger 1997). Most of these lymphocytes expressed T
cell markers with a predominance of CD8+ T cells,
whereas B cells were not detectable. Concerning the hu-
man testis, studies are scarce and only qualitative data
available. Immunocytochemistry revealed few or no
lymphocytes in normal peripheral testicular tissue,
whereas considerable numbers of T cells were detect-
able within the lining epithelium (CD8+ >CD4+) and in
the intertubular connective tissue (CD4+ >CD8+) of the
rete testis (El-Demiry et al. 1985, 1987; Pöllänen and
Niemi 1987). As in rats, B cells are largely absent. With
regard to lymphocyte functions in the noninflamed
testis, subpopulations of T cells and their cytokine pro-
files in particular remain to be characterized.

II.1.6.3
Blood–Testis Barrier

Prevention of germ cell-specific autoimmune reactions
in the adult testis has long been explained solely on the
basis that all germ cell-related autoantigens are segre-
gated within the seminiferous tubules (see Table II.1.5).
With the onset of meiosis during puberty, the so-called
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Table II.1.5. Putative mechanisms of testicular immunoregula-
tion

Partial segregation of germ cell-specific antigens by the
blood-testis barrier

Local anergy of T lymphocytes
Apoptosis of T lymphocytes (e.g. Fas/FasL-mediated)
Suppression of T-cell-mediated immune responses by local

mediators (e.g. cytokines)

Adapted from Pöllänen et al. (1997), Filippini et al. (2001)

blood-testis barrier separates the basal compartment
of the seminiferous epithelium containing spermatogo-
nia and preleptotene spermatocytes from the adlumi-
nal compartment, where meiosis and spermiogenesis
occur (Lui et al. 2003; see Chaps. II.1.1, II.1.3). Morpho-
logically, the “occluding tight junctions” between Ser-
toli cells render intercellular spaces impermeable to
even small molecules. Thus, the microenvironment of
the adluminal compartment is isolated from the vascu-
lar system and circulating immune cells. However, seg-
regation of germ-cell-specific autoantigens by the
blood-testis barrier is not complete. Autoantigenicity
of the basal compartment of the seminiferous epitheli-
um was demonstrated in rats (Yule et al. 1988; Saari et
al. 1996). Moreover, barrier functions are less extensive
along the rete testis and excurrent ducts (Pöllänen and
Cooper 1994).

II.1.6.4
Mechanisms of Immune Tolerance in the Testis

Tissue barriers and mechanical sequestration are im-
portant but not sufficient to protect male germ cells
from autoimmune attack. There is considerable evi-
dence that multiple immunoregulatory mechanisms
are involved in maintaining both tolerance towards
germ cells and immune privilege within the normal
adult testis (Pöllänen et al. 1997; Filippini et al. 2001)
(Table II.1.5). While clonal deletion of autoreactive T
lymphocytes through thymic selection during perina-
tal life does not control germ-cell-related autoreactivi-
ty, mechanisms of peripheral tolerance such as local
anergy of T cells have been considered to play a key role
(Janeway et al. 2005). Naı̈ve T cells remain refractory to
antigen-specific activation when encountering anti-
genic peptide:MHC complexes without antigen-inde-
pendent co-stimulatory signals delivered by the same
antigen-presenting cell. In line with this concept, con-
stitutive expression of MHC molecules is found in the
interstitial compartment of the testis, whereas co-stim-
ulatory molecules such as CD80 and CD86 are absent
(Tung and Teuscher 1995; Hedger 1997; Pöllänen et al.
1997). Only low constitutive expression of intercellular
cell adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) was reported for mu-
rine Leydig cells and Sertoli cells, whereas these adhe-

sion molecules are restricted to the vascular endotheli-
um in the normal human testis (Riccioli et al. 1995;
Braendstrup et al. 1996; Pöllänen et al. 1997).

Avoidance of deleterious autoimmune responses can
also be achieved by active suppression mediated by reg-
ulatory T (Treg) cell populations (O’Garra and Vieira
2004; Janeway et al. 2005). Among CD4+ effector T cells,
the cytokine profile produced by TH2 cells exerts inhib-
itory effects on TH1 cells, which mediate cellular im-
mune responses including organ-specific autoimmuni-
ty. Preliminary observations in the normal murine tes-
tis suggest functional polarization of T cells towards a
TH2 profile (Schuppe 2002). Control of inflammation in
vivo has also been attributed to Treg producing IL-10 or
transforming growth factor- q (TGF- q ) (O’Garra and
Vieira 2004). Moreover, experiments with peripheral
blood lymphocytes from healthy donors showed that
the expansion of autoreactive T cells directed against
a testis-related antigen can be suppressed by CD4+

CD25+ Treg (Danke et al. 2004). However, the presence
and possible role of CD4+ CD25+ Treg in the testis in vivo
remains to be elucidated.

A further level of protection may be afforded by acti-
vation-induced apoptosis of T lymphocytes entering
the immunologically privileged testis (Table II.1.5). Re-
cent data obtained in a mouse model indicate that
memory CD8+ T cells migrating into the testis are capa-
ble of mounting an immune response against foreign
tissue grafts but undergo apoptosis at an increased lev-
el via upregulation of Fas (CD95) and CD30 on their
surface (Dai et al. 2005). Indeed, expression of the li-
gand of Fas (FasL) by Sertoli cells has been implicated
in maintaining testicular immune privilege as well as
enhanced survival of allogeneic grafts co-transplanted
with testicular tissue into other sites (Bellgrau et al.
1995; Korbutt et al. 1997). However, this hypothesis is a
matter of debate and conflicting results including those
from human testis studies have been reported (Franca-
villa et al. 2000; Kimmel et al. 2000).

Finally, immunosuppressive activity in testicular
fluids has been described (Filippini et al. 2001; Hedger
and Meinhardt 2003). There is evidence that locally
produced mediators, i.e. cytokines, could play a key
role in preventing immune activation and subsequent
inflammation in the testis (Table II.1.5).

II.1.6.5
Local Factors of Testicular Immunoregulation –
The Dual Role of Cytokines

Apart from overall hormonal control, precise regula-
tion of spermatogenesis and steroidogenesis within the
testis depends on numerous autocrine and paracrine
mediators including growth factors and cytokines
(Schlatt et al. 1997). Under physiological conditions,
resident macrophages as well as nonimmune testicular
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Fig. II.1.20. Synopsis of key
cytokines implicated in tes-
ticular function: sites of pro-
duction and potential regu-
latory targets. Interactions
highlighted do not discrimi-
nate between sites of pro-
duction under normal or
inflammatory conditions.
(IL-1 [ Interleukin-1 [ , IL-1 q
interleukin-1 q , IL-6 interleu-
kin-6, IFN interferons, MIF
macrophage migration in-
hibitory factor, SCF stem cell
factor, TGF- q transforming
growth factor- q , TNF- [
tumour necrosis factor- [ .)
From Hedger and Meinhardt
(2003) with permission

cells have been shown to produce both pro- and anti-
inflammatory cytokines such as TNF- [ , IL-1, IL-6, IL-
10, interferons and members of the TGF- q family
(Hedger and Meinhardt 2003) (Fig. II.1.20). The appar-
ent overlap between the testicular and immune regula-
tory functions of these cytokines could provide the key
to understanding the phenomenon of immune privi-
lege and the processes leading to inflammation-medi-
ated damage in the testis (see Table II.1.5).

II.1.6.5.1

Interleukin-1

The pro-inflammatory cytokine IL-1 (occurring as two
isoforms: IL-1 [ , IL-1 q ) is abundantly secreted by acti-
vated macrophages, but is also inducible in other cell
types (Janeway et al. 2005). In the rat testis, IL-1 [ is
produced and secreted under physiological conditions
by Sertoli cells (Syed et al. 1988; Gérard et al. 1991)
(Fig. II.1.20). There is some evidence that spermato-
cytes and spermatids may also produce IL-1 [ constitu-
tively (Haugen et al. 1994). High-affinity IL-1-binding
sites and mRNA for the IL-1 signalling receptor have
been found in most cells of the interstitium and semi-
niferous epithelium (Gomez et al. 1997). Moreover, IL-1
stimulates spermatogonial and very early (pre-lepto-
tene) spermatocyte DNA synthesis in cultured rat sem-
iniferous tubules (Parvinen et al. 1991). These actions
indicate a role for testicular IL-1 in coordinating Sertoli
and germ cell development within the seminiferous ep-
ithelium. A role in controlling steroidogenesis is indi-
cated by the fact that IL-1 inhibits the P450 steroido-

genic enzymes in adult Leydig cells in vitro (Hales et al.
1999). Recent data suggest that IL-1 generally inhibits
LH-stimulated testosterone production, but can stimu-
late basal steroidogenesis under appropriate condi-
tions (Svechnikov et al. 2001). In contrast to IL-1 [ , IL-
1 q does not appear to be produced in significant
amounts in the normal testis (Hedger and Meinhardt
2003). However, as a third member of the family, IL-1
receptor antagonist (IL-1 RA) has been shown to be
produced by mouse Sertoli cells (Zeyse et al. 2000).

II.1.6.5.2

Tumour Necrosis Factor-�

In the normal murine testis, expression of the cytotoxic
immune effector molecule TNF- [ has been found in
pachytene spermatocytes and round spermatids (De et
al. 1993) (Fig. II.1.20). Moreover, TNF- [ is produced by
activated testicular macrophages in vitro (Xiong and
Hales 1993). Similar to IL-1, TNF- [ inhibits Leydig cell
steroidogenesis, and its localization to the post-meiotic
germ cells also indicates possible involvement in the
process of spermatogenesis (Hales et al. 1999). Obser-
vations from the human testis suggest that TNF- [
might play a role in controlling the efficiency of sper-
matogenesis, inhibiting germ cell apoptosis by regulat-
ing the level of FasL (Pentikainen et al. 2001). With re-
gard to testicular immunopathology, TNF- [ has been
implicated as a major causative agent in the develop-
ment of autoimmune orchitis (Yule and Tung 1993;
Suescun et al. 2003).
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II.1.6.5.3

Macrophage Migration-Inhibitory Factor

The macrophage migration-inhibitory factor (MIF) is a
pleiotropic protein with a wide tissue distribution par-
ticipating in inflammatory responses and acting as a
counter-regulator of glucocorticoid-induced immune
suppression (Hedger and Meinhardt 2003). In the rat
testis, MIF has been localized to the Leydig cells (Mein-
hardt et al. 1996) (Fig. II.1.20). Whereas testicular mac-
rophages remain MIF negative, previously negative
Sertoli cells revealed a significant compensatory MIF
expression after ethane dimethane sulphonate (EDS)
treatment for Leydig cell ablation (Meinhardt et al.
1999). Furthermore, MIF has been found to reduce in-
hibin secretion by Sertoli cells in culture and to evoke a
transient increase in calcium levels in peritubular cells
(Meinhardt et al. 1996; Wennemuth et al. 2000). These
data support a role for MIF in the paracrine regulation
of interactions between Leydig cells and the seminifer-
ous tubule. MIF has been shown to downregulate TGF-
q 2 secretion in peritubular cells. Hence, upregulation
of the pro-inflammatory cytokine MIF during inflam-
mation can inhibit the immunosuppressive response of
the testis (Müller et al. 2005).

II.1.6.5.4

Transforming Growth Factor-�

The TGF- q family members are dimeric cytokines with
predominantly immunosuppressive and anti-inflam-
matory activities (Janeway et al. 2005). There are three
mammalian TGF- q isoforms (1–3), which are very
highly expressed by Sertoli cells, peritubular cells and
Leydig cells in the foetal and immature testis, although
production declines dramatically post-puberty (Mulla-
ney and Skinner 1993) (Fig. II.1.20). The receptors for
TGF- q are found in both somatic and germ cells (Caus-
sanel et al. 1997; Goddard et al. 2000). Consequently,
these cytokines have been implicated in controlling
both Leydig cell and seminiferous tubule development
(Hedger and Meinhardt 2003). A precise role in the
adult testis has yet to be established, although TGF- q
has been implicated in the immunoprotective activity
of Sertoli cells and testicular immune privilege (Filippi-
ni et al. 2001). In addition to TGF- q , structurally related
activins are capable of modulating pro-inflammatory
cytokines such as IL-1 and IL-6 in the testis (de Kretser
et al. 2001).

II.1.6.6
Inflammation of the Testis

The testicular environment does not preclude immune
activation and potential damage. In fact, the recruit-
ment of nonresident inflammatory cells into the testis

indicates a profound disturbance of local immunoregu-
lation and, thus, testicular immune privilege. Infiltrat-
ing immune cells obviously overcome the immunosup-
pressive influence in the testis (Hedger 1997). This is
well illustrated in animal models, i.e. experimental au-
toimmune orchitis (EAO) (Tung and Teuscher 1995).
Active immunization with homologous testis homoge-
nates in complete Freund’s adjuvant or viable syngene-
ic germ cells alone elicits a vigorous organ-specific im-
mune response with characteristic deterioration of
spermatogenesis (“aspermatogenesis”). The inflam-
matory infiltrates in EAO predominantly comprise ac-
tivated T lymphocytes, accompanied by B cells and
non-resident macrophages (Itoh et al. 1991; Lustig et al.
1993). Notably, TNF- [ -producing CD4+ Th1 cells have
been implicated as key players in the development of
EAO (Yule and Tung 1993; Suescun et al. 2003). In line
with these results, EAO can be adoptively transferred
into syngeneic recipients by CD4+ T cells or testis-
specific T cell lines, whereas depletion of CD4+ T cells
in vivo inhibits the disease (Tung and Teuscher 1995).
With regard to recruitment of leukocytes, chemokines
and their receptors have to be considered as crucial
components (Guazzone et al. 2003).

In men, infection and inflammation of the repro-
ductive tract including the testes are widely accepted as
important aetiological factors of infertility (Rowe et al.
2000). However, acute symptomatic orchitis due to vi-
ral or bacterial infections is considered to be a rare dis-
order (Mikuz and Damjanov 1982; Weidner et al. 1999).
On the other hand, subacute or chronic asymptomatic
inflammation of the testis including noninfectious dis-
orders may often remain obscure. Notably, testicular
biopsy samples from infertile men show a high preva-
lence of asymptomatic inflammatory reactions with
prominent peritubular infiltration of lymphocytes in a
focal or multifocal pattern and characteristic signs of
tubular damage in 5–15% of the cases (Suominen and
Söderström 1982; Schuppe 2002). Thus, the induction
of deleterious immune responses in the testis is proba-
bly not restricted to infectious agents, and a wide spec-
trum of aetiological factors including neoplasia, chem-
icals and physical trauma should be considered (Ta-
ble II.1.6). Comparable to EAO in animals, severe in-
flammation of the human testis results in complete dis-
ruption of spermatogenesis as reflected by testicular at-
rophy and persistent infertility. Leydig cells in the inter-

Table II.1.6. Aetiologic factors of inflammatory reactions in the
human testis

Local or systemic infection
Neoplastic disorders (seminoma, carcinoma-in-situ)
Chemical noxae
Physical factors, trauma
Other testicular disorders (e.g. congenital, early acquired)?
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stitial compartment show little evidence of attrition in
most patients, however bilateral orchitis may lead to
failure of testicular androgen production (Mikuz and
Damjanov 1982).

In line with data from animal models, a hallmark of
chronic inflammatory reactions in the human testis is
the infiltration of activated, inflammatory T lympho-
cytes (CD4+, CD8+), which are accompanied by in-
creased numbers of nonresident CD68+ macrophages
and mast cells (El-Demiry et al. 1987; Schuppe 2002).
For the latter two cell types, a shift from the interstiti-
um to the seminiferous tubules was also reported for
other testicular pathologies and has been associated
with tissue remodelling and fibrosis (Meineke et al.
2000; Frungieri et al. 2002). Notably, the degree of lym-
phocytic infiltration correlates with characteristic
signs of tubular damage including partial or complete
loss of germinal epithelium, thickening of the lamina
propria, and complete tubular fibrosis (Schuppe 2002).

Both predominant peritubular localization of lym-
phocytes and characteristic morphological changes of
the seminiferous tubules resembling EAO support the
concept that concomitant activation of autoreactive T
cells is involved. It is unlikely, however, that deteriora-
tion of spermatogenesis results from direct T cell-me-
diated cytotoxicity but rather reflects the imbalance of
locally produced cytokines towards a pro-inflammato-
ry profile. Hence, impairment of Sertoli cell function
and subsequent breakdown of the blood–testis barrier
appear to be important features of testicular inflamma-
tory reactions (Filippini et al. 2001).

II.1.6.7
Immunobiology and Pathology of the Excurrent
Ducts

Immune cells including macrophages, mast cells and
lymphocytes are not only encountered in the testis –
they are also regular components of the interstitial and
peritubular tissue of the epididymis and excurrent duc-
tal system (Nistal et al. 1984; El-Demiry et al. 1985; Nas-
han et al. 1989; Pöllänen and Cooper 1994). In contrast
to the seminiferous tubules, however, lymphocytes are
also physiologically present within the epithelium of
the adult rete testis, epididymis and vas deferens, most
of them expressing T cell markers. In the human epi-
didymis, lymphocytes comprise up to 12% of the epi-
thelial cells with increasing numbers towards the distal
regions of the organ (El-Demiry et al. 1985; Yakirevich
et al. 2002). The majority of the intraepithelial lympho-
cytes are CD8+ T cells with cytotoxic properties includ-
ing activated granzyme B+ cells.

Significant differences in intraepithelial lymphocyte
numbers between the normal adult epididymis and the
epididymis in cryptorchidism associated with Sertoli
cell only syndrome suggests that exposure of the excur-

rent ducts to spermatozoa or immature germ cells trig-
gers the recruitment of T cells (Yakirevich et al. 2002).
Indeed, there is considerable absorption of testicular
fluid and antigenic products of sperm degradation in
the excurrent ductal system. In line with this concept,
macrophages containing spermatozoa or sperm frag-
ments residing in the ductal lumen as well as cell–cell
contacts between intraepithelial lymphocytes and
macrophages were observed in the human epididymis
(Holstein 1978; Wang and Holstein 1983). Moreover,
basal cells of the epithelium have been shown to ex-
press macrophage-related antigens, and defective sper-
matozoa can be phagocytosed by epithelial cells (Pöllä-
nen and Cooper 1994). On the other hand, lymphocyte-
mediated cytotoxicity is unlikely to occur under physi-
ological conditions considering that testicular germ
cells as well as epididymal spermatozoa lack class I
MHC molecules (Pöllänen and Cooper 1994). Thus, it
has been suggested that intraepithelial CD8+ T cells ex-
ert regulatory functions maintaining the immunologi-
cally privileged status of the region (Yakirevich et al.
2002).

A shorter survival time of allografts in the epididy-
mis compared to the testis indicates, however, that the
control of immune cells is less stringent in the excur-
rent ductal system (Kazeem 1988). With regard to bar-
rier functions (“blood–epididymis barrier”), occlusive
cell–cell junctions along the epithelium of the rete tes-
tis, epididymis and vas deferens are less extensive than
those of the seminiferous epithelium (Suzuki and Na-
gano 1978; Pöllänen and Cooper 1994).

For the epididymis, local release of a plethora of
molecules with potential immunoregulatory effects in-
cluding immunoglobulins as well as components of the
complement system and their inhibitors has been re-
ported (Pöllänen and Cooper 1994). Moreover, a wide
range of both pro- and anti-inflammatory cytokines
was identified in human seminal plasma under physio-
logical conditions. The cellular origin and functional
significance of seminal cytokines, however, remain to
be elucidated. As in the testis, cytokines could be regu-
lators of excurrent duct functions and experience con-
siderable upregulation during inflammation. Indeed,
increased levels of pro-inflammatory cytokines such as
IL-1, IL-6 or IL-8 are related to inflammatory condi-
tions of the male genital tract (Ochsendorf 1999; see
Chaps. I.3.13, II.2.4). Data from murine models suggest
that high expression of IL-10 by epithelial cells is in-
volved in local protection from autoimmune attack
(Verankorva et al. 2002). Furthermore, cytokines seem
to play an important role during epididymal sperm
maturation. MIF is strongly expressed in the caput of
the rat epididymis and has been shown to elicit the re-
lease of zinc ions from spermatozoa in vitro (Eickhoff
et al. 2004). Epididymis-specific isoforms of antimicro-
bial defensins were shown to be involved in sperm mat-
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uration and acquisition of motility (Yenugu et al. 2004;
Zhou et al. 2004).

The male excurrent ductal system appears to be
more susceptible than the testis to infectious and in-
flammatory disorders. For example, the reported prev-
alence of acute infectious epididymitis exceeds by far
that of symptomatic orchitis (Weidner et al. 1999; Chan
and Schlegel 2002). Furthermore, the risk of immune
activation and recruitment of leukocytes with subse-
quent autoimmunity towards spermatozoa is consid-
ered to be significantly higher in the epididymis than in
the testis (Pöllänen and Cooper 1994). The formation
of antisperm antibodies (ASA) is predominantly asso-
ciated with insults to the genital tract such as vasecto-
my or other conditions of obstruction, whereas only
few patients with testicular inflammatory disorders,
e.g. those with a history of mumps orchitis, reveal posi-
tive antibody titres (Mazumdar and Levine 1998; Kala-
ydjiev et al. 2002; see Chap. I.3.4). However, the precise
mechanisms underlying ASA formation in the human
epididymis and the respective role of intraepithelial
and interstitial lymphocytes are yet poorly defined.

References

Bell DA, Flotte TJ, Bhan AK (1987) Immunohistochemical
characterization of seminoma and its inflammatory cell in-
filtrate. Hum Pathol 18:511–520

Bellgrau D, Gold D, Selawry H, Moore J, Franzusoff A, Duke RC
(1995) A role for CD95 ligand in preventing graft rejection.
Nature 377:630–632

Braendstrup O, Jensen L, Werdelin O (1996) Sertoli cells, but
not tumor cells, of seminoma in situ express ICAM-1. AP-
MIS 104:817–822

Caussanel V, Tabone E, Hendrick J-C, Dacheux F, Benahmed M
(1997) Cellular distribution of transforming growth factor
betas 1, 2 and 3 and their types I and II receptors during
postnatal development and spermatogenesis in the boar tes-
tis. Biol Reprod 56:357–367

Chan PTK, Schlegel PN (2002) Inflammatory conditions of the
male excurrent ductal system. Part I. J Androl 23:453–460

Cohen PE, Nishimura K, Zhu L, Pollard JW (1999) Macro-
phages: important accessory cells for reproductive function.
J Leukoc Biol 66:765–72

Dai Z, Nasr IW, Reel M, Deng S, Diggs L, Larsen CP, Rothstein
DM, Lakkis FG (2005) Impaired recall of CD8 memory
T cells in immunologically privileged tissue. J Immunol
174:1165–1170

Danke NA, Koelle DM, Yee C, Beheray S, Kwok WW (2004) Au-
toreactive T cells in healthy individuals. J Immunol 172:
5967–5972

De SK, Chen HL, Pace JL, Hunt JS, Terranova PF, Enders GC
(1993) Expression of tumor necrosis factor-alpha in mouse
spermatogenic cells. Endocrinology 133:389–396

Eickhoff R, Baldauf C, Koyro HW, Wennemuth G, Suga Y, Seitz
J, Henkel R, Meinhardt A (2004) Influence of macrophage
migration inhibitory factor (MIF) on the zinc content and
redox state of protein-bound sulphydryl groups in rat
sperm: indications for a new role of MIF in sperm matura-
tion. Mol Hum Reprod 10:605–611

El Demiry MI, Hargreave TB, Busuttil A, James K, Ritchie AW,
Chisholm GD (1985) Lymphocyte sub-populations in the
male genital tract. Br J Urol 57:769–774

El Demiry MI, Hargreave TB, Busuttil A, Elton R, James K,
Chisholm GD (1987) Immunocompetent cells in human tes-
tis in health and disease. Fertil Steril 48:470–479

Filippini A, Riccioli A, Padula F, Lauretti P, D’Alessio A, De Ce-
saris P, Gandini L, Lenzi A, Ziparo E (2001) Control and im-
pairment of immune privilege in the testis and in semen.
Hum Reprod Update 7:444–449

Francavilla S, D’Abrizio P, Rucci N, Silvano G, Properzi G, Stra-
face E, Cordeschi G, Necozione S, Gnessi L, Arizzi M, Ulisse
S (2000) Fas and Fas ligand expression in fetal and adult hu-
man testis with normal or deranged spermatogenesis. J Clin
Endocrinol Metab 85:2692–2700

Frungieri MB et al (2002) Number, distribution pattern, and
identification of macrophages in the testes of infertile men.
Fertil Steril 78:298–306

Gaytan F, Carrera G, Pinilla L, Aguilar R, Bellido C (1989) Mast
cells in the testis, epididymis and accessory glands of the rat:
effects of neonatal steroid treatment. J Androl 10:351–358

Gérard N, Syed V, Bardin W, Genetet N, Jégou B (1991) Sertoli
cells are the site of interleukin-1 [ synthesis in rat testis. Mol
Cell Endocrinol 82:R13–R16

Goddard I, Bouras M, Keramidas M, Hendrick JC, Feige JJ, Be-
nahmed M (2000) Transforming growth factor- q receptor
types I and II in cultured porcine Leydig cells: expression
and hormonal regulation. Endocrinology 141:2068–2074

Gomez E, Morel G, Cavalier A, Lienard MO, Haour F, Courtens
JL, Jegou B (1997) Type I and type II interleukin-1 receptor
expression in rat, mouse, and human testes. Biol Reprod
56:1513–1526

Guazzone VA, Rival C, Denduchis B, Lustig L (2003) Monocyte
chemoattractant protein-1 (MCP-1/CCL2) in experimental
autoimmune orchitis. J Reprod Immunol 60:143–157

Hales DB, Diemer T, Hales KH (1999) Role of cytokines in tes-
ticular function. Endocrine 10:201–217

Haugen TB, Landmark BF, Josefsen GM, Hansson V, Högset A
(1994) The mature form of interleukin-1 [ is constitutively
expressed in immature male germ cells from rat. Mol Cell
Endocrinol 105:R19–R23

Hayes R, Chalmers SA, Nikolic Paterson DJ, Atkins RC, Hedger
MP (1996) Secretion of bioactive interleukin 1 by rat testicu-
lar macrophages in vitro. J Androl 17:41–49

Head JR, Billingham RE (1985) Immune privilege in the testis.
II. Evaluation of potential local factors. Transplantation 40:
269–275

Head JR, Neaves WB, Billingham RE (1983a) Reconsideration
of the lymphatic drainage of the rat testis. Transplantation
35:91–95

Head JR, Neaves WB, Billingham RE (1983b) Immune privilege
in the testis. I. Basic parameters of allograft survival. Trans-
plantation 36:423–431.

Hedger MP (1997) Testicular leukocytes: what are they doing?
Rev Reprod 2:38–47

Hedger MP (2002) Macrophages and the immune responsive-
ness of the testis. J Reprod Immunol 57:19–34

Hedger MP, Meinhardt A (2000) Local regulation of T cell
numbers and lymphocyte-inhibiting activity in interstitial
tissue of the adult rat testis. J Reprod Immunol 48:69–70

Hedger MP, Meinhardt A (2003) Cytokines and the immune-
testicular axis. J Reprod Immunol 58:1–26

Holstein AF (1978) Spermatophagy in the seminiferous tu-
bules and excurrent ducts of the testis in Rhesus monkey
and in man. Andrologia 10:331–352

Itoh M, Hiramine C, Tokunaga Y, Mukasa A, Hojo K (1991) A
new murine model of autoimmune orchitis induced by im-
munization with viable syngeneic testicular germ cells
alone. II. Immunohistochemical findings of fully-developed
inflammatory lesion. Autoimmunity 10:89–97

Janeway CA, Travers P, Walport M, Shlomchik MJ (2005) Im-

298 II.1 Understanding Normal Anatomy and Function

II.1



munobiology: the immune system in health and disease. 6th
edn. Garland, New York

Jezek D, Banek L, Hittmair A, Pezerovic-Panijan R, Goluza T,
Schulze W (1999) Mast cells in testicular biopsies of infertile
men with “mixed atrophy” of seminiferous tubules. Andro-
logia 31:203–210

Kalaydjiev S, Dimitrova D, Nenova M, Peneva S, Dikov I, Nakov
L (2002) Serum sperm antibodies are not elevated after
mumps orchitis. Fertil Steril 77:76–82

Kazeem AA (1988) A critical consideration of the rat epididy-
mis as an immunologically privileged site. Scand J Immunol
27:149–156

Kern S, Robertson SA, Mau VJ, Maddocks S (1995) Cytokine
secretion by macrophages in the rat testis. Biol Reprod
53:1407–1416

Kimmel SG, Ohbatake M, Kushida M, Merguerian P, Clarke ID,
Kim PC (2000) Murine xenogeneic immune responses to the
human testis: a presumed immune-privileged tissue. Trans-
plantation 69:1075–1084

Korbutt GS, Elliott JF, Rajotte RV (1997) Cotransplantation of
allogeneic islets with allogeneic testicular cell aggregates al-
lows long-term graft survival without systemic immuno-
suppression. Diabetes 46:317–322

de Kretser DM, Loveland KL, Meehan T, O’Bryan MK, Phillips
DJ, Wreford NG (2001) Inhibins, activins and follistatin: ac-
tions on the testis. Mol Cell Endocrinol 180:87–92

Lui WY, Mruk D, Lee WM, Cheng CY (2003) Sertoli cell tight
junction dynamics: their regulation during spermatogene-
sis. Biol Reprod 68:1087–1097

Lustig L, Lourtau L, Perez R, Doncel GF (1993) Phenotypic
characterization of lymphocytic cell infiltrates into the tes-
tes of rats undergoing autoimmune orchitis. Int J Androl
16:279–284

Mazumdar S, Levine AS (1998) Antisperm antibodies: etiolo-
gy, pathogenesis, diagnosis, and treatment. Fertil Steril
70:799–810

Meineke V, Frungieri MB, Jessberger B, Vogt H, Mayerhofer A
(2000) Human testicular mast cells contain tryptase: in-
creased mast cell number and altered distribution in the tes-
tes of infertile men. Fertil Steril 74:239–244

Meinhardt A, Bacher M, McFarlane JR, Metz CN, Seitz J, Hedg-
er MP, de Kretser DM, Bucala R (1996) Macrophage migra-
tion inhibitory factor production by Leydig cells: evidence
for a role in the regulation of testicular function. Endocri-
nology 137:5090–5095

Meinhardt A, Bacher M, O’Bryan MK, McFarlane JR, Mallidis
C, Lehmann C, Metz CN, de Kretser DM, Bucala R, Hedger
MP (1999) A switch in the cellular localization of macro-
phage migration inhibitory factor in the rat testis after eth-
ane dimethane sulfonate treatment. J Cell Sci 112:1337–1344

Mikuz G, Damjanov I (1982) Inflammation of the testis, epi-
didymis, peritesticular membranes, and scrotum. Pathol
Annu 17:101–128

Mullaney BP, Skinner MK (1993) Transforming growth factor-
beta (beta 1, beta 2, and beta 3) gene expression and action
during pubertal development of the seminiferous tubule:
potential role at the onset of spermatogenesis. Mol Endocri-
nol 7:67–76

Müller R, Keng J, Rodewald M, Meinhardt A (2005) Macro-
phage migration inhibitory factor suppresses transforming
growth factor q 2 secretion in cultured rat testicular peritu-
bular cells. Reprod Fertil Dev 17:435–438

Nashan D, Malorny U, Sorg C, Cooper T, Nieschlag E (1989)
Immuno-competent cells in the murine epididymis. Int J
Androl 12:85–94

Nistal M, Santamaria L, Paniagua R (1984) Mast cells in the hu-
man testis and epididymis from birth to adulthood. Acta
Anat (Basel) 119:155–160

Ochsendorf FR (1999) Infections in the male genital tract and
reactive oxygen species. Hum Reprod Update 5:399–420

O’Garra A, Vieira P (2004) Regulatory T cells and mechanisms
of immune system control. Nature Med 10:801–805

Parvinen M, Söder O, Mali P, Froysa B, Ritzen EM (1991) In vi-
tro stimulation of stage-specific deoxyribonucleic acid syn-
thesis in rat seminiferous tubule segments by interleukin-1
alpha. Endocrinology 129:1614–1620

Pentikainen V, Erkkila K, Suomalainen L, Otala M, Pentikainen
MO, Parvinen M, Dunkel L (2001) TNFalpha down-regulates
the Fas ligand and inhibits germ cell apoptosis in the human
testis. J Clin Endocrinol Metab 86:4480–4488

Pöllänen P, Cooper TG (1994) Immunology of the testicular ex-
current ducts. J Reprod Immunol 26:167–216

Pöllänen P, Niemi M (1987) Immunohistochemical identifica-
tion of macrophages, lymphoid cells and HLA antigens in
the human testis. Int J Androl 10:37–42

Pöllänen P, Saari T, Jahnukainen K, Sainio-Pöllänen S, Verajan-
korva E, Martikainen M, Antola H, Hämäläinen H (1997)
Mechanisms preventing an anti-germ cell immune re-
sponse. In: Waites GMH, Frick J, Baker GWH (eds) Current
advances in andrology. Monduzzi Editore, Bologna

Riccioli A, Filippini A, De Cesaris P, Barbacci E, Stefanini M,
Starace G, Ziparo E (1995) Inflammatory mediators increase
surface expression of integrin ligands, adhesion to lympho-
cytes, and secretion of interleukin 6 in mouse Sertoli cells.
Proc Natl Acad Sci USA 92:5808–5812

Rowe PJ, Comhaire FH, Hargreave TB, Mahmoud AMA (2000)
WHO manual for the standardized investigation, diagnosis
and management of the infertile male. Cambridge Universi-
ty Press, Cambridge

Saari T, Jahnukainen K, Pöllänen P (1996) Autoantigenicity of
the basal compartment of seminiferous tubules in the rat. J
Reprod Immunol 31:65–79

Schlatt S, Meinhardt A, Nieschlag E (1997) Paracrine regula-
tion of cellular interactions in the testis: factors in search of
a function. Eur J Endocrinol 137:107–117

Schuppe HC (2002) Testicular inflammatory reactions in infer-
tile men [German]. Habilitationsschrift, Fachbereich Hu-
manmedizin, Justus-Liebig-Universität Giessen

Suescun MO, Rival C, Theas MS, Calandra RS, Lustig L (2003)
Involvement of tumor necrosis factor-alpha in the patho-
genesis of autoimmune orchitis in rats. Biol Reprod 68:
2114–2121

Suominen J, Söderström KO (1982) Lymphocyte infiltration in
human testicular biopsies. Int J Androl 5:461–466

Suzuki F, Nagano T (1978) Regional differences of cell junc-
tions in the excurrent duct epithelium of the rat testis as re-
vealed by freeze fracture. Anat Rec 191:503–520

Svechnikov KV, Sultana T, Soder O (2001) Age-dependent
stimulation of Leydig cell steroidogenesis by interleukin-1
isoforms. Mol Cell Endocrinol 182:193–201

Syed V, Söder O, Arver S, Lindh M, Khan S, Ritzén EM (1988) On-
togeny and cellular origin of an interleukin-1-like factor in the
reproductive tract of the male rat. Int J Androl 11: 437–447

Tung KS, Teuscher C (1995) Mechanisms of autoimmune dis-
ease in the testis and ovary. Hum Reprod Update 1:35–50

Verankorva E, Pöllänen P, Hanninen A, Martikainen M, Sund-
ström J, Antola H (2002) IL-10 is highly expressed in the
cryptorchid cryptepididymal epithelium: a probable mech-
anism preventing immune responses against autoantigenic
spermatozoa in the epididymal tubule. Int J Androl 25:
129–133

Wang J, Wreford NG, Lan HY, Atkins R, Hedger MP (1994) Leu-
kocyte populations of the adult rat testis following removal
of the Leydig cells by treatment with ethane dimethane sul-
fonate and subcutaneous testosterone implants. Biol Reprod
51:551–561

II.1.6 Immunology of the Testis and Excurrent Ducts 299

II.1



Wang YF, Holstein A (1983) Intraepithelial lymphocytes and
macrophages in the human epididymis. Cell Tissue Res
233:517–521

Weidner W, Krause W, Ludwig M (1999) Relevance of male ac-
cessory gland infection for subsequent fertility with special
focus on prostatitis. Hum Reprod Update 5:421–432

Wennemuth G, Aumüller G, Bacher M, Meinhardt A (2000)
Macrophage migration inhibitory factor-induced Ca2+ re-
sponse in rat testicular peritubular cells. Biol Reprod 62:
1632–1639

Xiong Y, Hales DB (1993) Expression, regulation, and produc-
tion of tumor necrosis factor-alpha in mouse testicular in-
terstitial macrophages in vitro. Endocrinology 133:2568–
2573

Yakirevich E, Yanai O, Sova Y, Sabo E, Stein A, Hiss J, Resnick
MB (2002) Cytotoxic phenotype of intra-epithelial lympho-
cytes in normal and cryptorchid human testicular excurrent
ducts. Hum Reprod 17:275–283

Yenugu S, Hamil KG, Radhakrishnan Y, French FS, Hall SH
(2004) The androgen-regulated epididymal sperm-binding
protein, human beta-defensin 118 (DEFB118) (formerly
ESC42), is an antimicrobial beta-defensin. Endocrinology
145:3165–3173

Yule TD, Tung KS (1993) Experimental autoimmune orchitis
induced by testis and sperm antigen-specific T cell clones:
an important pathogenic cytokine is tumor necrosis factor.
Endocrinology 133:1098–1107

Yule TD, Montoya GD, Russell LD, Williams TM, Tung KS
(1988) Autoantigenic germ cells exist outside the blood tes-
tis barrier. J Immunol 141:1161–1167

Zeyse D, Lunenfeld E, Beck M, Prinsloo I, Huleihel M (2000)
Interleukin-1 receptor antagonist is produced by Sertoli
cells in vitro. Endocrinology 141:1521–1527

Zhou CX, Zhang YL, Xiao L, Zheng M, Leung KM, Chan MY, Lo
PS, Tsang LL, Wong HY, Ho LS, Chung YW, Chan HC (2004)
An epididymis-specific beta-defensin is important for the
initiation of sperm maturation. Nature Cell Biol 6:458–64

II.1.7 Male Contributions to the Biology of Conception
and Fertilization
H. J. Tournaye

During the formation of spermatozoa, a process
called spermatogenesis, haploid cells are formed.
The development of an organism starts when this
haploid cell, the spermatozoon, fertilizes an oo-
cyte, restoring somatic diploidy. The spermatozo-
on does not contain just the male genome, but also
a set of signals and organelles necessary for the ini-
tiation of development. Fertilization consists of
four steps: gamete interaction, oocyte penetration,
fusion of genetic material and activation of the oo-
cyte’s metabolism and development. However, the
spermatozoon should also deliver its centrosome,
which serves as a template enabling further cleav-
age divisions of the fertilized oocyte. Apart from
the haploid genome, the spermatozoon also sup-
plies RNA transcripts to the oocyte. However, to
date their role remains speculative.

Summary

II.1.7.1
The Foreplay

II.1.7.1.1

Sperm Migration

As in most mammals, in the human too several mil-
lions of free swimming spermatozoa are left in the low-
er female genital tract, i.e. the upper part of the vagina,
near the cervical ostium after intercourse. The cervical
epithelium secretes impenetrable mucins throughout
the menstrual cycle. However, in the days preceding
ovulation, through the action of rising oestradiol levels

from the developing follicle on the cervical epithelial
cells, these mucins change their physico-chemical
properties to such an extent that motile spermatozoa
can eventually enter and penetrate the cervical mucus.
The penetration by spermatozoa can be assessed by
sperm–cervical mucus interaction tests. The cervical
mucus thus acts as a primary sperm reservoir and has
a filtering action. Spermatozoa with an appropriate
motility pattern and adequate morphology will eventu-
ally leave the cervical mucus and continue their jour-
ney through the upper female genital tract. It has been
shown that spermatozoa can be observed in the Fallo-
pian tubes within 30 min of their deposition in the up-
per part of the vagina. Given a swimming speed of
about 25 µm/s for a normally functional spermatozo-
on, it must be clear that the contractile action of the fe-
male genital tract has a beneficial effect on the migra-
tion of the spermatozoa.

II.1.7.1.2

Capacitation

Once ejaculated and in contact with the female genital
tract, spermatozoa will undergo a series of physiologi-
cal changes while migrating to their target, i.e. the oo-
cyte. One of these changes is capacitation, a functional
reprogramming of the spermatozoon. By interacting
with the female epithelial cells and exposure to lipopro-
teins from the follicular fluid, the sperm surface gradu-
ally changes its functional properties mainly by lipid
exchange (Therien et al. 2001). Loss of cholesterol re-
sults in an increase of plasma membrane fluidity (Go
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and Wolf 1985). By exposure to bicarbonate, signalling
proteins become active by phosphorylation (Visconti
et al. 2002) and flagellar motility becomes hyperacti-
vated (Ho and Suarez 2001). Furthermore it has been
shown in the human too that follicular fluid may exert
a chemoattractive action on the free swimming sper-
matozoa in the female genital tract (Fabri et al. 1998;
Yao et al. 2000).

II.1.7.1.3

Acrosome Reaction

Once the spermatozoon is capacitated it is able to un-
dergo a controlled exocytosis, which in the case of the
spermatozoon is called the acrosome reaction, since
enzymes contained in the acrosome are released during
this event. Both contact with specific receptors at the
zona pellucida of the oocyte (Wassarman 1999) and
progesterone secreted by the granulosa cells induce this
exocytosis (Patrat et al. 2000).

II.1.7.1.4

Penetration

Only sperm that have undergone the acrosome reac-
tion are able to penetrate the oocyte and eventually
fuse with the oolemma, i.e. the egg’s plasma mem-
brane. Penetration of the zona pellucida results not on-
ly from a localized lysis by acrosomal enzymes but also
from spermatozoal motility (Bedford 1998). The fusion
of the oolemma with the sperm membrane is the result
of binding of sperm-specific surface proteins, some be-
longing to the so-called ADAM family (a disintegrin
and metalloprotease), with the integrin receptor on the
egg’s cell membrane (Bigler et al. 1997).

II.1.7.2
Paternal Contributions to Conception

II.1.7.2.1

Oocyte Activation

During fertilization, the spermatozoon provides a sig-
nal to the egg in order to resume meiosis and to start a
developmental programme in the oocyte. This signal-
ling event is called oocyte activation. Oocyte activation
is an important contribution made by the spermatozo-
on to the initiation of embryonic development (Runft et
al. 2002). For many years it was postulated that the
binding of a sperm ligand to an egg receptor, possibly
the above-mentioned ADAM-integrin binding, started
a cascade of signals within the oocyte resulting in a re-
lease of intracellular calcium activating the fertilized
egg’s metabolism. This model assumes contact and fu-
sion of the membranes of both gametes (Williams
2002). With the successful introduction of intracyto-

plasmic sperm injection (ICSI) (Palermo et al. 1992;
Van Steirteghem et al. 1993) it became clear that alter-
native mechanisms may exist, since in this technique
no extracellular sperm–oocyte contact is established
without deficient oocyte activation. Therefore, a sec-
ond model assumes the existence of intracellular, solu-
ble sperm factors which can activate the oocyte without
contact of the membranes (Swann 1993).

II.1.7.2.2

The Microtubule Organizing Centre

A centrosome is an essential requirement for a cell to di-
vide. The centrosome acts as a template in the produc-
tion of microtubules and is therefore also called the mi-
crotubule organizing centre (MTOC). After decondensa-
tion, the centrosome will bring together the pronuclei of
both sperm and egg. After syngamy the centrosome will
duplicate and assembly a spindle which directs the chro-
matids during cell cleavage (Santhanantan 1997).

In the human, centrosomal inheritance is paternal
(Schatten 1994). It is the spermatozoon that supplies
the centriole which will then be transformed into the
centrosome after sperm-oocyte fusion (Stearns and
Kirschner 1994) (Fig. II.1.21).

Once in the oocyte’s cytoplasm, microtubules will
elongate throughout the cytoplasm from the centro-
some. This microtubular structure is called the “sperm
aster” according to its morphology. It encounters the
female pronucleus containing a haploid set of chromo-
somes after completion of meiosis. The microtubules
then transport the female pronucleus towards the male
pronucleus. Once pronuclear apposition is obtained,
both paternal and maternal chromosomes will con-
dense and attach aligned to the microtubules of the mi-
totic spindle.

Deficiencies in centriolar function are emerging as
potential causes of male infertility (Asch et al. 1995; Na-
gy 2000; Terada et al. 2004) and fertilization failure,
even after ICSI (Nijs et al. 1996; Tournaye 2000; West-
lander et al. 2003). These deficiencies may also explain
the high rate of chromosomal mosaicisms observed in
embryos obtained after ICSI using immature sperma-
tozoa recovered from men with deficient spermatogen-
esis (Silber et al. 2003; Platteau et al. 2004).

II.1.7.2.3

The Genome

A haploid set of chromosomes is the premier male con-
tribution to fertilization and conception in mammals.
Because this set includes 23 randomly derived chromo-
somes, a man can produce 223 chromosomally different
spermatozoa, i.e. 8,388,608. However, because of genet-
ic recombination by crossing over during meiosis,
there is only a infinitely small chance that two sperma-
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Fig. II.1.21a–i. Centrosome in-
heritance and microtubule
organization during fertiliza-
tion in humans. The mature,
unfertilized oocyte has mi-
crotubules solely in the sec-
ond meiotic spindle (a),
which is arrested at meta-
phase, radially oriented, and,
in the human, asymmetrical.
The sperm introduces the
centrosome (drawn as a pin-
wheel a). After sperm incor-
poration, all microtubules are
radially arrayed around the
sperm (b). Centrosome posi-
tion and shape are inferred
from the observed pattern of
microtubules, and the size of
the cell body is shown by the
clearing of the cytoplasm. Mi-
crotubules are also found in
the midbody of the second
meiotic spindle (b, c). As the
male and female pronuclei
decondense (c), the sperm as-
tral microtubules enlarge,
and the male pronucleus is
displaced off the cortex and
into the cytoplasm. The fe-
male pronucleus moves to-
ward the male pronucleus (d)
as the sperm aster becomes
asymmetrical. The appear-
ance of two tufts of microtu-
bules emanating from the re-
gion juxtapositioned between

the closely apposed pronuclei (e) provides an indication that the centrosome splits during late interphase. The maternal and pa-
ternal chromosomes condense at prophase, during prometaphase (f) they move into alignment, so that by metaphase the parental
genomes have united at the spindle equator (g). One or two small asters form at metaphase from the spindle pole associated with
the sperm tail. The pronuclei remain eccentrically positioned throughout first interphase and until first mitotic anaphase (h). At
anaphase, the mitotic asters form, enlarge and preferentially interact with the adjacent cortical region: this displaces the mitotic
spindle toward the zygote centre. The cleavage furrow initially forms at this site, suggesting that sperm aster placement plays a
role in the specification of the axis for first cleavage (i). The events after metaphase are inferred from rhesus zygotes. Defects ob-
served in oocytes from infertile patients include failures to complete the following: (1) sperm incorporation (a); (2) egg activation
(a, b); (3) sperm aster nucleation (b); (4) sperm aster enlargement and pronuclear decondensation (c); (5) migration of the female
pronucleus (d, e); and (6) cell-cycle progression [meiosis to interphase (a, b) or interphase to mitosis (e, i)] (Reprinted from Dev
Biol 165:299–335, 1994. Schatten G: The centrosome and its mode of inheritance: the reduction of the centrosome during gameto-
genesis and its restoration during fertilization in humans. Copyright 2006, with permission from Elsevier.)

tozoa would be genetically identical. Besides this ran-
dom selection followed by recombination, a third phe-
nomenon induces a different expression of the sperma-
tozoal genome, i.e. genomic imprinting (Reik and Wal-
ter 2001). While random selection of chromatids and
recombination are shaping the genotype, imprinting is
a further modelling of the genome. The phenomenon is
called imprinting because there is some imprint that is
put on the oocyte’s DNA or on the spermatozoal ge-
nome which marks that DNA as being maternal or pa-
ternal, and influences what the gene does in the next
generation in both male and female offspring. The
mark is the result of allele-specific methylation of the
DNA. Paternally imprinted genes are “switched off”
when passed from father to child, while maternally im-

printed genes are “switched off” when passed from
mother to child. Thus imprinting results in a reversible
but gamete-specific marking of the genome creating a
functional difference between the genetic information
contributed by each parent. Usually the information
from both paternal and maternal genes is actively used.
However, some genes must have either a maternal or a
paternal imprint in order to function. Both Prader–
Willi syndrome and Angelman syndrome are examples
of the imprinting concept. Both syndromes result from
a deletion in the same area on chromosome 15 but if the
deleted area is paternally inherited the child will devel-
op Prader-Willi syndrome because the gene is
“switched off” on the maternally inherited chromo-
some 15. If the deleted area is maternally inherited the
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child will develop Angelman syndrome because this
gene is “switched off” on the paternally inherited chro-
mosome 15.

Another example of the importance of imprinting is
complete hydatidiform mole. Because of loss of the ma-
ternal genome, compensated by a duplication of the pa-
ternal genome or polyzoospermic fertilization, the em-
bryo will only develop abnormal extraembryonic tis-
sues. When on the other hand the genome lacks pater-
nal input, a condition referred to as gynogenesis, the
extraembryonic tissues will hardly develop, but the in-
ner cell mass will become hypertrophic. Both condi-
tions clearly show that although the inherited auto-
somes contain the same DNA sequences, they are dif-
ferent in terms of gene expression because of differ-
ences in allele-specific imprinting. The poor reproduc-
tive performance of cloning experiments too is yet an-
other example of the importance of parent-specific im-
printing.

Genomic imprinting changes during the life cycle of
an individual. When primordial germ cells develop in
the gonadal ridges during foetal life, all imprints are
erased (Ueda et al. 2000). But before birth, de-novo
methylation starts and imprinting is re-established
(Davis et al. 2000). Although the male germ cells are
imprinted even before meiosis starts, there may be con-
cerns that imprinting is incomplete or deficient when
immature gametes or gametes from men with primary
testicular failure are used for assisted reproduction
(Gosden et al. 2003; Lucifero et al. 2004). Although
more research is urgently needed in this field, to date
there is no sound evidence that assisted reproduction
may increase the risk of imprinting defects.

II.1.7.3
Other Spermatozoal Attributes

II.1.7.3.1

The Sperm Mitochondria

Spermatozoa need mitochondria to generate energy for
maintaining flagellar motility. Most sperm structures
entering the oocyte at fertilization, i.e. fibrous sheath,
microtubule doublets, outer dense fibres and the striat-
ed columns of the connecting piece, are cleared from
the oocyte’s cytoplasm. Mitochondria too are dis-
carded after fertilization. After fertilization, they are
submerged in the oocyte’s cytoplasm diluting out the
paternal mitochondrial DNA (mtDNA). The few copies
of paternal mtDNA are inactivated during preimplan-
tation embryonic development by a ubiquitin-depen-
dent mechanism (Sutovsky et al. 1996). However, there
are concerns that whenever deficient spermatozoa are
used for assisted reproduction, this elimination may be
incomplete and may result in mtDNA heteroplasmy (St.
John et al. 2004).

II.1.7.3.2

Sperm RNA

For years it was assumed that spermatozoa did not con-
tain mRNA as oocytes do. However, in recent years
mRNAs, similar to those that are observed during sper-
matogenesis in the testis, have been found in mature
spermatozoa (Miller et al. 2000). Mature sperm were
even found to maintain a low transcriptional activity
up until the acrosome reaction (Naz 1998). The role of
these transcripts remains unclear, but spermatozoal
mRNA has been detected in fertilized oocytes (Oster-
meier et al. 2004) leading to speculation that these
stored mRNA may be useful during the first steps of fer-
tilization and maybe contribute to the paternal im-
printing.
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II.2Mechanisms of Dysfunction and Pathology

II.2.1 Disorders of Prenatal Sexual Development
P. Wieacker

Male sexual differentiation and fertility are the re-
sult of a signal cascade including genetic, endo-
crine and cellular factors. Clinical manifestations
of disorders of male sexual development are hypo-
gonadism, intersexuality and sex reversal. They
can be caused by disorders of gonadal determina-
tion and differentiation, defects of hypothalamic–
pituitary–gonadal regulation and steroid hormone
biosynthesis, hormone insensitivity syndromes,
and anomalies of the outflow tract. After clinical
examination endocrinological studies are neces-
sary in order to delineate hypergonadotrophic hy-
pogonadism in primary gonadal failure from hy-
pogonadotrophic hypogonadism in hypothalamic
and pituitary disorders. Genetic testing includes
chromosome analysis and in an increasing number
of disorders molecular genetic testing is now pos-
sible. In many instances, especially in cases of in-
tersexuality and sex reversal, diagnostic and thera-
peutic management should be the result of inter-
disciplinary co-operation.

Summary

II.2.1.1
Introduction

Sexual development is a sequence of gonadal determi-
nation, genital differentiation and germ cell produc-
tion. The principles of this developmental cascade are
given in Fig. II.2.1. Chromosomal sex is established at
fertilization. In the presence of a Y chromosome the bi-
potent gonads differentiate to testes. Genital differenti-
ation is an endocrinological process mediated essen-
tially by anti-Müllerian hormone (AMH) and andro-
gens. AMH is secreted by Sertoli cells and androgens by
Leydig cells and adrenal glands. AMH controls the re-
gression of Müllerian ducts which otherwise develop to
Fallopian tubes, uterus and the upper part of the vagi-
na. Testosterone promotes the development of Wolffian

ducts to vas deferens, seminal vesicles and epididymis.
In the periphery, testosterone is converted to dihydro-
testosterone promoting the differentiation of the pros-
tate and external genitalia.

Disorders of sexual development can take place at
the molecular, chromosomal, gonadal and somatic lev-
el leading to dissociations between these different lev-
els.

II.2.1.2
Primary Disorders of Gonadal Development

Primary disorders of gonadal development are charac-
terized by a hypergonadotrophic hypogonadism. They
may be the result of chromosomal aberrations and gene
mutations. However, in many cases the underlying de-
fect remains unknown and cryptic rearrangements,
unknown gene mutations as well as exogenous factors
should be considered.

II.2.1.2.1

Klinefelter Syndrome

Klinefelter syndrome is the most frequent aberration
observed in patients with azoospermia. In about 85%
karyotype 47,XXY can be detected resulting from mei-
otic non-disjunction. The additional X chromosome is
of maternal origin in slightly more than 50% (Harvey
et al. 1990). In about 15% of cases mosaicism of 46,XY
cells and 47,XXY cells or cells with additional X chro-
mosomes can be observed.

Newborns with 47,XXY exhibit no significant dys-
morphism. Height development is increased by the age
of about 5 years. Clinical features in adults include tall
stature, caused especially by the striking length of the
legs, gynaecomastia in 15–30% and diminished axil-
lary and body hair. Testes are small and show a progres-
sive hyalinization and fibrosis of the seminiferous tu-
bules. Leydig cells decrease in number leading to a re-
duced capacity for testosterone synthesis.
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Without assisted reproduction, infertility is the rule.
The few cases of confirmed paternity may be attributed
to hidden mosaicism with 46,XY cells in the gonads.
Currently, the success rate of intracytoplasmic sperm
injection (ICSI) after testicular sperm extraction (TE-
SE) in patients with Klinefelter syndrome seems to be
low. Among 20 patients with 47,XXY Levron et al.
(2000) could obtain testicular sperm in eight patients
and pregnancy was successful in four couples. The risk
of gonosomal abnormality in offspring may be about
3%. The risk of autosomal aberrations should also be
considered.

II.2.1.2.2

XX Male Syndrome

XX males have a male phenotype despite a 46,XX kar-
yotype. The incidence is about 1 in 20,000 newborn bo-
ys. Clinical features are similar to those of Klinefelter
syndrome including gynaecomastia, feminine sexual
hair distribution and azoospermia, but height is in the

normal range. About 80% of the cases are caused by the
translocation of the terminal part of Yp including SRY
(sex-determining region of the Y chromosome) into
the X chromosome during the paternal meiosis (Weil et
al. 1994). Therefore, the gonads are testes but sperma-
tozoa are lacking because the AZF region of Yq is ab-
sent. In about 20% of cases SRY cannot be detected. In
contrast to SRY-positive XX males, SRY-negative XX
males frequently exhibit genital malformations such as
hypospadias or scrotum bifidum. The cause of SRY-
negative XX maleness may be an inappropriate activa-
tion of the SRY-downstream cascade of testis differen-
tiation. Jarrah et al. (2000) described an inbred kindred
including SRY-negative XX maleness and XX-true her-
maphroditism suggesting a monogenetic inheritance.

II.2.1.2.3

True Hermaphroditism

In true hermaphroditism the gonads comprise both
testicular and ovarian structures. A few hundred cases

306 II.2 Mechanisms of Dysfunction and Pathology

II.2



have been reported. Separate ovaries and testes, or,
more often, one or more ovotestes are present. True her-
maphroditism generally presents as genital ambiguity.
The gonads may be located in the abdomen, the ingui-
nal region or the labioscrotal region. Spermatozoa are
rare, but follicles are often detected. Uterus bicornis or
unicornis is usually present, the latter indicating the
presence of a contralateral testis or ovotestis. At puberty
menstruation and breast development commonly oc-
cur. In about 60%, the karyotype 46,XX can be detected.
In about one-third of cases there is a mosaicism with a
cell line containing a Y chromosome (46,XX/46,XY or
46,XX/47,XXY) or parts of it. In the minority of cases
the karyotype is 46,XY (Queipo et al. 2002). The XX/XY
constellation may be a chimerism resulting from the fu-
sion of twin XX and XY embryos, whereas the XXY/XY
constellation may be explained by a mosaicism after
loss of an X chromosome in an XXY cell line. Most of the
46,XX cases are SRY negative and the induction of the
testis development cascade downstream of SRY may be
the cause. Hidden mosaicism can be the origin of XY
true hermaphroditism with a cell line without a Y chro-
mosome in parts of the gonads. In one XY case a post-
zygotic SRY mutation was found (Braun et al. 1993).

II.2.1.2.4

Gonadal Dysgenesis

Gonadal dysgenesis is a clinically and genetically het-
erogeneous disorder of gonadal differentiation. From a
pathological point of view, complete and partial dys-
genesis can be delineated. In complete dysgenesis go-
nads are degenerated to streaks consisting of connec-
tive tissue without germ cells and endocrine active
cells. The phenotype is female independently from the
karyotype. In contrast, partial dysgenetic gonads show
residues of endocrine tissues. Therefore, in a male kar-
yotype virilization can occur and this effect may be
more pronounced at puberty. In this context gonadal
dysgenesis should be delineated from testicular dys-
genesis syndrome (TDS), suggested by Skakkebaek et
al. (2001). TDS includes abnormal spermatogenesis,
undescended testes, testicular cancer and hypospadias.
Also testicular disorders such as Sertoli cell only syn-
drome caused by AZF deletions are not subsumed to
the term gonadal dysgenesis.

From a genetic point of view gonadal dysgenesis
caused by chromosomal aberrations can be delineated
from XX or XY gonadal dysgenesis. Numeric aberra-
tions are in most cases mosaics with a 45,X and a 46,XY
cell line arising from postzygotic chromosome loss.
The patients range in phenotype from female with clas-
sic Turner syndrome through intersex to male pheno-
type. In rare cases the primary cell line is 47,XXY and
postzygotic loss of the Y chromosome leads to a 46,XX/
47,XXY mosaicism.

Structural aberrations of the Y chromosome led to
the mapping of the testis determining factor (TDF) on
the short arm of the Y chromosome, because deletion
of the short arm of the Y chromosome or isochromo-
some of the long arm of Y results in gonadal dysgenesis.

In each of XX and XY gonadal dysgenesis, syndro-
mic or non-syndromic forms can be differentiated. In
syndromic forms gonadal dysgenesis is only one fea-
ture of a complex disease, whereas in non-syndromic
forms gonadal dysgenesis is the only manifestation of
the disorder. In this context, it is important to remem-
ber that an extreme XY/X mosaicism may simulate XY
gonadal dysgenesis if cells with gonosomal monosomy
are confined to the gonads (Röpke et al. 2004).

The frequency of XY gonadal dysgenesis is about 1
in 20,000 individuals. The term Swyer syndrome
should be reserved for the complete or pure form of
non-syndromic XY gonadal dysgenesis. Because Ley-
dig cells are absent, testosterone production is im-
paired and Wolffian ducts are absent and external geni-
talia are female. The absence of Sertoli cells means that
AMH production is disturbed, resulting in the develop-
ment of a uterus, Fallopian tubes and the upper part of
the vagina. The risk of gonadal malignancy is about
30%. In about 15% of XY gonadal dysgenesis deletion
of SRY can be detected (Cameron and Sinclair 1997).
These deletions are mostly the result of a translocation
of Y chromosomal material, including SRY, into the X
chromosome in paternal meiosis. In a further 15% of
XY gonadal dysgenesis point mutations or insertions as
well as deletions of a few nucleotides can be detected in
the SRY gene. Most mutations are located in the HMG
(high mobility group) domain of SRY. In this context it
is noteworthy that mutations with reduced penetrance
have been described. Furthermore, paternal mosaicism
of SRY mutations has been demonstrated in a few cases
resulting in more than one affected sibling.

The study of syndromic forms of XY gonadal dys-
genesis led to the identification of further genes in-
volved in gonadal differentiation. Genes of early gonad-
al development and those of testis differentiation can
be delineated. Mutations of genes of early gonadal de-
velopment can lead to XY or XX gonadal dysgenesis de-
pending on the underlying karyotype.

Wilms’ tumour 1 gene (WT1) in 11p13 is involved in
early gonadal development and kidney differentiation.
Homozygous transgenic mice for inactivating WT1
mutations are characterized by gonadal and kidney
agenesis (Kreidberg et al. 1993). In humans WT1 muta-
tions are associated with gonadal dysgenesis and glo-
merulopathy. Missense or stop mutations frequently
cause Denys–Drash syndrome characterized by a
mixed gonadal dysgenesis and ambiguous genitalia in
patients with a male karyotype as well as early onset of
kidney failure. In contrast, Frasier syndrome, rather
caused by splice mutations in intron 9, is characterized
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by complete gonadal dysgenesis with female external
genitalia and delayed-onset kidney failure. Further-
more, in Denys–Drash syndrome there is a high risk of
Wilms’ tumour and a lower risk of gonadoblastoma,
whereas the opposite is true in Frasier syndrome (Kö-
nig et al. 1993). However, it should be considered that
the two diseases show an overlap from a molecular bio-
logic point of view. Deletions of WT1 can be part of a
contiguous gene syndrome (WAGR) characterized by
Wilms’ tumour, aniridia, genital anomalies and mental
retardation. In this syndrome, the disturbed virilizati-
on can be explained by haploinsufficiency of WT1.

A further gene involved in early gonadal develop-
ment is the gene for steroidogenic factor 1 (SF-1) in
9q33, which plays an important role in adrenal develop-
ment. SF-1 interacts with WT1 in order to promote
AMH production and it regulates the expression of
some enzymes of steroid biosynthesis. So far, only a few
mutations have been reported: a heterozygous muta-
tion in a patient affected by adrenal failure and male-
to-female sex reversal, a heterozygous mutation in a fe-
male patient with adrenal failure, and a homozygous
missense mutation associated with sex reversal and ad-
renal insufficiency (Achermann et al. 1999).

XY gonadal dysgenesis can also be caused by muta-
tions in the SOX9 gene in 17q24.3-q25.1 (Wagner et al.
1994). Like SRY, SOX9 is a member of the HMG proteins
and promotes both testis and bone development. Carri-
ers of SOX9 mutations are afflicted by campomelic dys-
plasia, which is characterized by dwarfism, bowing of
the limbs (especially lower limbs) and further anoma-
lies. About two-thirds of patients with an XY karyotype
are affected by male-to-female sex reversal. The gonads
consist of ovarian stroma or dysgenetic testicular tis-
sue. Mutations of SOX9 are distributed along the entire
gene, but most missense mutations are localized in the
HMG domain. Furthermore, a substantial number of
patients have chromosome translocations with the one
breakpoint in the vicinity of SOX9, suggesting a posi-
tion effect. It has been assumed that SRY is a de-inhibi-
tor of an as yet unidentified inhibitor of SOX9.

Rare cases of XY gonadal dysgenesis are inherited in
an X-linked recessive trait and may be caused by dupli-
cation of the so-called dosage-sensitive sex reversal re-
gion (DSS) including the DAX1 gene in Xp21. Deletions
or mutations of DAX1 cause congenital adrenal hypo-
plasia, hypogonadotrophic hypogonadism and azoo-
spermia or severe oligospermia. In contrast, duplica-
tion of DAX1 is associated with male-to-female sex re-
versal or genital ambiguity in patients with a male kar-
yotype (Muscatelli et al. 1994). The gonads consist of
ovarian stroma with or without testicular tissue. Corre-
sponding with gonadal histology there are variable de-
grees of Wolffian and Müllerian derivatives. It has been
suggested that DAX1 is a dosage-dependent antagonist
of SRY. However, recent analysis of Dax1 knock-out

mice indicates that DAX1 per se is also important for
testis determination (Meeks et al. 2003).

The study of patients with deletions of the terminal
region of 9p led to the identification of DMRT1 and
DMRT2 (doublesex- and mab-3-related transcription
factors 1 and 2) in 9p24.3 (Raymond et al. 1998). Dele-
tions of these genes are associated with sex reversal or
genital ambiguity. Gonads turn out to be streaks or hy-
poplastic testes (Stumm et al. 2000). It is noteworthy that
the DMRT homologue on the Z chromosome in birds is
the testis-determining gene acting in a dosage-depen-
dent mechanism. Female birds with a WZ gonosomal
constellation have only one DMRT copy whereas male
birds with two Z chromosomes have two DMRT copies.

A further gene involved in testis differentiation is
ATRX (alpha-thalassaemia-mental-retardation-X-link-
ed). This gene in Xq13-q21 is responsible for chromatin
remodelling and has pleiotropic effects. It is involved in
cognitive processes as well as sex differentiation. Re-
cently many syndromes caused by ATRX mutations
have been identified. In ATRX, Sutherland–Haan syn-
drome, Smith–Fineman syndrome and Juberg–Marsidi
syndrome sex reversal or ambiguous genitalia can be
observed. The gonads show immature testicular tis-
sues. In an evolutionary context it is interesting that in
marsupials the Y chromosome homologue ATRY is the
testis-determining factor.

The “hedgehog signalling network”, which plays a
key role in embryonic patterning, is also involved in
sexual differentiation. A mutation of Desert Hedgehog
(DHH) in 12q13 has been found to be associated with
partial gonadal dysgenesis and minifascicular neuro-
pathy (Umehara et al. 2000). In testes DHH seems to
control peritubular cell development, Sertoli–Leydig
cell interactions and male germ line development.

Recently, mutations of the testis-specific protein-
like-1 gene (TSPYL1) in 6q22-q23 have been identified
as a cause of testicular dysgenesis and ambiguous geni-
talia in children affected by visceroautonomic dysfunc-
tion and sudden infant death (Puffenberger et al. 2004).

Autosomal aberrations have substantially contribut-
ed to the identification of genes involved in gonadal dif-
ferentiation, as is the case for SRY, WT1, SOX9 and
DMRT1/DMRT2. Further consistent aberrations ob-
served in male-to-female sex reversal are the deletions
10q25-q26 (Wilkie et al. 1993) and 2q31.1-q31.3 (Slavo-
tinek et al. 1999) or partial duplications of chromosome
1p (Wieacker et al. 1995). Some cases of 1p duplication
associated with sex reversal can be explained by the du-
plication of WNT4 because it has been suggested that
WNT4 is an agonist of DAX1 (Jordan et al. 2001).

Currently, the cause of XY gonadal dysgenesis is un-
known in about 70% of all cases including syndromic
forms of gonadal dysgenesis. An important strategy in
identification of the responsible genes will be the study
of knock-out mice.
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II.2.1.2.5

Vanishing Testes Syndrome

Vanishing testes syndrome is a heterogeneous disorder
with a broad clinical spectrum reaching from agona-
dism to anorchia. Syndromic and non-syndromic cases
can be delineated. The genital phenotype is dependent
on the time of testicular regression. An early onset of
testicular regression in a 46,XY embryo results in fe-
male internal and external genitalia because of the im-
paired production of androgens and AMH. Such cases
are clinically very similar to XY gonadal dysgenesis. In
the case of a later testicular regression, hypoplastic
Müllerian and Wolffian structures as well as ambiguity
of the external genitalia up to male external genitalia
with anorchia are possible. Familial occurrence sug-
gesting autosomal recessive inheritance has been de-
scribed. It is noteworthy that affected patients of the
same family can exhibit a variable phenotype including
sex reversal and genital ambiguity (Wieacker et al.
2003). Furthermore, Mendonca et al. (1994) reported
on agonadism in two siblings with a 46,XY and a 46,XX
karyotype, respectively, suggesting also autosomal re-
cessive inheritance of this disorder.

II.2.1.3
Disorders of Steroid Hormone Biosynthesis

Disorders of steroid hormone production are inherited
in an autosomal recessive trait. Defects leading to di-
minished production of androgens cause male pseudo-
hermaphroditism in the case of a male karyotype. Be-
cause gonadal differentiation is not impaired, there is
normal production of AMH resulting in the absence of
Müllerian structures. Defects leading to increased syn-

Fig. II.2.2. Important adrenal and gonadal biosynthetic pathways

thesis of androgens result in female pseudohermaphro-
ditism in the case of a female karyotype (Fig. II.2.2).

The transport of cholesterol from the outer to the in-
ner membrane of mitochondria is mediated by STAR
(steroidogenic acute regulatory protein). Consequent-
ly, mutations of STAR are associated with a marked re-
duction of adrenal and gonadal steroids. Affected new-
borns exhibit severe adrenal failure with salt loss. Chil-
dren with a male karyotype have female external geni-
talia or only slight features of virilization (Lin et al.
1995).

3 q -Hydroxysteroid-dehydrogenase (3 q HSD) is re-
sponsible for the conversion of pregnenolone to pro-
gesterone, 17-hydroxypregnenolone to 17-hydroxypro-
gesterone, and dehydroepiandrosterone to androstene-
dione. 3 q HSD2 in 1p13.1 codes for the isoenzyme that
is expressed in adrenal glands and gonads. Mutations
of 3 q HSD2 cause adrenal failure and disturbances of vi-
rilization in the case of a male karyotype. In contrast,
patients with a female karyotype often show virilizati-
on of the external genitalia or hirsutism possibly
caused by increased production of dehydroepiandro-
sterone (Pang et al. 1985).

Cytochrome P450C17 encoded by CYP17 has 17 [ -
hydroxylase as well as 17,20-lyase activity. Mutations
inactivating both domains lead to reduced levels of glu-
cocorticoids and sex steroids, but elevated mineralo-
corticoids associated with hypertonia. Mutations inac-
tivating only the 17 [ -hydroxylase domain result in iso-
lated hypogonadism with female or ambiguous genita-
lia in the case of a male karyotype.

17 q -Hydroxysteroid dehydrogenase catalyses the
conversion of androstenedione to testosterone and oe-
strone to oestradiol. Mutations of HSD17B3 in 9q22 are
associated with disturbed virilization of the external
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genitalia, but hirsutism, clitoromegaly and voice break-
ing at puberty in the case of a male karyotype. After hu-
man chorionic gonadotrophin (hCG) stimulation the
ratio of androstenedione to testosterone is increased
(Geissler et al. 1994).

5 [ -Reductase is responsible for the conversion of
testosterone to dihydrotestosterone. Mutations of the
corresponding gene, SRD5A2 in 2p23, result in pseudo-
vaginal perineoscrotal hypospadias (Thipgen et al.
1992). At puberty anabolic effects of testosterone are
obvious and voice breaking occurs. hCG stimulation
results in increased testosterone levels whereas dihyd-
rotestosterone remains low.

Defects of 21-hydroxylase or P450C21 encoded by
CYP21 in 6p21.3 are the most frequent cause of congen-
ital adrenal hyperplasia. About 90% of CYP21 muta-
tions are deletions or result from gene conversion.
Three different clinical courses can be delineated. In
congenital adrenal hyperplasia with virilization alone,
the conversion of 17-hydroxyprogesterone to deoxy-
cortisol is blocked, resulting in high levels of 17-hy-
droxyprogesterone and low levels of cortisol. The con-
sequence of defective cortisol synthesis is hypersecre-
tion of adrenocorticotropic hormone (ACTH) with re-
sultant hyperpigmentation and overproduction of an-
drogens leading to virilization of affected female chil-
dren. In congenital adrenal hyperplasia with salt loss,
the conversion of progesterone to deoxycorticosterone
is also blocked. In addition to defective cortisol synthe-
sis (with virilization in females), secretion of aldoste-
rone is impaired and without therapy this leads to hy-
perkalaemia and dehydration. In late-onset adrenoge-
nital syndrome there is a large clinical spectrum vary-
ing from ovarian dysfunction to virilization and pseu-
dopubertas praecox. In the latter form homozygosity of
mild mutations or compound heterozygosity or hetero-
zygosity of CYP21 mutations have been detected.
About 5% of cases of adrenogenital syndrome are
caused by mutations of CYP11B1 encoding 11 q -hy-
droxylase (P450C11). The impaired synthesis of corti-
sol results in hypersecretion of ACTH and virilization
in female children. In male and female children exces-
sive deoxycorticosterone production causes salt and
water retention with hypertension.

II.2.1.4
Androgen Insensitivity

The action of androgens is mediated by binding to the
androgen receptor, whose gene has been mapped to
Xq12 (Wieacker et al. 1987) and was cloned in the late
1980s (Lubahn et al. 1988). Mutations of the androgen
receptor gene (AR) are associated with a broad spec-
trum of androgen insensitivity syndromes (AIS) vary-
ing from women with female external genitalia in com-
plete androgen insensitivity, through patients with

genital ambiguity in partial androgen insensitivity, to
men with male genitalia but infertility in minimal an-
drogen insensitivity. Quigley et al. (1995) proposed a
more detailed classification considering 7 grades.
Grade 1 is characterized by normal male genitalia and
grades 6 and 7 by a female phenotype with (grade 6) or
without (grade 7) androgen-dependent effects after pu-
berty. Grades 2–5 describe different genital manifesta-
tions of androgen insensitivity.

Complete androgen insensitivity syndrome (CAIS)
with a frequency of about 1 in 20,000 is characterized by
female external genitalia. The normal testis differentia-
tion leads to undisturbed production of AMH resulting
in the absence of Fallopian tubes and uterus and in a
blind-ending vagina. However, in about one-third of
cases rudiments of Müllerian structures are detectable.
The impaired androgen action gives rise to the regres-
sion of Wolffian ducts and a maldescensus testis. The
testes may be located in the abdomen, the inguinal ca-
nal, or in the labia majora. Many patients are detected in
childhood because of inguinal herniae. After puberty,
primary amenorrhoea, absent or sparse axillary and pu-
bic hair, and a normal breast development are typical
features of CAIS. Breast development is explained by
high oestrogen levels due to peripheral aromatization of
testosterone as well as the impaired androgen efficiency.

Partial AIS (PAIS) comprises a wide spectrum of
clinical disorders. Incomplete testicular feminization,
Lubs syndrome, Gilbert–Dreifus syndrome and Rose-
water syndrome describe different manifestations of
partial androgen resistance. According to the classifi-
cation of Quigley et al. (1995), grade 5 is characterized
by a female phenotype with mild clitoromegaly and a
small degree of posterior labial fusion. In grade 4 a
phallic structure in between a clitoris and a phallus, a
urogenital sinus and labioscrotal folds can be observed.
Grade 3 is characterized by a predominantly male phe-
notype including perineal hypospadias, small penis,
cryptorchidism and scrotum bifidum. Individuals with
grade 2 exhibit an unequivocally male phenotype with
only mild effects of androgen insensitivity such as iso-
lated hypospadias.

The risk of testicular tumours is increased in AIS pa-
tients, but it is not clear whether this risk is greater than
that for patients with cryptorchidism. Dewhurst et al.
(1971) have estimated the risk for malignant tumours
to be in the range of 5–10%. Rutgers and Scully (1991)
have found malignant tumours in 9% of cases with
CAIS or PAIS.

To date more than 350 different mutations of the AR
gene have been detected in patients with AIS (Gottlieb
et al. 1998). Missense mutations are the most frequent
and the majority of them are family-specific (Wieacker
et al. 1998).

Minimal androgen insensitivity (MAIS) corre-
sponds to grade 1 and is characterized by normal male
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genitalia, gynaecomastia and infertility due to azoo-
spermia or severe oligozoospermia.

Previous androgen binding studies of genital skin fi-
broblasts of infertile males suggested that minimal an-
drogen insensitivity could be a frequent cause of male
infertility. However, only a few mutations have been de-
tected in infertile men to date (Knoke et al. 1999). Yong
et al. (1994) detected the missense mutation Asn727Lys
in a patient with severe oligozoospermia. Interestingly,
androgen therapy led to normalization of the spermio-
gram and restored fertility in this one patient.

II.2.1.5
Disorders of AMH Action

The AMH gene in 19p13.3 is a member of the trans-
forming growth factor q (TGF q ) family. The regression
of Müllerian ducts induced by AMH begins immediate-
ly after testicular sex is established. AMH action re-
quires the function of AMH receptor II in 12q13. Muta-
tions of AMH or AMHR cause persistent Müllerian
duct syndrome (PMDS). Both AMH and AMHR2 muta-
tions are inherited in an autosomal recessive fashion.
Affected patients are genotypic and phenotypic males,
but frequently exhibit cryptorchidism, sometimes as-
sociated with inguinal hernia. The testes are very mo-
bile, prone to testicular torsion. The differentiation of
the testes is usually normal and germ cells are present if
there is no long-standing cryptorchidism. However,
aplasia of the epididymis and the upper part of the vas
deferens is commonly associated (Imbeaud et al. 1996).

AMH gene mutations detected in 47% of isolated
PMDS are mostly family-specific and lead to very low
or undetectable AMH levels. However, interpretation of
AMH levels is reliable only in children because AMH
production is normally repressed after puberty. In pa-
tients with AMHR2 mutations serum levels of AMH are
normal. AMHR2 mutations have been detected in
about 38% of isolated PMDS patients. The cause of the
remaining 15% is currently unknown (Picard 2004).

II.2.1.6
Disorders of the Hypothalamic–Pituitary–
Gonadal Axis

Disorders of gonadotrophin-releasing hormone (GnRH)
or gonadotrophin secretion are associated with hypo-
gonadism, but have no impact on prenatal male sexual
development because foetal testosterone production is
stimulated by human chorionic gonadotrophin (hCG).
Therefore, among the disorders of the hypothalamic-
pituitary-gonadal axis, only defects of the LH/hCG re-
ceptor will be discussed since the action of hCG is
blocked by inactivating mutations of the LH receptor
gene. Inactivating mutations of the LH/hCG receptor
gene result in female or ambiguous external genitalia in

the case of a male karyotype because of Leydig cell
aplasia or hypoplasia (Kremer et al. 1995). Müllerian
structures are absent because AMH production is not
impaired. This is in contrast to XY-gonadal dysgenesis
in which the uterus, Fallopian tubes and vagina are pre-
sent. Inactivating mutations of the LH/hCG receptor
gene are inherited in an autosomal recessive pattern,
whereas activating mutations are dominant and cause
pubertas praecox in male individuals.

II.2.1.7
Hypospadia and Undescended Testis

Hypospadia and undescended testis can be symptoms
of different syndromes, but in most cases they are iso-
lated disorders. The frequency of hypospadias is 1 in
1000 newborns. Associated malformations, especially
of the urogenital tract, can be observed in about 15%.
In most cases, polygenic-multifactorial inheritance is
assumed, and the recurrence risk for brothers or sons is
about 6–17%. However, Alléra et al. (1995) detected
mutations of the androgen receptor gene in 7% of cases
with severe hypospadias. In the case of a complex dis-
order chromosome aberrations and Mendelian disor-
ders have to be considered.

The frequency of undescended testes is about 3–6%
in newborns. Descensus testis requires androgen ac-
tion, and disorders of androgen production as well as
androgen insensitivity are typically associated with un-
descended testes. In rare instances cryptorchidism can
be caused by mutations in the insulin-like-3 gene
(INSL3) (Tomboc et al. 2000) or in the leucine-rich-re-
peat-containing G protein-coupled receptor-8 gene
(L6R8) (Gorlov et al. 2002). Cryptorchidism can also be
part of complex disorders. Chromosome aberrations
have been detected in 2% of cryptorchidism. However,
in most cases cryptorchidism seems to have a polygen-
ic multifactorial aetiology. The recurrence risk for sib-
lings is about 10% in the case of an isolated disorder.
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II.2.2 Endocrine Disorders and the Role of Hormone
Disrupters
A. Mahmoud, F. Comhaire

Excluding primary testicular failure and diabetes
mellitus, endocrine disorders are uncommon but
treatable causes of male infertility and erectile dys-
function. After treating the cause if possible, tes-
tosterone therapy induces puberty and normalizes
erectile function in patients with hypogonadotro-
phic hypogonadism (HH). Infertility in patients
with HH is treated by gonadotrophins, comple-
mented with assisted reproductive techniques if
necessary. The choice between dopamine agonists
or surgery for the treatment of prolactinoma de-
pends on tumour characteristics. The few studies
available indicate that thyroid dysfunction is asso-
ciated with impaired sperm quality. Recent evi-
dence suggests that impaired spermatogenesis is
associated with “subclinical” Leydig cell dysfunc-
tion. In these cases long-term follow-up of serum
testosterone is recommended. The progressive in-
crease in the incidence of male genital tract anom-
alies, male infertility and testicular cancer suggests
a deleterious effect of environmental factors. The
association of these pathologies is called “testicu-
lar dysgenesis syndrome, TDS”. Many studies sug-
gest that TDS is caused by synthetic endocrine dis-
rupters, mostly chemicals with (anti)oestrogen-
like actions (xeno-oestrogens).

Summary

II.2.2.1
Introduction

Male sexual differentiation and development (Chap.
II.1.2) as well as male fertility and sexuality are under
tight endocrine regulation by the hypothalamo-pitui-
tary-testicular (HPT) axis (Chap. II.1.5). Moreover,
cross talk exists between the HPT axis and other endo-

crine and non-endocrine organs. Any factor disturbing
the HPT axis may therefore result in male gonadal dys-
function.

To complicate matters further, many exogenous sub-
stances including natural and synthetic hormonally ac-
tive “endocrine or hormonal disrupters” are proven or
suspected to influence male gonadal function (see be-
low).

II.2.2.2
Endocrine Disorders

Excluding primary testicular failure (and diabetes mel-
litus in patients with erectile dysfunction), the inci-
dence of endocrine abnormalities is low in patients
with infertility (0.6% to 1.5%) (WHO 1987; Sigman
and Jarow 1997) and erectile dysfunction (Buvat and
Lemaire 1997; Earle and Stuckey 2003; Maatman and
Montague 1986). Nevertheless, treatment of for exam-
ple hyperprolactinaemia may result in the restoration
of fertility and erectile function.

II.2.2.2.1

Hypogonadotrophic Hypogonadism (HH)

The list of causes of HH is long (Table II.2.1). A detailed
description of these conditions (for example Melmed
2002) is beyond the scope of this work. Only a brief
summary for the clinical andrologist and recent ad-
vances with representative references/reviews are high-
lighted.

Advances in molecular genetics have clarified the
cause of some cases of “idiopathic” HH (Silveira et al.
2002; de Roux et al. 2003; Seminara et al. 2003).

In young patients the most common presentation of
gonadotrophin deficiency is delayed puberty. Cryptor-
chidism, micropenis and/or hypospadias may be pre-
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Table II.2.1. Causes of hypogonadotrophic hypogonadism

GnRH deficiency
Congenital and syndromic
Idiopathic
Kallmann syndrome (with anosmia/hyposmia) (Kal 1, Kal 2

gene mutations)
Prader-Willi (abnormal 15q11-q13)
Laurence-Moon
Bardet-Biedl
Septo-optic dysplasia
Adrenal hypoplasia congenita (orphan receptor DAX-1

gene mutation)
Other orphan receptor gene mutations: GPR54 (G protein-

coupled receptor)
Isolated LH deficiency (fertile eunuch syndrome)

Acquired GnRH deficiency
Postpubertal idiopathic
Hypothalamic/pituitary stalk lesions:

Tumours
Craniopharyngioma
Germ cell tumours
Hamartoma
Glioma
Metastasis

Vascular, inflammatory: post infectious, irradiation,
vasculitis, infarction

Head trauma and haemorrhage
Infiltrative: tuberculosis, sarcoidosis, histocytosis

Gonadotrophic deficiency
Pituitary tumour/mass: adenomas including prolactinoma,

aneurysm, meningioma
Hypophysectomy
Primary empty sella
Post-infarction (pituitary apoplexy)
Pituitary infiltration/abscess: tuberculosis, haemochroma-

tosis
Pituitary transcription factors gene mutations (HESX1,

LHX3, and PROP-1)
Obesity gene mutations: leptin, leptin receptor, prohor-

mone convertase 1 ( PC1)
GnRH receptor mutations
LH, FSH q -subunit gene mutations
Immunoglobulins blocking FSH/receptor interaction?

(reported in female)

Functional abnormalities
Constitutional delayed puberty
Extreme obesity, weight loss, starvation, malnutrition
Stress, extreme exercise
Medication (anabolic steroids, glucocorticoids, androgens,

GnRH analogues)
Drugs, alcohol
Hyperprolactinaemia
Hypothyroidism
Systemic illnesses (e.g. renal failure, poorly controlled

diabetes mellitus, severe burns)

sent from birth due to insufficient testosterone produc-
tion during foetal life in congenital forms. Sexual dys-
function or infertility may be the presenting symptom
of HH in adults.

The diagnosis of HH is established by finding low
(or normal) gonadotrophins and low testosterone in
blood of patients with infertility or erectile dysfunc-

tion. Further laboratory tests may be needed to define
possible accompanying pituitary insufficiencies and
appropriate imaging techniques (e.g. radiographs for
bone age/quality, CT scan or better MRI for tumours
and empty sella) and genetic studies will complete the
diagnostic work-up. Besides treating the cause if possi-
ble, testosterone therapy is used to induce puberty and
androgen replacement (see Sect. II.4.6.2, Androgens).
The induction of spermatogenesis is achieved at the
time when fertility is required with parenteral human
menopausal gonadotrophin (hMG) with human chori-
onic gonadotrophin (hCG) replacing testosterone to
avoid suppression of spermatogenesis (Schaison et al.
1993). Pure follicle-stimulating hormone (FSH, more
expensive) may be used as an alternative to hMG but
the superiority of the former remains to be demon-
strated. Treatment with pulsatile gonadotrophin-re-
leasing hormone (GnRH) in cases with GnRH deficien-
cy is not superior to gonadotrophin treatment (Liu et
al. 1988). These therapies may be combined with assist-
ed reproductive techniques such as in vitro fertilization
with intracytoplasmic sperm injection, which may al-
low pregnancy to occur with very low numbers of sper-
matozoa (AACE 2002).

Kallmann syndrome (about 1 in 10,000 live-born infants)

Kallmann syndrome is characterized by the association
of hypogonadotrophic hypogonadism and anosmia/
hyposmia (especially for aromatic odours). Unrelated
sporadic cases occur more frequently than inherited
forms (Voorhoeve and Delemarre-van de Waal 2004).
Autosomal inheritance, both recessive and dominant
(with incomplete penetrance), is more common than
the “famous” X-linked variety (Oliveira et al. 2001).
The gene underlying the X-linked form of the disease is
KAL-1 (chromosome Xp22.3). It encodes a glycopro-
tein, anosmin-1, which is involved in the embryonic
migration of GnRH-synthesizing neurons and the dif-
ferentiation of the olfactory bulbs (Kottler et al. 2004).
A loss-of-function mutation in the fibroblast growth
factor receptor 1 gene (KAL-2, chromosome 8p11-p12)
has been found to cause the autosomal dominant form
(Dode et al. 2003).

Prader–Willi syndrome (1 in 10,000–16,000 live-born

infants)

Prader–Willi syndrome is characterized by short stat-
ure, muscular hypotonia, excessive appetite with pro-
gressive obesity, hypogonadism, mental retardation,
behavioural abnormalities, sleep disturbances and dys-
morphic features (Holm et al. 1993; Burman et al.
2001).
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II.2.2.2.2

Hyperprolactinaemia

Hyperprolactinaemia may be asymptomatic or present
with loss of libido/erectile dysfunction accompanied by
pressure symptoms if caused by a tumour, for example
visual field defects. The diagnosis is based on the detec-
tion of repeatedly elevated prolactin in serum. Exclude
medication, for example neuroleptics, antidepressants,
antihypertensives, and systemic disease (e.g. hypothy-
roidism) as a cause of hyperprolactinaemia. Identifica-
tion of macroprolactinaemia (large biologically inac-
tive protein complexes) is clinically important to pre-
vent unnecessary examinations and treatments in pa-
tients with idiopathic hyperprolactinaemia (Hattori
2003). MRI is preferred to CT due to its better defini-
tion of very small lesions in the pituitary sella and bet-
ter anatomical definition prior to surgery (Di Sarno et
al. 2003). The choice between treatment with dopamine
agonists (e.g. bromocriptine, cabergoline) and surgery
depends on the size of the tumour, its progression, its
response to medical treatment, and the presence or ab-
sence of pressure on neighbouring structures (Webster
1999; Colao et al. 2004; Liu and Couldwell 2004).

II.2.2.2.3

Thyroid Disorders

Both hyper- and hypothyroidism may have an adverse
effect on male gonadal function but relatively few stud-
ies are available on their effects on male reproduction
(reviews: Krassas and Pontikides 2004; Meikle 2004).

In patients with hyperthyroidism, levels of total tes-
tosterone, oestradiol, sex hormone-binding globulin
(SHBG), luteinizing hormone (LH) and FSH, and go-
nadotrophin responses to GnRH were found to be sig-
nificantly greater than these levels and responses in
age-matched controls, while free testosterone levels
were lower (Hudson and Edwards 1992). Therefore, the
free testosterone/free oestradiol ratio in hyperthyroid
men is lower than normal (Hudson and Edwards 1992).
Sperm parameters are frequently impaired (Hudson
and Edwards 1992; Abalovich et al. 1999). These abnor-
malities may revert following the correction of hyper-
thyroidism (Hudson and Edwards 1992; Abalovich et
al. 1999).

Hypothyroidism has been reported to be associated
with both hypergonadotrophic (Jaya et al. 1990) and
hypogonadotrophic hypogonadism (Meikle 2004).
Sperm parameters, especially sperm motility, may be
impaired (Corrales Hernandez et al. 1990). Thyroid
hormone replacement therapy corrects the hormonal
abnormalities and improves sperm parameters (Jaya et
al. 1990).

Gonadal damage may follow radioactive iodine (131I)
treatment for thyroid cancer. Therefore, Hyer et al.

(2002) advise that sperm banking should be considered
in men likely to receive cumulative doses greater than
17 GBq. This assumes that patients begin with normal
testicular function, therefore the threshold for sperm
banking might be even lower, especially if further 131I
therapy is likely (Mazzaferri 2002).

II.2.2.2.4

Impaired Spermatogenesis and “Subclinical” Leydig Cell

Dysfunction

A large and well-designed study by Andersson et al.
(2004) indicated that spermatogenic dysfunction is of-
ten associated with impaired Leydig cell function. They
showed that between 12% and 15% of men with dimin-
ished spermatogenesis had lower testosterone levels or
higher LH concentrations than 97.5% of a population
of fertile men. This provides substantive support for a
concept developed from several smaller studies con-
ducted over the past 30 years (Andersson et al. 2004; re-
view: de Kretser 2004). For example, a low LH/testos-
terone ratio that decreased with increasing FSH levels
has been reported in idiopathic infertility (Giagulli and
Vermeulen 1988). These findings suggest compensated
Leydig cell insufficiency in subfertile men (Giagulli and
Vermeulen 1988). It is currently unknown whether
disordered androgen production is a manifestation of
testicular dysgenesis syndrome (see Sect. II.2.2.3) or
results from disruption of local control mechanisms
between the seminiferous tubules and Leydig cells
(deKretser 2004). de Kretser (2004) recommends that
serum testosterone levels of patients with elevated LH
but with low to normal testosterone are followed up in
order to commence appropriate androgen replacement
if they become frankly hypogonadal.

Andersson et al. (2004) also found that serum oe-
stradiol, and the oestradiol/testosterone ratio were ele-
vated in infertile men compared to fertile controls. In
patients with both serum inhibin B and FSH in the nor-
mal range, it was found that oligozoospermia was asso-
ciated with higher serum oestradiol levels compared
with normozoospermia (Mahmoud et al. 1998). An
open study indicated that treatment with an aromatase
inhibitor significantly improved both the hormonal
imbalance in the oestradiol/testosterone ratio and the
impaired sperm parameters in these patients (Raman
and Schlegel 2002). These findings may also explain the
improvement in sperm parameters following treatment
of subfertile men with tamoxifen (see Sect. II.4.6.5.2).

II.2.2.3
The Role of Hormone Disrupters

A temporal decline of male fertility in humans and
wildlife has been documented in many studies. These
changes in male fertility are paralleled by an increased
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incidence of “endocrine-dependent” pathologies in the
male including hypospadias, cryptorchidism and tes-
ticular cancer, collectively termed “testicular dysgene-
sis syndrome” (Skakkebaek et al. 2001, 2003). A recent
study suggests that Leydig cell dysfunction may also be
a component of this syndrome (Andersson et al. 2004).
The incidence of other “endocrine-dependent” dis-
eases is also on the rise, for example prostate cancer in
the male and breast cancer in the female.

The “oestrogen hypothesis” has been put forward
as a possible explanation for these trends. The hypoth-
esis is that increased exposure to natural or synthetic
chemicals, mainly a group of manufactured sub-
stances with oestrogen-like action (xeno-oestrogens),
is responsible for the increase in these pathologies. In
vitro studies suggest that some heavy metals also have
an oestrogen-like action (Choe et al. 2003; Johnson et
al. 2003).

Acting on the oestrogen receptor is not the only
mechanism by which endocrine disrupters exert their
effect. Some endocrine disrupters are (anti)androgenic
such as phthalates (Fisher 2004) and/or pro-oxidants.
Also, some polyaromatic hydrocarbons may inhibit
their own degradation and also increase the bioavail-
ability of intrinsic oestrogens in target tissues through
the inhibition of the enzymes involved in oestrogen in-
activation (Kester et al. 2002).

Inappropriate overproduction of inhibin B by
Sertoli cells on exposure to environmental insults may
also suppress spermatogenesis both locally (Bame
et al. 1999) and via the inhibition of FSH production
by the pituitary gland (Voglmayr et al. 1990; Martin
et al. 1991; Lovell et al. 2000). These include oxidati-
ve stress (Comhaire and Mahmoud 2003; Richthoff
et al. 2003), lead (Mahmoud et al. 2005) and some
(xeno-) oestrogens (Depuydt et al. 1999; Monsees et al.
2000).

It has been shown that human spermatozoa express
aryl hydrocarbon (dioxin) receptors, providing a
mechanism by which environmental dioxins, polycy-
clic aromatic hydrocarbons and polyhalogenated bi-
phenyls could directly influence sperm function
(Khorram et al. 2004). For further details on the mech-
anisms of action and methods for the detection of en-
docrine disrupters see the review by Eertmans et al.
(2003).

A large body of animal and in vitro experiments
supports the endocrine disruption hypothesis. Fewer
data are available from human studies. These are sum-
marized below.

II.2.2.3.1

Cryptorchidism and Hypospadias

An increased risk of hypospadias has been reported in
the sons of women exposed to diethylstilboestrol (DES)

in utero [prevalence ratio 21.3 (95% confidence inter-
val (CI) 6.5–70.1)] (Klip et al. 2002). A similar tenden-
cy has been reported by Roelofs et al. (2004) [odds ratio
(OR) 2.6, 95% CI 0.8–9.1]. Both studies indicate that
hypospadias is strongly associated with low birth
weight, twin or triplet pregnancy, preterm delivery and
use of assisted reproductive techniques.

The risk of hypospadias was found to be doubled
when the mother had been exposed to chemical haz-
ards (pesticides) during gestation (Morera et al. 2004).

A significantly increased risk of cryptorchidism
but not hypospadias was found in sons of Danish
women working in gardening (adjusted OR 1.67; 95%
CI 1.14–2.47). The risks were not increased in sons of
men working in farming or gardening (Weidner et al.
1998).

Paternal exposure to pesticides occupationally has
also been reported to increase the risk of cryptorchi-
dism (OR 12.79, 95% CI 2.90–56.43) (Wang and Wang
2002).

Significantly higher levels of heptachloroepoxide
(HCE) and hexachlorobenzene (HCB) have been de-
tected in fatty tissue of children with cryptorchidism
compared to children undergoing other surgical proce-
dures (Hosie et al. 2000).

The results of a nested case–control study on dichlo-
rodiphenyltrichloroethane (DDT) in relation to hypo-
spadias/cryptorchidism were inconclusive (Longnek-
ker et al. 2002). Boys with maternal serum levels of
dichlorodiphenyldichloroethylene (DDE) greater than
or equal to 85.6 µg/l had adjusted OR values of 1.3 (95%
CI 0.7, 2.4) for cryptorchidism, 1.2 (95% CI 0.6, 2.4) for
hypospadias and 1.9 (95% CI 0.9, 4.0) for polythelia.
For cryptorchidism and polythelia, the results were
consistent with a modest-to-moderate association
(Longnecker et al. 2002).

In a study involving 7928 boys born to mothers tak-
ing part in the Avon Longitudinal Study of Pregnancy
and Childhood, mothers who were vegetarian in preg-
nancy had an adjusted OR of 4.99 (95% CI 2.10–11.88)
of giving birth to a boy with hypospadias, compared
with omnivores (North and Golding 2000). Since vege-
tarians have a greater exposure to phytoestrogens than
do omnivores, these results support the possibility that
phytoestrogens (possibly also xeno-oestrogens or
some unrecognized nutritional deficiency) have a de-
leterious effect on the developing male reproductive
system.

II.2.2.3.2

Puberty

In most European countries the age of onset of puberty
and of menarche has been decreasing during the past
few decades (Muinich Keizer and Mul 2001). This has
been attributed to environmental factors, possibly
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xeno-oestrogens. Also, precocious puberty has been
more frequently observed in immigrant or adopted for-
eign children living in Western Europe than in indige-
nous children (Parent et al. 2003). This diagnosis is still
often unrecognized. It is important not to delay diagno-
sis and treatment so as not to compromise the final
height of the patient (De Monleon 2001). Higher levels
of p,p-́DDE have been reported in these children in Bel-
gium (Krstevska-Konstantinova et al. 2001). It has been
hypothesized that withdrawal of xeno-oestrogens, due
to lower levels of exposure in Western Europe com-
pared to land of origin, may be the cause of precocious
puberty in immigrant or adopted foreign children
(Krstevska-Konstantinova et al. 2001).

Although another Belgian study indicated that ex-
posure to polychlorinated aromatic hydrocarbons
(PCAH) is associated with delayed sexual maturation
(Staessen et al. 2001; Den Hond et al. 2002), the meth-
odology and conclusions of this study have been criti-
cized (Dhooge et al. 2001; Molenberghs et al. 2003). The
pubertal development of adolescents living in a suburb
near two waste incinerators was compared with anoth-
er control. Significantly fewer boys from the polluted
area had reached the adult stages of genital develop-
ment and pubic hair growth. In individual boys, a dou-
bling of the serum concentration of certain polychlori-
nated biphenyl (PCB) congeners (cogners138 and 153)
increased the odds of not having matured into the adult
stage of genital development and male pubic hair
growth by 3.5 (p = 0.04). Left plus right testicular vol-
ume was lower in both polluted areas than in the con-
trol area (42.4 ml vs 47.3 ml, p = 0.005) but was not re-
lated to the current exposure of the adolescents to
PCAHs.

Fig. II.2.3. Evolution of testicular
weight in Japanese men (repro-
duced from Mori et al. 2002 with
permission from Blackwell)

II.2.2.3.3

Male Infertility

There have been concerns about a low and decreasing
birth rate in many industrialized countries, where up to
5–6% of children today are born after assisted repro-
duction (Jensen et al. 2002). Whether this decline is due
to social changes or environmental factors requires fur-
ther investigation, although similar trends have been
observed in wildlife.

Based on a meta-analysis of publications mainly
from Europe and North America, Carlsen et al. (1992)
indicated that sperm concentration overall had de-
clined by half over a 50-year period.

Carlsen’s analysis has been a matter of considerable
debate. In a re-analysis of this study, Swan et al. (1997)
found that the decline could have been even stronger
among European men. Another interpretation of Carl-
sen’s data indicates that sperm concentration was actu-
ally increasing and started to decline only after 1980
(Becker and Berhane 1998). In accordance with the lat-
ter interpretation, necropsy data from over 20,000 Japa-
nese men from 1948 to 1998 indicated that testicular
weight showed a general increase until it started to de-
cline in boys born after 1960. The same authors found
that the age-related decline in testicular weight has
greatly accelerated over that period, and that the onset
of increasing testis weight of boys has occurred at a
progressively younger age (Fig. II.2.3, Mori et al. 2002).
This is in accordance with the observed decreased age
at puberty reported in many studies.

Many studies indicate declining sperm quality in re-
cent years in different countries in Europe and that the
deterioration in sperm quality is not geographically
uniform (Auger et al. 1995; Irvine et al. 1996; Paulsen et
al. 1996; Van Waeleghem et al. 1996). Compared to
young men from a large city in Belgium, lower sperm
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concentration and serum testosterone levels were
found in young men from an agricultural area, accom-
panied by higher levels of DDT in women from the
same area (Dhooge et al. unpublished).

Men poisoned by PCBs and polychlorinated diben-
zofurans in Taiwan (the Yucheng exposure) had in-
creased abnormal morphology, a higher incidence of
oligozoospermia, and their sperm had reduced capaci-
ty to penetrate hamster oocytes compared to controls
(Hsu et al. 2003).

Data from subfertile men indicated an inverse dose–
response relationship between PCB-138 and sperm con-
centration, motility and morphology. There was also
limited evidence of an inverse relationship between
both total PCBs and group 3 PCBs (cytochrome P450
enzyme inducers) and sperm motility and morphology,
as well as limited evidence of an inverse association be-
tween p,p-́DDE and sperm motility (Hauser et al. 2003).

A population-based study from an agricultural area
(Missouri, USA) identified several currently used her-
bicides including alachlor (30.0, 95% CI 4.3–210), atra-
zine (OR 11.3, 95% CI 1.3–98.9) and the insecticide di-
azinon (OR 16.7, 95% CI 2.8–98.0) as associated with
decreased semen quality (Swan et al. 2003).

PCBs were detected in the seminal plasma of a group
of Indian infertile men but not in the controls, and the
concentration of phthalate esters was significantly
higher in the infertile men (Rozati et al. 2002). The
same study indicated that the total motile sperm counts
in infertile men were inversely proportional to their
xeno-oestrogen concentrations in seminal plasma and
were significantly lower than those in the respective
controls (Rozati et al. 2002). Negative dose–response
relations have been reported in subfertile men for
monobutyl phthalate and monobenzyl phthalate in
urine with one or more semen parameters (Duty et al.
2003a). Urinary monoethyl phthalate at environmental
levels was found to be associated with increased DNA
damage in spermatozoa (Duty et al. 2003b).

Other substances reported to be related to reduced
sperm quality or fecundability include chlordecone (ke-
pone), methamidophos, captan, 2,4-D, dibromochloro-
propane, ethylene dibromide, glyphosate (Cocco 2002).

Occupational exposure to ethylparathion and me-
thamidophos seems to have a moderately adverse effect
on sperm concentration and motility (Padungtod et al.
2000).

Data from the Netherlands indicate that paternal ex-
posure to pesticides is associated with decreased fertil-
ization and implantation rates during treatment by in
vitro fertilization for infertility (Tielemans et al. 1999,
2000).

Time to pregnancy was not prolonged among cou-
ples with paternal exposure to di(2-ethylhexyl)phthala-
te at a mean exposure level of <0.5 mg/m3 (Modigh et
al. 2002).

II.2.2.3.4

Sex Ratio

Some data indicate a declining male proportion at birth
in Europe (Martuzzi et al. 2001). Decreased male to fe-
male ratio at birth has been reported following high
levels of exposure to hexachlorobenzene (Jarrell et al.
2002). Exposure of men to 2,3,7,8-tetrachlorodibenzo-
para-dioxin (TCDD) in the Seveso incident in Italy (Pe-
satori et al. 2003) and occupational exposures (Ryan et
al. 2002) was linked to a lowered male to female sex ra-
tio in their offspring. No significant association was
found between environmental pollution and the pro-
portion of male births in Italy during the period
1989–1993 (Figa-Talamanca et al. 2003). An analysis of
sex ratio over 250 years in Finland does not support the
hypothesis that agricultural or industrial environmen-
tal oestrogens play any significant role in the changes in
sex ratio (Vartiainen et al. 1999).

II.2.2.3.5

Prostate Cancer

Animal studies indicate that peri-natal exposure to
oestrogenic compounds can result in alterations in the
size of the adult prostate and increase the incidence of
prostatitis (Stoker et al. 1999). Chronic inflammation of
the prostate is considered a predisposing factor for
prostate cancer (De Marzo et al. 2003).

A meta-analysis indicated that occupational expo-
sure to pesticides is associated with an increased risk of
prostate cancer among farmers (Keller-Byrne et al.
1997). Most of the more recent studies confirm this as-
sociation.

Although the pesticide applicators from Florida were
consistently and significantly healthier than the general
population, prostate cancer mortality [standardized
mortality ratio (SMR) 2.38, 95% CI 1.83–3.04] was sig-
nificantly increased (Fleming et al. 1999).

Increased risks were found among farmers exposed
to organochlorine insecticides and acaricides (OR 2.5,
95% CI 0.4–4.2), more specifically DDT (OR 2.1, 95%
CI 1.2–3.8), and dicofol (OR 2.8, 95% CI 1.5–5.0),
whose effects could not be well separated (Settimi et al.
2003). A pilot study indicated that oxychlordane and
PCB 180 were associated with an increased risk of pros-
tate cancer (Ritchie et al. 2003).

Prostate and testicular cancer mortality were found
not to be related to estimated environmental exposure
to p,p-́DDE in the USA (Cocco and Benichou 1998).

Moderate to high correlations were observed be-
tween pesticide sales in Brazil and prostate cancer mor-
tality (Koifman et al. 2002).

Used amounts of atrazine and captan in central Cali-
fornia correlated positively with the incidence of pros-
tate cancer in black but not in white males (Mills 1998).
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TCCD contamination after the Seveso accident in It-
aly had no effect on prostate cancer mortality (Bertazzi
et al. 2001).

Hispanic farm workers with relatively high levels of
exposure to organochlorine pesticides (lindane and
heptachlor), organophosphate pesticides (dichlorvos),
fumigants (methyl bromide), or triazine herbicides (si-
mazine) experienced an elevated risk of prostate cancer
compared to workers with lower levels of exposure
(Mills and Yang 2003).

One study reported a lower than expected incidence
of prostate cancer among men environmentally ex-
posed to PCBs (Standardized Incidence Ratio=0.83;
95% CI 0.69–0.97) (Pavuk et al. 2004).

II.2.2.3.6

Testis Cancer

High levels of cis-nonachlordane have been reported in
patients with testicular cancer (Hardell et al. 2003).
Mothers of the same patients showed significantly in-
creased concentrations of the sum of PCBs, hexachlo-
robenzene (HCB), trans- and cis-nonachlordane, and
the sum of chlordanes. Among case mothers the sum of
PCBs yielded an OR of 3.8 (95% CI 1.4–10). Odds ra-
tios were also increased for HCB (OR 4.4, 95% CI
1.7–12), for trans-nonachlordane (OR 4.1, 95% CI
1.5–11) and for cis-nonachlordane (OR 3.1, 95% CI
1.2–7.8) (Hardell et al. 2003).

Moderate to high correlations were observed be-
tween pesticide sales in Brazil and infertility, as well as
testis and ovarian cancer mortality (Koifman et al.
2002).

II.2.2.3.7

Serum Testosterone and Erectile Dysfunction

Exposure to environmental agents has been reported as
a risk factor for erectile dysfunction in Argentine men
(OR 7.1, 95% CI 1.5–33.0 for pesticides; OR 12.2, 95%
CI 1.2–124.8 for solvents) (Oliva et al. 2002).

A study from Belgium indicates that andropause,
otherwise termed the partial androgen deficiency of
aging male (PADAM), might in part be due to exces-
sive organochlorine pesticide accumulation (Legros
et al. 2003). Males with p,pD́DE >5µg/l had lower
free calculated testosterone (43.3±14.1 µg/l) than
males with p,pD́DE <5 µg/l (59.6±23.2) (Legros et al.
2003).
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II.2.3 Infection/Inflammation of the Male Genital Tract
as Cause of Abnormal Spermatozoa
C. Depuydt, A. Mahmoud, K. Everaert

The effects of infection/inflammation of the acces-
sory glands (MAGI) on male fertility depend on
the type of pathogen, the acute versus chronic
course of the disease and the organ(s) affected. The
mechanisms through which MAGI impair the fer-
tilizing capacity of spermatozoa are reasonably
well understood. Damage caused by abnormal
concentrations of cytokines, growth factors and
reactive oxygen species alters the sperm mem-
brane and DNA.

Antibiotic treatment commonly does not result
in the restoration of accessory gland function and
sperm fertilizing potential. Complementary treat-
ment with antioxidant nutriceuticals and, some-
times, assisted reproduction may be indicated.

Summary

II.2.3.1
Introduction

Clinicians treating subfertile men are confronted with
patients presenting accessory gland infection (MAGI)
as a common occurrence (WHO 1987; Rowe et al.
2000). For some time MAGI has been accepted as an ae-
tiological diagnosis if semen classification is abnormal

spermatozoa, including azoospermia. According to the
World Health Organization (WHO), the diagnosis of
MAGI as a cause of infertility is given if a patient has ab-
normal spermatozoa and certain criteria are satisfied
in history taking, physical examination, and in the
analysis of urine and/or the ejaculate (see Chap. I.3.13).
MAGI may cause couple infertility not only through its
direct effects on the fertilizing capacity of the sperma-
tozoa, but also through effects on the female partner
(Eggert-Kruse et al. 1997; Rowe et al. 2000). Controver-
sy persisting about this point of view (Tomlinson et al.
1993) may be related to problems in defining the diag-
nosis of MAGI, and the fact that antibiotic treatment of
infertile men with MAGI commonly does not restore
fertility (Comhaire et al. 1986; Branigan and Muller
1994; Yanushpolsky et al. 1995). There seems to be less
disagreement about the impact of the disease in terms
of the biochemistry and functional quality of the sper-
matozoa. Also, many of the functional abnormalities
caused do not become evident upon “basic semen anal-
ysis”, explaining why some authors are unable to link
infection of the accessory sex glands to infertility
(Comhaire et al. 1999).

Numerous different pathogens and other factors in-
fluence the degree of impairment of fertility in patients
with MAGI: bacteria, viruses, white blood cells, inflam-
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mation, obstruction, site of infection and immunologi-
cal factors. All of these factors are suggested to play a
pathological role, but some lack proof of causality
(Wolff 1998), and it has been suggested that synergistic
multifactorial causality is involved (Chap. I.3.3). Final-
ly, the term MAGI does not refer to an organ-specific
disease. It does not distinguish between acute disease
and chronic infection, between infection and inflam-
mation, and between organ-specific diseases such as
prostatitis and epididymitis.

II.2.3.2
Causal Factors and the Role of Cytokines

Human semen contains a repertoire of cytokines whose
effects on semen quality and sperm function are still
subject to investigation. It is now realized that cyto-
kines rarely act in isolation but rather induce or inhibit
other cytokines, creating a network to which the cells
respond (Wilson et al. 1998). Inflammatory cytokines
are produced by white blood cells (WBC), mainly mac-
rophages, in response to foreign antigens, pathogens
(infection challenge) and also in chronic inflammation
(immunological activation). The initiators of infection
are pathogens (Wilson et al. 1998) that may either orig-
inate from the urinary tract or be sexually transmitted
(Ness et al. 1997) (see Chap. II.2.4).

II.2.3.2.1

Bacteria and Viruses

Among urinary invaders, Escherichia coli, Proteus spe-
cies, Klebsiella and Streptococcus group D are common
pathogens (Comhaire et al. 1980). During acute bacte-
rial infection of the male accessory sex glands there are
obvious alterations of sperm parameters, including
sperm motility and morphology, fertilizing capacity,
and biochemical markers of seminal plasma (Gonzales
et al. 1989; Depuydt et al. 1998b; Wolff et al. 1990; Die-
mer et al. 2000). High counts of E. coli and other patho-
gens can cause direct damage to spermatozoa in vitro
(Table II.2.2).

Other important pathogens of the urogenital tract
are Chlamydia trachomatis, mycoplasmata, staphylo-
cocci and enterococci (Huwe et al. 1998). Evidence ex-
ists that E. coli, mycoplasmata and Chlamydia tracho-
matis can inhibit the acrosome reaction (Köhn et al.
1998; Jungwirth et al. 2002), however, literature fails to
demonstrate a decreased fertilizing potential of sper-
matozoa in vivo. We have reported a decreased proba-
bility of conception following intrauterine insemina-
tion in patients with Chlamydia trachomatis infection
(Everaert et al. 2003).

In summary, the impact of pathogens in acute infec-
tion is obvious, but the role of chronic infection remains
the subject of debate (Purvis and Christiansen 1993;

Table II.2.2. The potential impact of bacteria on fertility in pa-
tients with MAGI

In
vitro

In
vivo

Comment

Gram negative + – Motility and viability

Gram positive – – –

Candida ± – Mechanical effect?

Chlamydia
trachomatis

± – Female factor
More in obstructive

azoospermia
Can attach to sperm cells

Neisseria
gonorrhoeae

± ± Obstruction

Ureaplasma
urealyticum

± – Can attach to sperm cells

Huwe et al. 1998). Also, the mere presence of microor-
ganisms in semen is an insufficient criterion for diag-
nosing male genital tract infection. Measurement of the
concentrations of cytokines may more accurately indi-
cate an early phase of infection/inflammation. It should
also be underscored that bacterial infection is not the
only factor able to induce an elevated number of white
blood cells and infertility. Other factors, including the
presence of a high proportion of abnormal spermato-
zoa, chemical and environmental toxins, as well as viral
infections, can provoke a similar immunobiological re-
action. The role of yeasts, other fungi and viruses has
hardly been evaluated yet, because of experimental dif-
ficulties and their questionable clinical significance.

II.2.3.2.2

Inflammation

Infection, trauma, allergy, neurological damage, chem-
ical (e.g. metabolites of tobacco smoke; Mahmoud et al.
1998b) and mechanical factors can lead to a long-last-
ing inflammation of the pelvic organs, which may per-
sist after removal of the aetiological agent. This then
may be related to infertility through the effects of cyto-
kines (Pavone et al. 2000; Everaert et al. 2003).

Interleukins and growth factors are produced in re-
sponse to infection and tissue damage, or by bacteria,
and are proven to exert deleterious effects on the fertil-
izing potential of spermatozoa.

II.2.3.2.3

Cytokines

Infiltrating pathogens stimulate the production of in-
terleukin-8 (IL-8) by macrophages (Yoshimura et al.
1987). This cytokine has been reported to exert a nega-
tive effect on the fertilizing capacity of spermatozoa
(Buch et al. 1994; Rajasekaran et al. 1995). An elevated
concentration in seminal plasma of IL-8 is considered a
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Fig. II.2.4.Composite over-
view of some of the effects of
infection on the function of
the accessory sex glands, the
generation of reactive oxy-
gen species, cytokines and
hepatocyte growth factor,
and the changes in sperm
function (adapted from De-
puydt et al. 1998b). IL-1 is
produced by many cell types
in response to damage, infec-
tion or antigens. It influences
many cells and processes:
(1) PMNs are metabolically
activated and move towards
the site of IL-1 production by
chemotaxis (dashed arrow);
(2) in the endothelium, ad-
hesion molecules and proco-
agulants are induced, and
permeability is increased.
(3) Prostaglandin production
and cytocidal activity in-
crease in macrophages. Che-
motaxis is also stimulated
(dashed arrow). (4) Th cell
proliferation, IL-2 receptor
and cytokine production are
all enhanced. (5) B cell pro-

liferation and differentiation into antibody-forming cells is stimulated and regulated (6) by other cytokines. [AFC Antibody-
forming cell, B B lymphocyte, HGF hepatocyte growth factor (scatter factor), IL-1 interleukin 1, IL-6 interleukin 6, IL-8 inter-
leukin 8, IL-10 interleukin 10, M macrophage, PMN polymorphonuclear white blood cells, PUFA polyunsaturated fatty acids,
ROS reactive oxygen species]

sensitive marker of silent genital infection (Eggert-
Kruse et al. 2001), and for the diagnosis of MAGI (Ko-
umantakis et al. 1998). Tissue damage caused by the in-
fection provokes an inflammatory reaction stimulating
the generation of interleukin-1 (IL-1), which induces
several effects in the surrounding environment (Arend
and Dayer 1995). Interleukin-1 stimulates polymor-
phonuclear neutrophils to secrete, amongst other sub-
stances, both IL-8 and reactive oxygen species. Inter-
leukin-1 also stimulates macrophages, which are the
major source of IL-8 and also secrete IL-6 and hepato-
cyte growth factor (also called scatter factor) (Depuydt
et al. 1998a). Interleukin-6 interacts with B lympho-
cytes that become antibody-producing cells (Hirano
1998). These antibodies are directed against the invad-
ing pathogens, but they can also interfere with sperm
function (Fig. II.2.4) (Depuydt et al. 1998b).

It has been documented that particular cytokines,
e.g. IL-6, can cause membrane damage (Yamauchi-
Takihara et al. 1995), which may decrease the func-
tional capacity of spermatozoa. Also increased levels
of IL-6 in seminal plasma were related to MAGI (Com-
haire et al. 1994; Shimoya et al. 1995; Eggert-Kruse et
al. 2001; Friebe et al. 2003). Over the past few years,
various growth factors and cytokines have been mea-
sured in seminal plasma: hepatocyte growth factor

(HGF), IL-1 [ , IL-1 q , IL-2, IL-6, IL-8, IL-10, tumour
necrosis factor- [ (TNF- [ ), soluble TNF (sTNF) recep-
tor types I and II, and several other soluble receptors
(sR) such as sR IL-2, sR IL-6, and the IL-1 receptor an-
tagonist (RA) (Comhaire et al. 1994; Rajasekaran et al.
1995; Depuydt et al. 1996; Gruschwitz et al. 1996;
Dousset et al. 1997; Denison et al. 1999; Huleihel et al.
1999). However, studies on the effects of cytokines and
growth factors on sperm function have given some-
what contradictory results (for a review see Depuydt
and Comhaire 1998).

The development of appropriate cytokine networks
to combat infections will depend on the nature of the
infecting organism and on the genetic makeup of the
individual. A number of cytokine genes have been
found to present polymorphisms in noncoding re-
gions, which can control the rate of production of the
cytokine. It is assumed that these different cytokine
networks may render individuals more or less resis-
tant to particular infections (Westendorp et al. 1997).
For example, men with chronic nonbacterial prostati-
tis/pelvic pain syndrome were more likely to express
the genotype associated with low IL-10 production
when compared with healthy controls (Shoskes et al.
2002).
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Table II.2.3. Contact time between sperm cells and the different
organs, their secretions or cellular components

Testis: 74 days
Epididymis: 7–14 days
Vas deferens: seconds
Seminal vesicles, prostate, urethra: seconds
Ejaculate: minutes to hours

Wolff (1995)

II.2.3.2.4

Site of Infection

The direct causality between infection and infertility
strongly depends on the contact time between the in-
flammatory factors (e.g. white blood cells, reactive oxy-
gen species, cytokines) and the sperm cells, which dif-
fers depending on the affected organs (Table II.2.3). In
addition to differences in the contact time, there are al-
so differences in the impairment of the secretory func-
tion. The effects of prostatitis, decreasing the secretion
of muramidase, gamma glutamyl transferase, prostate
specific antigen (PSA) and citric acid, and reducing liq-
uefaction with increased viscosity, are completely dif-
ferent from the effects of infection of the seminal vesi-
cles, namely decreasing the volume of the ejaculate and
the fructose concentration. In epididymitis the secre-
tion of alpha-glucosidase and carnitines is decreased,
as is the production of antioxidants (Mahmoud et al.
1998a,b; Ludwig et al. 2002). So far, the mechanism by
which these changes interfere with fertility has only
been partially elucidated. Considering the variable ef-
fects of different locations of the infectious/inflamma-
tory process, every effort must be made to identify the
site of MAGI. For this reason, assessment of the physi-
cal and biochemical characteristics of the ejaculate is
mandatory (see Chap. II.3.2).

II.2.3.3
White Blood Cells and Reactive Oxygen Species

Leukocytes in semen are identified as peroxidase-posi-
tive round cells. In addition, measuring elastase activi-
ty or reactive oxygen species (ROS) seems useful. The
generation of ROS by polymorphonuclear white blood
cells and/or macrophages results in altered fatty acid
composition of the spermatozoon’s plasma membrane
(Zalata et al. 1998). Typically, the phospholipids of the
spermatozoon’s membrane in fertile men contain a
high proportion of polyunsaturated fatty acids with a
long chain, belonging to the omega-3 group, particu-
larly docosahexaenoic acid (DHA; 22:6 K 3). In con-
trast, the level of DHA in the membrane of spermato-
zoa of men with MAGI is strongly decreased. This, to-
gether with the relatively higher proportion of saturat-
ed fatty acids in spermatozoa of MAGI patients, re-
duces the fluidity of the sperm membrane. As a result
the (induced) acrosome reactivity and the fusogenic

capacity of spermatozoa are impaired, decreasing their
fertilizing potential (Zalata et al. 2004). On the other
hand, high levels of ROS induce oxidative changes in
the DNA of spermatozoa, e.g. by converting guanosine
into 8-OH-2-deoxyguanosine, corresponding to transi-
tion mutagenesis (Loft and Poulsen 1996; Chen et al.
1997). A high concentration of oxidized DNA in sper-
matozoa was shown to decrease the monthly concep-
tion rate among first-pregnancy planners (Loft et al.
2003).

Although clinical MAGI commonly coincides with
leukcytospermia, asymptomatic MAGI may be associ-
ated with variable concentrations of white blood cells.
Also, there may be a high rate of spontaneous resolu-
tion of white blood cells from the ejaculate, and leuko-
cytes may even exert a positive effect on fertilization
(Aitken and Baker 1995; Wolff 1995; Yanushpolsky et al.
1995; Ludwig et al. 1998). These conflicting data sug-
gest that leukocytes per se do not have a negative effect
on male fertility, and that optimal levels of ROS, inter-
leukins and growth factors produced by these leuko-
cytes are necessary for normal sperm function (good
Samaritans) (Aitken and Baker 1995). However, exces-
sive concentrations (relative to sperm concentration)
of white blood cells, possibly in synergism with other
pathogenic factors, are deleterious for male fertility
(see Chap. I.3.3). This provides the rationale for anti-
oxidant treatment (Mahmoud et al. 1999; Comhaire et
al. 2000).

II.2.3.4
Obstruction of Sperm Transport and Anti-Sperm
Antibodies

Both acute and chronic infection and/or inflammation
can cause partial or complete obstruction of sperm
transport with, respectively, oligozoospermia or azoo-
spermia. Bilateral obstruction of, especially, the epidid-
ymides is common after (recurrent) infection with
Chlamydia or Gonococcus (Weidner et al. 1999). From
the anatomical point of view it is easy to link complete
obstruction of sperm transport with male infertility,
but the impact of partial or unilateral obstruction is de-
batable. Complete obstruction is diagnosed in cases
with azoospermia and very low alpha-glucosidase ac-
tivity in seminal plasma, but the value of this marker
for the diagnosis of partial obstruction remains un-
clear (Mahmoud et al. 1998a). Aside from the anatomi-
cal consequences of obstruction, inflammation may act
as a co-factor in the aetiopathogenesis of infertility. Al-
so, pressure-induced rupture of the epididymal duct or
ductuli efferentes will disrupt the blood–testis barrier
(Witkin 1988), activating an immunological defence
reaction and inducing the production of anti-sperm
antibodies (Munoz and Witkin 1995; Witkin et al. 1995)
(see Chap. I.3.7).
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II.2.4 Urethritis, Sexually Transmitted Diseases (STD),
Acquired Immunodeficiency Syndrome (AIDS)
F. R. Ochsendorf

According to the present data, urethritis poses no
problem for male fertility. In chronic infections, for
example gonorrhoea, urethral strictures and epidi-
dymo-orchitis are possible. Chlamydia trachomatis
and Neisseria gonorrhoeae can lead to pelvic in-
flammatory disease of the female partner and tubal
obstruction. Depending on the local prevalence
some sexually transmitted disease (STD) agents can
impair male fertility if not adequately treated. Any
STD increases the chance of transmission of human
immunodeficiency virus (HIV). HIV infection is as-
sociated with infectious semen and the risk of trans-
mission of the virus. Men who are seropositive only
and do not have full-blown AIDS often present with
normal semen parameters. Their endocrine and
exocrine testicular functions are, however, im-

Summary

paired with progression of the acquired immuno-
deficiency. Reproduction in HIV-serodiscordant
couples is possible by special sperm washing pro-
cedures and testing of the samples prior to assisted
reproductive techniques.

II.2.4.1
Introduction

A common feature shared by STD is that the causative
microorganisms are labile in inanimate environments.
Therefore, they are only transmitted via intimate con-
tact. They are summarized in Table II.2.4 and
Chap. I.6.1. Due to their shared mode of transmission,
several of these agents may be transferred together, so
the diagnosis of one STD prompts the search for others.
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II.2.4 Urethritis, Sexually Transmitted Diseases (STD),
Acquired Immunodeficiency Syndrome (AIDS)
F. R. Ochsendorf

According to the present data, urethritis poses no
problem for male fertility. In chronic infections, for
example gonorrhoea, urethral strictures and epidi-
dymo-orchitis are possible. Chlamydia trachomatis
and Neisseria gonorrhoeae can lead to pelvic in-
flammatory disease of the female partner and tubal
obstruction. Depending on the local prevalence
some sexually transmitted disease (STD) agents can
impair male fertility if not adequately treated. Any
STD increases the chance of transmission of human
immunodeficiency virus (HIV). HIV infection is as-
sociated with infectious semen and the risk of trans-
mission of the virus. Men who are seropositive only
and do not have full-blown AIDS often present with
normal semen parameters. Their endocrine and
exocrine testicular functions are, however, im-

Summary

paired with progression of the acquired immuno-
deficiency. Reproduction in HIV-serodiscordant
couples is possible by special sperm washing pro-
cedures and testing of the samples prior to assisted
reproductive techniques.

II.2.4.1
Introduction

A common feature shared by STD is that the causative
microorganisms are labile in inanimate environments.
Therefore, they are only transmitted via intimate con-
tact. They are summarized in Table II.2.4 and
Chap. I.6.1. Due to their shared mode of transmission,
several of these agents may be transferred together, so
the diagnosis of one STD prompts the search for others.
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Table II.2.4. The most common microorganisms causing urethritis, their diagnoses and treatment. The percentages are taken
from the literature; in case of strong variance, the maximal and minimal numbers are given in parentheses (from Gall et al. 1999;
Elsner et al. 1987; Heise 2001; Kohl 2001)

Microorganism and
incubation time

Frequency (%) Detection method Therapy

Neisseria gonorrhoea
1–6 (–14) days

[0] 0.4 – 9– [18] Culture (Thayer-Martin
selective medium; fast trans-
port!); DNA hybridization
(first-void urine)

Once: spectinomycin 2 g or ceftriaxone
0.25 g i.m. alternatively (p.o.): cefixim
400 mg or ciprofloxacin 500 mg or ofloxacin
400 mg or azithromycin 1 g

C. trachomatis
7–21 days

[6] 15–26 Ag-detection (direct immu-
nofluorescence, EIA), DNA
amplification (PCR; LCR)

Once: azithromycin 1 × 1000 mg or 7 days:
doxycycline 2 × 100 mg; alternative: (7 days
p.o.): tetracyclines 4 × 500 mg or erythro-
mycin 4 × 500 mg or ofloxacin 2 × 300 mg

Mycoplasma 10–21 Culture (special medium) As Chlamydia
Ureaplasma urealyticum 15–17
Mycoplasma hominis 4–6

Mycoplasma genitalium
(Deguchi and Maeda 2002)

18–45 Special culture (no routine
method available)

7 days doxycycline 2 × 100 mg/day; alterna-
tive: macrolides, new chinolone

Pathogenic bacteria (Entero-
coccus, beta-haemolysing
streptococci, E. coli, Staphylo-
coccus aureus)

[4] – 20–31 Culture According to antibiogram

Trichomonas vaginalis
4 days to 3 weeks

0.4–1 Urine sediment of first-void
urine

Once metronidazole 2 g p.o. or tinidazole
2 g p.o.

Herpes simplex Single cases Only if no therapeutic effect:
culture, antigen detection or
PCR

Aciclovir 5 × 200 mg p.o. 5–7 days

Candida Single cases 3 Only if no therapeutic effect:
culture

Topical imidazole derivative; alternative:
p.o.: fluconazole 1 × 150 mg p.o. or keto-
conazole 2 × 200 mg 5 days

No agent demonstrable –26
Possible causes:

False-negative test Repetition of microbiologic
tests, historyFunctional irritation

Traumatic urethritis
Tumours of the urethra Urologic diagnostics

(urethroscopy)HPV infection
General disease History

STDs can lead to pelvic inflammatory disease (Ankum
et al. 1996), ectopic pregnancy, infertility, chronic pel-
vic pain, genital lesions, genital neoplasms, adverse
pregnancy outcomes, immune system dysfunction, liv-
er disease, gonococcal sepsis and even death; so, they
have a considerable impact on the health of men and
women. Even if the disease does not cause definite im-
pairment of sperm parameters, for example Chlamydia
trachomatis infections in men, it may be transferred to
the female partner and so has considerable impact in
women, such as pelvic inflammatory disease resulting
in tubal occlusion (Sulak 2003).

There are studies reporting a positive history con-
cerning STDs in 45% of infertile patients (Schulenburg
et al. 1993), while others did not find associations be-
tween prior urethral discharge or dysuria and subse-
quent semen quality (Oldereid et al. 1992). A higher
percentage of STD agents was reported in infertile men
and women than in controls (Rodriguez et al. 2001). It

is likely that the prevalence of STDs, the availability of
health services, and the time and mode of STD treat-
ment in a given population are all factors influencing
the role of these infections in male infertility (Cates et
al. 1985; De Schryver and Meheus 1990; Bambra 1999;
Jansen et al. 2003; Orroth et al. 2003; Bayasgalan et al.
2004). There are several reviews addressing these ques-
tions in more detail (Keck et al. 1998; Comhaire et al.
1999; Paavonen and Eggert-Kruse 1999; Sulak 2003).

II.2.4.2
Urethritis

II.2.4.2.1

Pathogens

Urethritis can be caused by several pathogens (Ta-
ble II.2.4; Elsner et al. 1987; Gall et al. 1999; Heise 2001;
Kohl 2001; Deguchi and Maeda 2002). The most rele-
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vant are gonorrhoea, Chlamydia trachomatis, Urea-
plasma urealyticum, Mycoplasma genitalium, Tricho-
monas vaginalis (Table II.2.4). Urethritis caused by me-
chanical trauma is unrelated to infertility. Ascension of
gonococci is estimated to occur in about 1% of infected
patients.

II.2.4.2.2

Clinical Presentation

The symptoms are variable. In acute urethritis, the pa-
tient notices a urethral discharge and dysuria. Others
have no symptoms or are symptom-free throughout
the day and only notice a drop of pus in the morning
prior to the first voiding of urine. Sometimes the glans
or meatus urethrae may present with some redness as a
sign of inflammation.

II.2.4.2.3

Diagnosis

The demonstration of >15 granulocytes in the sedi-
ment of the first 3 ml of urine (400× magnification) is
regarded as pathognomonic for an acute inflammation
of the urethra (Schiefer 1998). The definite diagnosis is
made by demonstration of the pathogenic agent [cul-
ture, direct immunofluorescence, enzyme immunoas-
say (EIA) and nowadays molecular methods such as
polymerase chain reaction (PCR) or ligase chain reac-
tion (LCR); see Table II.2.4]. These tests have different
sensitivities and specificities (Watson et al. 2002).

II.2.4.2.4

Relevance

The question of whether urethritis leads to male infer-
tility is discussed controversially. It is biologically plau-
sible that gonorrhoea and/or Chlamydia could cause
male infertility. There is clinical and pathologic evi-
dence linking these pathogens to urethritis, linking
urethritis to epididymo-orchitis, and linking epididy-
mo-orchitis to infertility. A retrospective analyses of
the literature, however, could not substantiate whether
these pathogens alter sperm characteristics. Methodo-
logical problems were thought to be responsible (Ness
et al. 1997). As yet there are no prospective controlled
studies definitely proving this association. Urethral
stricture is another possible complication of urethritis,
mainly due to gonococci (Bewes 1973).

Gonorrhoea

The seroprevalence of N. gonorrhoeae ranged from 3%
to 31% in different risk groups (study in Mexico; Cravi-
oto Mdel et al. 2003). These rates are different in other
countries (Dougan et al. 2004).

Especially in Africa infertility due to tubal obstruc-
tion appears to be a relevant issue (Meheus et al. 1986).
In men urethral strictures may occur (Osoba 1981; Fie-
vet et al. 1987). Most strictures are seen in the posterior
urethra, where fibrosis and narrowing may extend
from a short length of under 5 mm to well over 10 cm. A
wide variety of initial complaints and complications
occurs. When the patient presents in acute retention or
with a history of difficult micturition, the diagnosis is
easy. However, when stricture is the underlying cause
of perianal abscess, gangrene of the scrotum caused by
extravasation, uraemia or hypertension, hernia or rec-
tal prolapse, urinary infection, or elephantiasis of scro-
tum with multiple fistulae, diagnosis may be difficult. A
careful history is helpful, particularly if previous go-
norrhoea is involved. The definite diagnosis is made be
urethrography and urethroscopy (Bewes 1973). In
Western countries such as Scotland, however, gonorr-
hoea is not a relevant cause of urethral strictures
(McMillan et al. 1994). It was proposed that a decline in
subfertility in Sweden could be attributed to the eradi-
cation of gonorrhoea (Akre et al. 1999), a view not
shared by others (Jensen et al. 2000).

In men with asymptomatic gonorrhoea no differ-
ences in spermatogram parameters were found before
and after treatment in comparison to a control group,
with the exception of lowered citrate concentrations
(Perez-Plaza et al. 1982). However, a follow-up investi-
gation of men with proven fertility after having had go-
norrhoeal urethritis and unilateral epididymo-orchitis
showed that 2 years later only 21% produced semen
considered adequate for conception. Although the le-
sions were clinically confined to one testis, testicular
biopsy samples showed damage in both testes. So go-
norrhoea can lead to oligo- and azoospermia (Osegbe
1991). Others reported an increased incidence of anti-
sperm antibodies after gonococcal urethritis (Shahma-
nesh et al. 1986). Gonococci survive cryopreservation
in liquid nitrogen, which has to be taken into account
for the screening of sperm donors (Sherman and Ro-
senfeld 1975; Glander et al. 1986).

During routine semen analyses of asymptomatic
males no screening for gonococci routinely takes place
in a low prevalence setting. It was reported that dilution
of semen (1:2 with saline) enhances the detection rates
of N. gonorrhoeae (undiluted: 0 positive; diluted: 9/68
positive; Vicari et al. 1986). The same authors reported
positive gonorrhoea cultures in 111/785 (14%) men in
an andrologic outpatient clinic (Vicari et al. 1991). So
the screening apparently has to be adjusted to local
prevalence of the disease.

The relevance of N. gonorrhoeae lies in its capacity
to lead to urethral strictures and testicular damage as a
consequence of epididymo-orchitis in the male as well
as ductal inflammation and obstruction in the female.
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Chlamydia trachomatis

The role of Chlamydia trachomatis as a cause of male
infertility is discussed controversially (Krause and
Bohring 2003; Gonzales et al. 2004). There is no doubt
that Chlamydia trachomatis is a frequent pathogen in
male genital inflammation and that this organism is
rarely present in healthy men. Chlamydia trachomatis
causes inflammation of the male urethra and the epi-
didymis. However, it remains unresolved and unclear
whether it causes prostatitis and infections of the semi-
nal vesicles (Weidner et al. 1999, 2002).

Chlamydia trachomatis antigen or DNA is easily de-
monstrable in urethral swabs and the urine. The sensi-
tivities of DNA amplification techniques (LCR, PCR,
gene probe) in first-void urine were higher (85–96%)
than in cervical swabs (84–88%; the same will hold
true for urethral swabs) and yielded better results than
an EIA (urine 38%, swab 65%). Especially in low prev-
alence populations the molecular methods are more ef-
fective at detecting asymptomatic chlamydial infec-
tions than conventional tests (Watson et al. 2002). Chla-
mydia trachomatis, however, cannot be reproducibly
demonstrated in secretions of the male accessory
glands, including semen.

Serologic studies can be useful in epidemiologic in-
vestigations. In these studies an association was found
between the detection of immunotype-specific C. tra-
chomatis antibodies and subfertility both in men and
women. So a previous C. trachomatis infection appears
to be associated with subfertility in male or female
partners of a given couple (Karinen et al. 2004).

The role of Chlamydia serology as a marker of re-
cent infection is a matter of debate. Former investiga-
tions used tests that could not discriminate between C.
trachomatis and C. pneumoniae. Different test systems
yielded conflicting results. Thus determination of
chlamydial antibodies in serum or semen does not
conclusively indicate a current infection with C. tra-
chomatis. The profile of these antibodies after treat-
ment is unknown. Some authors found higher anti-
body prevalences of Chlamydia trachomatis anti-
bodies in infertile men and associations with heat-
shock proteins (Schuppe et al. 2003), others with in-
flammatory markers (Wolff et al. 1991; Ochsendorf
et al. 1999).

Observations are available indicating that Chlamyd-
ia can enter human spermatozoa (Erbengi 1993), that
they may induce antibody production (Shahmanesh et
al. 1986; Soffer et al. 1990; Witkin et al. 1995a, b) and
may be associated with oxidative stress (Segnini et al.
2003) and inflammation (Hosseinzadeh et al. 2004).
However, there are no conclusive studies showing that
men infected with C. trachomatis are less fertile than
uninfected men (literature in Krause and Bohring
2003). Furthermore, sperm functions are not impaired

(Vigil et al. 2002). So sperm apparently act as vehicles
to transport the pathogen to the female.

There is no question that male genital chlamydial in-
fections are a threat to female genital organs, because
C. trachomatis infection of the female genital organs
may be deleterious to female fertility mainly due to
tubal occlusion. This has been repeatedly demonstrat-
ed (Eggert-Kruse et al. 1990, 1996; Paavonen and Eg-
gert-Kruse 1999; Krause and Bohring 2003; Mardh
2004). So C. trachomatis primarily has to be regarded as
a threat to female infertility.

Mycoplasmas

Mycoplasmas include Mycoplasma hominis, Ureaplas-
ma urealyticum and Mycoplasma genitalium. While the
first two germs can colonize the urethra without caus-
ing symptoms, the latter was suspected to be a major
cause of urethritis and possibly cervicitis (Uuskula and
Kohl 2002). It was suggested that female partners
should be screened for these microorganisms in order
to detect them in the male genital tract (Trum et al.
2000). The incidence of U. urealyticum in the semen of
fertile and infertile men was reported to range between
7 and 42% (Reichart et al. 2000). A higher incidence
was reported in the semen of infertile men (38% to 9%
in controls) (dXu et al. 1997). U. urealyticum was sus-
pected to cause chronic prostatitis (Badalyan et al.
2003). U. urealyticum and M. genitalium can attach to
spermatozoa, be transported in the female genital tract
and can cause female genital disease (Taylor-Robinson
2002; Svenstrup et al. 2003).

In in vitro fertilization (IVF) programmes M. homi-
nis was found in 2–12% and U. urealyticum in 17–29%
in semen (Hill 1990; Witkin et al. 1995b). The demon-
stration of a mycoplasma infection was not related to a
change in sperm parameters (Soffer et al. 1990) or
poorer IVF outcome if prior treatment with tetracy-
clines had been performed (Witkin et al. 1995a, b). It
was suggested, however, that this infection can cause
embryo loss without necessarily affecting semen quali-
ty. One possible mechanism is unstable chromatin. In
vitro incubation resulted in time- and dose-dependent
chromatin decondensation and DNA damage of sperm
cells. In vivo these effects could be reduced by doxycy-
cline therapy (Reichart et al. 2000).

Thus U. urealyticum may cause infertility via delete-
rious effects on sperm chromatin and DNA, leading to
impairment of embryo development. The exact role of
these microorganisms, however, has still to be eluci-
dated.

Trichomonas vaginalis

Protozoan infections of the male genital tract are rare
and only a few species of parasites are involved (Marti-
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nez-Garcia et al. 1996). T. vaginalis is the most common
agent (~120 million new cases worldwide; Crosignani
et al. 1992). Recently it was shown that the incidence in
men may be underestimated if only one specimen was
used to screen for this agent. Compared to first-void
urine and urethral swabs, semen proved to be the most
sensitive single specimen (in 25% only semen positive)
for the detection of T. vaginalis (Kaydos-Daniels et al.
2004). In areas with a high prevalence of trichomonia-
sis, the addition of metronidazole to the syndromic
management of male urethritis is recommended (Price
et al. 2003). In women no differences in the detection
rates of T. vaginalis between fertile and infertile women
were reported (Okonofua et al. 1995). However, it was
stressed that trichomoniasis may play a role in the de-
velopment of cervical neoplasia, postoperative infec-
tions and adverse pregnancy outcomes, and as a factor
in atypical pelvic inflammatory disease and infertility
(Soper 2004).

A higher seminal contamination with Trichomonas
was found in infertile men compared to fertile men
(47% to 30%) as well as a higher viscosity and sperm
agglutination. A significant improvement in semen
characteristics was found in 50% of patients 1 month
after treatment with metronidazole (Bornman et al.
1992b). Others could not confirm detrimental effects of
T. vaginalis on sperm motility (Daly et al. 1989). No
detrimental effects on sperm–mucus interaction were
found (Eggert-Kruse et al. 1987). T. vaginalis does not
survive cryopreservation of spermatozoa (Glander et
al. 1986).

Trichomoniasis might cause reversible infertility in
men, although the actual role of T. vaginalis infection
in infertility has not yet been clearly defined (Martinez-
Garcia et al. 1996; Soper 2004).

II.2.4.3
STD

Agents that are sexually transmitted are summarized in
Chap. I.6.1, Table II.2.4. Some agents are not listed there
as they are not associated with male infertility such as
scabies or human papilloma virus infections. STDs are
reviewed in several publications (Moskowitz and Mel-
linger 1992; Radcliffe 2001; Center of Disease Control
and Prevention 2002; Sulak 2003). It was concluded that
STDs are less important for men than for women with
regard to fertility (Westrom 1994). Studies on large co-
horts of men showed that there is no increased rate of
antisperm antibody production in men attending STD
clinics (Hargreave et al. 1984). So this mechanism ap-
pears not to be relevant.

The prevalence of STDs differs worldwide with high-
er incidences in developing countries (De Schryver and
Meheus 1990). Furthermore the pattern changes from
year to year, with a decrease in the 1990s during the

HIV epidemic and a current rise in incidence (Dougan
et al. 2004).

About two-thirds of STDs affect individuals younger
than 25 (Braverman 2000). This sexually active popula-
tion may have long-term negative sequelae, such as in-
fertility, chronic pelvic pain and cancer; so, educational
strategies are needed for their prevention (Wilken and
Rosler 1985; Stone 1990; Workowski et al. 2002). This is
sometimes hampered by fragmented responsibilities
for STD and infertility services (Hardon 2003).

Human papilloma virus was demonstrated on the
skin of about 13% of men attending an infertility clinic
as well as in the semen of men with and without genital
warts (Green et al. 1991; Pakendorf et al. 1998). Trans-
mission from the woman to the man appears to be rath-
er inefficient. HPV type 16 DNA and RNA (25% and
8% of randomly selected patients) as well as type 18
DNA and RNA (46% and 21%) were detected in sperm
cells (literature in Dejucq and Jégou 2001). The inci-
dence of asthenozoospermia was reported to be signifi-
cantly higher in patients with HPV in their semen (Lai
et al. 1997).

Syphilis incidence in an andrological outpatient de-
partment was reported to be 3–8% in South Africa
(Bornman et al. 1992a). This is important from an epi-
demiological point of view: even if Treponema palli-
dum does not directly impair male infertility it demon-
strates that patients are at risk for other STDs, especial-
ly HIV infection.

Today one main impact of STDs is their potential to
increase the rate of HIV transmission. This has been
clearly proven and reviewed. Therefore, the treatment
of STDs is not only relevant to the prevention of long-
term negative consequences for fertility but also to the
prevention of HIV spread (Passey 1996; Ping et al. 2000;
Aral 2001; Pilcher et al. 2004).

Finally, STD agents have to be taken into account
during assisted reproductive techniques (Diani 1999)
and in sperm donor programmes. Again the regional
variation of STDs explains the large variations in re-
ported incidences (Craig et al. 1997; Olatunbosun et al.
1998; Wortley et al. 1998).

II.2.4.4
HIV

The first reports about unusual deaths in homosexual
men were published in 1981. Within months an ac-
quired immunodeficiency was identified. In 1983 a vi-
rus as the probable cause of this acquired immunodefi-
ciency syndrome (AIDS) was isolated and in the follow-
ing years the causal link was proven (literature in: Hoff-
mann and Kamps 2004 or www.HIV.net, www.hivmedi-
cine.com). One main goal is the prevention of further
spread of the disease. At present, intravaginal topical
formulations of anti-HIV agents or microbicides to

II.2.4 Urethritis, Sexually Transmitted Diseases (STD), Acquired Immunodeficiency Syndrome (AIDS) 331

II.2



prevent the mucosal and perinatal HIV transmission
are being developed. These agents should be capable of
attacking HIV from different routes: directly inactivat-
ing HIV, preventing HIV from attaching to, entering or
replicating in susceptible target cells as well as preven-
tion of dissemination from target cells present in se-
men or the host cells that line the vaginal wall (D’Cruz
and Uckun 2004).

In the first years of the HIV epidemic problems oth-
er than reproduction had to be addressed. The wish for
an own child was opposed by concerns about possible
infections of the partner as well as the prognosis of the
disease. Today, HIV infection is a chronic disease, so
couples will be seen in greater numbers for preconcep-
tion counselling. This involves a multidisciplinary ap-
proach to ensure that a couple is fully informed. The
criteria to offer treatment or not should be based on the
same criteria that are applied to couples who are affect-
ed by other chronic diseases. Medical treatment is de-
pendent on the unique circumstances of each couple
(Williams et al. 2003).

It is possible to help couples by using different meth-
ods of assisted reproduction. Until the middle of 2003
more than 1800 couples were treated in about 4500 cy-
cles and about 500 children were born in Europe (Son-
nenberg-Schwan 2004).

Infection with HIV has different influences on re-
productive medicine: the function of the reproductive
organs, ethical issues, prevention of spread to the child
and safety issues for the laboratory personnel (Ethics
Committee of the American Society for Reproductive
Medicine 2004).

II.2.4.4.1

Effects of HIV on the Function of Male Reproductive Organs

Testis

The most relevant sources of HIV in the male reproduc-
tive tract are infected leukocytes (lymphocytes, mono-
cytes, macrophages) (Dulioust et al. 1998). Vasectomy
does not influence the amount of free virus in seminal
plasma (Krieger et al. 1998). Controversy surrounds
whether the virus also infects spermatozoa (Dejucq
and Jégou 2001).

It was shown that testicular macrophages express
CD4, CCR5 and CXCR4 thus allowing entry of HIV into
these cells and providing a reservoir (Habasque et al.
2002).

Proviral DNA was detected in the nuclei of germ
cells at all stages of differentiation in the testes of HIV-
positive men by in situ PCR hybridization. The pres-
ence of provirus was not associated with germ cell
damage, spermatogenesis was normal and a very mild
local immune response was observed (Muciaccia et al.
1998b). According to electron microscopy, HIV can at-

tach to the surface of spermatozoa and enter these cells
through the intact plasma membrane (Bagasra et al.
1994) probably by an alternative receptor (the GalAAG)
(Piomboni and Baccetti 2000) or a 160-kDa sperm pro-
tein (Bandivdekar et al. 2003). Others could not con-
firm this (Pudney et al. 1998). It is possible to generate
HIV-free spermatozoa fractions by washing proce-
dures, which is an argument against infection of motile
spermatozoa by this virus (Semprini and Fiore 2004).
In prostate and testis tissues T lymphocytes were the
predominant cells infected with HIV-1. So it was con-
cluded that HIV-1 in seminal plasma is derived from
the prostate, while HIV-1-infected cells in semen origi-
nate mostly from the rete testis and epididymis (Paran-
jpe et al. 2002).

Several endocrine and testicular dysfunctions have
been reported in men infected with HIV, depending, in
part, on the stage of the disease. Hypogonadism was
shown to be common in HIV disease. It was suggested
that the weight loss observed in full-blown AIDS may be
a result of lowered testosterone levels (Dobs et al. 1988;
Villette et al. 1990; Schurmeyer et al. 1997). A significant
association was observed between testicular atrophy
and body mass index (BMI) (P = 0.0496). Thus, under-
weight patients with HIV infection were 3.52 times
more likely to have testicular atrophy than those with
acceptable body weight (Mhawech et al. 2001).

Studies showing that testosterone replacement in
HIV-infected patients with weight loss and low testos-
terone levels can improve muscle mass, effort-depen-
dent strength, lean body mass and other symptoms of
hypogonadism are in favour of this argument (Bhasin et
al. 1998; Bhasin and Javanbakht 1999). If reproduction
is planned, however, it has to be taken into account that
reversible azoospermia may result from testosterone
therapy (Pena et al. 2003). Furthermore it was shown
that about one-third of HIV-infected men attending
gyms used anabolic steroids (Bolding et al. 2002).

In AIDS patients orchitis, hypogonadism, oligozoo-
spermia or azoospermia have been reported (Dobs et
al. 1988; Pudney and Anderson 1991; Poretsky et al.
1995). Furthermore in some cases testicular germ cell
tumours or lymphoma were found. The incidence of
testis tumours was 57 times higher than the average US
incidence (0.2% in 3015 HIV-positive men to 0.0035%
in the normal population; Tessler and Catanese 1987).

Discussed mechanisms for the mode of action of
HIV on the testis include unspecific accompanying de-
terioration of functions due to the chronic debilitating
illness and cachexia of the patients or synergistic ef-
fects of opportunistic infections such as cytomegalovi-
rus (CMV), Mycobacterium avium-intracellulare or
Toxoplasma gondii in the testis. As only every third pa-
tient had such infections but demonstrable testis
changes, these infections were probably not the main
cause (De Paepe et al. 1990). A change in the hypotha-
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lamic-pituitary axis, initially discussed (Dobs et al.
1988), could not be confirmed in later studies (Schlien-
ger and Lang 1989; Poretsky et al. 1995). Elevated lu-
teinizing hormone (LH) and follicle-stimulating hor-
mone (FSH) levels, found in some patients, suggest a
primary testicular failure (Croxson et al. 1989).

Autopsy studies reported testicular atrophy in AIDS
patients (Chabon et al. 1987). The hypogonadism prob-
ably results from a decrease in Leydig cell number and
a lymphocyte infiltration and fibrosis of the interstitial
testicular tissue (Dalton and Harcourt-Webster 1991;
Pudney and Anderson 1991). In the testis several
changes were described and a classification system for
them was proposed (De Paepe and Waxman 1989; Yos-
hikawa et al. 1989). The authors found Sertoli cell only
syndrome (42%), germ cell generation (27%), peritu-
bular fibrosis associated with tubular hyalinization
(15%), maturation arrest (12 5) and normal appear-
ance (3%). In addition, spermatogenic arrest at various
points, degenerating germ cells and block in the epi-
didymis were described by others (Shevchuk et al.
1998). Prolonging the survival by antiretroviral drug
therapy was associated with a shift in the histologic
findings toward more pronounced loss of germ cells
(Shevchuk et al. 1999).

Thus it appears that direct local action may be re-
sponsible for this observed damage within the gonads.
There are several lines of evidence for this statement:
Da Silva et al. 1990 detected the HIV p17 protein in the
testis by immunohistochemistry. Later, HIV-infected
cells of the lymphocytic/monocytic type were found in
the seminiferous tubules and interstitium of the testis
as well as semen (Pudney and Anderson 1991). With
PCR HIV-1 DNA was found within testicular germ cells
in spermatogonia, spermatocytes and some sperma-
tids (Nuovo et al. 1994). Others demonstrated the pres-
ence of HIV DNA in the nuclei of spermatogonia and
germ cells at all stages of differentiation (Muciaccia et
al. 1998a,b). The mere presence of the provirus was not
associated with impaired spermatogenesis in asymp-
tomatic HIV-positive men. In AIDS patients, however,
spermatogenesis was arrested and only few infected
spermatogonia and spermatocytes were found (Muci-
accia et al. 1998a). In about 25–33% of the residual
germ cells in the testes of AIDS patients, HIV DNA
could be found but not in the testes of adolescent boys
who had acquired HIV in utero (Shevchuk et al. 1998).

So the HIV infection impairs exocrine and endocrine
testicular functions with progression of the disease.

Ejaculate

In symptomless HIV-positive men semen parameters
within the normal range are found. With progress of
the disease more defects are found, particularly in
strict criteria of sperm morphology. Lower CD4+ cell

counts (<200 mm3) were associated with significantly
lower motility, lower than normal sperm morphology
by strict criteria, more spermatids in semen, and high-
er percentages of teratozoospermia, oligoasthenotera-
tozoospermia and leukocytospermia. Healthier men,
based on clinical categories, had significantly more
normal-shaped spermatozoa and fewer had azoosper-
mia, oligoasthenoteratozoospermia or leukocytosper-
mia. In AIDS patients, grossly abnormal sperm and py-
ospermia was reported (Muller et al. 1998; Nicopoullos
et al. 2004). There were no differences in any parame-
ters in those taking antiretroviral medication (Nicopo-
ullos et al. 2004).

Others reported reduced semen volume, lower per-
centages of rapidly progressive motility, total sperm
count and increased concentrations of non-spermatic
cells (Dulioust et al. 2002).

In one sperm donor semen was analysed before and
after HIV infection. Semen volume, sperm motility and
the percentage of sperm with normal morphology were
reduced after HIV positivity. A disturbed function of
seminal vesicles and prostate gland could explain the
decreased volume as well as the more viscous semen
found in HIV-infected subjects (Dondero et al. 1996;
Van Leeuwen et al. 2004). Sperm alterations found to-
day are attributed to effects of antiretroviral therapy
(Dulioust et al. 2002; Barboza et al. 2004).

II.2.4.4.2

Ethical Issues

A recent update on the ethical issues associated with re-
production in HIV-positive patients concluded that
HIV infection is not yet curable, but treatable. It has to
be classified as a chronic disease due to the significant
advances in HIV treatment, which delay the onset of
AIDS in many, but not all, infected persons. The poten-
tial for HIV-positive persons to have uninfected chil-
dren and not transmit the virus to their partners has
been substantially enhanced. So both HIV-infected
persons and health-care providers share responsibility
for the safety of the uninfected partner and the poten-
tial offspring. It was recommended that couples re-
questing assistance should have their own genetically
related child seek care at institutions with the facilities
that can provide the most effective evaluation, treat-
ment and follow-up. As an alternative, donor semen,
adoption or not having children have to be considered
(Ethics Committee of the American Society for Repro-
ductive Medicine 2004).

II.2.4.4.3

Reproduction in Discordant Couples

In a serodiscordant couple the female partner has a
0.1–0.2% risk of acquiring HIV per act of unprotected
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intercourse (Mastro et al. 1997). This is dependent on
the viral load in semen: it was calculated that the proba-
bility of HIV-1 transmission is 1/100 when semen con-
tains 100,000 copies of HIV RNA and 3/10,000 with
1000 copies of HIV RNA in semen (Chakraborty et al.
2001). So attempts to conceive naturally carry a serious
risk for the uninfected woman or child (Mandelbrot et
al. 1997). The problems and unresolved questions of as-
sisted reproduction in this situation are reviewed else-
where (Englert et al. 2004).

During the initial consultation both partners should
be counselled. This should include: information con-
cerning diagnostics, therapy options, information on
the psychosocial and economic situation and future
perspectives of the couple, the family, and support
through families and friends. It has to be stressed that
the chances of HIV transmission are extremely im-
probable, but not impossible, and that a successful re-
sult of therapy, i.e. birth of a healthy child, cannot be
guaranteed. Also the alternatives, i.e. the decisions of
not having children, adoption or donor semen, have to
be discussed.

If the couple opts for reproductive measures, an in-
terdisciplinary approach is recommended (general
medical diagnostics including infectiology, gynaecolo-
gic and andrologic workup). Contact with an experi-
enced centre with facilities for sperm preparation and
HIV testing has to be established. The costs and insur-
ance coverage of the planned procedures, which are dif-
ferent everywhere, have to be considered.

Psychosocial counselling is very important. Up to
one-third then decide against children. If not discussed
properly frustrations could lead to unprotected inter-
course. In addition, comorbidities, such as drug abuse,
can be detected (Sonnenberg-Schwan 2004).

HIV Infection of the Man

Depending on the semen quality spermatozoa can be
used for intrauterine insemination, IVF or intracyto-
plasmic sperm injection (ICSI). The semen has to be
washed free of HIV and the success of this procedure
has to be controlled prior to use (Hanabusa et al. 2000;
Dunne et al. 2003; Weigel 2003; Bujan et al. 2004; Garri-
do et al. 2004; Nicopoullos et al. 2004). Potent antiretro-
viral therapy decreases the HIV load in semen and thus
can be additionally used (Vernazza et al. 2000; Williams
et al. 2003).

The spermatozoa are prepared using a gradient
technique such as Puresperm (Nicadon, Sweden),
which is diluted to 45% and 90% using a semen buffer
medium. The ejaculate is layered over the prepared
density gradients and centrifuged at 200 g at room tem-
perature for 20 min. The supernatant is then aspirated,
the sperm pellet removed, resuspended in fresh media
and centrifuged again for 10 min. The washing proce-

dure is repeated twice more. Then a swim-up proce-
dure is done. An aliquot of washed spermatozoa is sub-
sequently tested for detectable HIV RNA [for example,
a nucleic acid-based sequence amplification (NASBA)
assay such as Biomérieux]. In one study about 5% of
NASBA tests were positive after this procedure (Nico-
poullos et al. 2004).

HIV Infection of the Woman

Here a self-insemination could be tried at the optimum
time point of the cycle. An inverted spermicide-free
condom, a cervical cap, a vaginal applicator or a sy-
ringe may be used.

If assisted reproduction is necessary the experience
to date points to a limited success rate (Ohl et al. 2003).

II.2.4.4.4

Safety Issues of the Laboratory Personnel

Only a few occupational transmissions of HIV have
been reported. If standard precautions to prevent infec-
tious disease transmission are taken, the risk of virus
transmission to lab personnel is very small. In most
cases nurses and laboratory technicians accidentally
inoculated themselves with a patient’s blood by a nee-
dlestick or were contaminated with bloody fluid and
had significant mucocutaneous exposure (http://www.
cdc.gov/niosh/topics/bbp/emergnedl.html, http://www.
cdc.gov/ncidod/hip/Needle/needle.htm).
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marker of endothelial damage, which, if devel-
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Summary

■ In cases of testicular torsion there is reduced
blood flow in the contralateral side due to a
sympathetic reflex arising from the testicular
artery under distress.

■ Anomalies of testicular circulation are six
times more frequent in men who have had
orchiopexy for testicular maldescent compared
with normal men. Although some of this may
be intrinsic some of this vascular damage is
iatrogenic.

338 II.2 Mechanisms of Dysfunction and Pathology

II.2



Tessler AN, Catanese A (1987) AIDS and germ cell tumors of
testis. Urology 30:203–204

Trum JW, Pannekoek Y, Spanjaard L, Bleker OP, Van Der Veen
F (2000) Accurate detection of male subclinical genital tract
infection via cervical culture and DNA hybridization assay
of the female partner. Int J Androl 23:43–45

Uuskula A, Kohl PK (2002) Genital mycoplasmas, including
Mycoplasma genitalium, as sexually transmitted agents. Int
J STD AIDS 13:79–85

Van Leeuwen E, Cornelissen M, De Vries JW, Lowe SH, Jurriaans
S, Repping S, Van der Veen F (2004) Semen parameters of a se-
men donor before and after infection with human immunode-
ficiency virus. A case report. Hum Reprod 19:2845–2848

Vernazza PL, Troiani L, Flepp MJ, Cone RW, Schock J, Roth F,
Boggian K, Cohen MS, Fiscus SA, Eron JJ (2000) Potent anti-
retroviral treatment of HIV-infection results in suppression
of the seminal shedding of HIV. The Swiss HIV Cohort
Study. Aids 14:117–121

Vicari E, Mongioi A, Speciale A, Caccamo F, Calogero A, Guli-
zia S, Pellegrino MB, Macchi M, D’Agata R (1986) Enhancing
detection of gonococcus in ejaculates of adult males using
sperm dilution. Arch Androl 16:19–23

Vicari E, Di Mauro C, Caruso V, Mongioi A (1991) [Antibiotic
therapy in infertile subjects with chronic gonococcal infec-
tions: measurement of sperm output]. Arch Ital Urol Nefrol
Androl 63:315–321

Vigil P, Morales P, Tapia A, Riquelme R, Salgado AM (2002)
Chlamydia trachomatis infection in male partners of infer-
tile couples: incidence and sperm function. Andrologia
34:155–161

Villette JM, Bourin P, Doimel C, Mansour I, Fiet J, Boudou P,
Dreux C, Roue R, Debord M, Levi F (1990) Circadian varia-
tions in plasma levels of hypophyseal, adrenocortical and
testicular hormones in men infected with human immuno-
deficiency virus. J Clin Endocrinol Metab 70:572–577

Watson EJ, Templeton A, Russell I, Paavonen J, Mardh PA, Sta-
ry A, Pederson BS (2002) The accuracy and efficacy of
screening tests for Chlamydia trachomatis: a systematic re-
view. J Med Microbiol 51:1021–1031

Weidner W, Krause W, Ludwig M (1999) Relevance of male ac-

cessory gland infection for subsequent fertility with special
focus on prostatitis. Hum Reprod Update 5:431–432

Weidner W, Diemer T, Huwe P, Rainer H, Ludwig M (2002) The
role of Chlamydia trachomatis in prostatitis. Int J Antimic-
rob Agents 19:466–470

Weigel M (2003) [German-Austrian guidelines for diagnosis
and treatment of HIV-discordant couples who wish to have
children]. Dtsch Med Wochenschr 128 (Suppl 1):S32–S35

Westrom LV (1994) Sexually transmitted diseases and infertili-
ty. Sex Transm Dis 21:S32–S37

Wilken H, Rosler EM (1985) [Prevention of sterility]. Zentralbl
Gynakol 107:593–604

Williams CD, Finnerty JJ, Newberry YG, West RW, Thomas TS,
Pinkerton JV (2003) Reproduction in couples who are af-
fected by human immunodeficiency virus: medical, ethical,
and legal considerations. Am J Obstet Gynecol 189:333–341

Witkin SS, Kligman I, Bongiovanni AM (1995a) Relationship
between an asymptomatic male genital tract exposure to
Chlamydia trachomatis and an autoimmune response to
spermatozoa. Hum Reprod 10:2952–2955

Witkin SS, Kligman I, Grifo JA, Rosenwaks Z (1995b) Ureaplas-
ma urealyticum and Mycoplasma hominis detected by the
polymerase chain reaction in the cervices of women under-
going in vitro fertilization: prevalence and consequences. J
Assist Reprod Genet 12:610–614

Wolff H, Neubert U, Zebhauser M, Bezold G, Korting HC, Meu-
rer M (1991) Chlamydia trachomatis induces an inflamma-
tory response in the male genital tract and is associated with
altered semen quality. Fertil Steril 55:1017–1019

Workowski KA, Levine WC, Wasserheit JN (2002) U.S. Centers
for Disease Control and Prevention guidelines for the treat-
ment of sexually transmitted diseases: an opportunity to
unify clinical and public health practice. Ann Intern Med
137:255–262

Wortley PM, Hammett TA, Fleming PL (1998) Donor insemi-
nation and human immunodeficiency virus transmission.
Obstet Gynecol 91:515–518

Yoshikawa Y, Truong LW, Fraire AE, Kim HS (1989) The spec-
trum of histopathology in the testis in acquired immunode-
ficiency syndrome. Mod Pathol 2:233–238

II.2.5 Disorders of Blood Flow: Arterial and Venous/
Sexual Dysfunction and Varicocele
G. M. Colpi, M. Mancini, G. Piediferro, F. I. Scroppo

■ Endothelial damage is the key disorder in
vasculogenic organic erectile dysfunction (ED).

■ Middle-aged men with ED should be screened
for vasculogenic risk factors.

■ Our improved understanding of endothelial
damage will facilitate the development of a
marker of endothelial damage, which, if devel-
oped, could have a significant impact on the
diagnosis of men’s vascular disorders.

■ Varicocele alters the dynamics of testicular
circulation and this, in turn, damages spermato-
genesis and endocrine function of the testis.

Summary

■ In cases of testicular torsion there is reduced
blood flow in the contralateral side due to a
sympathetic reflex arising from the testicular
artery under distress.

■ Anomalies of testicular circulation are six
times more frequent in men who have had
orchiopexy for testicular maldescent compared
with normal men. Although some of this may
be intrinsic some of this vascular damage is
iatrogenic.

338 II.2 Mechanisms of Dysfunction and Pathology

II.2



II.2.5.1
Erectile Dysfunction and Vascular Disease

II.2.5.1.1

Summary

Vascular penile dysfunction has been attributed to re-
duced arterial inflow and excessive venous leakage but
the role of venous leakage in the aetiology is now doubt-
ed. Reduced arterial inflow may be both the cause and
consequence of endothelial damage. Endothelial func-
tion impairment is one of the initiating events in athero-
sclerosis. So far, no reliable marker of early endothelial
damage has been validated in erectile dysfunction (ED).
At present, risk factors are the most important elements
for identifying men with early atherosclerosis.

II.2.5.1.2

Pathogenesis of Penile Vascular Damage

A multifactorial origin is now generally accepted for
ED. In many ED patients, the main cause is vascular
disease. Vascular involvement is ultimately due to me-
chanical and biochemical factors.

Arterial flow in cavernosal arteries is crucial in or-
der to obtain a good erection. To support this mecha-
nism, luminal, endothelial and muscular integrity are
essential. Thereafter, trabecular tissue relaxation is reg-
ulated by paracrine contracting and relaxing factors.
Finally, penile pressure should be counterbalanced by
the albuginea wall, leading to venous compression. Ar-
terial flow loss results in venous leakage.

Although smooth muscle loss was found in men
classified as having venous leakage (Nehra et al. 1996) it
is now thought that venous leakage is a consequence of
vasculogenic ED rather than a causative factor.

Conversely, atherosclerotic damage of penile large
vessels resulting in blood flow loss and pressure decline
in corpora cavernosa has been shown as a pathogenetic
mechanism. Trabecular fibrosis with reduced numbers
of elastic fibres and increased collagen compounds hin-
der rigid erection (Persson et al. 1989; Jevtich et al.
1990; Wespes et al. 1991). The ultrastructural changes
occurring within the corpora cavernosa are similar to
what is observed in the wall of the thinnest penile arter-
ies (Ferrini et al. 2004). Ischaemic processes increase
reactive oxygen species (ROS), stimulating transform-
ing growth factor- q 1 (TGF- q 1) accumulation and fibro-
blastic proliferation.

The main factor counterbalancing this phenomenon
is production of inducible nitric oxide synthase (iNOS)
by smooth muscle cells (SMCs). Nitric oxide (NO) scav-
enges ROS, thus inhibiting collagen deposition. The
damage caused by atherosclerosis results in this protec-
tive role being lost.

Therefore, arterial flow decline initiates histological
and functional damage, and is the key disorder to be

searched for in organic ED. Vascular damage may in-
volve both large and small vessels.

II.2.5.1.3

Large and Small Vessel Damage

Involvement of large vessels in atherosclerosis is part of
the extensive structural damage caused to the penile
shaft.

In the past, slowly progressive ED was considered to
be typical of vascular disease.

As early as 1988, Little and coworkers had shown
that obstructive damage of small lower limb arteries
correlated with increased risk of myocardial infarction.

Cavernosal arteries, the most important functional
vessels in the penis, have a smaller diameter than coro-
nary arteries (1–2 mm and 3–4 mm, respectively). In
the presence of systemic atherosclerosis, a critical ob-
struction (>50%) of cavernosal arteries can become
symptomatic as ED, at first without any thoracic dis-
comfort. Therefore, ED could be the first marker of ath-
erosclerosis, preceding cardiac or limb symptoms. Six-
ty-seven per cent of patients with coronary artery dis-
ease experienced some ED more than 3 years before
their heart disease (Montorsi et al. 2003). Moreover,
even only partially impaired penile arterial circulation
is thought to be bound to evolve into severe permanent
ED. Pritzker (1999) presented penile circulation as a
window to the hearts of men.

The wide variability of peak systolic velocities in the
different segments of the penile arterial tree means that
the latter must be studied by careful echo Doppler ul-
trasound investigation, which can also identify any
damage in small vessels. Observation of the latter and
their variations over time is crucial in order to under-
stand the state of health of the penile circulation. Mea-
surement of cavernosal peak systolic velocity in a flac-
cid state can still be predictive of vascular damage, to
be confirmed by dynamic echo Doppler (Mancini et al.
2000a, b). Reduced penile arterial ramification and in-
creased vascular communications between dorsal and
cavernosal arteries are reported to be markers of initial
damage (Mancini et al. 1996; Sarteschi et al. 1998).

Ischaemia and reperfusion phenomena may modify
the circulation, especially in a dynamic structure such
as the penis. This was also confirmed following chronic
treatments with vasodilators, which may promote cir-
culation remodelling (Mancini et al. 2004).

Vascular damage is a dynamic process, and for diag-
nosing early changes markers of endothelial function
are needed, as these early changes cannot be detected
with echo Doppler ultrasound. Damage to the endothe-
lium is caused by inflammatory processes and these re-
sult in plaque formation. Thus plaque evolution is the
result of the interaction of various inflammatory medi-
ators. The vascular endothelium has a fast metabolism,

II.2.5 Disorders of Blood Flow: Arterial and Venous/Sexual Dysfunction and Varicocele 339

II.2



with high oxygen consumption (Intaglietta et al. 1996;
Tsai et al. 1998). Recently, uric acid was considered im-
portant in reducing endothelial remodelling and nitric
oxide production (Kanellis and Kang 2005).

II.2.5.1.4

Endothelial Damage

For artery dilatability, a cornerstone role is played by
normal endothelial function. Endothelial cell activa-
tion is one of the initiating events in atherosclerosis.
Some systemic diseases are classically linked to ED. Hy-
pertension, hyperlipidaemia and hypogonadism are
strong predictors of ED (Barrett-Connor 2004; Corona
et al. 2004; Fung et al. 2004). They all target and damage
the vascular tree, and act through endothelial damage.

The main actors are endothelin and nitric oxide. En-
dothelin-1 was found to be increased in ED, and in the
presence of cardiovascular risk factors compared to
control men (Bocchio et al. 2004).

NOS is essential for vascular activation. An im-
proved erection was obtained by elevating intracaver-
nosal NOS by L-arginine administration (Gonzales-
Cadavid and Rajfer 2000).

In hypercholesterolaemic men, lower cholesterol
levels improved erectile function (Saltzman et al. 2004).
NO production seems to be the main factor responsible
for this effect. NO-dependent vasodilatation was ob-
tained in hypercholesterolaemic patients with critical
limb ischaemia after L-arginine administration (Bode-
Boger et al. 1996).

Experimental internal iliac arterial ligation in rats
decreased the number of nerve fibres containing neu-
ronal NOS (Li et al. 2004).

In hypertensive rats, neurogenic vascular relaxation
following electrical stimulation was also reduced. Im-
paired neurogenic NO release was hypothesized (Ushi-
yama et al. 2004).

The involvement of K(ATP) channels in penile ar-
tery relaxation also suggests a possible role – in hyper-
tensive or diabetic patients – for the drugs that are used
in these diseases (i.e. glibenclamide or some diuretics),
which can modify blood potassium (Ruiz Rubio 2004).

In vascular physiology, a new role seems to be played
by testosterone. The ability of cavernosal arteries to di-
late was reduced in neurogenic or vasculogenic impo-
tent men, and this appears to be linked to bio-available
testosterone (Virag et al. 2004). Circulating testoster-
one modulates central and peripheral triggers, pro-
moting erection. In hypogonadic men, testosterone
supplementation improves arterial blood flow in caver-
nosal arteries as recorded by echo Doppler ultrasound
(Cavallini et al. 2004; Foresta 2004).

To obtain this result, functional integrity of the vas-
cular endothelium is essential. The importance of en-
docrine factors in the penis was confirmed by Vignozzi

et al. (2005), who described reduced immunolocalizati-
on of phosphodiesterase type 5 (PDE5) in the human
penis in hypogonadotrophic hypogonadism.

In conclusion, cavernosal insufficiency and meta-
bolic disorders lead to a common pathogenetic factor,
i.e. endothelial disruption. More than 92.1% of pa-
tients with ED present at least one risk factor for ath-
erosclerosis (El Sakka et al. 2004). Early diagnosis of
metabolic disease causing ED could be a very cost-ef-
fective method of identifying men at risk for coronary
artery occlusion. At present there is no validated
marker for endothelial damage and the best that can be
done is to screen men according to risk factors. How-
ever, if a validated endothelial marker could be devel-
oped then this could provide longer lead times for the
instigation of effective treatment to modify risk and
improve both penile and cardiac circulation. Our im-
proved understanding of the mechanisms of vasculo-
genic ED holds the promise that such markers will be
identified.

II.2.5.2
Varicocele

II.2.5.2.1

Summary

There is general agreement concerning varicocele-
induced spermatogenetic damage and consequently
impaired semen quality. The main pathophysiological
theories currently relate to alterations in temperature,
haemodynamics, and reactive oxidative species and
antioxidant concentrations. The key connections be-
tween vascular abnormalities and their gonadal effects
seem to be endocrine and genetic.

II.2.5.2.2

Pathogenesis of Varicocele

Varicocele usually occurs on the left because of the ana-
tomical predisposition of the internal spermatic vein,
which, on this side, drains into the renal vein at right
angle, thus being exposed to an increase in venous
pressure. Varicocele occurs in 15% (8–23%) of the
general population (Chan and Goldstein 2002). It has
been suggested that varicocele should be considered as
a bilateral disease because of its high bilateral preva-
lence (80.7%) (Gat et al. 2004). Pathogenetic factors are
still under debate (Hargreave 1993) and the following
possibilities must be mentioned:

A. Theory by Coolsaet (1980)

This theory is based on the association between the
lack of competent valves and the “nutcracker phenome-
non” (which is created when a vein passes at the level of
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the origin of an artery) proximally (type I, effect of the
origin of the superior mesenteric artery on the left re-
nal vein), distally (type II, effect of the left common ili-
ac artery on the left common iliac vein), or in a mixed
site (type III, combination of the two previous ones).
Flow reduction in the proximal segment of the left renal
vein correlates with the reduction of the aortomesente-
ric angle, thus confirming the proximal nutcracker
phenomenon theory: flow reversal during the Valsalva
manoeuvre occurs in veins of diameter >3 mm, which
are statistically associated with a reduction in the supe-
rior aortomesenteric angle (Graif et al. 2000). Pallwein
et al. (2001) underlined the high frequency of the proxi-
mal nutcracker phenomenon, as detected by echo
Doppler ultrasound of the renal vein and pampiniform
plexus in recurrent varicoceles.

B. Theory by Sigmund et al. (1987)

By examining patients with varicocele using bidirec-
tional echo Doppler ultrasound, clinical examination
and retrograde venography, Sigmund distinguished
two haemodynamic types of reflux: “stop-type” (where
reflux is blocked by competent valves above communi-
cating veins in the plexus) and “shunt-type” (where re-
flux falls below communicating veins because of valvu-
lar incompetence, and therefore blood flows into the
cremasteric and deferential veins).

C. Theory by Shafik (1991)

Whatever the primary cause, it is venous hypertension
that originates the changes found in spermatic veins.
Three stages are identified:

1. “Compensated stage”, where veins react to a hyper-
tensive state by thickening their walls without di-
lating, and there is no venous stasis because of the
good propulsion mechanism created by muscular
hypertrophy of the tunica media.

2. “Concealed stage”, where the muscular wall of the
tunica media collapses, although no varicosity is
developed.

3. “Manifest varicocele”, where venous hypertension
will cause hyalinization of the venous wall, with de-
velopment of varicosity.

D. Puberty-Induced Arteriovenous Discrepancy

Puberty-induced arteriovenous discrepancy in the tes-
ticular region.

E. Presence of Anastomoses

Presence of anastomoses between the internal sper-
matic artery and the vena cava, and/or the common ili-
ac vein, and/or the capsular veins of the kidney, and/or

the renal vein, while the hypothesized arteriovenous
anastomoses between the testicular artery and pampi-
niform plexus are interpreted as vasa vasorum upon
electron microscopy.

F. Venous Drainage Obstruction

Venous drainage obstruction from a retroperitoneal
mass.

II.2.5.2.3

Vessel-Induced Spermatogenetic Damage

The pathophysiological theory of the damage to sper-
matogenesis induced by varicocele currently relates to
hyperthermia of the scrotum (Zorgniotti 1980), result-
ing from a slow down in testicular and peritesticular
blood flow. A high intratesticular temperature causes
partial or complete spermatogenetic arrest and may
lead to increased production of morphologically abnor-
mal sperm with impaired motility (Dada et al. 2003).

The degree of scrotal hyperthermia is not related to
the calibre of the varicocele, but to its intrascrotal pas-
sage: a varicocele confined to the spermatic cord will
lead to scarcely detrimental circumscribed hyperther-
mia, while a peritesticular varicocele will lead to gener-
alized hyperthermia of the scrotum (Hamm et al.
1986). These observations were confirmed by studies
conducted during varicocele microsurgery by means of
microcirculation flowmetry and testicular temperature
measurements by microsensors (Tritto et al. 2001).

From a clinical point of view, measuring the reflux to
the testes that increases with intra-abdominal pressure
– classified as type III reflux – is a diagnostic criterion
in order to prevent misdiagnosis of a varicocele and un-
necessary surgery (Tashi et al. 2001), as suggested by
the evidence that normal-sized testicular veins in
healthy subjects show a remarkably high incidence of
reflux induced by the Valsalva manoeuvre (Kocakoc et
al. 2001). Stagnation of blood in microcirculation ves-
sels may cause local hypoxia and ischaemia, which lead
to spermatogenic disorders (Chakraborty et al. 1985)
and may also induce increased testicular vascular per-
meability, as shown by the volume density percentages
of polymorphonuclear leukocytes per testicular blood
vessel (Salama et al. 2003). These data suggest the im-
portance of hydrostatic pressure in the pathogenesis of
varicocele-induced testicular damage.

In addition, Tarhan et al. (2003) showed significant-
ly decreased testicular arterial blood flow in men with
varicocele, as well as significant positive correlations
between left testicular artery blood flow, sperm con-
centration and left testicular volume. Following de-
creased testicular arterial blood flow, impaired sper-
matogenesis may result from defective metabolism in
the microcirculatory bed. In grade 3 varicoceles, signi-
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ficantly increased vasoconstrictive reactivity and de-
creased endothelial function were shown as compared
to grade 1 varicoceles, indicating that endothelial dys-
function develops at high grades of varicocele (Yildiz et
al. 2003). In surgically induced varicocele, microvascu-
lar testicular blood flow dropped, and its vasomotion
was inhibited once the left renal vein was partially ligat-
ed, as studied by laser Doppler flowmetry (Salama et al.
2001).

II.2.5.2.4

Vessel-Induced Endocrine and Genetic Damage

Higher scrotal temperature was shown to be accompa-
nied by reduced Leydig cell density and Sertoli cell hy-
pofunction (Rodriguez-Rigau et al. 1978), and these
negative effects increased depending on varicocele du-
ration and severity.

Testosterone synthesis, whose role in spermatogen-
esis is well known, is blocked in some particular enzy-
matic steps, as shown by an increased 17-hydroxypro-
gesterone:testosterone ratio (Hampl et al. 1992). De-
creased synthesis is accompanied by an even weaker lo-
cal action of testosterone, due to decreased production
of androgen binding protein in hyperthermic condi-
tions (Hagenas et al. 1978). This reduced synthesis and
local binding of testosterone is thought to be further
fostered by a reduction in luteinizing hormone (LH) re-
ceptors on Leydig cells, which is induced by varicoceles
as a function of time (Kazama 1995).

Furthermore, studies on the DNA of varicocele pa-
tients showed higher meiotic non-disjunction rates in
both seminal fluid and testicular biopsy samples. DNA
damage appears to be related to high levels of seminal
ROS and lower total antioxidant capacity (Saleh et al.
2003) due to biological and clinical changes such as im-
paired microcirculation, venous stasis, hypoxia, leuko-
cyteactivation, andcellularnecrosis (Mazzilli et al. 1994).

The hypothesis that renal and adrenal metabolites
enhance varicocele-induced testicular damage has also
been taken into account: the flow of retrograde adrenal
metabolites itself is responsible for increased follicle-
stimulating hormone (FSH) levels, decreased testoster-
one levels and structural abnormalities upon testicular
histology (Camoglio et al. 2004).

II.2.5.3
Testicular Torsion

II.2.5.3.1

Summary

Testicular torsion is a urologic emergency caused by
twisting of the spermatic cord which, if not treated
promptly, results in ischaemic necrosis of the testis that
may even require orchiectomy. It is also responsible for

parenchymal changes in the contralateral testis. In re-
sponse to ischaemia, acute biochemical changes appear
in both gonads within the first hour. Consequently, se-
men anomalies occur in nearly 25% of affected pa-
tients. Prompt diagnosis and emergency exploration of
the scrotum within 6 h increase the chances of saving
the twisted testis.

II.2.5.3.2

Oxidative Stress

Spermatic cord torsion is also responsible for reduced
blood supply and lower relative oxygen content in the
contralateral testis, albeit to a lesser extent (Salman et
al. 1998); this is due to a sympathetic reflex arising from
the testicular artery under distress (Karaguzel et al.
1994; Salman et al. 1997). The extent of the ischaemic
damage depends on the degree of artery compression,
and the lapse of time between the event and surgical
correction. Several authors have tried to determine a
minimum time of damage, often using animal models.
During a 720-degree spermatic cord torsion in adult
male rats, ipsilateral arterial flow was reduced by 94%,
and 1 h of ischaemia alone is sufficient to cause a
marked reduction in spermatogenesis in the twisted
testis (Turner and Brown 1993). A flow reduction also
occurs in the contralateral internal spermatic artery,
and can be quantified at around 40% 2 h after torsion.
In an attempt to reduce hydraulic resistance, vasomoti-
on of the microcirculation of the contralateral testis is
increased (Kolettis et al. 1996). In response to ischae-
mia, acute biochemical changes that are the expression
of oxidative stress, such as increased lactic acid, hypo-
xanthine and lipid peroxidation product levels, appear
in both gonads as early as in the first hour (Akgur et al.
1993, 1994), while the activities of the free radical scav-
enger enzymes superoxide dismutase (SOD) and cata-
lase start to decrease. A significant increase in glutathi-
one-s-transferase and hydrogen peroxide levels in rat
testes occurs after 6 h of ischaemia in the twisted testis,
and after 24 h in the contralateral (untwisted) testis;
histology shows changes such as a high proportion of
collapsed arterioles, thickening of the basement mem-
brane, tubular fibrosis, reduced Johnsen score and ul-
trastructural changes in Leydig cells (Ciftci et al. 1997;
Savas et al. 2002). Cell apoptosis increases from 1 h to
24 h of ischaemia, and this phenomenon is clearly con-
nected with oxidative stress. In the first 6 h of ischae-
mia, all types of germ cells, without distinction, are
subjected to it. As ischaemia continues, it affects pre-
dominantly spermatids and spermatocytes, and dam-
age progresses centrifugally, starting from the seminif-
erous tubules located centrally within the gonad (Chaki
et al. 2003).
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II.2.5.3.3

Ischaemia-Reperfusion Injury

Following detorsion, blood flow to both testes is signifi-
cantly increased, which gives rise to what is referred to
as “ischaemia–reperfusion injury” (Nguyen et al. 1999;
Filho et al. 2004). Different mechanisms are involved,
but an essential role is played by lipid peroxidation of
plasma membranes; this is caused by overproduction
of ROS, which are generated in particular during reper-
fusion. Following unilateral testicular torsion, the ex-
tent of the contralateral reperfusion injury, as mea-
sured in terms of SOD and catalase activities, is also de-
pendent on the time elapsed from twisting, and, in
adult male Wistar rats, it takes on significant values af-
ter 6 h. The stages of the spermatogenetic cycle that are
most sensitive to the effects of testicular torsion on the
contralateral testis are stages IV–XI, i.e. those associat-
ed with low antioxidant capabilities (Vigueras et al.
2004). The role of orchiectomy would be to provide
protection from contralateral histological changes due
to reperfusion, and some authors stress the importance
of removing a damaged testis in order to minimize any
repercussions on fertility (Sarica et al. 1997). In order
to minimize membrane peroxidation due to reperfusi-
on, vitamin E-like oxidants – to be given in the acute
phase – are also being studied (Romeo et al. 2004).

II.2.5.3.4

Clinical Evidence

Prompt diagnosis and emergency exploration of the
scrotum increase the chances of saving the twisted tes-
tis, and 6 h is the time limit within which the testis is
usually still viable, and orchiectomy can be avoided
(Granados et al. 1998a, b; Della Negra et al. 2000; Sher-
gill et al. 2002).

After 6 h from the onset of painful symptoms, irre-
versible infarction may result, and the need to perform
orchiectomy is higher after 6–12 h. Within this lapse of
time, orchiectomy becomes necessary in 17% of pa-
tients (Granados et al. 1998a, b). After 12 h, the chances
of finding a viable testis decline dramatically, and tes-
ticular loss rate is up to 100% (Jefferson et al. 1997). Af-
ter 24 h of torsion, the chances of finding a viable testis
are very small, and do not exceed 5% in extensive case
records (Nakajima et al. 1985; Hegarty et al. 2001). Af-
ter 48 h, there is virtually no such possibility, and or-
chiectomy is necessary.

Anecdotally, cases of twisted testes being saved after
longer periods of time – such as 7 days (Barbalias and
Liatsikos 1999) or more – are reported in literature, but
these are likely to be subtorsion episodes.

II.2.5.4
Undescended Testis

II.2.5.4.1

Summary

Early surgery has been proposed as a possibility to pre-
vent spermatogenesis impairment. Poor fertility may
occur not only following primary parenchymal degen-
erative change of the testis, but also as a consequence of
gonadal blood flow disorder. Ischaemia – whether sur-
gically induced, resulting from spermatic cord subtor-
sion, or due to altered tissue perfusion – will cause ipsi-
lateral and contralateral oxidative stress.

II.2.5.4.2

Introduction

“Undescended testis” (UT) is found in 2–4% of boys
born at term, and in approximately 1% of boys at the
age of 1 year (Barthold and Gonzales 2003). As foetal
development progresses, testes move from the first
lumbar segment in a caudal direction together with the
vas deferens, epididymis and spermatic vessels. From
the 3rd to the 7th months, testes are situated by or in the
proximity of the deep inguinal ring. Migration of testes
into the scrotum occurs within the 8th month of intra-
uterine life. Possible causes of UT include: decreased
intra-abdominal pressure, no or too long a gubernacu-
lum testis, congenital defects of the testis, endocrine
and environmental factors, anomalies of the genito-
femoral nerve.

II.2.5.4.3

Consequences of Undescended Testes

Men with uni- or bi-lateral UT have a lower sperm
count, poorer ejaculate quality and worse fertility rates
than control groups (Kogan 1987; Yavetz et al. 1992).
Eighty-nine percent of untreated patients with bilateral
cryptorchidism develop azoospermia (Hadziselimovic
2002; Weidner et al. 2002). The histological hallmarks
associated with UT become evident between the first
and second years of life, and include tubules with a re-
duced diameter, a small germ cell population, defective
germ cell maturation, polynuclear germ cells, peritu-
bular fibrosis, seminiferous tubule sertolization, re-
duced number of Leydig cells, acrosomal deformity
and Leydig cell vacuolization (Cortes et al. 1996; Huff et
al. 2001; Rusnack et al. 2003). These changes can be de-
tected in other pathological conditions, such as pro-
longed hyperthermia and experimental ischaemia, and
are present in the spontaneously descended contralat-
eral testis as well, albeit to a lesser extent.
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II.2.5.4.4

Iatrogenic Ischaemia

Whatever the technique used for orchidopexy, ade-
quate intratesticular blood flow needs to be preserved
in order to maintain normal gonadal volume. Foetal
testes are always supplied by at least two arteries – the
testicular artery (primary) and the deferential artery (a
branch of the inferior vesical artery) – and in 80% of
cases by three or four arteries, including a possible re-
peat of the latter ones and the cremasteric artery (Sam-
payo et al. 1999). Testicular vessel dissection can cause
testicular atrophy due to ischaemia. The incidence of
this complication ranges from 8% for distally UT to as
high as 25% for upper intra-abdominal testes, with
higher risks for those techniques which involve high in-
ternal spermatic artery ligation (Docimo 1995). Poor
blood supply to testes may accidentally result as a con-
sequence of excessive spermatic cord dissection and
cauterization, or spermatic vessel subtorsion following
incorrect testis fixation inside the scrotum, or spermat-
ic vessel ligation and division during Fowler-Stephens
orchiopexy. Excessive axial tension of spermatic vessels
and predominantly of the deferential artery, as a result
of testicular traction following surgery, is an additional
risk factor (Jarow 1991).

Experimentally, in prepubertal rats, spermatic ar-
tery and vein ligation causes an 18% reduction in
blood flow to the testis (Pascual et al. 1990). Some au-
thors observed that testicular artery ligation – still in
rats – is accompanied by histological changes of the tes-
tis resulting in infertility (Kokoua et al. 2004). In men
who underwent orchiopexy in childhood, anomalies of
the testicular artery, as assessed by colour Doppler ul-
trasound, are found six times more frequently than for
the artery of the spontaneously descended contralater-
al testis (Taskinen et al. 1996). Therefore, infertility in
subjects with a history of UT could be ascribable not
only to the well-known intrinsic damage of the dysge-
netic gonad, but also to vascular injury during orchio-
pexy.

II.2.5.4.5

Ischaemia Due To Spermatic Cord Torsion

Previously some authors have reported that twisting
of the spermatic cord is more frequent in UT than in
testes that are regularly located in the scrotum
(Schultz and Walker 1984). This event leads to acute is-
chaemia and, in UT, occurs more frequently in the in-
trauterine period. In newborn males with UT showing
signs and symptoms of prenatal testicular torsion and
undergoing exploratory emergency surgery, testicles
are unviable and gangrenous in almost all cases, and
orchiectomy is necessary (Herzog et al. 1987; Brandt et
al. 1992).

Therefore, prenatal ischaemia results in testicular
atrophy, a condition that is commonly referred to as ab-
sent testis. Whether monorchidism is the result of tor-
sion, endocrinopathy, or other causes is an unrecog-
nized fact, and only surgical exploration can help de-
fine its aetiology (Turek et al. 1994). Approximately
20% of undescended testes are not palpable, and the
lack of a gonad is confirmed upon surgical exploration
in about one-fifth of cases, in which, however, blind-
ending cord structures such as vas, epididymis, fi-
brous/vascular tissue and small amounts of seminifer-
ous tubules with germinal elements can be found up to
90% of the time (Lamesch 1994; Turek et al. 1994; Mer-
ry et al. 1997). The presence of Wolffian structures is
evidence that the ipsilateral testis was present until at
least the 16th week of gestation, vanishing at some
point following induction of masculinization as a result
of an intrauterine vascular accident or testicular tor-
sion, more than twice as frequently as true testicular
agenesis (Merry et al. 1997).

II.2.5.4.6

Ischaemia and Oxidative Stress

Experimental cryptorchidism in animal models shows
that the UT is the site of changes that are typical of oxi-
dative stress, which is attributable to absolute or rela-
tive tissue hypoxia as a consequence of the increased
metabolic requirement of the hyperthermic gonad
(Peltola et al 1995). In adult rat testes with surgically in-
duced maldescent, there is an increase in lactic acid, hy-
poxanthines and the lipid peroxidation level that re-
sults from overproduction of free oxygen radicals sec-
ondary to ischaemia (Karnak et al. 1996a, b; Peltola et
al. 1995). Moreover, a reduction in antioxidant enzyme
levels, mainly Cu/Zn SOD, was documented; this is the
expression of damage to the detoxifying ability of ROS
(Ahotupa and Huhtaniemi 1992; Zini and Schlegel
1997).

In rats that were made unilaterally cryptorchid,
clues of contralateral ischaemia such as an increase in
lactic acid and hypoxanthines, besides a decrease in
mean seminiferous tubular diameter, were observed –
similarly to what happens in testicular torsion; howev-
er, this topic remains disputed (Karnak et al. 1996a, b).
Unfortunately, the use of colour Doppler ultrasound to
assess blood flow in UT is hampered by the small cali-
bre of vessels and the relatively slow flows, in terms of
both peak systolic velocity and end diastolic velocity. In
these cases, impedance of the testicular artery, mea-
sured as the resistive index (RI), is the most reliable pa-
rameter. The testicular artery in UT has a significantly
lower RI compared to the regularly located contralater-
al testis used as a control; histologically, this corre-
sponds to a worse testicular biopsy score (Atilla et al.
1997).
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II.2.6 Effects of Lifestyle and Toxicants
J. P. Bonde

A vast number of toxic chemicals encountered at
the work place, in the environment or related to
lifestyle have the potential to impair male repro-
ductive health. The list of known male reproduc-
tive toxicants includes ionizing radiation, radiant
heat exposure, inorganic lead and certain pesti-
cides and organic solvents, but the number of
chemicals that, according to experimental studies,
have potential effects is much higher. Information
on potential hazardous occupational and other
toxic factors should be an important part of history
taking among patients attending infertility clinics.
The options for the disentanglement of occupa-
tional exposure in particular include:

■ History taking about current occupational
exposures

■ Measurement of exposure levels in ambient air
and tissues

■ Observation of improvement in semen quality
following temporary elimination of potential
hazardous exposures – for instance by tempo-
rary referral to other work tasks.

Summary

II.2.6.1
Introduction

The aetiology of male infertility is unknown in the ma-
jority of cases in clinical practice. Deficits in knowledge
fuels concern that is increasingly raised about the effect
of occupational and environmental exposure on hu-
man semen quality and on what some interpret as gen-
uine geographical differences and declining trends in
sperm count. Although research methods in the field of
reproductive epidemiology and male reproductive tox-
icology have improved substantially during past
20 years, the list of putative human male reproductive
toxicants of relevance to the clinician remains limited.
However, the vast number of exposures with limited ev-
idence for male reproductive effects should be consult-
ed by the clinician whenever suspicion is raised, be-
cause there are sound options for investigating the sig-
nificance of toxic exposures in individual cases – in
particular when toxic effects are not causing perma-
nent damage to endocrine regulation or testicular tis-
sues (Fig. II.2.5). For a scientific outline of the evidence
on male reproductive toxicants in humans, the reader is
referred to several reviews (Steeno and Pangkahila
1984; Schrag and Dixon 1985; Henderson et al. 1986;
Baranski 1993; Bonde and Giwercman 1995; Lahdetie

1995; Tas et al. 1996; Giwercman and Bonde 1998; Figa-
Talamanca et al. 2001; Bonde and Storgaard 2002; Shei-
ner et al. 2003). This chapter will briefly present the au-
thor’s interpretation of present knowledge together
with essential information on exposures that may help
guide the clinician to identify cases of male infertility
related to occupational factors in particular. Infertility
caused by occupational exposure is not a prescribed
occupational disease in any of the countries in the Eu-
ropean Union, and this may partly explain why clinical
cases of male occupation-related infertility are seldom
diagnosed and reported. Clinical diagnoses in individ-
ual cases may have importance that reaches beyond
worker compensation. Recognition of infertility caused
by well-defined exposures in the workplace may en-
hance the improvement of working conditions to pre-
vent additional cases. Moreover, the elimination of haz-
ardous exposures and temporary referral to other work
tasks might improve fecundity if the testicular damage
is neither severe nor irreversible.

a

b

Fig. II.2.5a, b. Effects of reproductive toxicants on seminal char-
acteristics according to site of action. Effects of stem cell and
Sertoli cell toxicants are delayed and effects may be permanent
if damage is severe (a) while the delay may be short and effects
reversible following exposure to toxic substances acting at the
later stages of spermatogenesis (b)
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II.2.6.2
Lifestyle Factors

II.2.6.2.1

Tobacco Smoking

Considering the strong mutagenic, clastogenic<fn>A
clastogen is a chemical agent that causes breaks in
chromosomes</fn> and carcinogenic impacts of to-
bacco smoking, spermatogenesis and male fertility in
adult men seem surprisingly resistant to tobacco smoke
contaminants. While the probability of conception in a
menstrual cycle (the fecundability) is reduced by some
30% if the woman is smoking, smoking in adult men
seems not to have a strong impact on fecundability
(Bolumar et al. 1996). This is consistent with a limited
effect of smoking on sperm count. According to a meta-
analysis of 20 different study populations worldwide,
the sperm count is reduced by an average of 13–17% in
adult male smokers (95% confidence interval, CI:
8–21%) (Vine et al. 1994).

Likewise, smoking seems not to have a major impact
on semen volume, morphology, motility or chromatin
integrity, although data linking smoking and these
endpoints are more limited (Vine 1996; Vine et al. 1997;
Spano et al. 1998). However, wives of smoking men
have a lower chance of pregnancy with intrauterine in-
semination (IUI) and in vitro fertilization/intracyto-
plasmic sperm injection (IVF/ICSI) techniques, and
several other more subtle effects of tobacco smoking
have been demonstrated in recent studies. Thus several
studies indicate that cigarette smoking is associated
with oxidative DNA damage in human spermatozoa
(Loft et al. 2003) and studies using fluorescence in situ
hybridization have demonstrated an increased preva-
lence of aneuploidy of several chromosomes including
1, 7 and the sex chromosomes (Robbins et al. 1997;
Rubes et al. 1998; Harkonen et al. 1999). Such findings
raise concern as to the risk of cancer, birth defects and
genetic diseases in the offspring, but so far there is only
limited evidence for male-mediated developmental
toxicity in male smokers. Moreover, smoking may have
a major impact on male fertility through other expo-
sure windows. Evidence is now accumulating that sons
of mothers who smoked during their pregnancy have
reduced sperm count (Jensen et al. 1998a, 2004; Stor-
gaard et al. 2003), although findings are not entirely
consistent (Ratcliffe et al. 1992). In one of these studies
a 50% reduction of sperm count was observed in sons
of heavily smoking mothers (Storgaard et al. 2003).
Thus, at present the data seem to indicate that smoking
by adult men has a minor impact on semen quality,
while smoking by the mother during early pregnancy
may have a major impact.

II.2.6.2.2

Alcoholic Beverages and Caffeine

Impaired testicular function in alcoholic addicts is well
documented and may be caused by disturbed liver me-
tabolism as well as toxic effects on the testis, including
ethanol toxicity to Leydig cells (Gluud 1988), but fertili-
ty and conventional measures of semen quality seem
not to be reduced in men with an intake of up to 15–20
alcoholic drinks a week (Gluud 1988; Jensen et al.
1998c; Juhl et al. 2001). There is limited evidence that
coffee drinking (intake of caffeine) among women as
well as men may be associated with reduced fertility,
but only in non-smokers (Jensen et al. 1998b). Smoking
may interfere with the metabolism of caffeine resulting
in enhanced detoxification and elimination of caffeine
metabolites.

II.2.6.2.3

Heat and Sedentary Body Posture

Social and economic development during the twenti-
eth century dramatically changed everyday life for the
majority of people in developed countries. One obvi-
ous consequence has been the shift from physically de-
manding work to sedentary work. A much larger frac-
tion of the population sit in offices and transportation
vehicles for a larger fraction of the time than previous-
ly. The question has been raised repeatedly of whether
this shift in working and living conditions could influ-
ence male fertility through a disruption of testicular
heat regulation (Mieusset and Bujan 1995). The testes
are located outside the body to keep temperature of the
germinal epithelium below the core temperature. It is
well known that elevation of the testis temperature im-
pairs and even inhibits spermatogenesis (Mieusset and
Bujan 1995; Thonneau et al. 1998). External heating of
the testis for a short period of time results in a dramat-
ic but temporary decrease in sperm count after a delay
of 6–8 weeks, and elevation of the core temperature by
fever or extreme sauna bathing also reduces the sperm
count (Procope 1965; Carlsen et al. 2003). Further-
more, work in a hot occupational environment and ex-
posure to radiant heat among welders, foundry work-
ers, ceramic workers and bakers may cause reduced
sperm count (Bonde 1992; Figa-Talamanca et al. 1996;
Thonneau et al. 1996, 1998), and disruption of testicu-
lar heat regulation may also be the cause of delayed
conception in taxi drivers (Figa-Talamanca et al. 1996;
Bujan et al. 2000). It is now well documented that the
sedentary work position is associated with an in-
creased scrotal temperature (Fig. II.2.6, Hjollund et al.
2000, 2002b).

Men sitting at work for 8 h a day have on average a
0.7°C increased scrotal temperature during the day in
comparison with employees spending fewer than 8 h in
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Fig. II.2.6. Scrotal temperature during night and day time ac-
cording to the duration of sedentary body position during
working hours. The natural decline of scrotal temperature dur-
ing the day is partly inhibited by sitting at work (Hjollund et al.
2002b)

the sedentary body position. Although an increase of
scrotal temperature of this order of magnitude might
be sufficient to impair spermatogenesis, a reduced
sperm count seems not to be related to sedentary work
(Hjollund et al. 2002a; Stoy et al. 2004). Likewise it has
been speculated whether tight underwear could act as a
testicular suspensorium. Some studies on reduced
sperm count related to the use of tight underwear and
trousers have in fact been reported (Jung et al. 2005). In
conclusion, it seems justified to pay attention to a pos-
sible temporary effect on sperm count in specific occu-
pations with exposure to high levels of radiant heat and
perhaps among professional drivers, while a sedentary
work position in general and in office work seems un-
likely to influence male fertility.

II.2.6.3
Workplace Factors

Exposure at the workplace is usually much higher than
environmental exposures experienced by the general
population. Although the number of people experienc-
ing highly specific exposures is mostly low, individual
risk may be high owing to high exposure levels. To date
occupational studies of male fertility have contributed
by far the most to current knowledge on toxic expo-
sures and human male fertility. But as alert physicians
pay attention to the possible impact of toxic and physi-
cal workplace exposures, much more can probably be
learned about the impact of environmental exposures.

II.2.6.3.1

Ionizing Radiation

Health care and nuclear plant personnel, laboratory
technicians, welding operators and radar technicians

may be exposed to ionizing radiation at the workplace.
The testis is one of the most radiosensitive tissues of the
body. Spermatogonia are the most radiosensitive cells,
spermatocytes are less vulnerable and spermatids are
rather radio-resistant. A temporary reduction in sperm
count occurs after a radiation dose of 0.15 Gy, while sin-
gle exposures above 2 Gy may cause permanent azoo-
spermia (Rowley et al. 1974; Littley et al. 1991; Ogilvy-
Stuart and Shalet 1993). The decline in sperm count oc-
curs with a delay of 50–60 days, consistent with the fact
that the spermatogonia are the most radiosensitive.
Workplace exposure to gamma-radiation is easy to
monitor, while exposure to alpha- and beta-radiation
by inhalation or ingestion of particles may easily es-
cape recognition. However, according to the present
occupational standards in industrial and research labo-
ratories, exosure levels are far below background radia-
tion. If the usual exposure threshold of 15 millisievert/
year is not exceeded, testicular effects seem unlikely.

II.2.6.3.2

High-Frequency Electromagnetic Radiation

(HHF, 300 kHz to 300 mHz, Short Waves or Microwaves)

High-frequency electromagnetic radiation is nonioniz-
ing radiation with a higher energy content than ex-
tremely low frequency electromagnetic radiation (see
below). Exposure to HHF is increasing in society at
large because of widespread use of cellular phones,
among other devices. Occupational exposure occurs
among military radar equipment operators and emplo-
yees working with thermal plastic sealing, glue harden-
ing, physiotherapy and telecommunication equipment.
The apparent effect on semen quality of microwaves
(100 mHz to 300,000 mHz) reported in an earlier East
European study may result from the radiant heat asso-
ciated with the exposure (Lancranjan et al. 1975a). The
significance of reduced semen quality observed in mili-
tary radar equipment operators in the USA and Den-
mark is uncertain (Lancranjan et al. 1975a, Weyandt et
al. 1996, Hjollund et al. 1997 ). The effects observed in
these small human populations are not corroborated
by animal experimental evidence.

II.2.6.3.3

Extremely Low Frequency Electromagnetic Radiation

There has been a tremendous increase in the popula-
tion’s exposure to extremely low frequency electromag-
netic radiation from household electrical equipment
and power cables. Clues as to the possible significance
for male reproductive health may be obtained from oc-
cupational studies. Metal welders are among the pro-
fessionals with the greatest exposure because of their
close proximity to power cables during electric arc
welding. Comprehensive studies with full shift moni-
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toring of electromagnetic fields provide no evidence
that the endocrine profile or conventional semen char-
acteristics are influenced by exposure to such fields
(Hjollund et al. 1999). Moreover, there is a paucity of
experimental evidence indicating that we should ex-
pect any effects.

II.2.6.3.4

Pesticides

Pesticides denote a large and heterogeneous group of
chemicals sharing toxicity to living organisms. It has
become evident from monitoring programmes of the
general population over more than 20 years that several
persistent organic pesticides are detectable in human
tissues all over the globe, even including people living
in the arctic regions. A United Nations working group
has reported that 9 of the 12 most unwanted persistent
organic pollutants are pesticides used on agricultural
crops. Industrial workers engaged in the manufacture
and formulation of pesticides may be exposed through
multiple pathways, while the predominant route of ex-
posure among applicators in greenhouses and agricul-
ture seems to be through the skin. But spraying of pes-
ticides may cause exposure through inhalation as well –
unless the worker is adequately protected. Thousands
of deaths are reported annually following acute intoxi-
cation in developing countries, and high-level exposure
in the occupational setting as well as long-term low-
level exposure of the general population continue to be
of concern – not least from the point of view of male re-
productive health. It is well known that the nematocide
dibromochloropropane (DBCP) is detrimental to sper-
matogenesis in humans by as yet unknown mecha-
nisms (Whorton et al. 1977; Potashnik et al. 1978;
Whorton and Milby 1980; Whorton and Foliart 1983;
Potashnik and Porath 1995). Azoospermia developed
in some workers following low-level exposure for a
short duration and in some cases seemed permanent,
as an indication of severe stem cell or Sertoli cell toxici-
ty. The severe reproductive effects of DBCP in humans
were discovered in 1977, but their effects in rodent spe-
cies had been known for decades. The substance has
been prohibited in most countries for a long time, but
during the past 20 years several other pesticides have
been studied in occupational settings. Some agents
seem to interfere with spermatogenesis although their
effects are far less severe than DBCP (Whorton et al.
1979; Wong et al. 1979; Wyrobek et al. 1981; Ratcliffe et
al. 1987). Examples include ethylene dibromide, which
is structurally related to DBCP (Ratcliffe et al. 1987),
carbaryl, which causes sperm morphology anomalies
(Wyrobek et al. 1981), and 2,4-dichlorophenoxyacetic
acid (Lerda and Rizzi 1991).

European studies of vineyard workers, organic and
conventional farmers (Fig. II.2.7) and greenhouse

workers with exposure to a wide range of different
types of pesticides at low exposure levels have not re-
vealed an effect on male fertility as measured by de-
layed time to conception, endocrine sex hormone pro-
files or semen characteristics (Larsen et al. 1998a, b,
1999; Thonneau et al. 1999); an exception is greenhouse
workers, where results point to the impairment of sev-
eral semen characteristics related to manual handling
of cultures (Abell et al. 2000). Apparently inconsistent
findings in occupational pesticide studies of male fer-
tility may easily be explained by exposure to different
chemicals at different levels (Rupa et al. 1991; de Cock
et al. 1994; Curtis et al. 1999; Tielemans et al. 1999a,
1999b; Petrelli and Figa-Talamanca 2001; Greenlee et al.
2003; Hjollund et al. 2004; Sanchez-Pena et al. 2004).
For the clinician, only limited specific information can
be obtained from broad epidemiological studies with
poorly characterized exposures. In the individual case
emphasis must be on work history, exposure to specific
chemicals and animal experimental evidence. Unfortu-
nately, only a few pesticides can routinely be measured
in blood, urine or semen.

a

b

Fig. II.2.7a, b. Total sperm count (a) and serum inhibin B (b)
throughout the season among Danish farmers using and not
using pesticides for the crops. The controlled longitudinal de-
sign provides reliable evidence of limited effects, if any. Expo-
sure levels are assumed to be low (Larsen et al. 1998a)
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II.2.6.3.5

Inorganic Lead

Lead has widespread applications in industry. Workers
in foundries, battery manufacturing plants, ceramic in-
dustries and pigment production may be exposed to
high levels. But exposure to lead may occur – some-
times unexpectedly – in numerous other occupations,
also including craftsmen. Previously, the general popu-
lation has been heavily exposed to lead in gasoline, but
population levels of blood lead declined dramatically
after the introduction of non-leaded gasoline in many
countries. Exposure levels in various European indus-
tries have also declined – according to one survey based
upon some 45,000 blood samples from an average of
70 µg/dl in 1970 to 35 µg/dl in 1995 (Bonde et al. 1999).

In comparison with many other industrial chemi-
cals, it is a great advantage that exposure to lead during
the previous 30 days can be easily and reliably obtained
by measuring lead levels in a blood sample. However,
the relationship between lead in blood and target or-
gans such as the testis is poorly characterized.

The toxicity of lead for male reproductivity in terms
of impaired semen quality, hormonal imbalance and
reduced fertility has been known for a long time, but
the mechanisms involved and sites of action remain
unclear. They may include a direct effect on the germi-
nal epithelium or maturing spermatozoa, disruption of
the endocrine regulation of spermatogenesis, or both
(Apostoli et al. 1998). At very high exposure levels
above 80–100 µg/dl blood, which may be associated
with signs of clinical intoxication, lead exposure is as-
sociated with decreased libido and impotence – proba-
bly of central origin.

Several occupational surveys have linked exposure
to inorganic lead in the exposure range above
50–60 µg/dl with a reduced sperm count in particular,
but also with other semen characteristics and signs of
male reproductive toxicity (Lancranjan et al. 1975b;
Wildt et al. 1983; Assennato et al. 1986; Coste et al. 1991;
Gennart et al. 1992; Lerda 1992; Alexander et al. 1996;
Bonde and Kolstad 1997; Viskum et al. 1999; Bonde et
al. 2002) although the literature is not entirely consis-
tent (Bonde and Kolstad 1997; Robins et al. 1997; Joffe
et al. 1999; Apostoli et al. 2000). The evidence in hu-
mans is supported by compelling evidence in mice,
rabbits and some rat strains (Apostoli et al. 1998), but
the question of the lowest level associated with an ob-
served adverse effect remains open.

An international European study points to a thresh-
old around 45 µg/dl below which effects on sperm
count seem unlikely (Bonde et al. 2002). These findings
are consistent with studies of delayed time to pregnan-
cy not indicating effects in the lower exposure range
below 50 µg/dl (Joffe et al. 1999). The lowest effect level
of about 45 µg/dl of lead in blood is an average group

threshold, which does not necessarily apply to all indi-
vidual workers. It is likely that some workers are more
susceptible to the actions of lead than others. The indi-
vidual susceptibility could be influenced by genetic
polymorphisms that modify the toxicokinetics of lead
(Alexander et al. 1996). Variation in the distribution ki-
netics of lead across various tissues might also explain
differences in individual susceptibility. A plot of the
correlation between lead in blood and lead in sperma-
tozoa reveals a large variation of sperm lead at a given
blood lead level (Figs. II.2.8, II. 2.9). Since lead may be
encountered in very diverse occupational settings, and
is easily measured in blood, determination of this metal
should probably be performed routinely when the sus-
picion is raised that occupational exposures might be
of importance.

II.2.6.4.6

Cadmium

Exposure to cadmium fumes may be encountered in
battery manufacture. In rodents cadmium produces

Fig. II.2.8. Concentration of sperm cells in fresh ejaculates in
some 500 workers from UK, Belgium and Italy according to
current blood lead level. No effects are observed below 45 µg
lead per dl of blood (Bonde et al. 2002)

Fig. II.2.9. Relation between the concentration of lead in blood
and spermatozoa (Bonde et al. 2002)
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severe testicular damage even at low doses. The prima-
ry action involves damage to the testicular capillary ep-
ithelium. Despite remarkable findings in laboratory
animals there is still inadequate data to assess the toxic-
ity of cadmium to human male fertility.

II.2.6.4.7

Mercury

Both inorganic mercury and methyl mercury are taken
up by the testis in mice (testicular half-life 3–4 and
56 days respectively) (Lee and Dixon 1975) and the
early stages of spermatogenesis are particularly vulner-
able to mercury at dose levels not producing systemic
toxicity. Knowledge about the impact of mercury on
human male reproductive function is limited, although
the effects of mercury were implicated in a case study
and a few epidemiological studies (Lee and Dixon 1975;
Ernst and Bonde 1992a).

II.2.6.4.8

Manganese

Histopathological changes in testicular tissue have
been shown to occur in different animal species follow-
ing doses that were not otherwise toxic. It has been sug-
gested that manganese inhibits succinic dehydrogenase
in mitochondria, causing disruption of energy metabo-
lism and cell death. An earlier epidemiological study
revealed a decline in birth rate in workers exposed to
high levels of manganese dust (Lauwerys et al. 1985),
but the literature is inadequate to assess the toxicity of
this metal in humans.

II.2.6.4.9

Hexavalent Chromium

Hexavalent chromium causes decreased epididymal
sperm count and sperm motility in rats (Ernst 1990;
Ernst and Bonde 1992b), but in welders with rather low
exposure to airborne water-soluble hexavalent chromi-
um no consistent effects on conventional semen char-
acteristics or fertility rates have been found (Jelnes and
Knudsen 1988; Bonde and Christensen 1991; Bonde
and Ernst 1992). Welders using other welding methods
and chromium platers may experience much higher ex-
posure levels and may be at risk of effects on reproduc-
tive function.

II.2.6.4.10

Metal Welders

The prevalence of metal welding is about 5% in many
countries throughout the world. The level and constitu-
ents of welding fume particulates is highly dependent
on the type of metal and the welding technology. While

electric rod welding (manual metal arc welding) and
metal active gas welding are often associated with high
exposure levels, far above 5 mg/m3, tungsten inert gas
welding confers much less exposure to welding fumes –
often in the range below 1 mg/m3. Several studies have
demonstrated impaired semen quality, delayed time to
conception and a reduced fertility rate in metal welders
(Mortensen 1988; Bonde et al. 1990; Bonde 1990a,
1990b), but more recent studies have not corroborated
earlier findings (Hjollund et al. 1998a, b). These appar-
ent inconsistencies may be due to a recent reduction of
exposure levels. The risk seems not to be related to
welding on stainless steel, which may confer high expo-
sure to hexavalent chromium. The mechanisms remain
unclear. Exposure to extremely low frequency electro-
magnetic radiation is not a likely cause (Hjollund et al.
1999), and exposure to radiant heat is probably only
important when preheated steel is welded (Bonde
1992). Suspicion should be raised if impaired semen
quality with an unknown cause is revealed in a welder
exposed to high levels of welding fume particulates
(above 5–10 mg/m3). This implies that only electric rod
and metal active gas welding, but not tungsten inert gas
welding, is relevant.

II.2.6.4.11

Organic Solvents

Among the widely used volatile, industrial, organic sol-
vents, it seems that carbon disulphide carries a risk to
the male reproductive system (Vanhoorne et al. 1994).
This solvent is used in particular in the viscose-rayon
industry. High-level exposure in the workplace may
produce reduced sperm count, reduced sperm motility
and increased frequency of abnormal sperm forms as
well as endocrine effects, as suggested by reduced cir-
culating levels of luteinizing and follicle stimulating
hormone. Styrene is used in the manufacture of rein-
forced plastic products such as windmills and yachts.
Manual laminating procedures often involve high ex-
posure levels. There is limited evidence that inhalation
of styrene may impair semen quality (Kolstad et al.
1999b) and an international study did not indicate that
exposure of the male to styrene is related to delayed
conception (Kolstad et al. 1999a). Animal as well as hu-
man data on the male reproductive effects of other
widely used solvents, such as toluene, xylene, benzene,
carbon tetrachloride and trichlorethylene, are limited.

Ethylene glycol ethyl or methyl ethers are solvents
with low volatility, which increasingly have been used
as substitutes for the highly volatile hydrocarbons in
paints, adhesives, thinners, printing ink and anti-icing
fluids. It has been estimated that two million workers
are exposed to eight different glycol ethers in the USA.
In experimental animals, these substances have re-
vealed unequivocal evidence for male reproductive
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toxicity. Several studies in humans now document that
these compounds impair human male reproductive
health as well (Ratcliffe et al. 1989; Veulemans et al.
1993; Tielemans et al. 1999a).

The solvent 2-bromopropane has specific effects on
rat spermatogonia (Omura et al. 1999; Son et al. 1999)
and therefore it is interesting that six out of eight male
workers at a Korean electronics company had a severely
reduced sperm count (Kim et al. 1996). Clearly atten-
tion should be paid to this particular organic solvent
for workers in the electronics industry.

II.2.6.4
Environmental Exposures

More than 10 years ago it was suggested that environ-
mental toxicants with weak hormonal actions may in-
terfere with the development of the gonads in prenatal
life and during childhood, and cause impaired repro-
ductive health in later life. While a large body of experi-
mental and toxicological evidence addressing this hy-
pothesis has emerged, knowledge on human exposure
profiles and epidemiological evidence is limited (Son-
nenschein and Soto 1998; Sharpe and Irvine 2004). A
report from the European Commission identified 60
substances (29 chemical groups) from an initial list of
564 chemicals to be of high concern because of persis-
tence, high volume and at least one study providing evi-
dence of endocrine disruption in an intact organism.
Polychlorinated biphenyls (PCBs) and dichlorodiphe-
nyltrichloroethane (DDT) are of particular interest be-
cause these compounds are highly persistent in human
tissues, with a half-life of 5–10 years, and exposure lev-
els in the general population are well documented. The
compounds have been released into the environment
since the 1940s and accumulate in the aquatic environ-
ment in particular to reach high levels in predators at
the top of the food chain. In addition to consumption of
fatty fish the general population is exposed through di-
ary products and meat. There is limited but accumulat-
ing epidemiological evidence that these compounds
may reduce male fertility and result in subtle impair-
ment of semen quality (Toft et al. 2004), but at present
the evidence is far too crude to support the clinician in
fertility workups or guidance of infertility patients. The
same applies to several other potential compounds
with weak hormone-like activity, such as phthalates
(Duty et al. 2003; Hoppin 2003; Zhang et al. 2003). The
issue of endocrine disrupting chemicals is dealt with
more comprehensively elsewhere in this book. The
general population is exposed to other chlorinated pes-
ticides, see above, “Pesticides”.

II.2.6.5
Male-Mediated Developmental Toxicity

Animal studies have demonstrated how mutagens and
carcinogens are capable of introducing heritable geno-
mic changes, which may result in reproductive failures
such as miscarriage, congenital malformations and
cancer in the offspring. Traslar et al. 1985 demonstrat-
ed how exposure of male rats to cyclophosphamide
causes post implantation loss without interfering with
fertility. Aneuploid sperm may not represent a heredit-
able risk if they are disadvantaged at fertilization with
respect to normal sperm cells. However, in elegant
studies Marchetti et al. (1999) demonstrated the ab-
sence of selection against aneuploid mouse sperm at
fertilization. Thus the question about consequences of
paternal exposures for pregnancy outcomes seems
highly relevant, and since 1985 several synthetic chem-
icals have been found to induce genetic damage that is
transmitted to the offspring. In humans, treatment
with cytotoxic drugs and tobacco smoking have been
associated with an increased frequency of aneuploidy
in sperm cells (Rubes et al. 1998; Harkonen et al. 1999),
but so far there is no clear evidence that developmental
anomalies can be attributed to paternal smoking in
spite of several findings suggesting such effects (Savitz
2003). Many epidemiologic studies indicate an associ-
ation between certain paternal occupational exposures
and adverse pregnancy outcomes (Savitz et al. 1994).
However, in most cases positive findings obtained in
one study have not been confirmed in other studies.
Moreover, a study of ionizing irradiation, including
about 70,000 children of atomic bombs survivors, did
not demonstrate abnormal pregnancy outcomes relat-
ed to paternal irradiation. Nevertheless, it is obvious
that epidemiological research in this field has to over-
come many difficulties and “no evidence” cannot be
taken as “no effects”. The question about paternal ex-
posures in pregnancy outcomes is often raised in clini-
cal practice, but so far no confirmative answers can be
given.

II.2.6.6
Conclusion

The most obvious clinical consequence of male repro-
ductive toxicity is delayed conception and infertility.
For exposures acting after puberty the outcome will de-
pend on the mechanisms involved. Thus the outcome is
permanent sterility if the stock of stem cells is
completely eradicated, whereas subfecundity may be
rather temporary if post spermatogonial germ cells are
affected. Only a few exposures, such as ionizing radia-
tion, a high level of radiant heat, inorganic lead, certain
pesticides and organic solvents, are well documented
human male reproductive toxicants, but the list of po-
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tential reproductive toxicants is long. In clinical prac-
tice the clinician will have to take the vast body of ex-
perimental evidence into account when the suspicion is
raised that some specific exposure is related to infertili-
ty. Data on occupational and lifestyle exposures should
be an important part of history taking among patients
attending infertility clinics.
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II.2.7 Influence of Systemic Diseases and Iatrogenic
Factors on Sexual and Reproductive Functions
R. Bornman

Systemic diseases and ejaculatory dysfunction may
be partly or entirely the cause of impaired male fer-
tility. Certain medications may have a further neg-
ative effect on sperm function. If the physician is
content to make a diagnosis on the semen analysis
report without listening to the patient (history) or
looking for specific signs (examination), very sig-
nificant conditions may be overlooked. Unfortu-
nately, this may lead not only to inappropriate
management, but also to the loss of an opportunity
to make a difference to the short- and long-term
prognosis of both male reproductive and general
health.

Summary

II.2.7.1
Introduction

A male factor is implicated in up to 50% of all infertile
couples. The success of managing male factor infertility
depends on both a clinical diagnosis and determina-
tion of the cause of the male factor infertility. There are
many potential causes of male factor infertility and a
systematic approach, therefore, is indispensable for di-
recting the evaluation in order to make properly justifi-
able decisions about the diagnosis, aetiology and man-
agement.

As physicians we are all aware of the pitfalls of taking
shortcuts in medicine – this is particularly true for an-
drology and male infertility. Only a detailed, complete
medical history combined with a focused clinical ex-
amination will allow for appropriate laboratory and
other studies. This requires that the managing physi-
cian has a definite understanding of the applied and in-
tegrative aspects of the genetics, anatomy and physiol-
ogy of the male reproductive system. Without this, the
evaluation may well become an incompetent exercise
failing to elucidate the precise cause of infertility and
resulting in the spider webs of inappropriate manage-
ment.

II.2.7.2
Sexual and Reproductive Function

Male sexual dysfunction, observed by the absence of an
erection, may be classified in the same way as female
sexual dysfunction, according to DSM IV, into desire,
arousal, orgasmic or pain disorders.

II.2.7.2.1

Libido

Testosterone is responsible for normal libido (sexual de-
sire) and male psychosexual behaviour. In some cases,
ejaculatory problems may occur in combination with
loss of libido, and androgen deficiency (hypogonadism)
starting as either pituitary or testicular dysfunction
should be considered. Patients with hypogonadism may
have decreased or absent ejaculation because the secre-
tory function of the prostate and seminal vesicles is an-
drogen dependent. If the seminal volume is normal, it
seems unlikely that endocrine factors are responsible
for loss of libido (Gerber and Brendler 2002).

The primary absence of sexual desire seems to be ex-
tremely rare. A decrease or complete loss of libido usually
occurs secondarily. Organic causes such as dyspareunia
(physical discomfort during intercourse), endocrine dis-
turbances and chronic incapacitating disease, as well as
iatrogenic causes such as anti-hypertensive drugs, seda-
tives and tranquilizers can change libido. A decrease in li-
bido may also result from depression and a variety of
medical illnesses that affect generalhealthandwell-being.

Erectile dysfunction, generally associated with re-
duced sexual desire and sometimes with orgasmic or
ejaculatory dysfunction, is the major revealing symp-
tom of hyperprolactinaemia in men, a condition that
should not be neglected since many cases result from
pituitary tumours, likely to result in serious complica-
tions (Buvat 2003). Prolactin (PRL) has a fundamental
role in sexual activity and an elevated PRL level is asso-
ciated with alterations in desire or libido. During
chronic high levels of PRL in animals, Leydig cell sensi-
tivity to luteinizing hormone (LH) stimulation changes
and testosterone subsequently decreases (Huang et al.
2001). It also seems that PRL may be a feedback mecha-
nism to central nervous system centres that control
sexual arousal and behaviour. In both men and women
plasma PRL concentrations are considerably increased
for over 1 h following orgasm induced by either coitus
or masturbation. Plasma PRL, however, remains un-
changed following sexual arousal without orgasm (Ex-
ton et al. 2001; Kruger et al. 2002).

II.2.7.2.2

Emission and Ejaculation

The ejaculatory process consists of a well-timed se-
quence of neuromuscular events resulting in the expul-
sion of semen from the urethra. Subsequently the fertil-
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ity potential will be affected by any neuromuscular in-
volvement or anatomical/mechanical abnormalities.

Ejaculatory Dysfunction

Ejaculatory dysfunction is involved in <2% of causes of
infertility (Wang et al. 1996). Congenital, pharmaco-
logical, metabolic, inflammatory and functional abnor-
malities are also potential causes, but some cases re-
main idiopathic.

Any process that interferes with the peristaltic con-
tractions of the vas deferens and closure of the bladder
neck may result in either failure of emission or retro-
grade ejaculation (Brugh et al. 2003). Ejaculatory dys-
function should be suspected in any patient with low-
volume (<1.0 ml) or absent ejaculate and should be dis-
tinguished from anorgasmia. In contrast, sperm will not
be present in the urine of a patient with failure of emis-
sion, which must be diagnosed by clinical suspicion.

The causes of ejaculatory dysfunction are summa-
rized in Table II.2.5.

Retrograde Ejaculation

Retrograde ejaculation is caused by incomplete closure
of the bladder neck and subsequently sperm and semi-
nal fluid are propelled backwards into the bladder
through the bladder neck. The ejaculate volume is ac-
cordingly reduced or absent. Retrograde ejaculation is
diagnosed by examining the post-ejaculate urine for

Table II.2.5. Causes of ejacu-
latory dysfunction

Anejaculation Retrograde ejaculation Premature ejaculation

Traumatic Traumatic Psychological
Spinal cord injury Spinal cord injury
Trauma to posterior urethra Trauma to posterior urethra

Iatrogenic Iatrogenic Systemic
Retroperitoneal lymph node

dissection
Retroperitoneal lymph node

dissection
Multiple sclerosis

Aortic aneurysm surgery Aortic aneurysm surgery
Colorectal surgery Colorectal surgery
Sympathectomy Sympathectomy

Prostatectomy
Y-V plasty of bladder neck
Posterior urethroplasty

Pharmacological Congenital Inflammatory
Antihypertensives Epispadias Prostatitis
Antidepressants Exstrophy
Antipsychotics Posterior urethral valves
Others including alcohol, etc.

Metabolic and systemic Pharmacological Other
Diabetes mellitus Antihypertensives Spinal cord tumour
Multiple sclerosis Antidepressants Benign prostatic hypertrophy

Antipsychotics
Others including alcohol, etc.

Psychological Metabolic and systemic
Delayed ejaculation Diabetes mellitus
Idiopathic Idiopathic

sperm. Exact criteria have not been established for a
positive post-ejaculate urinalysis, but the finding of
>10 sperm per high-power field confirms the presence
of retrograde ejaculation.

Failure to Ejaculate (Anejaculation, Aspermia)

Patients who complain of absence of ejaculation should
be questioned regarding loss of libido or other symp-
toms of androgen deficiency, present medications, dia-
betes and previous surgery. A careful history will usu-
ally determine the cause of this problem (Gerber and
Brendler 2002).

Androgen deficiency results in decreased secretions
from the prostate and seminal vesicles causing a reduc-
tion or loss of seminal volume. Sympathectomy or ex-
tensive retroperitoneal surgery, most particularly ret-
roperitoneal lymphadenectomy for testicular cancer,
may interfere with autonomic innervation of the pros-
tate and seminal vesicles, resulting in the absence of
smooth muscle contraction and absence of seminal
emission at the time of orgasm. Pharmacologic agents,
especially [ -adrenergic antagonists, may interfere with
bladder neck closure at the time of orgasm and subse-
quently result in retrograde ejaculation. Previous blad-
der neck or prostatic urethral surgery, most typically
transurethral resection of the prostate, may interfere
with bladder neck closure, resulting in retrograde ejac-
ulation. Retrograde ejaculation may develop in diabet-
ic men as part of the diabetic neuropathy.
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Premature Ejaculation

Premature ejaculation is characterized by the inability
of the patient to control the time of ejaculation in a way
that will allow his partner to reach an orgasm. Rapid
(premature) ejaculation (RE) is a very common sexual
disorder and may occur as a primary event or second-
arily to underlying disease (Abdel-Hamid 2004). Pre-
mature ejaculation is clearly a very subjective symp-
tom. It is common for men to ejaculate within 2 min af-
ter initiation of intercourse, and many men who com-
plain of premature ejaculation in reality have normal
sexual function with abnormal sexual expectations.
Men with true premature ejaculation reach orgasm
within less than 1 min after initiation of intercourse.
This cause is almost always psychogenic and best treat-
ed by a clinical psychologist or psychiatrist who spe-
cializes in treating psychological aspects of male sexual
dysfunction (Han et al. 2002).

Erectile dysfunction occurs in 3% to 5% of patients
undergoing an open prostatectomy; it is more common
in older men than in younger men.

Anorgasmia

Anorgasmia or the absence of orgasm is usually psy-
chogenic or caused by certain medications used to treat
psychiatric diseases. Sometimes, however, anorgasmia
may be due to decreased penile sensation owing to im-
paired pudendal nerve function. Most commonly, this
occurs in diabetics with peripheral neuropathy (Gerber
and Brendler 2002).

Neurological

Diabetes mellitus causes peripheral nervous system in-
jury resulting in possible retrograde ejaculation or ane-
jaculation. Central nervous system lesions, such as spi-
nal cord injury and myelodysplasia, can also cause
ejaculatory dysfunction.

Failure of emission or ejaculation can also occur
during retroperitoneal lymph node dissection for tes-
ticular cancer or other retroperitoneal abdominal or
pelvic surgery when a portion of the sympathetic chain
or pelvic nerves are also excised.

Drugs

Some medications will affect ejaculation, such as [ -
blockers (causing retrograde ejaculation), antidepres-
sants, antipsychotics and some antihypertensives.

Anatomic causes of ejaculatory dysfunction include
obstruction of the ejaculatory ducts and previous sur-
gery on the bladder neck (Y-V plasty of the bladder
neck, transurethral incision, or resection of the pros-
tate). Retrograde ejaculation occurs in 80% to 90% of

post-prostatectomy patients. The risk, however, can be
reduced if the bladder neck is preserved at the time of
surgery. Also, in 2% to 3% of patients a bladder neck
contracture develops 6–12 weeks after an open prosta-
tectomy, particularly in men who have a relatively
small opening at the bladder neck at the end of the op-
eration (Brugh et al. 2003).

II.2.7.2.3

Erectile Function

Male sexual dysfunction [impotence or erectile dysfunc-
tion (ED)] refers specifically to the persistent inability
for at least 3 months to attain and maintain a penile
erection sufficient for satisfactory sexual performance.
ED is a symptom of disease and an important marker
often of serious underlying pathology. ED is influenced
by lifestyle factors (uncontrolled stress, lack of exercise,
obesity, smoking, substance abuse) and lifestyle-asso-
ciated diseases (hypertension, ischaemic heart disease,
diabetes mellitus). These should be diagnosed as soon
as possible, especially in younger men, when lifestyle
changes may still be of benefit.

Studies show that blood testosterone concentrations
are consistently lower among men with cardiovascular
disease, suggesting a possible preventive role for testos-
terone therapy. Moreover, ED is frequently caused by
pelvic arterial insufficiency due to atherosclerosis. This
sentinel relationship to generalized atherosclerosis
should not be overlooked in males complaining about
infertility (Liu et al. 2003).

Systemic and iatrogenic causes of ED are summa-
rized in Table II.2.6. Table II.2.7 lists the pharmacologi-
cal causes of ED.

Table II.2.6. Medical conditions associated with erectile dys-
function

Factor Conditions

Chronic medical
illness

Diabetes mellitus, renal failure,
anaemia

Medication and re-
creational drug use

Antihypertensives, antidepressants,
alcohol, marijuana, cocaine

Atherosclerotic risk
factors

Hypercholesterolaemia, hyperten-
sion, diabetes mellitus, family history

Pelvic, perineal,
penile trauma

Pelvic fracture, cycling

Past surgery Radical prostatectomy, laminectomy,
vascular bypass surgery

Neurological disease Multiple sclerosis, lumbosacral disc
disease, spinal cord injury

Endocrinological
disease

Hypogonadism, hyperprolactinae-
mia, thyroid disease

Psychiatric disease Anxiety, depression

Sexually transmitted
diseases

Retroviral disease, gonorrhoea,
syphilis
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Table II.2.7. Drugs often associated with erectile dysfunction

Antihypertensives Thiazide diuretics, q -blockers, calci-
um channel blockers, angiotensin
converting enzyme (ACE) inhibitors

Antidepressants Tricyclic antidepressants, selective
serotonin reuptake inhibitors (SSRIs)

Antiarrhythmics Digoxin

Anti-androgens Anti-androgens

H2-blockers Cimetidine

Recreational drugs Alcohol, marijuana, cocaine, heroin

A careful history will often determine whether the prob-
lem is primarily psychogenic or organic. In men with
psychogenic impotence, the condition frequently devel-
ops rather quickly secondary to a precipitating event
such as marital stress or change or loss of a sexual part-
ner. In men with organic impotence, the condition usu-
ally develops more insidiously and frequently can be
linked to advancing age or other underlying risk factors.

In evaluating men with impotence, it is important to
determine whether the problem exists in all situations.
Many men who report impotence may not be able to
have intercourse with one partner but will with anoth-
er. Similarly, it is important to determine whether men
are able to achieve normal erections with alternative
forms of sexual stimulation (e.g. masturbation, erotic
videos). Finally, the patient should be asked whether he

Table II.2.8. Systemic diseases
and fertility

Disease Possible cause of infertility

Diabetes Neuropathy

Tuberculosis Epididymitis, obstructive azoospermia

Chronic respiratory tract disease such as bronchiec-
tasis, chronic sinusitis/bronchitis

Disorders of sperm cilia, complete
asthenozoospermia, secretory distur-
bances in the epididymis resulting in
obstructive azoospermia (Young
syndrome)

Cystic fibrosis Agenesis of vasa deferentia or semi-
nal vesicles

Renal or hepatic dysfunction Metabolic disorders

Fever >38°C Suppression spermatogenesis
(oligozoospermia)

Iatrogenic – chemotherapy, radiotherapy, medica-
tions such as nitrofurantoin, nitrodazole, sulphasa-
lazine, spironolactone, colchicine

Teratozoo- or oligozoospermia

Surgery, anaesthesia, stress Suppression hypothalamo-pituitary
gonadal axis

STD such as syphilis, gonorrhoea, lymphogranulo-
sum venereum, urethritis, Chlamydia infection

Granuloma and scarring with partial
obstruction or antisperm antibodies

Mumps orchitis after puberty Testicular ischaemia and fibrosis

Bilateral testicular trauma, torsion, undescended testis Testicular damage

Occupational or environmental exposure to metals
such as cadmium, mercury, lead; chemicals such as pes-
ticides, phenol esters, ethylene, lifestyle related – exces-
sive alcohol intake, heavy smoking, drug addiction

Testicular damage

ever notes nocturnal or early morning erections. In
general, patients who are able to achieve adequate erec-
tions in some situations but not others have primarily
psychogenic rather than organic impotence (Gerber
and Brendler 2002).

Mechanical Causes of Sexual Dysfunction

Anatomical Penile Abnormalities

Congenital or acquired abnormalities of the penis may
interfere with normal deposition of semen. The ana-
tomical congenital variations include hypo-/epispadias
and also Peyronie’s disease. In hypospadias the urethra
does not extend to the glans and the meatus is situated
on the underside of the penis. In the majority of cases,
glandular, coronal and distal hypospadias are observed,
but penoscrotal or perineal hypospadias may occur.

In epispadias, the meatal opening is located on the
dorsum of the penis and often forms an open urethral
groove. In the majority of cases, epispadias will result
in severe dorsal deviation of the penis, which may lead
to disturbances in sperm deposition.

Phimosis is narrowing of the foreskin of the penis,
either congenital or acquired. In secondary cases, dia-
betes mellitus, severe balanitis or lichen sclerosis et
atrophicus may be responsible for infections and sec-
ondary phimosis. In individual cases, uncorrected phi-
mosis may impair semen deposition and cause infertil-
ity (Gerber and Brendler 2002).
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II.2.7.3
Systemic Diseases and Fertility

Systemic conditions may contribute in various ways to
impaired male fertility (Table II.2.8) (Comhaire 1996).

For a detailed discussion on lifestyle factors, the
reader is also referred to Chap. II.2.6. Contaminants in
tobacco smoke seem to have minor effects on adult
males per se, but cigarette smoking may be associated
with oxidative DNA damage in human spermatozoa
and become clinically evident as male-mediated devel-
opmental toxicity in the offspring. Smokers are often
heavy coffee drinkers, and caffeine itself may affect
sperm parameters. Infertile men who smoke cigarettes
have higher levels of seminal ROS than infertile nons-
mokers. Given the potential adverse effects of smoking,
physicians should advise infertile men who smoke cig-
arettes to quit.

Marinelli et al. (2004) reviewed the literature on al-
cohol use and semen quality, but studies on the effects
of drinking habits on semen parameters seem insuffi-
cient to draw clear conclusions. In general, it seems that
men with moderate alcohol consumption had fewer
sperm defects than heavy drinkers (Auger et al. 2001).
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II.2.8 Mechanisms of Pathogenesis
of Uro-Genital Cancers
T. F. ’Aho, D. E. Neal

■ Epidemiological studies have identified certain
risk factors for uro-genital cancers.

■ Defining the mechanisms by which these
factors cause cancer remains ongoing.

■ Carcinogenesis is usually a complex, multi-
step process.

■ Genetic and epigenetic mechanisms both play
a role in carcinogenesis.

■ An improved understanding of the mecha-
nisms of carcinogenesis will translate into
advancements in cancer prevention, detection
and therapy.

■ This chapter summarizes current opinion on
mechanisms of carcinogenesis in general with
specific comments on prostate, testis and
penile cancer.

Summary II.2.8.1
Pathogenesis of Cancer in General

II.2.8.1.1

Basic Principles of Carcinogenesis

Most cell populations in the adult human are differenti-
ated and do not proliferate at a high rate. The rate of cell
growth and division is tightly controlled. The basic un-
derlying causes of cancer include the accumulation of
many genetic and epigenetic alterations that result in
independence from normal regulatory mechanisms.

Somatic Mutations

It is now generally accepted that carcinogenesis is a
multi-step process that begins most commonly by so-
matic mutations in the DNA of a single cell (Fig.
II.2.10). Mutations predisposing to cancer may occur in
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II.2.7.3
Systemic Diseases and Fertility

Systemic conditions may contribute in various ways to
impaired male fertility (Table II.2.8) (Comhaire 1996).

For a detailed discussion on lifestyle factors, the
reader is also referred to Chap. II.2.6. Contaminants in
tobacco smoke seem to have minor effects on adult
males per se, but cigarette smoking may be associated
with oxidative DNA damage in human spermatozoa
and become clinically evident as male-mediated devel-
opmental toxicity in the offspring. Smokers are often
heavy coffee drinkers, and caffeine itself may affect
sperm parameters. Infertile men who smoke cigarettes
have higher levels of seminal ROS than infertile nons-
mokers. Given the potential adverse effects of smoking,
physicians should advise infertile men who smoke cig-
arettes to quit.

Marinelli et al. (2004) reviewed the literature on al-
cohol use and semen quality, but studies on the effects
of drinking habits on semen parameters seem insuffi-
cient to draw clear conclusions. In general, it seems that
men with moderate alcohol consumption had fewer
sperm defects than heavy drinkers (Auger et al. 2001).
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II.2.8 Mechanisms of Pathogenesis
of Uro-Genital Cancers
T. F. ’Aho, D. E. Neal

■ Epidemiological studies have identified certain
risk factors for uro-genital cancers.

■ Defining the mechanisms by which these
factors cause cancer remains ongoing.

■ Carcinogenesis is usually a complex, multi-
step process.

■ Genetic and epigenetic mechanisms both play
a role in carcinogenesis.

■ An improved understanding of the mecha-
nisms of carcinogenesis will translate into
advancements in cancer prevention, detection
and therapy.

■ This chapter summarizes current opinion on
mechanisms of carcinogenesis in general with
specific comments on prostate, testis and
penile cancer.

Summary II.2.8.1
Pathogenesis of Cancer in General

II.2.8.1.1

Basic Principles of Carcinogenesis

Most cell populations in the adult human are differenti-
ated and do not proliferate at a high rate. The rate of cell
growth and division is tightly controlled. The basic un-
derlying causes of cancer include the accumulation of
many genetic and epigenetic alterations that result in
independence from normal regulatory mechanisms.

Somatic Mutations

It is now generally accepted that carcinogenesis is a
multi-step process that begins most commonly by so-
matic mutations in the DNA of a single cell (Fig.
II.2.10). Mutations predisposing to cancer may occur in
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Fig. II.2.10. Stages of carcinogenesis

genes encoding proteins that affect a variety of regula-
tory processes including:

■ Cell cycle regulation
■ Apoptosis
■ DNA repair
■ Genetic stability
■ Cell–cell and cell–matrix adhesion
■ Transmembrane signalling
■ Angiogenesis

The genes encoding these proteins can be divided into
two functionally distinct groups: oncogenes and tu-
mour suppressor genes.

Oncogenes

Of the approximately 25,000 genes in the human genome
about 1% can be classified as proto-oncogenes. These
are normal genes that code for proteins involved in di-
verse processes such as control of cell signalling and cell
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growth and angiogenesis. The proteins themselves can
be classified into functional groups that include:

■ Growth factors
■ Receptor tyrosine kinases
■ Membrane-associated non-receptor tyrosine

kinases
■ G-protein-coupled receptors
■ Membrane-associated G-proteins
■ Serine/threonine kinases
■ Nuclear DNA-binding/transcription factors

When proto-oncogenes undergo a mutation or epige-
netic alteration that confers a gain of function they be-
come oncogenes, which predispose the individual to
cancer. Oncogenes are dominant, therefore one abnor-
mal allele increases the risk of cancer. The mechanisms
include gene amplification, translocation and epigenet-
ic mechanisms.

Tumour Suppressor Genes (TSGs)

TSGs, on the other hand, typically encode proteins in-
volved in processes such as:

■ Suppression of the cell cycle
■ DNA repair in genetically abnormal cells
■ Apoptosis if DNA damage is irreparable
■ Cell–cell and cell–matrix adhesion
■ Inhibition of metastasis

TSGs behave as recessives. Cells with one abnormal
copy of the gene, which subsequently lose the normal
copy [the process known as loss of heterogeneity
(LOH)], are susceptible to cancer. Loss of function of
both normal TSGs due to mutation, epigenetic change
or deletion also increases the risk of cancer.

Epigenetic Alterations in Gene Expression

Whereas genetic mutations permanently alter the ge-
nome, epigenetic events modify gene expression with-
out altering the genome sequence. There has been re-
cent interest in the epigenetic silencing of TSGs by hy-
permethylation of gene regulatory DNA sequences
(Garinis et al. 2002). This alters intra-nuclear protein–
DNA interactions and the chromatin structure, affect-
ing the rate of transcription and culminating in the un-
der-expression of mRNA in cancers. Epigenetic mecha-
nisms may also transform some proto-oncogenes. Un-
like genetic mutations, epigenetic alterations are po-
tentially reversible giving a degree of plasticity to the
malignant phenotype.

Multi-Step Models of Carcinogenesis

Knudson’s two-hit hypothesis noted that more than one
genetic alteration in a cell is required for malignant

transformation (Moolgavkar and Knudson 1981).
Weinberg (1983) hypothesized that activation of at least
two oncogenes in a specific order and context was nec-
essary, and Barrett suggested that two different types of
events were required (Boyd and Barrett 1990):

■ Initiation: an irreversible mutational event arising
from interaction with a carcinogen. Initiated cells
must undergo further alteration by way of promo-
tion and progression if they are to become malig-
nant.

■ Promotion, progression and malignant transfor-
mation: promoters, which may be endogenous (e.g.
hormones, chronic inflammation) or exogenous
(e.g. chemicals), act on initiated cells via reversible
epigenetic mechanisms to form focal hyperplastic
lesions. The resultant benign lesions may acquire
progressively greater genetic instability and inde-
pendent proliferative capacity until a clone of cells
capable of autonomous cell division arises
(progression). When this clone acquires the ability
to metastasize, malignant transformation is
complete.

Tumour kinetics imply that a series of four to five ge-
netic and/or epigenetic events is required for a cancer
to become clinically apparent.

Clonal Selection and Genetic Instability

Mutational events predisposing to cancer are rare,
however once such an event has occurred carcinogen-
esis is accelerated by clonal selection and genetic in-
stability. Clonal selection refers to the progressive
outgrowth and eventual predominance of an initiated
cell population that is less responsive to regulatory
pathways than normal cells. As a less regulated
clone predominates it becomes even more prone to
mutation (genetic instability) which may render the
clone even more independent of normal regulatory
mechanisms. Hence there is serial amplification of
clones that are progressively more predisposed to
cancer.

II.2.8.1.2

Causes of Cancer

In vitro experiments, animal models and epidemiolog-
ical studies suggest that most cancers are caused by the
complex interaction of endogenous and exogenous fac-
tors which are modulated by the individual’s age and
genetic susceptibility to cancer.

Genetic Susceptibility

Some individuals are genetically more prone to cancer
than others. Genetic polymorphisms affecting the fol-
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lowing processes may render an individual more sus-
ceptible to oncogenic agents:

■ Activation and detoxification of carcinogens
■ DNA repair
■ Cell cycle arrest coupled to DNA damage

The following are proposed mechanisms for some aeti-
ological agents.

Hormones

Many endogenous and exogenous hormones provide a
stimulus to cell proliferation, and mitogenesis in-
creases the risk of accumulating random genetic muta-
tions. If a series of random errors in the DNA of a cell
enables it to escape normal regulatory mechanisms a
cancer may develop. In contrast to chemical carcino-
genesis where a specific initiator is required before car-
cinogenesis may proceed, none is required for hormon-
al carcinogenesis.

Viruses

It is estimated that around 15% of cancers worldwide
may be caused by viruses. Tumour viruses are not usu-
ally complete carcinogens. The multi-step model of car-
cinogenesis applies, hence there may be a significant
time delay between initial infection and emergence of a
malignant phenotype, and most infected individuals
do not develop cancer. There are two distinct groups of
tumour viruses:

■ DNA viruses (e.g. papilloma viruses) carry viral
oncogenes that encode proteins essential for viral
replication [the “large” T antigens (distinct from
antigens on the surface of T cells)]. T antigen
proteins may bind and inactivate host tumour
suppressor proteins such as Rb and p53.

■ Transforming retroviruses (e.g. human T cell
lymphocytotrophic virus, HTLV) interact with host
oncogenes in one of two ways:
1. Transduction of a novel retroviral oncogene

If insertion of the viral genome into an infected
cell occurs near a host proto-oncogene, an exci-
sional error could remove the proto-oncogene
along with the viral genome. Subsequent alter-
ation of the proto-oncogene by the virus may
transform it into a viral oncogene.

2. Retroviral integration-induced transformation
Long terminal repeats (LTRs) are powerful tran-
scriptional promoter sequences located at the
end of retroviral genomes. If the random inser-
tion of the viral genome into that of the host
positions the LTRs close to a host proto-onco-
gene, it may be over-expressed.

Chronic Inflammation

Inflammatory cascades may generate oxidants and
electrophiles that could damage DNA in a way that
predisposes to cancer. Some chronic inflammatory
lesions (e.g. proliferative inflammatory atrophy in the
prostate) have been proposed as cancer precursors.

Chemicals

Chemical carcinogens are usually tissue specific. Indi-
rect-acting carcinogens require activation by host
enzymes in order to react with DNA whereas direct-
acting carcinogens do not. Humans possess drug-
metabolizing enzymes (xenobiotics) that may either
detoxify or activate exogenous chemical carcinogens.
The most important of these is the cytochrome P450
mono-oxygenase superfamily. Competition between
activating and detoxifying pathways ultimately deter-
mines the effect of carcinogen exposure. Most direct
carcinogens and activated indirect carcinogens react
with DNA by transferring alkyl-, aryl- or aromatic
amine groups. This results in fixation of nucleotide
substitution or frameshift mutations.

Radiation

Ionizing radiation is a universal carcinogen with the
potential to induce cancer in most tissues at any age. It
can cause a range of seemingly random large-scale
events resulting in DNA damage and mutations. As well
as inducing cancer directly, radiation can render cells
genetically unstable. Subsequent mutations in these
unstable cells might then transform to a malignant
phenotype.

Diet and Nutrition

It is estimated that dietary and nutritional factors
contribute to around 35% of cancers. Two components
have been implicated as causes of cancer:

■ Chemical carcinogens (micro-components)
The diet may contain potentially carcinogenic
micro-components that are natural, synthetic or
may result from cooking or contamination. Most
occur at levels too low to cause a biological effect,
but may interact with each other to predispose to
cancer. Some react with DNA (e.g. heterocyclic
aromatic amines produced by cooking proteina-
ceous food, and polycyclic aromatic hydrocar-
bons), whilst others do not (e.g. cadmium and
arsenic). Compounds with anti-carcinogenic
effects (e.g. vitamins A, C and E, folic acid, sele-
nium and the isoflavones) may also be found in the
diet.
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Ageing

■ Overnutrition (macro-components)
It is generally accepted that macro-components
(e.g. animal fats rich in saturated fatty acids and
excess calories) are greater contributors to cancer
risk than micro-components. Epidemiological
studies suggest that excess caloric intake and fat
intake are independently associated with increased
cancer incidence. Possible mechanisms include:
increased cell proliferation, decreased cell death,
hormonal imbalance and increased oxidative
stress.

II.2.8.2
Pathogenesis of Prostate Cancer

II.2.8.2.1

Introduction

Prostate cancer is a heterogeneous disease with multi-
factorial aetiology involving genetic, epigenetic and
environmental factors on a background of progres-
sively increasing incidence with age (more so than for
any other cancer). Prostate cancer may be sporadic,

Fig. II.2.11. Proposed pathogenesis of prostate cancer

familial or hereditary; androgen receptor signalling
plays a central role. Its pathogenesis remains poorly
understood but the general principles of carcinogen-
esis apply (Fig. II.2.11). Multiple genes and variable
phenotypic expression are likely involved (Visakorpi
2003; Deutsch et al. 2004).

II.2.8.2.2

Prostate Intraepithelial Neoplasia (PIN)

Whether a stepwise transition from low-grade to high-
grade PIN (HGPIN) and then to prostate cancer exists
remains controversial. A number of up-regulated and
down-regulated genes have been identified in HGPIN
and prostate cancer compared to normal prostate, and
some of these may be involved in early prostate carci-
nogenesis (Ashida et al. 2004).

II.2.8.2.3

Proliferative Inflammatory Atrophy (PIA)

PIA arises when chronically inflamed prostate cells that
have suffered oxidative damage attempt to regenerate.
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During this proliferative process there is usually in-
creased expression of GSTP1 in an attempt to detoxify
the inflammatory oxidants. If some cells are not able to
increase GSTP1 expression (e.g. because of hypermeth-
ylation), they are potentially vulnerable to oxidative
DNA damage. It has been suggested that PIA might be
a precursor to PIN and prostate cancer.

II.2.8.2.4

Genetic and Epigenetic Factors

Although linkage analysis studies have identified mul-
tiple chromosomal loci for susceptibility to prostate
cancer (e.g. HPC1, PCaP and CAPZB on chromosome
1; HPC2 or ELAC2 on chromosome 17; HPC20 on chro-
mosome 20; and HPCX on the X chromosome), the
linkages between these loci and prostate cancer are
weak and no major predisposing genes have yet been
found. The male relatives of females with BRCA2 muta-
tions are at increased risk of prostate cancer and there
is evidence of genetic linkage between breast cancer
and prostate cancer outside these families. Some puta-
tive oncogenes and tumour suppressor genes have been
identified as follows.

Oncogenes

The c-myc gene is located on chromosome 8q. Only 6%
of primary cancers have increased 8q copy numbers
compared to 89% of hormone refractory cancers, sug-
gesting that c-myc may be involved in progression to
androgen independence. Bcl-2 and ERBB-2 are also
thought to be important in the progression to androgen
independence. Insulin-like growth factor-1 (IGF-1) has
growth-stimulating and anti-apoptotic effects on both
androgen-dependent and -independent prostate can-
cer cell lines.

Tumour Suppressor Genes

The ribonuclease L gene (RNASEL) is the putative allele
for the HPC-1 locus which has been found to predict
prostate cancer risk in some families with a high pros-
tate cancer frequency. It is pro-apoptotic and regulates
cell proliferation. E-cadherin is a cell adhesion mole-
cule that appears to suppress cancer invasion. De-
creased E-cadherin expression occurs in around 50%
of all prostate cancers. p53 helps regulate the cell cycle
so that DNA damage can be repaired, or if irreparable
the affected cells can undergo apoptosis. Mutations in
p53 have been found in 3–79% of prostate cancers. p27
is involved in regulating the G1 phase of the cell cycle.
Down-regulation of p27 has been associated with poor-
er prognosis in prostate cancer. Its association with
HGPIN suggests that it may be an early event in pros-
tate carcinogenesis. The PTEN gene is pro-apoptotic,

regulates the cell cycle and inhibits angiogenesis. LOH
at the PTEN location occurs in 15–49% of localized
and greater than 50% of metastatic prostate cancer. In-
activation of both PTEN alleles occurs in less than 10%
of localized and 30% of metastatic prostate cancer. Bi-
allelic loss is associated with more aggressive disease
than LOH.

Genetic Polymorphisms

Individuals carry two alleles for each gene. If many dif-
ferent alleles exist within the population, some combi-
nations of alleles may predispose to cancer more than
others. Examples of polymorphic genes that may be
important in prostate cancer include genes coding for
prostate specific antigen (PSA) and cytochrome-p450
isoforms; and genes involved in androgen metabolism
[e.g. the androgen receptor (AR) and 5 [ -reductase
(SRD5A2) genes].

Epigenetic Mechanisms

Epigenetic events are likely to be just as important as
genetic mutations in prostate carcinogenesis. Examples
include the hypermethylation of the GSTP1 gene pro-
moter which has been detected in 70% of patients with
HGPIN (suggesting that it may be an early event in
prostate carcinogenesis) and greater than 90% of pros-
tate cancers (the most common somatic alteration
found so far in prostate cancer). GSTP1 codes for a de-
toxifying enzyme. Hypermethylation may render it in-
effective, predisposing cells to genotoxic events.

II.2.8.2.5

Environmental Factors

The risk of prostate cancer in migrant populations
tends to approach that of the society into which they as-
similate, suggesting an important aetiological role for
environmental factors. Phyto-oestrogens, selenium, ly-
copenes and vitamin D are associated with decreased
prostate cancer incidence, whereas dietary fat and
over-nutrition are associated with increased incidence.
Further studies however are required to confirm these
associations and to elucidate the underlying molecular
mechanisms. Phyto-oestrogens (e.g. flavones, isoflavo-
nes and lignans) are naturally occurring plant com-
pounds with oestrogen-like effects. Their cancer pro-
tective mechanisms might include: inhibition of 5 [ -re-
ductase, decreasing dihydrotestosterone levels and in-
hibiting prostate cell growth and proliferation; induc-
tion of cell-cycle arrest and apoptosis; and inhibition of
angiogenesis and metastasis. Soy beans are rich in iso-
flavones. Selenium is an essential trace element. A
mounting body of evidence suggests it might be protec-
tive against prostate cancer. The molecular basis for
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this effect is starting to emerge and may involve effects
on proliferation; carcinogen, androgen and fat metabo-
lism; oxidative stress; inflammation; DNA repair; apo-
ptosis; angiogenesis and immune function.

The mechanisms by which lycopenes (found in to-
matoes) and vitamin D may decrease prostate cancer
risk are poorly defined. The role of fatty acids is contro-
versial but there is some evidence that omega-3 fatty
acids decrease the risk of prostate cancer whilst omega-
6 fatty acids increase it.

II.2.8.3
Pathogenesis of Testis Cancer

II.2.8.3.1

Introduction

Testicular cancers are a heterogeneous group consist-
ing of germ cell (95%) and non-germ cell (5%) tu-
mours. Testicular germ cell tumours (TGCT) are also
heterogeneous. They often coexist with non-neoplastic
lesions and consist of more than one histological type.

Fig. II.2.12. Proposed pathogenesis of testicular
germ cell tumours

Until the recent advent of micro-dissection techniques
(capable of selecting specific cells for investigation) it
had not been feasible to determine the molecular ge-
netics of individual TGCT lesions. The origin and
pathogenesis of TGCT remains obscure, however the
multi-step model applies. Various stages of pathogene-
sis have been proposed (Fig. II.2.12) that incorporate
the recent concept that TGCT is an uncommon mani-
festation of testicular dysgenesis syndrome (Skakke-
baek et al. 2003).

II.2.8.3.2

Carcinoma In Situ

Carcinoma in situ (CIS) is recognized as a precursor le-
sion for most TGCT except infantile tumours and sper-
matocytic seminomas, implying that these may have a
different pathogenesis. Up-regulation of C-KIT, ALPP,
CCDN2 and ZNF354A genes and down-regulation of
CDKN2D have been identified in CIS, therefore these
alterations may occur early in testis carcinogenesis
(von Eyben 2004).
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II.2.8.3.3

Genetic Factors

The increased familial risk in TGCT may be due to ei-
ther heritable or environmental factors. Recent ge-
nome-wide screens suggest a locus of susceptibility on
chromosome Xq27 that might also predispose to crypt-
orchidism (Holzik et al. 2004). The putative gene in this
locus (TGCT-1) has yet to be identified.

It is well recognized that patients with intersex ab-
normalities (e.g. gonadal dysgenesis with Y chromo-
some abnormalities, and androgen insensitivity) are
significantly at risk for TGCT. It has been proposed that
Y chromosome deficiency in some cells (e.g. a low per-
centage of 45XO / 46XY aneuploidy), where the affected
individual appears normal apart from unexplained in-
fertility, might also predispose to TGCT.

TGCT characteristically show a gain of 12p-se-
quences, usually through isochromosome formation. A
number of approaches are being used to identify the
genes involved in testis carcinogenesis. Although a
number of 12p genes are over-expressed in TGCT [e.g.
BCAT1 (specific to non-seminomas), CCND2, GLU3,
LRP6 and HPH1], their role awaits confirmation (Looi-
jenga et al. 2003; Zafarana et al. 2003).

The testis is a unique environment where complex
hormone-dependent interactions between Sertoli and
germ cells regulate germ cell growth and differentia-
tion. Various oncogenes and tumour suppressor genes
coding for different classes of signalling molecules and
pathways that are involved in these regulatory interac-
tions have been proposed for TGCT (Devouassoux-
Shisheboran et al. 2003), including the following.

Oncogenes

C-KIT encodes a tyrosine kinase receptor and is in-
volved in germ cell proliferation during normal testicu-
lar development. C-KIT gain of function mutations
have been identified in a minority of familial and spo-
radic TGCT. They appear more commonly in cases of
bilateral TGCT and it has been suggested that they may
occur early in embryogenesis in primordial germ cells
that are subsequently distributed to both testes (Rapley
et al. 2004). Activation or over-expression of genes en-
coding growth factors that stimulate proliferation (e.g.
glial-derived neurotrophic factor, GDNF) and angio-
genesis (e.g. vascular endothelial growth factor, VEGF)
have also been identified in some TGCT compared with
normal testicular germ cells.

Tumour Suppressor Genes

The Fas gene might be involved in the induction of apo-
ptosis in testicular germ cells. Mutations that inactivate
the Fas gene have been found in 28% of seminomas and

63% of embryonal carcinomas, but not in other histo-
logical types, suggesting a tumour suppressor role in
the pathogenesis of at least some TGCT (Takayama et
al. 2002). The transforming growth factor- q (TGF- q )
family of growth factors regulates proliferation and dif-
ferentiation. Loss of SMAD-4 expression (a component
of the TGF- q signalling pathway) has been identified in
some seminomas.

II.2.8.3.4

Intrauterine Environment

The hormonal milieu of the intrauterine environment
might be a factor in testis carcinogenesis. Genetic dis-
orders or exogenous factors that lead to a relative ex-
cess of oestrogens or a deficit of androgens in the first
trimester might somehow cause primordial germ cells
to transform into premalignant cells that are predispo-
sed to CIS and TGCT.

II.2.8.3.5

Environmental Factors

The incidence of testicular cancer and poor semen
quality have both increased significantly over the last
two generations in different populations. It seems likely
that environmental rather than genetic factors are re-
sponsible for this rapid change (Dieckmann and Pichl-
meier 2004).

Hormone disrupters are environmental contami-
nants (natural and synthetic) that have oestrogenic or
anti-androgenic effects. They have been increasingly
identified over recent decades and include compounds
found in pesticides, pharmaceuticals, plastics and de-
tergents. By altering the hormonal milieu (especially
during the vulnerable stage of embryonal sexual differ-
entiation) they might predispose to TGCT. Certain die-
tary factors during childhood (e.g. a high dairy food in-
take) might also modify TGCT risk.

An association between smoking, maternal smoking
during pregnancy and TGCT incidence has been suggest-
ed but the mechanisms have not yet been determined.

Non-seminomatous GCT are more common in some
occupations (white-collar workers have 1.5–2× in-
creased risk), implying that socioeconomic and/or life-
style factors might be involved.

II.2.8.4
Pathogenesis of Penile Cancer

II.2.8.4.1

Introduction

Penile cancer is rare, therefore the mechanisms of its
pathogenesis are not easily studied and remain poorly
understood. A precursor condition (CIS, Bowen’s dis-
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ease or erythroplasia de Queyrat) is recognized, and as-
sociations with human papilloma virus (HPV), cir-
cumcision status and poor hygiene have been suggest-
ed by epidemiological studies (Dillner et al. 2000). It is
likely that penile carcinogenesis is consistent with the
multi-step model, and that a series of both genetic and
epigenetic events is involved.

II.2.8.4.2

Genetic Factors

The HPV family are DNA viruses. Recognition of HPV-
16 and -18 as aetiological agents in cervical cancer has
stimulated investigation into whether they might have
a similar role in penile cancer. HPV DNA has been de-
tected in 10–100% of penile cancers depending on the
method used. Oncogenic HPV types (HPV-16 and -18)
express the E6 and E7 oncoproteins, which bind to and
inactivate the p53 and Rb suppressor gene products re-
spectively. Other, non-viral methods of inactivating the
Rb pathway might include: epigenetic methylation of
the p16 promoter, and over-expression of the BMI-1
polycomb gene product (Ferreux et al. 2003). Cyclo-
oxygenase-2 and microsomal prostaglandin E syn-
thase-1, which are involved in the inflammatory cas-
cade, have both been found to be over-expressed in CIS,
invasive SCC and lymph node metastases (Golijanin et
al. 2004). This supports the epidemiological associa-
tion between chronic inflammation and penile cancer.
The exact molecular mechanisms are as yet unknown.

II.2.8.4.3

Environmental Factors

Apart from lifestyles predisposing to HPV infection,
the main environmental/lifestyle factors that have been
associated with penile cancer are smoking, foreskin
status and hygiene. Neonatal circumcision (but not cir-
cumcision later in life) seems protective against penile
carcinoma, whereas phimosis and poor hygiene seem
to predispose to it. The theory that these latter condi-
tions allow unspecified carcinogens to accumulate in
smegma and to subsequently initiate and promote car-
cinogenesis seems logical but is unproven at a molecu-
lar level. Also logical but unproven is the theory that
smegma accumulation might result in chronic inflam-
mation, the release of oxidative and electrophilic spe-
cies, and subsequent DNA damage. Men exposed to
psoralens and ultraviolet irradiation as treatment for
psoriasis also seem at increased risk, presumably on
the basis of genotoxic injury to oncogenes and/or tu-
mour suppressor genes.

II.2.8.5
The Future

The recent availability of high throughput molecular
technologies will allow the identification of many genes
and proteins potentially relevant to the pathogenesis of
various cancers. The challenge to the fields of genomics
and proteomics will be to elucidate the molecular
mechanisms and pathways responsible for carcinogen-
esis. Once these are understood there might be oppor-
tunities to accurately identify individuals at risk for
cancer, and to modify their risk by lifestyle changes,
gene therapy, chemoprevention or possibly prophylac-
tic surgery. Such advancements will change the face of
cancer management as we know it.
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II.3Diagnostic Tools

II.3.1 History and Examination for Andrological
Problems
T.B. Hargreave

■ The most important first step in obtaining the
clinical history is to take time to listen to what
the man is complaining of.

■ Careful clinical examination including full
examination of the genitalia more often than
not reassures the man that his problem is
being assessed properly.

■ Questionnaires and score sheets help with the
assessment but do not replace the clinical
assessment.

■ Any younger man (under the age of 55) who
complains of a testicular lump should have
scrotal ultrasound unless the examining clini-
cian is confident that the lesion is a benign one
such as an epididymal cyst and can convey
that confidence to the patient.

■ It is easy to forget to note features during clin-
ical examination, and the use of clinical exami-
nation checklists such as those in this chapter
help prevent omissions.

Summary

II.3.1.1
History Taking

It is an old medical truth that the diagnosis is best made
by careful history taking and clinical examination and
that the most appropriate use of selected imaging and
laboratory tests is to confirm the clinical diagnosis. The
alternative methodology is to undertake a large num-
ber of screening blood tests, whole-body MRI scans,
etc., but such an approach can result in spurious abnor-
mal results which in turn can lead to costly, sometimes
unpleasant, and possibly risky investigations that may
not be necessary. Nevertheless, with increased under-
standing of molecular medicine there is likely to be an
increasing role for blood tests both for diagnosis and

screening, using newer molecular techniques such as
gene array analysis and protein array analysis, particu-
larly for selected at-risk groups. In this chapter the fo-
cus is on traditional history and clinical examination
for common andrological problems.

Taking a medical history requires time and patience.
The most important aspect is to listen to what the pa-
tient is saying before asking specific questions. It can be
very helpful to ask the man to complete questionnaires
prior to clinic attendance but even if this has been done
it is best to start the consultation by giving the man
time to tell you in his own words what the problem is.
Do not be misled by preconceived ideas from a referral
letter from another doctor.

II.3.1.2
Scheme for History Taking

History of main complaint – why has the man come to
see you?
Problem-specific questions

■ Infertility
■ Sexual dysfunction and erectile problems
■ Testicular pain
■ Scrotal lumps
■ Lower urinary tract symptoms

– Prostate obstruction
– Prostatitis

■ Other andrological problems

II.3.1.2.1

General Medical History

Current or past significant medical problems. This
should include details of any current or prior medica-
tion, whether prescribed or not. For men who may
require surgery particular note should be made of any
problems that may affect anaesthesia; for example,
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chest disease, allergies, impaired renal or liver func-
tion, cardiac or circulatory disease, etc.

II.3.1.2.2

Occupational History

A detailed occupational history may be directly rele-
vant when dealing with male infertility (see Chap.
II.2.6). Knowledge of the man’s occupation is of general
relevance to all andrological disorders when assessing
the impact of the disorder on his work and life and for
men who need surgery, in order to make arrangements
for recovery time.

II.3.1.2.3

Lifestyle History

Use of tobacco, alcohol or “recreational drugs”, weight,
exercise and diet (see Chap. II.2.6).

II.3.1.2.4

Family and Social History

Note should be made of any family history of disease,
for example a family history of prostate cancer in blood
relatives is a good indication to start screening for
prostate cancer at a younger age. Family history may al-
so be relevant in genetic disorders. Social history in-
cludes taking a note of home circumstances.

II.3.1.2.5

Partner Involvement

In cases of male infertility it is best to see both partners.
For men with testicular cancer sperm storage is a major
consideration and the partner, if there is one, should be
involved. For older men with prostate problems the
partner is often able to give valuable information about
the degree of disturbance from urinary symptoms. Al-
so if the man wishes it is often very helpful for a partner
to listen to the consultation as patients tend to forget
what is said to them, particularly if they are stressed.
Finally the partner may give insight into emotional dis-
turbance and depression and this may be highly rele-
vant in cases such as chronic testicular pain. However,
there are situations where information is confidential
and unknown to the partner and ideally clinical exami-
nation should be undertaken in a separate room so that
the man has a chance to discuss any confidential as-
pects of medical history, for example prior children by
another partner or previous sexually transmitted infec-
tion.

II.3.1.2.6

Communicating with the Patient after the Consultation

Patients are often stressed at the time of consultation
because of worry about their condition and have poor
recall of what has been said to them. It is almost always
helpful to write to the patient after the consultation
outlining the problem and what is proposed. In some
clinics patients are given a tape recording of the consul-
tation and this can be particularly helpful in the context
of cancer care. My own practice is to copy all corre-
spondence about a patient to the patient and in this cor-
respondence I try to use ordinary language the patient
will understand.

II.3.1.3
Problem-Specific Special History Taking

II.3.1.3.1

Special History: Male Partner of an Infertile Marriage

Different clinicians have their own approach to the ini-
tial assessment of the infertile couple. One way to ensure
that complete information is obtained is to use a struc-
tured interview such as the World Health Organization
simplified management scheme (WHO 1993). However,
couples consulting about fertility problems are nearly al-
ways keen to provide information and during a 20-year
period in Edinburgh we have used a comprehensive
questionnaire and only 2 out of the first 2500 couples
were unable or unwilling to answer all questions.

Check list for problem specific history for male infertility
Duration of involuntary infertility
Previous marriage, previous children, whether trying for

children with another partner
Previous investigation and treatment for infertility
Episodes of high fever in the 3–4 months before any

semen analysis
History of any diseases which may impact on fertility

(see Chap. II.2.7)
Whether any medication is being taken with consider-

ation of the impact of this on fertility (see Chap. II.2.7)
History of any surgical procedure that may impact on

fertility, e.g. urethral surgery, previous vasectomy
(see Chap. I.5.1, vasectomy; Chap. II.2.7, influence of
iatrogenic factors)

History of any sexually transmitted infection (see Chap. I.1.6)
History of any testicular injury, torsion, maldescent or

malignancy (see Chaps. I.7.2, testicular trauma; I.3.10,
congenital abnormality and infertility; I.7.1, torsion,
I.8.2, testicular malignancy)

Occupational history, exposure to heat, toxic chemicals,
radiation, etc. (see Chap. II.2.6)

Drugs of abuse (see Chap. II.2.6)
Timing and frequency of sexual intercourse
Difficulties with sexual and ejaculatory function

(see Chap. I.4.3)
Psychological problems (see Part I.4, “Problem: Sexual

Dysfunction”)
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Both partners should be encouraged to attend dur-
ing the initial interview but, if possible, physical exami-
nation of the man should be performed in a separate
room as this gives each partner the opportunity to re-
port any sensitive past history about which the other
partner may be unaware; for example, previous sexual-
ly transmitted disease (STD) or pregnancies by a previ-
ous partner.

Duration of Involuntary Infertility

Sometimes also called the trying time, the duration of
involuntary infertility is defined as the number of
months the couple has been having sexual intercourse
without the use of any contraceptive methods. The cou-
ple should be asked for how long unprotected inter-
course has taken place. The duration of infertility is im-
portant as it gives prognostic information about the fu-
ture chance for the couple (see Chap. II.3.2). If the dura-
tion of involuntary infertility is long then it is very like-
ly that there is a severe biological problem, even if all
the investigation results are within normal limits, how-
ever, the duration of involuntary infertility gives no in-
formation about whether there is a male or female
problem.

Previous Marriage

In Scotland approximately one-third of marriages end
in separation; in a Scottish clinic in 20% one or other or
both partners have been previously married (in 8% the
husband has had a previous marriage, in 7% the wife
has had a previous marriage and 5% both partners). If
there are any previous children or pregnancies this is
strong evidence in favour of fertility in that partner,
and previous unprotected intercourse without preg-
nancy with a prior partner is evidence for a fertility
problem in that partner.

Previous Investigations and/or Treatment for Infertility

Knowledge of previous investigations or treatments is
important as this may save the need for repeat investi-
gations. Details of previous treatments should be noted
with information on whether the treatment was pre-
scribed and taken correctly and note of the results kept.
However, it must also be remembered that fertility may
change and the clinician should not rely too much on
investigation results from a long time ago.

History of Diseases with Possible Adverse Effect

on Fertility

Any serious illness may cause infertility because of gen-
eralized metabolic upset. This is usually but not always
reversible with a return to health (see Chap. II.2.7). It is

worth asking direct questions about respiratory dis-
ease, sense of smell, headaches and vision because men
will not often volunteer these symptoms as they may
not perceive any relevance to their fertility problem.

High Fever

A high fever exceeding 38°C may suppress spermato-
genesis over a period of up to 6 months. This may be
particularly relevant after high fevers associated with
tropical infectious diseases such as malaria, etc. If
sperm analysis is poor, testicular size is normal, and
there is history in the preceding 3–4 months of febrile
illness such as influenza then sperm analysis should be
repeated a month or two later, i.e. 4–5 months after the
febrile illness; this should be done because the time for
spermatogenesis and epididymal transit is approxi-
mately 3 months.

Medical Treatments

Treatment with medicines may cause temporary or
permanent damage to spermatogenesis. Consideration
needs to be given as to whether it is safe to stop the drug
or whether there are any alternative preparations with-
out deleterious effects on sexual function or semen
quality [e.g. substitution of 5-aminosalicylic acid
(5-ASA) instead of sulfasalazine in men with Crohn’s
disease] (Riley et al. 1987).

History of Surgery (see Chap. II.2.7)

There may be temporary depression of fertility after
any surgical procedure, particularly where a general
anaesthetic was administered. Also any surgery in the
genital area may have caused damage.

Urinary Tract Infections

Urinary tract infections may occur in association with
congenital abnormality or acquired abnormality such
as post-gonococcal urethral stricture.

Reproductive Tract Infection, RTI

(Sexually Transmitted Disease, STD) (see Chap. I.6.1)

It is often difficult to persuade men to give accurate in-
formation about sexually transmitted disease especial-
ly in the context of a joint consultation with their part-
ner.

Epididymitis

Most men are unable to distinguish between epididy-
mitis and orchitis and clinicians also may find this dis-
tinction difficult especially in the acute situation. The
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clinician should try to distinguish between acute gen-
eralized and severe scrotal pain suggestive of epididy-
mo-orchitis and recurrent well-localized pain sugges-
tive of chronic epididymitis. Epididymitis may result in
obstruction.

Mumps Orchitis

Classical orchitis is associated with infectious parotitis
(mumps) but may be caused by other virus infections,
e.g. Coxsackie or herpes. Following an attack of mumps
orchitis the recovery of fertility is variable; some men
remain sterile but in other cases the time to recovery of
sperm production may take as long as 2 years. Mumps
before puberty and mumps not accompanied by orchi-
tis do not interfere with fertility.

Testicular Injury: Bilateral Testicular Trauma

As a cause of infertility, this is rare (see Chap. I.7.2). A
history of minor scrotal injury is common but it is
doubtful if this is important in producing fertility prob-
lems. Injury should be recorded if accompanied by
signs of tissue damage such as scrotal haematoma, hae-
matospermia or haematuria. Subsequent testicular at-
rophy is a strong indication of the relevance of the trau-
matic incident. Unilateral injury may be important as it
may cause extravasation of sperm or unilateral ob-
struction and antisperm antibody production.

Other Testicular Conditions

Testicular torsion (see Chap. I.7.1), varicocele (see
Chap. I.3.12) and testicular maldescent (Chap. I.3.10).

An occupational history should be taken to identify
exposure to toxic chemicals, heavy metals or excess
heat or radiation (see Chap. II.2.6).

Drugs of abuse, excess cigarette smoking, and caf-
feine or alcohol consumption may affect male fertility
(see Chaps. II.2.6, II.3.2) but there is controversy about
their effects. It is particularly difficult to investigate the
relationship with fertility because men who smoke also
tend to drink alcohol, coffee, etc. Also it is difficult to
persuade patients to give a truthful history because
there is a general perception that doctors disapprove of
these habits.

Timing of Sexual Intercourse

Sometimes either the man’s or woman’s work separates
the couple or else shift work limits the opportunity for
sexual intercourse. In most cases knowledge of the fer-
tile period is not essential for fertility and indeed if the
woman counts the days too avidly this can result in im-
potence on the man’s part. In those cases where work
causes separation it is important that the couple should

be aware of the likely fertile time and the use of ovula-
tion detection kits can help, provided the couple are
properly instructed in their use. Some, usually younger,
couples may experience infertility secondary to very
frequent intercourse. This type of problem may be di-
agnosed if semen analysis is carried out:

1. after the couple’s normal interval; and
2. after an interval of 2–3 days.

Intercourse has to occur several times a day or less than
three times a month before there is likely to be any ap-
preciable delay in fertility (Yaukey 1961). Some couples
may concentrate on a recognized fertile period and un-
derstanding of the assessment of the timing of ovula-
tion is consistent with fertility despite a low frequency
of intercourse.

Difficulties with Sexual and Ejaculatory Function (Chap. I.3)

Difficulties with sexual intercourse causing infertility
are identified in about 2% of couples. These difficulties
may be associated with overt disorders such as paraple-
gia or other acquired neurological disorders or more
rarely may be psychological. Therapeutic drugs are a
rare cause of sexual problems in the age range of men
attending infertility clinics. Sexual problems are not al-
ways evident from history taking and may only be de-
tected during investigations because the man is unable
or unwilling to provide a semen sample for analysis, or
the wife is found to have an intact hymen, or there may
be an unexplained lack of sperm in a post-coital test.

Premature Ejaculation

Ejaculation should occur intravaginally to be adequate.
Anejaculation, ejaculation praecox (i.e. taking place
before intromission), extravaginal ejaculation (e.g. as-
sociated with extreme hypospadias) and retrograde
ejaculation should be noted. Premature ejaculation
shortly after vaginal penetration is very common espe-
cially when a young man has a new partner, but this
does not affect the chance of fertility. Persistent prema-
ture ejaculation prior to vaginal penetration is a rare
cause of infertility and may be difficult to diagnose be-
cause the man may not volunteer this information and
it is usually associated with psychological problems.

Psychological Problems

Psychosexual problems secondary to infertility are
common if not universal but it is rare for infertility to
occur as a result of psychosexual problems sufficiently
severe to prevent intercourse (<1% in the clinic in Ed-
inburgh). Psychological problems may be made worse
if the fertility problem is prolonged and further aggra-
vated by extended tests and treatments. An important
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aspect of management of the couple with a fertility
problem is sympathetic and rapid investigation and
counselling.

II.3.1.3.2

Special History: Sexual and Ejaculatory Dysfunction

In recent times male sexual dysfunction has been a ta-
boo subject and men have not sought treatment. The
advent of sildenafil (Viagra) and other effective therapy
for erectile dysfunction has resulted in public discus-
sion about men’s sexual problems and increasingly
men now seek advice. However, most men remain em-
barrassed about sexual dysfunction and inhibited from
giving a history. The clinician should take time to listen
to the problem and should avoid making any humorous
or judgemental comments. It helps to put the man at
ease if the clinician asks detailed questions without em-
barrassment; it often helps to put the man at ease if he
is sent a detailed sexual function questionnaire prior to
the consultation.

Bent Erections

If a man says that his erect penis is deformed this infor-
mation is usually reliable and should not be dismissed.
A simple problem such as a tight frenulum may be evi-
dent from examination and this is easily corrected by
surgery; however, it may be more complicated such as
the extreme angulation associated with a congenital
short urethra. There may be confusion about the quali-
ty of erection perceived by the man to be adequate for
sexual satisfaction and that necessary for fertility. For
the latter it is sufficient only to achieve vaginal penetra-
tion.

Problems with Erectile Rigidity

In older men these are commonly secondary to vascu-
lar insufficiency. In younger men the problem is usually
premature ejaculation or psychogenic. Careful history
taking is needed to elicit that the loss of erection occurs
after ejaculation, i.e. that the true problem is one of pre-
mature ejaculation rather than lack of rigidity. If a
young man is unable to get an erection at all and there
is no evidence of underlying congenital abnormality
and if nocturnal penile tumescence testing shows noc-
turnal erections, then referral for expert psychosexual
assessment is indicated as the problem is often complex
and beyond the skill of andrology clinicians who do not
have psychiatric expertise. For older men with vasculo-
genic erection it is helpful to use a scoring system such
as the international index of erectile function.

Ejaculation Problems

Premature ejaculation is a common problem in youn-
ger men especially with a new partner. Lack of ejacula-
tion may not be apparent if the man has never mastur-
bated and may only be suspected if the man is unable to
produce a semen sample. The usual first step in the di-
agnosis is to ask the man to collect a sample using a sili-
con condom. A history of a cloudy urine post orgasm
indicates retrograde ejaculation and the need for mi-
croscopy of a post orgasm urine sample. Pain with ejac-
ulation may indicate prostatitis but can also occur post
incomplete lower spinal cord injury.

Problems with Penile Sensation

There is a general reduction in the sensitivity of the pe-
nis with ageing and an increase in the latent period.
Isolated penile sensory disorders are seldom reported
but can occur following nerve injury after radical pros-
tate surgery. Penile anaesthesia is seen in the context of
more general sensory loss in men with spinal injury,
spinal cord tumour or multiple sclerosis. Urethral pain
has a number of causes including bladder stone, uri-
nary infection and urethritis from sexually transmitted
infection. Urethral pain after sexual intercourse may be
the result of prostatitis but may also occur as a result of
allergy to the partner’s secretions particularly if she has
infection with Candida or Trichomonas. This problem
can be suspected if the discomfort only occurs with un-
protected sexual activity but not when using a condom.

II.3.1.3.3

Special History: Testicular Pain (see Chap. I.7.5)

History is directed to finding out possible causes of the
pain such as varicocele, previous injury or inflamma-
tion. In men with longstanding pain it is important to
distinguish those who have developed a chronic pain
syndrome because further treatments to “cure” pain
are risky and may make pain worse.

II.3.1.3.4

Special History: Scrotal Lumps (see Chap. I.8.1)

The main priority is to diagnose testicular cancer early
and save the need for aggressive chemotherapy. Thus
any younger man with a testicular lump should be as-
sessed. History taking can be misleading as the man
may give a history of minor injury to explain the lump.
The most important part of the assessment is clinical
examination and if there is any doubt at all then ultra-
sound examination. If clinical examination is normal
but the man gives a history that one testicle feels differ-
ent, heavier or in any way unusual, then ultrasound is
warranted. It is worth remembering that the age range
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for testicular cancer is between 15 and 45 and that it is
rare for men in their 60s to develop testicular cancer.
Hydrocele is common in older men who often attend
because they are concerned about possible cancer.

II.3.1.3.5

Special History: Lower Urinary Tract Symptoms, Prostate

Obstruction and Prostatitis (see Chaps. I.9.1 and I.9.2)

In general it is daytime and nocturnal frequency of uri-
nation that causes the man to seek help but the andro-
logist must be wary of immediately ascribing these
symptoms to prostatic disease as similar symptoms can
be caused by other conditions such as transitional cell
cancer of the bladder, or bladder overactivity (old ter-
minology bladder instability). If the urine flow rate is
poor then it is more likely that lower urinary tract
symptoms relate to prostate disease. The most widely
used validated instrument is the International Prostate
Symptoms Score (IPPS) sheet.

II.3.1.3.6

Special History: Androgen Deficiency and Androgen

Deficiency in Older Men

Androgen deficiency can be objectively diagnosed by
serum androgen measurement in men who have lost
both testicles, for example after bilateral testicular can-
cer. However, fortunately such a situation is rare and
most men who believe they have androgen deficiency
are much more difficult to assess. The diagnosis of an-
drogen deficiency in older men is based on the finding
of lower than normal testosterone levels in combina-
tion with symptoms indicative of androgen deficiency.
However, these symptoms are nonspecific and can also
be manifestation of other systemic disease, for example
fatigue and tiredness may be associated with lack of an-
drogen but may also relate to problems such as cardiac
insufficiency, depression, etc. Because of the many con-
founding factors any man with potential androgen de-
ficiency should be fully assessed for common diseases
of ageing (see Chap. I.11). In the absence of any other
systemic disorder the ageing male symptoms score can
be used. In general the finding on clinical examination
of normal-sized testicles with normal consistency
makes the diagnosis of androgen deficiency unlikely.
Also those men who are seeking androgens to enhance
sexual performance usually have preserved libido and
preservation of libido also makes the diagnosis of an-
drogen deficiency less likely.

II.3.1.4
Clinical Examination for Andrological
Conditions

The man should be examined in a warm room
(20–24°C) in privacy. He should be examined both
standing erect and lying on the examination couch.
Clothing should be removed to enable general exami-
nation and also accurate assessment of the endocrine
status and build. It is often convenient to apply simple
objective tests at the time of physical examination, e.g.
the testicular size can be measured with an orchiome-
ter or ideally testicular size and venous return assessed
by ultrasound and Doppler analysis.

II.3.1.4.1

General Examination

Observation is made of the body configuration and the
degree of virilization, although the latter has only a
very poor correlation with actual endocrine status. In
Klinefelter syndrome the limbs may be disproportion-
ately long in relation to the trunk but in many cases
there are no obvious clinical features. In other chromo-
somal disorders there may be associated skeletal defor-
mity (Chandley et al. 1980). A tall stature and immature
physique may suggest an endocrinological factor re-
sulting in delayed puberty. Other signs of hypoandro-
genism include poor expression of secondary sex char-
acteristics and scanty body hair. Often such patients
have sought advice in adolescence because of delayed
puberty and come to the infertility clinic with the diag-
nosis already made. Measurement of height and weight
and blood pressure may give information about sys-
temic disease. Being grossly overweight has been found
to be associated with reduced testicular volume and
impaired spermatogenesis (WHO 1987). Female fat
distribution, with distribution of fat over the hips, and
gynaecomastia may also indicate endocrinological ab-
normality. Any abnormality of secondary sexual devel-
opment may be staged using Tanner’s pubertal devel-
opment scale.

II.3.1.4.2

Body Hair Distribution

Body hair is extremely variable, depending on racial,
genetic and hormonal factors. In Caucasian but not
Chinese men the distribution of body hair gives an in-
dication of androgen production; this may be supple-
mented with questions about the frequency of shaving.
Scanty body hair and infrequent shaving may indicate
relatively low androgen production. Pubic hair is di-
hydrotestosterone dependent and axillary hair may be
related to DHEA and the adrenarche.
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II.3.1.4.3

Gynaecomastia (see Chap. I.10.1)

The breasts should be inspected and palpated for the
presence or absence of glandular tissue. This is best
done with the patient’s hands placed behind his head to
extend the pectoral muscles. Gynaecomastia is com-
monly seen in pubertal boys without any obvious hor-
monal abnormality. It is classically described as part of
the Klinefelter syndrome. Gynaecomastia results from
oestrogen androgen imbalance, either relative hyper-
oestrogenism or relative hypo-androgenism. It may be
seen as a result of exposure to oestrogens, medication
with digitalis, spironolactone, and also with antiandro-
gen treatment for prostate cancer (bicuclamide, etc.)
An oestrogen-secreting tumour of the adrenal gland or
testicle is another rare cause. Gynaecomastia may be
seen in association with hyperprolactinaemia and in
one-third of cases there is galactorrhoea (Thorner et al.
1974).

II.3.1.4.4

Inguinal Examination

Checklist for inguinal examination
Scars Scars from orchidopexy in infancy may be

very difficult to see under the pubic hair. The
vas deference may have been injured during
hernia repair in infancy
Scars may indicate past or current infection
with tuberculosis or lymphogranuloma vene-
reum

Hernia and
swelling

Once confidence has been gained it can help
to examine the man standing up (be careful
as young men are prone to syncope during
testicular and inguinal examination)

Tenderness Tenderness over the inguinal canal may indi-
cate hernia
If there is absence of the testicle within the
scrotum, pressure over the inguinal canal
may produce the sensation of testicular com-
pression and indicate that the testicle is with-
in the inguinal canal even if it cannot be
clearly palpated. In this situation ultrasound
confirms the position of the testicle

Glands In men with penile inflammation or cancer it
is important to carefully examine for lymph
nodes in the inguinal and femoral area

II.3.1.4.5

Examination of the Penis

The penis should be inspected and palpated to detect
hypospadias, surgical or traumatic scars, induration
plaques or other pathology. The foreskin should always
be retracted fully to detect problems such as meatal
stricture or phimosis. Any ulceration or urethral dis-
charge should be noted and, if present, further investi-
gations should be performed to identify reproductive

Checklist for examination of the penis and foreskin
Penis within nor-
mal size limits?

True micropenis is a rare problem
(see Chaps. I.3.4)

Penile shaft skin
normal?

Scars may indicate previous surgery for
urethral stricture or chordee

Foreskin retracts
fully?

Minor adhesions around the corona are
a common problem
Frenulum normal

Glans healthy? Ulcers may indicate RTI/STD
(see Chap. I.6.1)
Premalignant lesions are more com-
mon in older men who do not retract
their foreskin (see Chap.s I.8.3 and
I.8.4)

Normal external
urethral meatus?

Lips of meatus part easily and there is
no stenosis?
Position of the meatus normal?
Hypospadias?

Man complains of
bent or deformed
erections

Are there any lumps or Peyronie’s
plaques palpable in the line of the cor-
pora cavernosa?
Examine man with an erect penis fol-
lowing an injection of prostaglandin or
view digital or Polaroid photos of his
erect penis

tract infection (RTI/STD) (see Chap. I.6.1). Penile de-
formity during erection may occur as a result of Peyro-
nie’s disease or because of inadequate surgical correc-
tion of chordee associated with hypospadias or in men
with a congenital short urethra. The extent of the defor-
mity will not be evident from clinical examination of
the flaccid penis and it is wise in such cases to believe
the patient and to use objective tests. The degree of pe-
nile deformity during erection can also be assessed ei-
ther by asking the patient to take digital or Polaroid
photos of his erect penis at home or by inducing an
erection in the clinic with an injection into the corpora
cavernosa of papaverine.

II.3.1.4.6

Examination of the Testis

The Position and Axis of the Testicle

Position and axis of the testicle is best determined with
the man standing. The testes should both be palpable
and low in the scrotum. Any abnormality in the site of
the testes should be categorized as follows. High: in the
scrotum, i.e. at the scrotal neck; inguinal: lying within
the inguinal canal; ectopic: outside the normal pathway
of descent, most commonly in the superficial inguinal
pouch, but more rarely femoral or suprapubic. If the
testes are impalpable they may be within the inguinal
canal and atrophic or intra-abdominal or absent. Nor-
mally the testis lies in the scrotum vertically with the
epididymis behind or medial. The testes may retract in-
to the inguinal canal and this may be a problem partic-
ularly if it occurs during sexual intercourse and causes
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pain. However, this probably has no relevance to fertili-
ty. The horizontally lying testis is more liable to torsion.
If such a patient gives a history of intermittent pain,
and particularly if testicular volume is reduced or
sperm concentration is low, testicular fixation should
be considered.

Testicular Volume

Estimation of testicular volume is performed with the
patient in recumbent position because of the risk of
syncope. The scrotal skin is stretched over the testicle,
the contours of which are isolated from the epididymis.
The volume of each testis is compared with the corre-
sponding ovoid of the modified Prader orchiometer.
Alternatively callipers (Professor Stephen Seager, Fer-
tility Research, Medlantic Research Foundation, Geor-
ge Hymen Memorial Research Building, Washington,
USA) or hollow forms (Takihara et al. 1983) may be
used. The modified Prader orchiometer has larger bead
sizes to enable measurement of adult testes as the origi-
nal instrument was designed to assess adolescents and
children. The Takihara forms and Seager orchiometer
are slightly more difficult to use but may give better
inter-observer variation than the Prader orchiometer.
The normal size may relate to ethnic group, but mostly
depends on stature and is related to standardized body
weight and body physique. In Orientals the mean tes-
ticular weight at autopsy of 100 individuals varying in
age from late teens to seventies was: right testis 10 g (SE
± 0.3 g), left testis 9.4 g (SE ± 0.3 g) (Chang et al. 1960).
Comparable data for 140 Caucasians gave the following
measurements: right testis 21.6 g (SE ± 0.4 g), left testis
20.4 g (SE ± 0.5 g) (Olesen 1948). Most of the volume is
accounted for by the seminiferous tubule mass. There is
a strong correlation between the total testicular volume
(the sum of the left and the right side added) and the
sperm count per ejaculate (WHO 1987). For Caucasian
men a size of less than 15 ml is indicative of damage to
the seminiferous epithelium of that testis. Small firm
testes, usually less than 3 ml in volume, are found in
men with Klinefelter syndrome. Patients with hypo-
gonadotrophic hypogonadism also have small testes,
but the size is usually between 5 and 12 ml. A normal
testicular volume in a man with azoospermia may indi-
cate obstruction of sperm transport. An unduly large
and asymmetrical testis may indicate testicular tumour.
Symmetrical large testes, also called macro-orchia, are
an occasional normal finding. False estimation of tes-
ticular volume may occur if there is hydrocele.

Testicular Consistency

This is normally estimated by gentle pressure. The nor-
mal consistency is rubbery. Soft testicles are nearly al-
ways associated with impaired spermatogenesis. Ob-

jective techniques using a tonometer have been tried
and reduced testicular consistency has been shown to
correlate with the presence of a varicocele (Lewis et al.
1985). At present few clinicians use objective tech-
niques. Occasionally, patients are found with a hard
testicle of normal or large volume and a testicular tu-
mour may be present. If testes are hard and small, Kli-
nefelter syndrome is suspected, whereas small and soft
testes are commonly found in men with hypogonado-
trophic hypogonadism.

Checklist for examination of the testicle
Both testicles
in the
scrotum?

Note should be made of any abnormality of
descent including the testicle that lies at the
scrotal neck

Testis axis The normal axis is vertical with the epidid-
ymis lying behind or medial. Horizontal
testes are more prone to torsion

Testis volume When the problem is male infertility or sus-
pected androgen deficiency the testicular
volume should be measured using an objec-
tive method (Prader orchiometer, Takihara
orchiometer, Seager orchiometer or ultra-
sound). The finding of normal-sized and
normal consistency testis makes androgen
deficiency an unlikely diagnosis

Testis
consistency

This is based on experience as although
there are objective methods they are not
generally available. If the man indicates an
area of his testis has changed in consistency
then an ultrasound should be performed
even if the clinician is unable to detect any
abnormality

Testis contour Care is taken to feel the testis for lumps. It
is often helpful to ask the man to identify
any lumps he can feel

Testis sensa-
tion and pain

Gentle squeezing of the testicle produces
discomfort but this sensation is lost in con-
ditions causing autonomic denervation
(e.g. some men with diabetes)
Pain in the testicle is usually poorly localized
and felt as a general ache whereas epididy-
mal pain is much better localized because of
associated inflammation of the tunica and
involvement of peripheral nerve pathways

Examination of the Epididymis

The normal epididymis is barely palpable, has a regular
outline and soft consistency. Gentle palpation does not
cause pain. Painful nodules may indicate epididymidis or
sperm granulomata; those in the caput epididymidis
suggest infection by Chlamydia. Painful swelling and/or
nodularity of the caudal region may indicate gonococcal
infection or inflammation or infection with urinary path-
ogens such as Escherichia coli. Sperm granulomata after
previous vasectomy are also found in the caudal region.
Cystic deformities may or may not be relevant to any ob-
struction. Painless craggy swelling of the epididymis
may indicate tuberculous disease of the urinary tract.
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Checklist for epididymal examination
Is the anatomical rela-
tionship to the testicle
normal?

The normal position of the epi-
didymis is above, behind and be-
low the testis

Any swellings, indurat-
ed areas or cysts ex-
panding the head, body
or tail of the epididymis

If yes, does the lesion involve the
head, body or tail or all of the epi-
didymis?

Any cysts adjacent to
the epididymis

It is common to find small pedun-
culated cystic appendages in rela-
tion to the head of the epididymis
(hydatid of Morgagni)

Any tenderness of the
head, body or tail of
the epididymis

The clinician should try to distin-
guish whether any discomfort is
by pressure over a particular part
of the epididymis or by pressure
over the testicle or whether the
pain is not well localized

Ultrasound examination may be useful to confirm ma-
jor abnormalities in the epididymis, but does require
the appropriate probe and is also dependent on skilled
interpretation.

Examination of the Vasa Deferentia

Both vasa deferentia should be palpable and are felt as
thin wire-like structures passing between the examin-
ing fingers. However, clinicians will sometimes miss bi-
lateral absence of the vasa and it is worth re-examining
all men with azoospermia, particularly if the testicular
volume is normal and the ejaculate volume low. Bilater-
al absence is found in approximately 2% of men with
obstructive azoospermia. Unilateral absence is much
rarer and is often associated with an absence of the kid-
ney on the same side. If the vas is present, note should
be made of whether it is normal, thickened, nodular or
painful upon pressure as this may indicate inflamma-
tion.

Checklist for the examination of the vas deferens
Are both vasa
palpable?

This can be difficult to determine espe-
cially if there has been previous orchido-
pexy and the cord is thickened. If the
ejaculate volume is low in a man with
azoospermia it is often worthwhile re-ex-
amining for absence of the vas deferens

Is the vas
uniform?

If there are nodules palpable, this may
indicate obstruction (e.g. previous
vasectomy)

Is there a large
gap between the
cut ends of the
vas deferens?

This is relevant in men who have had a
previous vasectomy and who are seeking
vasectomy reversal. If there is a very long
gap this may make it impossible to un-
dertake reversal surgery

Examination for Scrotal Swellings

The scheme for examination of scrotal swelling is
shown in Fig. I.8.1 in Chap. I.8.1. If there is any doubt
about the finding from clinical examination then scro-
tal ultrasound should be performed.

Checklist for the examination of scrotal lumps and swellings
Where is the swelling in
relation to the testicle?

Involving the testis – consider
testicular malignancy

Above – consider epididymal
cyst, varicocele, hernia

In front of – consider hydrocele
Below – consider lesion of the

tail of the epididymis

What is the consistency? If the swelling is hard, consider
testicular malignancy

Is the swelling painful to
palpation?

If yes, consider epididymitis

Does the swelling disap-
pear when lying down?

If yes, consider varicocele and
indirect hernia

Examination of the Prostate Gland

Most men find prostate examination embarrassing and
unpleasant and time should be taken to explain why the
examination is needed and to obtain the man’s agree-
ment to this specific part of the clinical examination.
Some men may decline prostate examination in which
case an explanation should be given to the man of the
risks he may run if prostate pathology is missed. Exam-
ination of the prostate gland is by rectal examination
with the man in the lateral or knee elbow position.

Checklist for prostate examination
Size Although clinicians often write the size in

grams this is not accurate and it is often
best to restrict the size description to
large, medium or small

Contour Smooth or bumpy (irregular)

Median groove Normally it is possible to feel a shallow
groove separating the two prostate lobes
although this feature may be lost when
there is marked benign enlargement

Lateral grooves The lateral margin of the prostate and the
rectal wall form a groove which becomes
more marked with prostate enlargement
but may be lost if there is prostate cancer

Symmetry Are the left and right lobes the same size

Consistency With experience the clinician can catego-
rize the consistency as normal, soft or
boggy or hard or rock hard

The presence
of any nodules

The size and location of any nodules
should be recorded

Pain on
palpation

The clinician should take care to distin-
guish abnormal pain and discomfort from
a sense of urinary urgency which is nor-
mal during prostate palpation
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It is often difficult to find out whether the man is expe-
riencing true pain from prostate examination or just a
more general discomfort and embarrassment. Use of
the following words can help make this distinction: “I
know that this is unpleasant and uncomfortable, but
am I hurting you at all?”

Examination of the Seminal Vesicles

The seminal vesicles are not normally palpable. If they
are palpable this usually indicates inflammation. Some
men with characteristics of obstructive azoospermia
have cystic deformities of the seminal vesicles, others
may have agenesis. These abnormalities are best de-
tected by ultrasound, preferably using a rectal probe.

List of Questionnaires and Score Sheets

WHO Structured Interview (Rowe et al. 2000)

The booklet has been extensively used in several coun-
tries and has been validated. The main disadvantage is
the time needed for the interview.

Infertility Clinic Questionnaire (Edinburgh)

Designed to be sent to the couple prior to first appoint-
ment and to save the clinician time. Has been used by
more than 2000 couples but not independently validated.
High compliance rate. http://www.urologyedinburgh.
co.uk/fertility_questionnaire.htm

Sexual Problems Questionnaire (Edinburgh)

Designed to be sent to the man prior to the first inter-
view and to save the clinician time. Has been used by
more than 500 men but not independently validated.
Over 95% compliance rate. May help “break the ice” at
the initial interview. http://www.urologyedinburgh.co.
uk/sexual_function_questionnaire.htm

Vasectomy Reversal Questionnaire (Edinburgh)

Designed to help ensure completeness of information
prior to giving advice about vasectomy reversal feasi-
bility.

Testicular Pain Questionnaire (Edinburgh)

Designed to be used in the context of a structured inter-
view to help distinguish neuropathic pain. Not validated.
http://www.urologyedinburgh.co.uk/new_page_24.htm

International Index of Erectile Function (IIEF)

This is a validated instrument to assess the severity of
impairment of stiffness of erections. This instrument
does not assess ejaculatory and orgasmic dysfunction.

International Prostate Symptoms Score (IPSS)

This is a validated instrument to assess the severity of
lower urinary tract symptoms in men with known
prostatic obstruction.

Ageing Male Symptoms Score

This is a semi-validated scoring system to be used in
conjunction with androgen measurement to establish
the diagnosis of androgen deficiency in older men.
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II.3.2 Semen Analysis and Sperm Function Tests
F. Comhaire, A. Mahmoud

■ Conventional semen analysis, accurately
measuring sperm concentration, motility and
morphology, is the cornerstone of male
fertility assessment.

■ Both the technique of semen collection and the
methods of laboratory analysis can influence
the results dramatically.

■ Semen analysis requires specific technical
skills and training, as well as constant care for
quality assurance.

■ Each laboratory must define its own reference
values, particularly for sperm motility and
morphology.

■ So-called advanced methods of semen analysis
and functional tests are valuable instruments
for research purposes, but do not contribute
substantially to the management of the infer-
tile couple.

Summary

II.3.2.1
Introduction

Semen analysis is the cornerstone of male infertility in-
vestigation. McLeod (1942), MacLeod and Gold (1953),
Eliasson (1971) and Hellinga (1949, 1976) have created
the scientific basis of conventional semen analysis, and
the techniques recommended by them are still consid-
ered the reference for more advanced techniques. In or-
der to perform correct semen analysis, the sample must
be obtained and transported in agreement with strict
guidelines (WHO 1999).

Conventional semen analysis includes measure-
ments of particular aspects of spermatozoa and of sem-
inal plasma. It is of the utmost importance to apply
both internal and external quality control to the tech-
niques of semen analysis, in order to reduce inter-
observer errors and intra- and inter-assay variability,
and to increase reproducibility.

II.3.2.2
Sample Collection and Delivery

Laboratory technicians should be informed that semen
samples present a possible biohazard since they may
contain harmful viruses, e.g. hepatitis viruses, human
immunodeficiency viruses, herpes viruses, and should
be handled with due care.

The subject should be provided with a clearly writ-
ten instruction sheet concerning the collection and
transport of semen.

1. The time interval between the last ejaculation and
sample collection should be well defined and pref-
erably constant in order to allow for reliable inter-
pretation of the results, particularly of sperm con-
centration and motility. If, however, the period of
sexual abstinence is outside of the suggested limits,
the semen sample should still be analysed. If the
result is normal, there is no need for a second anal-
ysis. When the duration of abstinence is in excess
of 7 days, sperm motility, i.e. the proportion of
spermatozoa with rapid progressive motility, may
decline. If the duration of abstinence is less than
48 h, sperm concentration may be reduced, but
motility will probably not be affected. Under par-
ticular circumstances, and when for example epi-
didymal pathology is present, sperm characteris-
tics may be better in samples collected after a short
duration of abstinence (even only a few hours)
than after longer periods.

2. Although repeat semen analysis is not mandatory
if the result of the first analysis is completely nor-
mal, a second analysis may be recommended in
cases with long-standing unexplained infertility,
and provided complementary tests of sperm func-
tion can be performed.

3. Seminal plasma may exert an unfavourable effect
on sperm motility that becomes more prominent
as time elapses between ejaculation and analysis.
Also, when semen is to be prepared for techniques
of assisted reproduction, such as intra-uterine in-
semination or in vitro fertilization, processing of
the sample should be performed immediately after
liquefaction.

4. Special containers for semen analysis are available
on the market. They have the advantage of allow-
ing the estimation of sperm volume without the
need for transferring the sample. In addition, the
materials for manufacturing have been proven not
to exert any negative effects on sperm motility or
viability.

5. It has been shown that semen samples collected
during intercourse using a special plastic condom
tend to have a larger volume and higher concentra-
tion, with a resulting higher total count per ejacu-
late. Hence, the use of such condoms should be
considered for the collection of a second semen
sample if the first one shows a relatively low vol-
ume.
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II.3.2.3
Initial Macroscopic Examination

II.3.2.3.1

Appearance

The semen sample is first evaluated by simple inspec-
tion. A normal sample has a grey-opalescent appear-
ance, is homogeneous and liquefies within 60 min at
room temperature under the influence of proteolytic
enzymes of prostate origin. In some cases, complete
liquefaction does not occur within 60 min and this fact
should be recorded, as it suggests functional distur-
bance of the prostate.

The sample may appear clear if sperm concentration
is too low. It may also appear brown when red blood
cells are present in the ejaculate (haematospermia).
The presence of mucous streaks may interfere with the
counting procedure, and suggests inflammation or ab-
normal liquefaction. Normal semen samples may con-
tain jelly-like grains which do not liquefy and are prob-
ably secreted by Cowper’s’ glands.

The sample should be examined immediately after
liquefaction or within 1 h of ejaculation. Samples that
do not liquefy need additional treatment such as expo-
sure to bromelain or diluted trypsin, to make the sam-
ple amenable to analysis.

II.3.2.3.2

Volume

The volume of the ejaculate should be measured with
either a graduated cylinder, or by aspirating the whole
sample into a graduated syringe or pipette. If bioassays
or semen culture are to be performed, sterile materials
should be used in handling the semen samples. The
bulk of the volume is secreted by the seminal vesicles,
and between 0.5 and 1 ml originates from the prostate.
A low ejaculate volume may suggest deficient secretion
of the seminal vesicles whereas large volumes are
sometimes found in association with varicocele.

II.3.2.3.3

Consistency

The consistency, also called viscosity, of the liquefied
sample can be estimated by gently pushing the semen
through a blunt injection needle (21G, internal diame-
ter approximately 0.03 inches or 0.8 mm) and observ-
ing the length of the thread. A normal sample leaves the
needle as small discrete drops, while in the case of ab-
normal consistency the drop will form a thread of more
than 2 cm. Another method of estimating consistency
does not use needles and is performed by introducing a
glass rod into the sample and observing the length of
the thread that forms on withdrawal of the rod. Again,
the thread should not exceed 2 cm.

Increased viscosity has the same clinical meaning as
abnormal liquefaction, and is related to prostate dys-
function.

II.3.2.3.4

pH

A drop of semen is spread evenly onto a pH paper
(range pH 6.4–8.0) (Merck, Darmstadt, Art. 9557). Af-
ter 30 s, the colour of the impregnated zone should be
uniform and is compared with the calibration strip to
read the pH. Whatever type of pH paper is used for this
analysis, its accuracy should be checked against known
standards before use in routine semen analysis.

The acidic secretions of the prostate and the alkaline
secretions of the seminal vesicles determine the pH. It
should normally be in the range of 7.2–7.8. A pH value
exceeding 7.8 is related to decreased secretion of acidic
products, such as citric acid, by the prostate. If the pH
is less than 7.0 in a sample with small volume and azoo-
spermia, congenital dysgenesis of the vas deferens,
seminal vesicles and/or epididymides must be suspect-
ed.

II.3.2.4
Initial Microscopic Investigation

During the initial microscopic investigation, motility
and concentration of spermatozoa are estimated and
the presence of cells other than spermatozoa and of
agglutination are determined.

II.3.2.4.1

Motility

A fixed volume of semen (10–15 µl) delivered with a
micropipette is placed on a clean glass slide and cov-
ered with a coverslip sized between 20 mm × 20 mm
or 24 mm × 24 mm. It is important that the volume of
semen and the dimension of the coverslip are standard-
ized, so that the analyses are always carried out on a
preparation with fixed depth between 25 and 30 µm.
This depth allows full expression of the rotating move-
ment of normal spermatozoa. Alternatively, an aliquot
of semen is placed in contact with the coverslip of a
fixed depth disposable counting chamber (Fig. II.3.1).

The preparation is then examined at a magnification
of 400–600×. An ordinary light microscope can be
used for unstained preparations if the condenser is low-
ered to disperse the light, but a phase-contrast micro-
scope is preferable.

The weight of the coverslip spreads the sample for
optimal viewing, or this effect is obtained automatical-
ly when disposable counting chambers are used. The
freshly made, wet preparation is left to stabilize for ap-
proximately 1 min. The examination can be performed
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Fig. II.3.1. Disposable count-
ing chamber

Table II.3.1. Grading of sperm motility

Grade (a): if the spermatozoon has a rapid, linear, progres-
sive motility (also referred to as excellent or
good progression)

Grade (b): if it has a slow or sluggish linear or nonlinear
movement (also referred to as weak or moderate
progression)

Grade (c): if it has nonprogressive motility (“motile on the
spot”)

Grade (d): if the spermatozoon is immotile

at room temperature, between 18°C and 24°C. Some
laboratories may prefer assessing motility at 37°C, us-
ing a heated microscope plate.

The microscopic field is scanned systematically and
the motility of each spermatozoon encountered is clas-
sified. The categories for classifying sperm motility
have been designated (a), (b), (c) and (d) (Table II.3.1).
Usually, four to six fields are scanned to accumulate 100
successive spermatozoa, which are recorded by means
of a laboratory counter, yielding a percentage of each
motility category.

An alternative method consists of estimating the
number of grade (a) spermatozoa in the entire visual
field. Next the number of grade (b) cells is estimated, fol-
lowed by the number of grade (c) and grade (d) cells.
These numbers are added up, and the percentage of sper-
matozoa classified in each motility group is calculated.

It is recommended to repeat the procedure on a sec-
ond drop of semen processed in the same way. For this
reason, the disposable counting chamber contains at
least two separate chambers and entries. Irrespective of
the method used, the variability of results on the same
sample should not exceed 10%.

II.3.2.4.2

Estimation of Sperm Concentration

The concentration is estimated roughly during initial
examination in order to determine the dilution factor
to be used for the haemocytometer method, and to in-
dicate whether centrifugation may be required to pre-
pare an adequate smear for morphological analysis.

When using a preparation with a depth of 20 µm, and
the diameter of the microscopic field is 250 µm, sperm
concentration can be estimated from the mean number
of spermatozoa per microscopic field under a 40× ob-
jective and multiplying this number by 106. For exam-
ple, 40 spermatozoa per visual field can be considered
roughly equivalent to 40 million spermatozoa per milli-
litre. In order to obtain a preparation with a standard
depth of 20 µl, one drop of 11.5 µl of semen is placed on
a microscope slide and covered with a coverslip of
24 mm × 24 mm. Alternatively, a disposable counting
chamber with fixed depth of 20 µm can be used.

If the number of spermatozoa per visual field varies
considerably, this indicates that the sample is not ho-
mogeneous, and that the sample should be mixed again
thoroughly. The lack of homogeneity may also result
from abnormal consistency or abnormal liquefaction,
from aggregation of spermatozoa in mucus threads, or
from sperm agglutination. These observations should
be mentioned in the analysis report.

II.3.2.4.3

Cellular Elements other than Spermatozoa

The ejaculate usually contains cells other than sperma-
tozoa. These include polygonal epithelial cells from the
urethral tract. If many of these are present, and they are
covered with bacteria, then it is probable that the sam-
ple is obtained by coitus interruptus, and the cells orig-
inate from the vagina. “Round cells” are present in al-
most every semen sample. They are spermatogenic
cells and white blood cells. The concentration of these
cells can be estimated per visual field in the wet prepa-
ration when the number of spermatozoa is estimated.
Their concentration can be determined accurately us-
ing a haemocytometer or a disposable counting cham-
ber.

If the concentration of round cells exceeds 106/ml
or one per visual field using a 40× objective, a specific
stain should be used to distinguish between the per-
oxidase-positive white blood cells and other cells. The
staining procedure is performed on the fresh sam-
ple and is based on the fact that intact neutrophil
polymorphonuclear granulocytes contain peroxidase
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(Endtz 1972) (Leucoscreen, FertiPro, Beernem, Bel-
gium). The peroxidase-negative cells include degranu-
lated polymorphonuclear granulocytes, lymphocytes,
and mainly immature germ cells, namely spermatids,
spermatocytes and sometimes spermatogonia. Differ-
entiation of peroxidase-negative round cells is often
difficult and is usually not performed as part of basic
semen analysis. If the concentration of peroxidase-pos-

Fig. II.3.2. Standardized descriptions of type and degree of sperm agglutination. Descriptions are based on the type and degree of
spermatozoa involved in the agglutination and the number of spermatozoa involved in the agglutination (Rose et al. 1976)

itive cells exceeds 106/ml, further studies are required
to establish if the man suffers from accessory gland in-
fection.

A second method, described by Nahoum and Cardo-
zo (1980), aims to count peroxidase-positive round
cells in a haemocytometer. The following reagents are
needed: saturated NH4Cl solution (25 g per 100 ml);
Na2-EDTA 5% (vol/vol) in phosphate buffer (pH 6);
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ortho-toluidine (0.025% vol/vol); and H2O2 (30% vol/
vol in distilled water).

The working solution is prepared by adding 1 ml of
saturated NH4Cl solution, 1 ml of Na2-EDTA 5% solu-
tion, 9 ml of ortho-toluidine solution and one drop of
H2O2. This solution is mixed before use and can be con-
served for 24 h after preparation.

The procedure consists of mixing 0.1 ml of semen
with 0.9 ml of the working solution to achieve a total
volume of 1 ml. This mixture is shaken for 2 min. It is
then left for 20–30 min at room temperature and
mixed again by shaking.

The mixture is now transferred onto a haemocyto-
meter chamber for leukocytes (either Neubauer or Bur-
ker) and the number of peroxidase-positive cells that
stain brown is counted. Peroxidase-negative cells re-
main unstained and are counted in the haemocytome-
ter chamber. It is suggested to count 25 large squares in
the improved Neubauer haemocytometer and to multi-
ply the number of cells by 0.1 in order to obtain the con-
centration per millilitre.

II.3.2.4.4

Agglutination

Agglutination of spermatozoa means that motile sper-
matozoa stick to each other, head to head, mid-piece to
mid-piece, tail to tail, or mixed, e.g. mid-piece to tail
(Fig. II.3.2). The adherence of either immotile or motile
spermatozoa to mucous threads, to cells other than
spermatozoa, or to debris is not considered agglutina-
tion. The presence of agglutination is suggestive of, but
not sufficient evidence to prove the existence of, an im-
munological factor of infertility.

The extent of agglutination may be important, but
even the presence of only a few groups of small num-
bers of agglutinated spermatozoa should be recorded.
In case of agglutination, sperm culture must be per-
formed in order to exclude infection with Escherichia
coli, and a direct mixed antiglobulin reaction (MAR)
test or immunobead test is indicated to detect anti-
sperm antibodies on the spermatozoa.

II.3.2.4.5

Sperm Viability

If the proportion of immotile spermatozoa exceeds
60–75%, a supra-vital staining technique is recom-
mended. This staining is based on the principle that
dead cells with damaged plasma membranes take up
stain. Dead sperm cannot be used for in vitro fertiliza-
tion (IVF), whereas living but immotile spermatozoa
are suitable.

One drop of fresh sperm is mixed on a microscope
slide with one drop of eosin 0.5%, and the mixture is ex-
amined using either bright light or phase-contrast mi-

croscopy. Using a laboratory counter, 100 spermatozoa
are classified as either coloured orange-red, if the stain
has passed through the membrane and therefore the cell
is considered dead, or non-stained which are considered
alive. Alternatively, 0.1 ml of fresh semen can be mixed
with 0.1 ml of the 0.5% eosin solution in a test tube. Af-
ter mixing, one drop of this solution is placed under a
20 mm × 20 mm or 24 mm × 24 mm coverslip.

The percentage of dead cells should not exceed the
percentage of immotile (grade d) spermatozoa as-
sessed at the same moment in time.

The result of the viability test correlates with that of
the hypo-osmotic swelling (HOS) test, in so far as sper-
matozoa with a membrane that allows the dye to pene-
trate will not swell in the HOS test. Spermatozoa ex-
cluding the dye may either swell or die during the HOS
test (van den Saffele et al. 1992).

The presence of a large proportion of viable but im-
motile cells may be indicative of structural defects of
the flagellum, as part of immotile cilia syndrome. Such
cells may still successfully fertilize oocytes during in-
tracytoplasmic sperm injection (ICSI).

II.3.2.5
Evaluation of Morphological Characteristics

II.3.2.5.1

Slide Preparation and Staining

It is important to prepare a few smear slides from the
fresh semen sample to be used for assessment of sperm
morphology. The slide must be cleaned with detergent,
washed in water and finally in alcohol, and dried before
use. A drop of 7–10 µl semen is put onto one side of the
slide. The sharp edge of another slide is placed in contact
with the drop so that the drop spreads along the edge.
The slide is then moved forward, dragging the drop of
semen behind, to produce a feathered-edge smear. The
smear is air-dried and fixed in a mixture of equal parts
of ethanol and ether (Hellinga et al. 1973). Staining can
be performed using the (simplified) Papanicolaou stain
or a special stain for spermatozoa (Spermac).

II.3.2.5.2

Morphology Assessment

Various morphological abnormalities encountered are
recorded by means of a tally form. It is preferable to use
well-defined criteria for describing abnormal sperma-
tozoa, and to consider all other cells, including those
with borderline morphology, as normal (Comhaire et
al. 1994b). This method results in a higher average of
normal forms than the one applying “strict criteria” for
normal sperm morphology, which classifies all the cells
including borderline forms as abnormal (Menkveld et
al. 1990).

II.3.2 Semen Analysis and Sperm Function Tests 385

II.3



Ideally shaped spermatozoa exhibit an oval-shaped
head with regular outline and acrosomal cap covering
more than one-third of the head surface. The head
length is between 3 and 5 µm and the width must be be-
tween one-half and two-thirds of the length. When Pa-
panicolaou-stained spermatozoa are observed under
phase-contrast illumination, the acrosomal cap ap-
pears blue and the nuclear material of the head appears
yellow. The mid-piece must be slender, less than one-
third of the width of the head, straight and regular in
outline. The mid-piece is aligned with the longitudinal
axis of the head and is approximately 7–8 µm long. The
tail is slender, uncoiled, and should present a regular
outline. It is at least 45 µm in length. Size definitions of
normal spermatozoa are sometimes different between
authors, and may depend on the method of preparation
of the smear (Hellinga et al. 1973). Increased or de-
creased head size occurs as the only abnormality in on-
ly 0.5% of spermatozoa with an oval head, normal mid-
piece and tail. Hence, abnormalities of size are usually
associated with other abnormalities.

Spermatozoa with a tapering head exhibit a dimin-
ished head width in relation to the head length, such
that the width is less than half of the length. The head
thus assumes a cigar-like shape which may or may not
come to a point at the mid-piece.

Pyriform or pear-shaped head spermatozoa are
those whose heads have an obvious or exaggerated
tear-drop, tapered shape coming to a distinct point just
above the mid-piece region.

Round head spermatozoa often have no acrosome
and they may be present in large numbers in some se-
men samples.

Pin head: some spermatozoa, which are usually
highly motile, do not present a clear head structure and
seem to consist entirely of mid-piece and tail. They
must be differentiated from spermatozoa with a small
head.

Duplicate or double head spermatozoa have two dis-
tinct heads that may be of various shapes and sizes. The
presence of a double head takes precedence over any
other head type classification.

Amorphous head is the type of spermatozoon that
has a bizarre shape of the head such that it cannot be
put into any other category. The outline is always irreg-
ular.

Mid-piece Abnormalities

Mid-piece abnormalities include abnormal implanta-
tion of the mid-piece aside or angular to the longitudi-
nal axis of the head, the presence of a cytoplasmic rem-
nant, an abnormal width of the mid-piece, or broken
mid-piece. The mid-piece may also be duplicated in
cases with a double head.

Tail Abnormalities

Abnormalities of the tail include short tails, which are
often excessively thick, broken tails, coiled tails, or tails
that have an irregular outline as a result of disruption of
the membrane. Sometimes the tail has a normal length
but the extreme end is excessively thin.

II.3.2.6
Testing for Antibody-Coated Spermatozoa

The presence of sperm antibodies coating the sperma-
tozoa is typical of, and is considered to be specific for,
immunological infertility. Sperm antibodies in semen
belong to the immunological classes IgG, IgA or, rarely,
IgM. Some data suggest that IgA antibodies may have
greater clinical importance than IgG antibodies as a
cause of infertility (Kremer and Jager 1992). Testing for
these antibodies is performed on fresh semen and uses
the direct mixed antiglobulin reaction (MAR) test or
the immunobead test.

II.3.2.6.1

Antibodies of the IgG Class

The direct MAR test for IgG is performed by mixing on
a microscope slide one drop (approx. 10 µl) of fresh se-
men, one drop of latex particles coated with IgG, and
one drop of antiserum from rabbit against human IgG.
After 2–3 min the mixture is examined under the mi-
croscope. The percentage of motile spermatozoa with
particles attached is counted using a laboratory coun-
ter. The SpermMar test is easier to perform, less cum-
bersome and more relevant than the immunobead test
(Andreou et al. 1995). The diagnosis of immunological
infertility is probable when 40% or more of the motile
spermatozoa have particles adherent. Immunological
infertility is suspected if 10–40% of the motile sperma-
tozoa have adherent particles, when other tests are
needed to confirm the diagnosis.

II.3.2.6.2

Antibodies of the IgA and IgM Classes

Direct MAR test for IgA or IgM is performed by mixing
one drop of fresh semen containing motile spermato-
zoa with one drop of Latex particles that are coated
with monoclonal antibodies against either human IgA
or human IgM on a microscope slide. The preparation
is covered with a large coverslip (24 mm × 32 mm) and
observed immediately after mixing, as well as after
3 min. The percentage of motile spermatozoa with latex
particles attached is calculated.

Additional tests such as the sperm-cervical mucus
contact test, titration of sperm agglutinating antibodies
in serum, and cytotoxicity tests will add weight and
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confirm or reject the diagnosis (Kremer and Jager
1992).

II.3.2.7
Counting of Spermatozoa

The reference method for sperm counting is the hae-
mocytometer method, but disposable counting cham-
bers may also be used with sufficient reliability (Mah-
moud et al. 1997).

II.3.2.7.1

The Haemocytometer Method

Semen must be diluted whenever the haemocytometer
method is used. The dilution medium consists of 50 g
NaHCO3, 10 ml of a 35% (vol/vol) formalin solution
and distilled water to give a final volume of 1000 ml.
Optionally, 5 ml of saturated aqueous gentian violet can
be included. This stain need not be included if phase-
contrast microscopy is used.

If the preliminary examination of the semen indicates
that the concentration of spermatozoa present is either
high (>10 × 107/ml) or low (<2 × 106/ml), then the dilu-
tion must be adjusted (see Fig. II.3.3). For samples with a
sperm concentration estimated to be between 2 × 106 and
10 × 107/ml, a 1:20 dilution is used. This is obtained by
mixing 50 µl of liquefied semen with 950 µl of diluent. For
samples with low sperm count, a 1:10 dilution is made by
mixing 100 µl of semen with 900 µl of diluent. Samples
containing more than 10 × 107/ml spermatozoa are dilut-
ed 1:50 by adding 50 µl of semen to 2450 µl of diluent.

The specimens should be diluted in small clean glass
tubes. The diluted specimen must be thoroughly mixed

Fig. II.3.3. Practical record form for sperm concentration as-
sessment

Fig. II.3.4. Cells on top
and left touching
middle line (O) are
counted. Cells touch-
ing middle line at
bottom and right are
not counted (Ø)

by hand and by vortex, after which a fixed volume is
transferred to a haemocytometer and covered with a
coverslip. The haemocytometer is allowed to stand for
1–5 min, preferably in a moist chamber to minimize
drying. During this time the cells sediment. Counting is
done under a light or phase-contrast microscope at a
magnification of 100 or 400×. Only spermatozoa that
are morphologically mature germinal cells with tails
are counted.

The procedure for counting the spermatozoa in a
haemocytometer chamber is as follows: the central
square of the grid in an improved Neubauer haemocy-
tometer contains 25 large squares, each with 16 smaller
squares. For practical purposes it is recommended to
count the number of spermatozoa that are present in 25
squares. If a spermatozoon lies on the line dividing two
adjacent squares, it should be counted only if it is on the
upper or the left side of the square being assessed
(Fig. II.3.4). In order to determine the concentration of
spermatozoa in the original semen sample in millions/
ml, the number of spermatozoa counted in 25 large
squares is multiplied by 0.1 if a dilution 1:10 has been
applied, by 0.2 if a dilution of 1:20 is used, and by 0.5 a
1:50 dilution is used.

It is recommended to perform an in duplo count us-
ing a second aliquot of semen and the same dilution.
Ideally, the result of both counts should not be more
than 10% apart. In reality, the differences are often
somewhat larger due to lack of homogeneity of the se-
men sample and errors during pipetting or dilution.
Differences exceeding 10% indicate that the result is in-
adequate, and counting must be repeated.

II.3.2.7.2

Disposable Fixed Depth Counting Chambers

An alternative procedure to determine sperm concen-
tration is by employing special sperm counting cham-
bers. Reusable counting chambers such as the one by
Makler can be used without dilution of semen, but they
may lack the accuracy of the haemocytometer tech-
nique (Mahmoud et al. 1997).
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Another method uses disposable counting chambers
(Fig. II.3.1). The counting chamber is filled with 5 µl se-
men. The semen flows into the counting chamber by
making use of the physical properties of capillary flow.
A special calibration grid must be introduced in the oc-
ular, or disposable slides with a grid can be used. It is
recommended to perform cell counting at the central
part of the chamber, avoiding the inlet and outlet area.

The correlation between the result of sperm counting
using the disposable slides and the haemocytometer is
0.95 and the coefficient of variation of the counting pro-
cedure is only slightly higher, namely 8% as compared to
6% with the haemocytometer (Mahmoud et al. 1997).

II.3.2.8
Semen Culture

Semen samples for bacteriological culture should be col-
lected taking into account specific precautions to avoid
contamination. Before obtaining the sample, the patient
should pass urine. Next he should wash his hands and
genital region with soap. He should rinse away the soap
and dry with a fresh towel. The semen containers must be
sterile. For a complete examination, the sample should be
passed to a microbiology laboratory (Mobley 1975). Be-
cause seminal plasma has rather strong bacteriostatic ca-
pacity, it is recommended to dilute the semen specimen
before inoculation. This can be done by adding 0.2 ml of
sterile physiological saline to 0.2 ml of semen in a sterile
glass or plastic test tube. Alternatively, the mixture may
be aspirated directly in a sterile disposable syringe. After
thorough mixing 50 µl of the mixture is homogeneously
spread on a blood agar culture medium using an Ose. The
blood agar is incubated overnight at 37°C. The number of
colonies is counted and multiplied by 40 to give the num-
ber of colony forming units (CFUs) per ml.

If the number of CFUs is over 3000/ml, and culture is
uniform, then further identification and an antibio-
gram are needed. Uniform growth of between 1000 and
3000 CFUs/ml is considered borderline, whereas the
presence of fewer than 1000 CFUs/ml suggests contami-
nation. Also, the nonuniform growth of more than
3000 CFUs of different species is considered to be con-
tamination (Comhaire et al. 1980). Patients presenting
a positive result on bacteriological culture of a first se-
men sample need to have the test repeated. It is only
when culture is positive for the same bacterial species
upon two semen analyses that bacterial infestation is
considered of clinical importance.

The culture of seminal plasma may contribute to the
diagnosis of male accessory gland infection, particular-
ly of the prostate (Rowe et al. 2000). Semen culture
must be performed on at least one semen sample from
each patient, or when the subject has signs or symp-
toms of accessory gland infection, or the semen con-
tains white blood cells exceeding 1×106/ml.

II.3.2.9
Summary of Basic Testing

When correctly performed, the techniques of basic se-
men analysis will give reliable and reproducible results
on conventional sperm characteristics. Both internal
and external quality control are mandatory, and strict
standards for technical accuracy must be applied. In
doing so, acceptable low levels of inter- and intra-
observer variability can be obtained, and the results
will have clinical relevance. Assessment of sperm char-
acteristics gives important clues to the discrimination
between infertile, subfertile and potentially fertile se-
men, and can to some extent predict the probability of
occurrence of spontaneous conception, or help select
the best method of treatment.

II.3.2.10
Advanced Assessment of Basic Sperm
Characteristics

II.3.2.10.1

Sperm Concentration and Motility

Recent research and development permit the reliable
measurement of patterns of sperm movement and the
detailed assessment of sperm morphology through
metric image analysis. There is some evidence support-
ing the superior capacity of objectively assessed sperm
characteristics in discriminating between fertile and
subfertile semen (Hinting et al. 1988a). Advanced tech-
niques should not only permit more precise objective
and reproducible analysis of conventional sperm char-
acteristics, they should also allow for the measurement
of complementary characteristics of, for example,
sperm movement, such as curvilinear and linear veloc-
ity, cross beat frequency and lateral head displacement.

The first efforts to objectively assess sperm motility
have been reported (Rothschild 1953), and several au-
thors have described methods for the determination of
motility characteristics.

Time exposure photography was introduced in the
early 1950s (Rothschild 1953) and, after some modifi-
cations, it was made applicable to analysing human
sperm motility (Overstreet et al. 1979). Spermatozoa
are photographed under dark-field illumination for an
exposure time of 1 s, during which images of both mo-
tile and immotile spermatozoa are recorded on film.
The negatives are projected as a filmstrip and analysed
on a specially designed console.

In order to overcome the blurriness and non-dis-
tinct images of motile spermatozoa, a multiple expo-
sure photography method was developed (Makler 1978;
Overstreet et al. 1979). An aliquot of undiluted semen is
placed in a chamber with a depth of 10 µm, and sper-
matozoa are photographed for 1 s, while being exposed
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to six stroboscopic light pulses. As a result, motile sper-
matozoa appear on the photograph as a six-ringed
chain. Immotile spermatozoa show a single image. This
technique was simplified by using Polaroid photogra-
phy and by modifying the stroboscopic apparatus.

With the cinematographic technique spermatozoa
are filmed through the microscope by means of a movie
camera and the tracks of the motile spermatozoa are
analysed frame by frame.

The development of video cameras and software for
image analysis has made assessment of sperm motility
possible by fitting a video camera on the microscope
(Katz et al. 1985). Quantitative measurements can be
made directly from the video images, or the slow mo-
tion pictures can be analysed; alternatively there is
computer analysis of the video images (computer as-
sisted semen analysis or CASA) (Holt et al. 1985; Katz
and Davis 1987; Ginsburg et al. 1988). Values are re-
ported for sperm concentration, percent motility, ve-
locity and linearity of sperm progression, maximum
and mean amplitude of lateral head displacement and
head beat cross frequency (Ginsburg et al. 1988).

A simple semi-computerized method has been devel-
oped for the objective assessment of sperm motility char-
acteristics (Hinting et al. 1988b). By introducing a draw-
ing tube between the objective and the oculars of a micro-
scope, it is possible to observe motile spermatozoa and to
track their movement manually with the help of a cursor
on a digitizing tablet (Autosperm, Fertipro, Beernem,
Belgium). This tablet generates data that can be analysed
by a microcomputer programme (Hinting et al. 1988b).

The procedure yields optimal results in semen sam-
ples with sperm concentrations between 1×106 and
50×106/ml, and its reproducibility is excellent.

Two major problems have arisen with the CASA sys-
tems. The first resides in problems with the identifica-
tion of spermatozoa against objects of similar size such
as some round cells, cytoplasmic droplets or debris. In
the older systems, particular characteristics of the head
of the motile cells were defined first in order to identify
all other spermatozoa. Estimation of the DNA content
(Hamilton-Thorn) or of the presence of a sperm tail
(Strömberg-Mika) has largely solved this problem. Er-
rors are still induced by the arbitrary definition of min-
imal velocity criteria that may reduce the differences
between study groups (Comhaire et al. 1992).

The second major problem is caused by the fact that
the spatially average path of spermatozoa is computed by
smoothing the periodical lateral wobble from the curvi-
linear trajectory using a fixed length running average.
This induces errors that equally tend to reducedifferences
between specimens, particularly when analysing human
sperm, because the motion characteristics of human
spermatozoa are remarkably diverse. The introduction of
adaptive smoothening and harmonic analysis (Davis et
al. 1992) can only partially correct for these errors.

II.3.2.10.2

Morphology Analysis

Since Williams and Savage’s statement: “in the micro-
scopic study of spermatozoa, the morphology of the
sperm head constitutes the greatest single source of in-
formation as to the fitness of these cells for reproduc-
tion” (Williams and Savage 1925), there has been a con-
tinuous debate on which criteria should be applied to
define normal spermatozoa, and which classification of
abnormal forms is most appropriate. Many authors
(MacLeod and Gold 1951; Eliasson 1971; Hellinga 1976)
advocate the use of strict criteria for sperm normality,
while cells with borderline morphology must be con-
sidered abnormal (approach A). In contrast, Page and
Houlding (1951) define the criteria of abnormal sper-
matozoa and consider all other cells normal (approach
B). They do not claim any advantage of this approach,
“except for a reduction in the errors of judgement be-
tween two observers”. The controversy on morphology
assessment has been revived through claims that the
application of strict criteria for normality would give
better results in terms of reproducibility, clinical accu-
racy and predictive power (Menkveld et al. 1990) than
the more liberal criteria described by the World Health
Organization (WHO 1987), for example. Fully automat-
ic computer assisted systems for sperm morphology
have been developed (CASA) (Katz et al. 1986; Wang et
al. 1991; Davis et al. 1992).

In general, the reproducibility of results of approach
B was found to be better than that of approach A (Com-
haire et al. 1994b). Results of the two CASA systems
matched closely in terms of reproducibility and corre-
spondence with the average results of all centres, and
they were intermediate between those of approaches A
and B. The two CASA systems performed neither better
nor worse than the human observer, confirming find-
ings of Wang et al. (1991) and MacLeod et al. (1994).

II.3.2.11
Sperm Function Tests

After having been delivered into the vagina, spermato-
zoa need to “swim up” over a distance of about 8 cm,
through the cervical channel, the uterus and part of the
Fallopian tubes to reach the oocyte. Motility character-
istics determine this process. During this passage the
spermatozoa are capacitated. Next, a cohort of sperma-
tozoa reaches the corona radiata which the hyaluroni-
dase at the surface of the acrosomal cap assists in pene-
trating. When in contact with the zona pellucida, the
sperm acquires hyperactivation, and the outer acro-
some membrane fuses with the inner acrosome mem-
brane. Proacrosin is activated to acrosin, and liberated
to help the sperm head penetrate the zona by limited
proteolysis. The spermatozoon then is immobilized
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and its head lays flat against the oolemma. Now the fu-
sion of the sperm membrane and oolemma takes place,
and the sperm is phagocytosed by the oocyte.

Several steps of this process can be assessed by
means of in vitro tests. The interaction between semen
and cervical mucus is assessed using a capillary (Kre-
mer 1965; Kroeks and Kremer 1975) or on a microscope
slide. Hyperactivation can be measured using CASA;
the spontaneous and induced capacitation and acro-
some reaction are evaluated using special staining
methods (Henkel et al. 1993). The activity of acrosin of
individual spermatozoa is measured by means of a pro-
teolytic test (Henkel et al. 1995), or its total amount can
be assessed with a biochemical test (AcroScreen).
Sperm attachment to the zona pellucida is estimated
using the hemizona test (Kruger et al. 1991; Oehninger
et al. 1992) and binding to as well as passage through
the oolemma followed by decondensation of the sperm
head are assessed using the zona-free hamster oocyte
test (Barros et al. 1978; Tyler et al. 1981).

These tests are difficult to standardize and they have
largely lost significance for clinical practice and patient
management in view of the availability of ICSI. They re-
main useful tools from the scientific point of view,
more particularly in evaluating the positive or adverse
effects of treatments.

II.3.2.12
Biological and Biochemical Tests on Semen

Attention has been directed to measurement of bio-
chemical parameters of semen in an attempt to evaluate
the fertilizing potential of men. Many of the biochemi-
cal markers related to seminal vesicles, prostate, epi-
didymis, seminiferous tubules and spermatozoa have
been investigated extensively, but few of these have
proven clinically useful.

Biochemical tests on semen aim at evaluating the
function of the accessory sex glands and testes, detect-
ing causal factors of male infertility, and assessing the
fertilizing potential of spermatozoa.

II.3.2.12.1

The Function of the Accessory Sex Glands

There are several biochemical markers of accessory
gland function. Adequate secretion by the seminal vesi-
cles is necessary to maintain optimal motility of sper-
matozoa (Okamura et al. 1986). The seminal vesicles
produce and secrete reducing substances (fructose, as-
corbic acid and ergothioneine), prostaglandins and bi-
carbonate. Reducing agents may be acting as physio-
logic antioxidants, preventing sperm agglutination and
sperm membrane degeneration, whereas bicarbonate
and prostaglandins act directly by stimulating motility
through an effect on the adenylate cyclase system, in-

creasing the production of cAMP (Gerozissis et al.
1982). Thus, the measurement of these compounds may
be useful in the evaluation of semen quality.

Methods to determine seminal bicarbonate and
prostaglandins are not available in most laboratories,
but fructose is routinely assayed. Since seminal fruc-
tose is negatively correlated with sperm count and does
not correlate with sperm motility, Gonzales et al. (1988)
have used seminal fructose multiplied by the log of
sperm count to obtain a value named “corrected fruc-
tose” which was lower in asthenozoospermic subjects,
irrespective of the sperm count.

The secretion products of the prostate gland form
about one-third of the seminal fluid, in which sperma-
tozoa are suspended. The pH of expressed prostatic flu-
id is acidic with a mean of 6.7 in normal men, whereas
it reaches a mean of 8.1 in men with chronic bacterial
prostatitis. The markedly alkaline pH of prostatic se-
cretion in chronic bacterial prostatitis is probably the
cause of the ineffectiveness of cotrimoxazole and doxy-
cycline treatment in this disease. The concentration of
zinc in human seminal plasma and in sperm is ex-
tremely high compared with that of other body fluids
and tissue (Halsted et al. 1974) and measurement of
this substance may provide valuable information about
the function of the prostate (Marmar et al. 1975).

The concentration of citric acid in semen gives a re-
liable measure of prostate gland secretion. Mann and
Mann (1981) have speculated that citric acid may be
important in maintaining the osmotic equilibrium of
the semen, which will affect membrane function and
morphology of the spermatozoa.

Gamma-glutamyl transpeptidase (GGT) in seminal
fluid has been shown to be mainly prostatic in origin
(Verhoeven and Steeno 1979). Delanghe et al. (1985)
found a correlation between the glycosylation of semi-
nal GGT on one hand, and acid phosphatase activity
and the number of bacteria per millilitre of semen on
the other. They suggested that inflammation of the ac-
cessory glands induces alteration in the glycosylation
of GGT in seminal fluid and it appears that sialic acid
plays a part in this process.

The diagnosis of an epididymal pathological condi-
tion or of an obstructive process at the deferent ducts
level is of relevant importance. L-Carnitine, alpha-glu-
cosidase and glycerylphosphoryl choline have been
measured in human seminal plasma in this attempt.
In patients with azoospermia, normal testicular vol-
ume and normal concentrations of testosterone and
follicle-stimulating hormone (FSH), the determina-
tion of seminal alpha-glucosidase may be used to reli-
ably identify the site of obstruction (Mahmoud et al.
1998; Comhaire et al. 2002). Alpha-glucosidase is se-
creted at the same site as the antioxidants by the epi-
didymis. In cases of chronic epididymitis the secre-
tion of both substances is decreased. This may en-
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hance the possible imbalance between oxidative stress
and antioxidants in semen.

II.3.2.12.2

Testicular Function

Transferrin is an essential factor secreted by Sertoli
cells and the cycle of production of this protein seems
to be linked to the cycle of the seminiferous epithelium
(Mather et al. 1983). Transferrin is involved in the
transport of iron to germ cells (Sylvester and Griswold
1984), and it acts as an antioxidant by binding iron in
biological fluids. By comparing transferrin levels in
seminal plasma from normal and vasectomized men,
or men with congenital absence of the vas deferens, it
has been found that about 80% of the transferrin in
seminal plasma is derived from the testes. The concen-
tration of seminal transferrin showed a strong positive
correlation with the sperm count (Orlando et al. 1985;
Liu et al. 1986), but there was no correlation with sperm
motility or sperm morphology.

Transferrin does not seem to be useful in distin-
guishing between azoospermic patients with obstruc-
tion and those with failure of spermatogenesis. Hence,
measurement of seminal plasma transferrin does not
provide more information than sperm counting.

LDH-X is an isoenzyme of lactate dehydrogenase
present in the human postpubertal testis and it is spe-
cific for germinal epithelium activity (Zinkham et al.
1964). LDH-X constitutes more than 80% of the total
lactate dehydrogenase activity in mature spermatozoa
(Montamat and Blanco 1976). In these cells, LDH-X is
located in the cytosol as well as in the matrix of those
mitochondria that form the mitochondrial sheath of
the sperm mid-piece. Seminal LDH-X seems a more
specific index of seminiferous tubular function because
it comes entirely from the testis. The ratio of LDH-X
over sperm concentration may serve as an indicator of
the function of the seminiferous epithelium, and its as-
sessment may provide a complementary instrument
for the study of spermatogenesis (Eliasson and Virji
1985). On the other hand, seminal LDH-X does not cor-
relate with sperm progressive motility, or with sperm
viability and morphology.

Several steroid hormones have been identified in hu-
man seminal plasma. The most notable are testoster-
one and dihydrotestosterone. Purvis et al. (1975) found
the levels of all steroids in seminal plasma to be signifi-
cantly lower than the corresponding blood levels. Also,
they found that the concentrations of dihydrotestoste-
rone, pregnenolone and oestradiol were significantly
lower in azoospermic subjects than in normals. The
only pathological finding in seminal plasma of oligo-
zoospermic subjects was a diminished level of dihydro-
testosterone (Bain et al. 1979). Zalata et al. (1995) found
testosterone and dihydrotestosterone in seminal plas-

ma to be significantly lower in cases of azoospermia,
and that there is a positive correlation between these
androgens and the concentration of motile spermato-
zoa.

Studies relating seminal plasma prolactin concen-
tration with sperm concentration and sperm motility
give conflicting results (Aiman et al. 1988). The bulk of
prolactin seems to originate from the seminal vesicles,
and is related to the function of these glands, though
the prostate may be another source of prolactin.

There are multiple forms of immunoreactive inhibin
in seminal plasma. Measuring the concentration of in-
hibin B may help in the differential diagnosis of azoo-
spermia (Garem et al. 2002).

Seminal plasma contains large amounts of other
peptide factors such as beta-endorphin, calcitonin, epi-
dermal growth factors, somatostatin and bombesin.
The role of these peptides in seminal plasma is un-
known.

Gamma interferon and the tumour necrosis factor
(TNF) may affect the ability of human sperm to pene-
trate hamster eggs. Testicular IL-1 alpha seems to be
produced by Sertoli cells and acts as a spermatogonial
growth factor (Parvinen et al. 1991). Interleukin-2 and
its soluble receptor (IL-2 sR) increased at high concen-
tration of polymorphonuclear neutrophil (PMN) elas-
tase (Miska and Mahmoud 1993). The concentrations
of IL-6, its receptor, and of IL-1 beta were unrelated to
sperm concentration, motility and morphology and
they were within normal limits in immunological
cases. Both IL-6 and IL-6sR were higher in the first than
in the second fraction of split ejaculates, and were with-
in normal limits in vasectomized men, suggesting their
mainly prostatic origin (Comhaire and Bosmans 1993).
IL-6 concentration in seminal plasma was increased af-
ter testicular stimulation by means of injections of pure
FSH, indicating its secretion by cells of Sertoli.

II.3.2.12.3

Markers of Infection or Inflammation

Infection of male accessory sex glands manifests itself
by growth of a high number of aerobic pathogens upon
semen culture and can affect the secretory functions of
these organs. Furthermore, measurement of biochemi-
cal constituents in seminal plasma may help to confirm
the diagnosis of male accessory gland infection, to
identify the organs affected, and to differentiate against
bacterial contamination (Comhaire et al. 1989). Using
receiver-operating characteristic curves, it was estab-
lished that estimation of ejaculate volume and mea-
surement of the total output of citric acid, gamma-glut-
amyltranspeptidase or acid phosphatase are more rele-
vant tests. Measurement of seminal fructose did not
contribute to the diagnosis since its discriminating
power is lower than that of the ejaculate volume, being
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also dependent on seminal vesicle function. The activi-
ty of alpha-glucosidase was decreased in patients with
epididymitis.

Interleukin-6 and IL-1 beta are significantly higher
in cases with accessory gland inflammation, and the
former has a stronger power to discriminate between
semen samples with a normal and those with an elevat-
ed concentration of white blood cells. The measure-
ment of IL-6 in semen may contribute to the diagnosis
of inflammatory disease of the accessory sex glands
(Comhaire et al. 1994a).

II.3.2.12.4

Biochemical Markers of the Functional Capacity

of Spermatozoa

The energy needed for motility is produced in the mit-
ochondria of the mid-piece of the sperm. Approximate-
ly 90% of the energy needed for motility is produced as
adenosine triphosphate (ATP) and transported to the
flagellum. In the flagellum, ATP is hydroxylated into
adenosine diphosphate (ADP) and adenosine mono-
phosphate (AMP) by the ATPase enzyme, which is pre-
sent in the contractile protein of the dynein arms locat-
ed in contact with the microtubular doublets (Comhai-
re et al. 1990). Assessment of ATP in semen is based on
bioluminescence, a method that is rapid, simple and
has high sensitivity, good recovery and good reproduc-
ibility (Fiorelli et al. 1982).

A significant correlation was found between ATP
per millilitre of ejaculate and sperm concentration,
number of motile spermatozoa per millilitre, capacity
of spermatozoa to migrate against gravity and in vitro
potential to penetrate zona-free hamster ova (Comhai-
re et al. 1983; Irvine and Aitken 1985; Mahmoud et al.
1994).

Reactive oxygen species (ROS), such as hydrogen
peroxide, the superoxide anion and the hydroxyl radi-
cal, can be generated by living cells incubated under
aerobic conditions. To counteract the effect of ROS,
cells possess systems that scavenge ROS to prevent in-
ternal cellular damage. Human spermatozoa are espe-
cially sensitive to lipid peroxidation induced by oxygen
reactive species because of their high content of poly-
unsaturated fatty acids (Aitken and Clarkson 1987),
and it was suggested that ROS formation could play a
pivotal role in the mechanism of idiopathic infertility
and it has a detrimental effect on DNA fragmentation
(Henkel et al. 2003, 2004).

Excessive generation of ROS leads to a diminished
capacity for sperm–oocyte fusion because of changes
in the fluidity and integrity of the plasma membrane
following the initiation of lipid peroxidation (Zalata et
al. 1998).

Glutathione tends to act against lipid peroxidation
of the cell membrane. For this reason glutathione ther-

apy has been proposed in various pathological situa-
tions in which ROS could create a pathogenetic effect.
Glutathione therapy in infertile patients demonstrated
a positive effect on sperm motility and morphology
(Lenzi et al. 1993), and similar results were obtained
with other antioxidants (Comhaire et al. 2000).

Acrosin is a sperm acrosomal serine proteinase that
is involved in the acrosome reaction and binding of
spermatozoa to the zona pellucida (Rogers and Bent-
wood 1982). Acrosin can be found on spermatozoa in
both an active and inactive form, called pro-acrosin.
The total acrosin activity of spermatozoa is defined as
the amount of active (nonzymogen) acrosin associated
with the spermatozoa plus the amount of active acrosin
that is obtained by proacrosin activation. Spermatozoa
from fertile men possess approximately three times as
much acrosin as those from infertile men with at least
one abnormal seminal parameter.

Low levels of acrosin are possibly associated with
subfertility and infertility (Jeyendran et al. 1985), and
acrosin activity of spermatozoa may be a useful com-
plementary marker of semen quality.

Creatine phosphokinase (CK), the key enzyme in the
synthesis and utilization of energy in sperm, has been
found inversely correlated with sperm concentrations
(Huszar et al. 1988). The CK activity differences in the
swim up sperm fractions further suggested that the
ejaculates are composed of biochemically different
sperm subpopulations. However, there was no relation-
ship between sperm CK activities and the values of
sperm motility or morphology. An increased CK con-
tent is consistent with the increased retention of cyto-
plasm due to failure of spermatogenesis. As a conse-
quence of the incomplete development, the biochemi-
cal maturity of the spermatozoa is retarded, leading to
diminished sperm function including fertilizing poten-
tial (Huszar et al. 1990).
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II.3.3 Cytomorphological Semen Analysis
G. Haidl, H.-C. Schuppe

This chapter is dedicated to Professor Norbert Hofmann,
Düsseldorf

Cytomorphological semen analysis is an essential
part of the diagnostic work-up for male infertility.
Apart from the assessment of sperm morphology,
it should include the qualitative evaluation of cellu-
lar elements other than spermatozoa. Appropriate
staining of routine semen smears allows one to dif-
ferentiate “round cells” (which need to be differen-
tiated with regard to their type and cytomorpholo-
gical abnormalities) from the completely distinct
population of leukocytes, such as neutrophils and
macrophages. Moreover, erythrocytes, epithelial
cells as well as agglutination of spermatozoa can be
identified.

Classification of sperm morphology and its di-
agnostic and prognostic value are still a matter of
debate. According to current WHO recommenda-
tions, strict criteria defining morphologically nor-
mal spermatozoa are widely used in andrology lab-
oratories. Whereas official reference values are
pending, recent studies suggest threshold values of
8–10% normal forms to distinguish between fer-
tile and infertile men.

With regard to abnormal forms, head defects,
neck and mid-piece defects, tail defects, and cyto-
plasmic droplets are considered as main categories
and recorded for each spermatozoon. Beyond this
descriptive approach, systematic analysis of the
phenotype and degree of sperm pathology, e.g. by
means of the Düsseldorf classification, may high-
light underlying disorders of spermatogenesis
and/or epididymal function. Ultrastructural eval-
uation allows further characterization of “system-
atic” defects affecting the majority of spermatozoa
in a semen sample. Moreover, correlations between
abnormal sperm morphology and chromosomal
abnormalities should be taken into consideration
when performing intracytoplasmic sperm injec-
tion (ICSI).

Summary

II.3.3.1
Introduction

Since Anton van Leeuwenhoek first described the exis-
tence of numerous animacula in the seminal fluid of
animals and men, intensive research during the eigh-
teenth and nineteenth centuries established the testicu-
lar origin and fundamental role of spermatozoa in fer-
tilization. The introduction of modern morphological,
biochemical and molecular techniques during the
twentieth century resulted in characterization of vari-
ous distinct sperm abnormalities in infertile males.

Standardized assessment of the conventional semen
parameters, namely sperm concentration, motility and
morphology, is mandatory for characterization of se-
men quality and an integral part of male infertility in-
vestigation (see Chap. II.3.2). However, the clinical sig-
nificance of basic semen analysis is considered to be
limited and no single test or even battery of tests defi-
nitely describes the fertilizing potential of spermatozoa
in vitro or in vivo. In particular, evaluation of sperm
morphology is hampered by methodological difficul-
ties. However, there is substantial evidence that sperm
morphology is the semen parameter with the best
prognostic value concerning fertilization or pregnancy.
With regard to identification of underlying causal fac-
tors and the degree of male fertility impairment, the di-
agnostic value of further cytomorphological semen
analysis is often neglected.

II.3.3.2
Methodological Aspects

Appropriate cytomorphological semen analysis by
means of light microscopy requires preparation of
air-dried semen smears from fresh semen after com-
plete liquefaction (see Chap. II.3.2; WHO 1999). It
should be noted that the results largely depend on pre-
treatment of the glass slides, the quality of the smear,
as well as fixation and staining methods used (Me-
schede et al. 1993; Menkveld et al. 1997). For optimal
differential staining of spermatozoa, Papanicolaou or
Shorr stain are recommended, alternative procedu-
res include commercially available kits for rapid
staining such as “Diff-Quik”. Two hundred spermato-
zoa should be evaluated under oil-immersion at a
magnification of 1000–1250×. In addition to the dif-
ferentiation between morphologically normal and
abnormal sperm, cytomorphological semen analysis
should include the assessment of other cellular ele-
ments as well as noncellular abnormalities (Table
II.3.2; see below).
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A major problem in morphological assessment is
the pleomorphism of human spermatozoa. Since the
early 1950s, various classification systems have been
published including both single and multiple entry sys-
tems (Ombelet et al. 1995). In the first WHO approach,
a basic description of sperm morphology assessment
was made, based on counting one abnormality per
spermatozoon (“single entry”; ten different categories
of abnormalities). During the following decades, rec-
ommendations concerning the classification method
and respective reference values for the percentage of
morphologically normal spermatozoa were changed
(Ombelet et al. 1995; WHO 1992, 1999). In the fourth
edition of the WHO manual (WHO 1999), a spermato-
zoon is considered normal if sperm head, neck, mid-
piece and tail adhere to the now widely used “strict cri-
teria” (Table II.3.3; Fig. II.3.5a). These criteria are
based on the morphology of postcoital spermatozoa
found in the periovulatory cervical mucus at the level
of the internal cervical os (Menkveld et al. 1990). How-
ever, in view of a controversial debate concerning quali-

Table II.3.2. Elements of cytomorphological semen analysisa

Morphologically normal spermatozoab

Pathological phenotypes of spermatozoa and their differen-
tiationc

Immature germ cells and their differentiation (i.e. sperma-
tids, spermatocytes)

Leukocytes and their differentiation (i.e. neutrophils, mac-
rophages)

Other cellular components (erythrocytes, epithelial cells)
Bacteria (nonadherent, adherent, intracellular)
Aggregation and agglutination of spermatozoa
Degree of “background” staining (seen with incomplete

liquefaction, hyperviscosity)

a Requires high-quality semen smears and staining according
to WHO recommendations (WHO 1999; see also
Chap. II.3.2)

b See Table II.3.3
c See Table II.3.4

Table II.3.3. Tygerberg strict criteria for morphologically normal spermatozoaa

Head Smooth oval configuration
Dimensionsb

Stain Length Width

Papanicolaou 3.0–5.0 µm 2.0–3.0 µm
Diff-Quikc 5.0–6.0 µm 2.5–3.5 µm

Acrosome Acrosomal region should comprise 40–70% of the area of the head

Borderline forms Considered as abnormal

Neck/mid-piece No abaxial implantations; slender, approx. 1 µm in width and 6–7 µm in length
Cytoplasmic droplets >30% of head size are considered as abnormal

Tail Uniform, slightly thinner than the mid-piece, uncoiled with principal piece 45–50 µm and terminal
segment 4–6 µm

a Menkveld et al. (1990); Kruger and Franken (2004) b See also Eliasson (1971); WHO (1992, 1999)
c Comparable results obtained with Hemacolor stain

ty control and clinical significance of the results, offi-
cial reference values are pending (Comhaire et al. 1994;
WHO 1999; Franken et al. 2000).

WHO guidelines consider it unnecessary to distin-
guish routinely between all variations in head shape
and size, or between the various mid-piece and tail de-
fects (WHO 1999). On the other hand, calculation of in-
dices describing teratozoospermia has been suggested.
After recording all abnormalities of each single sperm
(head, neck and mid-piece, tail defects), the total num-
ber of defects can be divided by the number of sperma-
tozoa with defects (“teratozoospermia index”) or by
the number of spermatozoa counted (“sperm deformi-
ty index”). As an alternative approach, the “Düsseldorf
classification” introduced a systematic pattern analysis
of sperm pathologies reflecting both the frequency and
degree of specific defects (Table II.3.4; Hofmann and
Haider 1985; Hofmann et al. 1995; Ombelet et al. 1995).
Notably, the revised “Düsseldorf classification” also
meets “strict criteria” for the definition of a normal
spermatozoon.

Table II.3.4. Düsseldorf classification of sperm morphologya

Morphologically normal spermatozoab

Hyperelongation of sperm heads (I–III; including postacro-
somal abnormalities)

Acrosome disorders (I–II; including vacuolated heads and
round heads)

Combined defects (hyperelongation with acrosome disor-
ders; I–II)

Amorphous forms
Pin heads
Duplicated/multiple forms
Size defects (small heads, large heads)
Mid-piece and/or flagellum disturbances (I–III)c

a Hofmann and Haider (1985); Hofmann et al. (1995); Ombelet
et al. (1995)

b The revised classification meets strict criteria for the defini-
tion of normal spermatozoa

c Structural defects are differentiated from isolated staining
abnormalities (“blue flagella”)
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a b

c d

e f

Fig. II.3.5a–f. Cytomorphological semen analysis. a Spermatozoa with morphologically normal heads (see inset) among others
with minor deviations; note single neutrophil. b Spermatozoa with high-degree acrosomal deficiencies; note double head and
additional defects of midpieces and flagella. c Hyperelongated sperm heads, some with concomitant acrosome disorders; note
excessive cytoplasm and bend tails. d “Round cells” including multinuclear immature germ cells (spermatids) as well as neutro-
phils and a macrophage (→). e Abnormal staining of midpiece and flagellum (“blue flagellum”;→). f Agglutination of spermato-
zoa (suggestive of surface-bound autoantibodies); note the macrophage phagocytosing spermatozoa (→). (Semen smears
stained with modified Papanicolaou’s; ×1000; see Hofmann et al. 1995; WHO 1999)

II.3.3.3
Predictive Value of Sperm Morphology In Vivo
and In Vitro

Published literature using strict criteria for sperm mor-
phology provides substantial evidence that the per-
centage of normally shaped spermatozoa in the ejacu-
late correlates with the results of conventional in vitro
fertilization (Kruger et al. 1986, 1988; Hofmann et al.

1995; Coetzee et al. 1998). Fertilization rates above 80%
were reported with semen samples containing >14%
normal forms. A poor prognosis (fertilization rate
7.6%) was observed below a threshold of 5% normal
forms. Values above or equal to this 5% strict-criteria
threshold were also associated with significantly im-
proved pregnancy rates following intrauterine insemi-
nation (IUI), whereas sperm morphology assessment
according to WHO criteria did not reveal a comparable
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correlation (Van Waart et al. 2001). The predictive val-
ue of normal sperm morphology according to strict
criteria for the outcome of IUI has been confirmed in
further contributions (Hauser et al. 2001; Lee et al.
2002). A series of studies suggested threshold values of
8–12% for morphologically normal spermatozoa to
distinguish between fertile and subfertile or infertile
men with regard to natural conception (Ombelet et al.
1997; Bonde et al. 1998; Zinaman et al. 2000; Günalp et
al. 2001; Guzick et al. 2001; Slama et al. 2002). There is,
however, a considerable indeterminate range between
results interpreted as fertile versus those associated
with subfertility. Here, detailed analysis of the fre-
quency and degree of sperm defects, i.e. the segment
of minor aberrations, might improve the predictive
value of sperm morphology. In contrast, fertilization
and pregnancy rates following intracytoplasmic
sperm injection (ICSI) have been considered as inde-
pendent from sperm morphology (Nagy et al. 1995;
Novero et al. 1997; Bonduelle et al. 2002; Check et al.
2003).

II.3.3.4
Clinical Relevance of Cytomorphological
Semen Analysis

Cytomorphological analysis of sperm pathology rep-
resents an important step beyond mere counting of
spermatozoa with a normal shape. Systematic assess-
ment of morphological sperm defects and character-
ization of their severity give some insight into testicu-
lar pathologies, i.e. those affecting spermato- and/or
spermiogenesis, as well as disturbances of epididymal
function. This is emphasized by the “Düsseldorf clas-
sification”, which reflects the principles of spermatid
differentiation (chromatin condensation, acrosomal
development, elongation, development of the termi-
nal segment) (Hofmann and Haider 1985; Hofmann et
al. 1995; Ombelet et al. 1995; Table II.3.4; Fig. II.3.5).
Whereas hyperelongation of the postacrosomal re-
gion of sperm heads has been associated with Sertoli
cell dysfunction and a more favourable prognosis,
high-degree acrosome disorders and related com-
bined defects are considered to be mostly of genetic
origin and not reversible. Notably, spermatozoa with
acrosome disorders have been shown to exhibit dis-
turbances of chromatin condensation (Hofmann and
Hilscher 1991; Chemes and Rawe 2003). With regard
to sperm function, normal acrosomal morphology
correlates with the inducibility of the acrosome reac-
tion and sperm binding to the zona pellucida (Henkel
et al. 2005).

Pattern analysis of sperm pathology is not restricted
to head abnormalities, but includes mid-piece and tail
(Tables II.3.4, II.3.5; Chemes and Rawe 2003). This ap-
proach allows one to distinguish between unfavourable

structural defects of testicular origin and functional
disturbances related to the epididymal passage and fur-
ther transit through the genital tract as underlying
causes of asthenozoospermia. The functional distur-
bances of the flagellar membrane are reflected by an
atypical staining behaviour with Shorr or Papanicolaou
staining. Whereas normal sperm tails stain red, dis-
turbed epididymal maturation is indicated by bluish
staining. Such spermatozoa, when retrieved from the
epididymis, revealed a lack of membrane lipids associ-
ated with increased membrane rigidity and immotility
without showing further structural defects (Haidl et al.
1993). Recording staining abnormalities of the flagella
appears be a useful diagnostic tool as the underlying
functional disturbances may respond to pharmaco-
therapy, i.e. in cases of chronic and mostly asymptom-
atic genital tract inflammation affecting the epididymis
(Haidl 2002).

Although certain patterns of sperm pathology can
be identified among infertile men, the combination of
different abnormalities in individual patients is hetero-
geneous (Chemes and Rawe 2003). On the other hand,
some patients reveal “systematic” defects such as glo-
bozoospermia affecting the majority of spermatozoa in
a semen sample and resembling similar defects in other
individuals (Table II.3.5). These anomalies tend to
show family clustering and have proven or suspected
genetic origin.

Poor sperm morphology, i.e. the presence of residu-
al cytoplasmic droplets, also correlates with the sperm
cell’s own excessive production of reactive oxygen spe-
cies and, thus, fertilizing potential (Gomez et al. 1996;
Henkel et al. 2005). Spermatozoa with cytoplasmic resi-
dues have a higher quantity of cytoplasmic enzymes,
such as creatine kinase or glucose-6-phosphate dehy-
drogenase, which are thought to stimulate the genera-
tion of reactive oxygen species.

Appropriate staining of routine semen smears al-
lows the assessment of cellular elements other than
spermatozoa. The detailed qualitative evaluation main-
ly concerns “round cells”, i.e. type and cytomorpholo-
gical abnormalities of spermatogenetic cells, which
need to be distinguished from leukocytes such as neu-
trophils and macrophages (Johanisson et al. 2000). Def-
inite quantification and differentiation of leukocyte
subpopulations, however, require immunocytochemi-
cal techniques (Wolff 1995; WHO 1999; Villegas et al.
2002; see Chaps. I.3.13, II.2.4). Moreover, erythrocytes,
epithelial cells, occurrence of crystalloid bodies as well
as agglomeration and agglutination of spermatozoa
can be identified. The latter phenomenon correlates
with the detection of sperm autoantibodies in appro-
priate assays (see Chap. I.3.7).
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Table II.3.5. Sperm pathology: examples of systematic defectsa

Disorder/Phenotype Structural defect

Head defects Globozoospermia Lacking acrosome (loss of Golgi complex during spermiogenesis), associated
with chromatin anomalies (failure of histone-protamine transition, increased
DNA fragmentation)

Acrosomal hypoplasia Insufficient development of the acrosome (see above), often associated with
abnormal chromatin maturation/condensationb

“Crater defect” Acrosomal malformation

Defects of head-
neck attachment

Decapitated (acephalic)
spermatozoa (“pin
heads”)

Failure of the connecting piece to attach to the spermatid nucleus

Mid-piece
defects

“Thin mid-piece” Deficiency or absence of mitochondria

Tail defects Short (“stump”) tail Disorders of spermiogenesis, e.g. dysplasia of the fibrous sheath, associated with
axonemal defects and mid-piece abnormalities

Immotile cilia syn-
drome (primary ciliary
dyskinesia)

Lack of dynein arms of microtubules and other axonemal defects

“9+0” syndromec Missing central pair of microtubules of the axoneme

a For review see Chemes and Rawe (2003) b See also Table II.3.4 c Frequently associated with disorders of the fibrous sheath

II.3.3.5
Sperm Morphology and ICSI

There is increasing evidence that sperm morphology
plays a significant role in ICSI outcome (Chemes and
Rawe 2003). Although fertilization and pregnancy rates
after ICSI were reported to be independent from the av-
erage percentage of normal forms in a semen sample,
recent data suggest that pathomorphology of the indi-
vidual sperm injected into the oocyte does influence
ICSI results. Hence, a reduced implantation rate was
observed when using abnormal spermatozoa for injec-
tion (De Vos et al. 2003). A significant sperm-related ef-
fect on blastomere cleavage has been demonstrated,
which could be referred to sperm morphology accord-
ing to strict criteria rather than sperm count or pro-
gressive motility (Salumets et al. 2002). Moreover, un-
explained recurrent pregnancy loss is associated with
sperm chromosome aneuploidy and sperm pathology
(Carrell et al. 2003). The increased rate of chromosomal
abnormalities found in spermatozoa with severe mor-
phological abnormalities highlights the potential im-
pact of sperm morphology on ICSI results (Martin et al.
2003; Vicari et al. 2003). Sperm chromatin anomalies
were reported to exert a profound effect on fertilization
failure in ICSI (Razavi et al. 2003). On the other hand,
intracytoplasmic injection with morphologically se-
lected sperm, i.e. those showing a normal nuclear
shape, resulted in improved pregnancy rates (Berkovitz
et al. 2004). In cases where no normal spermatozoa are
available, it is suggested to select the less disturbed for
injection, e.g. spermatozoa with hyperelongation of the
postacrosomal region rather than those with acroso-
mal maldevelopment. In conclusion, sperm pathology
and its pattern should not be neglected during both

routine semen analysis and sperm selection prior to as-
sisted fertilization.
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II.3.4 Clinical Microbiology
H. G. Schiefer, A. von Graevenitz

Common pathogens and unconventional, fastidi-
ous bacteria, viruses, fungi and parasites are caus-
ative agents in male urogenital diseases. Uropatho-
gens and sexually transmissible organisms must be
considered. Diagnostic procedures and criteria for
aetiological classification in cases of balanitis, ure-
thritis, prostatitis, epididymitis, orchitis and male
accessory gland infections are described and eval-
uated.
Of andrological importance are:

1. Infections of the male urogenital tract, fre-
quently caused by sexually transmitted agents.
Occasionally, they have deleterious conse-
quences for fertility, e.g. azoospermia that
follows epididymitis.

2. Agents (mostly viral) that cause systemic
disease and are excreted in semen, e.g. human
immunodeficiency virus (HIV), hepatitis B
virus (HBV) and cytomegalovirus (CMV).

Summary

II.3.4.1
Normal Flora of the Male Urogenital Tract

With the exception of the external genitalia and the an-
terior third of the urethra, the male urogenital tract is
devoid of microorganisms. The flora of the prepuce and
anterior urethra is complex and inconsistent. Species
and numbers depend on, among other things, age, per-
sonal hygiene, the patient’s history (sexually transmit-
ted diseases, urinary tract infections or manipula-
tions), sexual activity (abstinence, monogamous or
promiscuous relationships) and sexual practices (geni-
tal–genital, genital–anal, genital–oral). Beside micro-
organisms with low or no virulence for man one may
encounter facultatively pathogenic ones, albeit mostly
in small numbers.

Typical bacteria of the normal male urogenital tract
(Bowie et al. 1977; Schiefer 1998) are coagulase-nega-
tive Staphylococcus spp., viridans streptococci, Entero-
bacteriaceae spp., Acinetobacter spp., Corynebacterium
spp., Neisseria spp., Mycobacterium smegmatis, Pepto-
streptococcus spp., Bacteroides spp., Fusobacterium
spp., Mycoplasma spp., and Candida spp. So far, there
have been no data on possible viral or parasitic colo-
nizers.

II.3.4.2
Diagnosis of Pathogens in the Male
Urogenital Tract

Obligately pathogenic microorganisms in the male
urogenital tract are Mycobacterium (M.) tuberculosis,
Neisseria (N.) gonorrhoeae, Chlamydia (C.) trachoma-
tis, Treponema (T.) pallidum, Haemophilus (H.) ducre-
yi, Klebsiella (K.) [Calymmatobacterium (C.)] granulo-
matis, herpes simplex virus 2 (HSV-2), human papillo-
ma viruses (HPV), and Trichomonas (T.) vaginalis. In
systemic disease human immunodeficiency viruses
(HIV), hepatitis B virus (HBV), hepatitis C virus
(HCV), hepatitis D virus (HDV), and cytomegalovirus
(CMV) may be excreted with semen, often in high con-
centrations.

The interpretation of microbiological findings with
regard to their relationship to clinical symptoms may
be quite difficult in individual cases, particularly if no
quantitative data are available. The finding of obligately
pathogenic microorganisms or of a large number of
facultatively pathogenic ones should be a sign of a
pathological process, although there are asymptomatic
carriers of N. gonorrhoeae, C. trachomatis, T. vaginalis
and HSV-2.

The multitude of potential microorganisms and the
difficulties in diagnosing some of them make it impos-
sible to search every sample for all possible pathogens.
Ambiguous results obtained by routine microbiology
as well as scientific interest would call for a diagnostic
armamentarium that exceeds that used in routine mi-
crobiology.

Depending on the clinical picture, the preliminary
diagnosis and the organism(s) suspected, the following
samples can be considered:

1. Samples from prepuce and urethra, on cotton-
tipped fine wire, or on small plastic loops. Swabs
or loops should be introduced 2–4 cm into the
urethra in order to obtain mucosal cells.

2. Impression smears, e.g. from the prepuce in cases
of balanitis, to be directly plated on media suitable
for culture of potential pathogens.

3. Urogenital secretions, e.g. urethral discharge or
prostatic fluid, obtained by means of a calibrated
loop and placed into defined volumes (2 ml) of liq-
uid transport media, e.g. trypticase soy broth with
0.5% bovine serum albumin.

4. Ejaculate. The patient should urinate first in order
to eliminate part of the urethral flora. After cleans-
ing prepuce and hands, the fluid is obtained by
masturbation. Ejaculate culture is indicated after
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& 106 peroxidase-positive leukocytes per ml have
been detected by cytological analysis of semen. At-
tention: ejaculate may be contaminated by urethral
flora (WHO 1999; Rowe et al. 2000).

5. Urine. For the diagnosis of extracellular microor-
ganisms in urethritis and prostatitis, fractionated
samples, e.g. those obtained by the “four-
specimen-test” (Brunner et al. 1983; Weidner et al.
1987, 1994; Schiefer et al. 1993), should be ob-
tained. For some nonculture tests, e.g. enzyme-
linked immunosorbent assay (ELISA) or molecular
biological techniques [ligase or polymerase chain
reactions (LCR, PCR)], a portion of 20–30 ml,
obtained approximately 2 h after the last voiding,
may be used following centrifugation.

6. Immunological tests. A systemic immune response
is tested in blood serum. Urogenital secreta may
be used for testing the local immune response
(Mestecky and Fultz 1999).

7. Biopsy, aspirated material, or scrapings. They can
be used to detect intra- and extracellularly growing
microorganisms by means of light or electron
microscopy, culture or nucleic acid hybridization/
amplification (Krieger et al. 1996b; Isenberg 1998;
Tanner et al. 1999; Murray et al. 2003).

To ensure the survival of fastidious microorganisms
that may be killed by drying or low temperatures, sam-
ples should be inoculated immediately on culture me-
dia or into special transport media, depending on the
organisms to be cultured. Semen contains antibacterial
factors, among them Zn-containing proteins, and pro-
teases, and should be diluted before inoculation with
the same or double volume of phosphate-buffered
0.145 M NaCl or of transport medium and should be
homogenized on a vortex mixer. Prior to inoculation of
cell cultures the homogenate should be centrifuged,
and only the pellet should be used (Howell et al. 1986).

To obtain cell counts, defined volumes of secretions
are used for culture so that the number of colonies, with
the dilution factor taken into account, reflects the num-
ber of organisms per millilitre.

Various methods can be used to detect facultatively
or obligately pathogenic microorganisms. Three levels
of diagnostic workup will be distinguished, depending
on the degree of diagnostic difficulty, personnel train-
ing, available instrumentation and reagents. For a criti-
cal analysis of the individual methods, we refer to Mur-
ray et al. (2003).

The standard diagnosis of urogenital infections (lev-
el II) for conventional bacteria and fungi involves cul-
ture of defined volumes of secretions, other samples in
liquid transport media, or urine on the usual general/
selective/indicator/fungal media, e.g. sheep blood,
MacConkey, bromothymol blue-lactose-cystine (San-
dys 1960), and Sabouraud plates. Incubation is for

Level I: Light microscopy, simple staining techniques,
use of commercial media and simple identifica-
tion techniques

Level II: Culture and identification of microorganisms on
various commercial and noncommercial media.
Use of fluorescein- and peroxidase-labelled anti-
bodies. ELISAs

Level III: Special research techniques. Electron microsco-
py. Molecular techniques to detect and identify
microorganisms: hybridization, nucleic acid am-
plification (PCR, LCR); amplification of the 16 S
rRNA gene (rDNA) using specific or universal
primers; sequencing (Krieger et al. 1996b; Isen-
berg 1998; Tanner et al. 1999; Murray et al. 2003).

24–48 h at 37°C (72 h at 30°C for fungal media). If obli-
gately pathogenic and facultatively pathogenic micro-
organisms in significant numbers are found, they
should be tested for antibiotic susceptibility (Isenberg
1998; Murray et al. 2003).

II.3.4.2.1

Neisseria (N.) gonorrhoeae

The usual procedures are: microscopy of the material
stained with Gram, methylene blue (I) or with fluores-
cein-labelled antibodies (II), and culture of fresh mate-
rial (if possible, at body temperature) on modified Tha-
yer–Martin selective medium (I) with subsequent colo-
ny identification (II) by patterns of acid production
from glucose, maltose, lactose and fructose, or by co-
agglutination with antibody-labelled staphylococci (II).
More recent and more sensitive procedures involve
nucleic acid hybridization/amplification (III). The pos-
sible presence of q -lactamase should always be
checked, e.g. by a nitrocefin test (important if no stan-
dardized test system for penicillin susceptibility is
available) (Isenberg 1998; Murray et al. 2003).

II.3.4.2.2

Treponema (T.) pallidum

The serous fluid obtained from the primary lesion is
examined by dark-field microscopy (I) or after staining
with fluorescein-labelled antibodies (II). Later stages
have to be diagnosed serologically (II) by means of
treponema-specific tests [e.g., Treponema pallidum
hemagglutination (TPHA) test, fluorescent treponemal
antibody absorption (FTA-ABS) test] and treponema-
nonspecific tests (e.g. VDRL or RPR card test). Anti-
bodies develop slowly and can be detected at the earli-
est 2–3 weeks following infection. Approximately
12 weeks after infection, often in the secondary stage,
almost all infected individuals will show a positive re-
action (Isenberg 1998; Murray et al. 2003).
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II.3.4.2.3

Mycobacterium (M.) tuberculosis

Since saprophytic mycobacteria (e.g. M. smegmatis)
frequently occur on the prepuce, the finding of acid-
fast bacteria (II) in urine, prostatic secretions and se-
men has to be interpreted with caution. The microbio-
logical diagnosis is based on culture (II) or nucleic acid
hybridization/amplification (III). Mycobacteria can al-
so be stained in biopsy samples (Isenberg 1998; Murray
et al. 2003).

II.3.4.2.4

Chlamydia (C.) trachomatis

The usual diagnostic tools are direct microscopy of ele-
mentary bodies using fluorescein-tagged antibodies
(II), culture in cycloheximide-treated McCoy or BGMK
cells (II), ELISA (II), and the more sensitive nucleic ac-
id hybridization/amplification (III) (Isenberg 1998;
Murray et al. 2003). The use of urine samples for the di-
agnosis of C. trachomatis infections is effective, but
urine samples should be used in addition to conven-
tional swabs instead of replacing them (Jensen et al.
2003). The microimmunofluorescence (MIF) test is
valuable in the diagnosis of urogenital infections but is
expensive and labour-intensive while the complement
fixation (CF) test yields reliable results only for lym-
phogranuloma venereum. The value of Chlamydia-spe-
cific antibodies (IgM, IgG, IgA) in the diagnosis of uro-
genital infections using indirect immunofluorescence
(IF) and immunoperoxidase (IPO) methods (II) is lim-
ited since these antibodies are genus-specific and thus
will also be elevated in infections with Chlamydophila
pneumoniae (Tuuminen et al. 2000). IgA levels in uro-
genital secretions may, in the future, be of more than
academic interest (Mestecky and Fultz 1999).

II.3.4.2.5

Mycoplasma spp.

At least four mycoplasmas may colonize the urogenital
tract: Mycoplasma (M.) fermentans, M. hominis, M. ge-
nitalium and Ureaplasma (U.) urealyticum. Only the
latter three have pathogenic significance. Direct mi-
croscopy is unreliable. The usual diagnostic procedure
(II) involves inoculation into solid media and in liquid
enrichment and indicator media (Schiefer et al. 1993;
Isenberg 1998; Schiefer 1998; Murray et al. 2003). Iden-
tification is based on the use of biochemical tests or
fluorescein-labelled antibodies. Only semiquantitative
analysis will lead to useful results. Serological tests are
useless. M. genitalium can be detected by PCR or by
primary culture on Vero cells, with subsequent culture
in liquid and on solid media (Jensen et al. 1993, 1996;
Taylor-Robinson 1996; Dupin et al. 2003).

II.3.4.2.6

Haemophilus (H.) ducreyi

The usual techniques are direct microscopy (I) of
smears stained by Gram or Giemsa (I) and culture (II)
on selective and enrichment media (Murray et al.
2003). A PCR (III) has been established as well (Murray
et al. 2003).

II.3.4.2.7

Enterobacteriaceae spp.

Enterobacteriaceae spp. are cultured on selective media
and identified according to biochemical reactions
(Isenberg 1998; Murray et al. 2003). For the detection of
Klebsiella (K.) [Calymmatobacterium (C.)] granuloma-
tis, the most important technique is direct microscopy
of Giemsa- or Wright-stained smears (I). Co-cultiva-
tion with monocytes and Hep-2 cells is possible (Khar-
sany et al 1996; Murray et al. 2003).

II.3.4.2.8

Streptococcus (S.) spp. and Enterococcus (E.) spp.

Streptococcus (S.) spp. and Enterococcus (E.) spp. are
cultured on nonselective/selective media. Streptococci
may be grouped by immunological techniques (II)
(Murray et al. 2003).

II.3.4.2.9

Corynebacterium (C.) spp.

Corynebacterium (C.) spp. (e.g. C. glucuronolyticum,
which is identical to C. seminale) are cultured on blood
agar and speciated according to biochemical reactions
(II) (Funke et al. 1995; Riegel et al. 1995; Murray et al.
2003).

II.3.4.2.10

Gardnerella (G.) vaginalis

The usual diagnostic tools are direct microscopy of
Gram-stained smears and culture on selective media
(II). Specific DNA probes have also been developed
(Murray et al. 2003).

II.3.4.2.11

Anaerobes

Culture is performed by means of the usual anaerobic
methods (II). Identification and quantification of the
numerous anaerobes in the male urogenital tract are
time- and labour-intensive and are rarely performed
because of the questionable aetiological significance of
these organisms (Eggert-Kruse et al. 1995; Isenberg
1998; Murray et al. 2003).
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II.3.4.2.12

Herpes Simplex Virus 2 (HSV-2)

In smears of mucocutaneous lesions HSV antigen can
be detected by ELISA (II). Cell culture allows for identi-
fication with fluorescein-labelled antibodies (III). HSV
genome sequences can be amplified by type-specific
PCR and detected by hybridization (III). Serology
yields useful results only in primary infections and in
older patients (Isenberg 1998; Murray et al. 2003).

II.3.4.2.13

Papilloma Viruses (HPV)

The diagnosis is a clinical one, to be confirmed by his-
topathology (III). Viruses are detected by nucleic acid
hybridization or by PCR amplification of DNA ob-
tained from biopsy samples (III) (Isenberg 1998; Mur-
ray et al. 2003).

II.3.4.2.14

Cytomegalovirus (CMV)

Cytomegalovirus (CMV) can be cultured in cell lines
and detected with immunofluorescence techniques.
The methods of choice, however, are detection by PCR
(III) and by the presence of specific antibodies (Isen-
berg 1998; Murray et al. 2003).

II.3.4.2.15

Hepatitis Viruses

Important in this connection are HBV and, more rarely,
HCV and HDV. Stage-specific diagnostic tests [anti-
gens and antibodies, genome amplification by PCR
(III)] are reviewed elsewhere (Isenberg 1998; Murray et
al. 2003).

II.3.4.2.16

Human Immunodeficiency Viruses (HIV-1, HIV-2)

The usual method is serology for anti-HIV-antibodies
by means of ELISA and immunoblot (III). These anti-
bodies can be detected in most patients within
6–12 weeks and in >95% within 6 months following
infection. Viral culture of lymphocytes and of various
secretions is also possible, as is the detection of the HIV
genome by PCR (III) (Isenberg 1998; Murray et al.
2003).

II.3.4.2.17

Yeasts

Standard methods are direct microscopy (I) and cul-
ture on selective media (II) (Isenberg 1998; Murray et
al. 2003).

II.3.4.2.18

Trichomonas vaginalis

The method of choice is direct, if possible, dark-field
microscopy (I) following suspension of the material in
0.145 M NaCl. The most sensitive detection method is
culture, with subsequent microscopy of the (motile)
trophozoites (II) (Isenberg 1998; Murray et al. 2003).

II.3.4.3
Microbiological Examinations in the Diagnosis
of Male Urogenital Infections

II.3.4.3.1

Balanitis

Samples are swabbings or impression smears. The most
frequent agents are Enterobacteriaceae spp., Strepto-
coccus spp. (groups A, B), coagulase-positive Staphylo-
coccus spp., Gardnerella vaginalis, HSV, Candida spp.
and Trichomonas vaginalis (Schiefer 1998).

II.3.4.3.2

Urethritis

Evidence of & 4 granulocytes per microscopic field
(1000×) in the smear of urethral discharge, or of & 15
granulocytes per microscopic field (400×) in the smear
of the sediment of 3 ml of a first voided urine portion
(VB1 = voided bladder urine 1) is indicative (Schiefer
1998).

Urethral discharge and the first voided portion of
urine (VB1) are examined separately for common bac-
teria, gonococci, mycoplasmas, C. trachomatis, T. vagi-
nalis, and Candida spp. Semiquantitative methods
should be employed for common bacteria, mycoplas-
mas and yeasts.

Aetiological classification is based on the following
criteria (Schiefer 1998):

1. (Quantitative) evidence of significantly high
numbers of “conventional” bacteria, Candida spp.
Mycoplasma spp., i.e. & 104 organisms per ml of
urethral discharge, and & 103 organisms per ml of
VB1.

2. (Qualitative) evidence of gonococci, C. trachoma-
tis, T. vaginalis.

Patients suffering from chronic urethritis without dis-
charge pose particular diagnostic problems. They
should be examined for a possible “early morning ure-
thral discharge” which can be observed prior to voiding
morning urine. In addition, VB1 should be examined
for granulocytes.

The most frequent agents of male urethritis are N.
gonorrhoeae, C. trachomatis, M. genitalium and U. ure-
alyticum. Mixed infections are common. Other micro-
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organisms (Enterobacteriaceae spp., Streptococcus spp.,
Staphylococcus aureus, Corynebacterium glucuronoly-
ticum, Bacteroides ureolyticus, M. hominis, Candida
spp., HSV, T. vaginalis) are rare (Brunner et al. 1983;
Hawkins et al. 1988; Jensen et al. 1993, 1996; Funke et al.
1995; Riegel et al. 1995; Schiefer 1998).

II.3.4.3.3

Prostatitis

This multifaceted syndrome has been classified by
Drach et al. (1978) into acute bacterial, chronic bacteri-
al and “abacterial” prostatitis, which have to be sepa-
rated from prostatodynia in which prostatic secretions
do not show signs of inflammation and do not yield in-
fectious agents.

Difficulties in the separation of infectious, inflam-
matory, and noninflammatory forms have led to a new
classification (Krieger et al. 1996a) based on symptom-
atology. It differentiates between:

1. Acute bacterial prostatitis, i.e. acute infection of
the prostate.

2. Chronic bacterial prostatitis, i.e. recurrent prostat-
ic infection.

3. Chronic prostatitis/chronic pelvic pain syndrome
(no conventional microorganisms can be detected
although symptoms are present) subdivided into:
3a. Inflammatory subtype (elevated leukocyte

numbers in ejaculate, prostatic secretions, or
urine after prostatic massage).

3b. Noninflammatory subtype (no leukocytes in
the samples mentioned above).

4. Asymptomatic inflammatory prostatitis [no sub-
jective symptoms but leukocytes in prostatic biop-
sy material and/or elevated leukocytes in ejaculate,
prostatic secretions, or urine after prostatic mas-
sage, i.e. procedures performed after other pathol-
ogies, e.g., elevated prostate-specific antigen (PSA)
levels, have been detected].

For the rare febrile acute bacterial prostatitis (category 1)
microbiology of a urine sample should suffice. Prostat-
ic massage is strictly contraindicated since it may in-
duce sepsis.

Prostatitis (categories 2–4) is diagnosed according
to the localization protocol of the “four–specimen–
test” (Schiefer et al. 1993; Weidner et al. 1994; Schiefer
1998). The first voided urine portion (VB1) and the
second voided (bladder) urine portion (VB2) are
obtained separately. Following prostatic massage,
expressed prostatic secretions (EPS) or, if the former
are not available in sufficient amounts, urethral swabs
are obtained. Then the patient urinates again and, as
the fourth fraction, urine after prostatic massage
(VB3) is obtained. Generally, ejaculate is also exam-
ined.

The diagnosis of prostatitis sensu stricto (categories
2, 3a and 4) is based on the detection of purulent pros-
tatic secretions. If urethritis and urinary tract infec-
tions can be excluded, the presence of & 10 granulo-
cytes per microscopic field (1000×) in prostatic secre-
tions is suggestive, while & 20 granulocytes per micro-
scopic field (1000×) is proof of prostatitis, as are
& 10 granulocytes per microscopic field (400×) in the

cytocentrifugate of 3 ml of urine voided after prostatic
massage (VB3) (Schiefer et al. 1993; Weidner et al. 1994;
Schiefer 1998).

The optimal diagnostic strategy to differentiate be-
tween categories 3a (inflammatory) and 3b (non-
inflammatory) requires the evaluation of white blood
cells in semen in addition to the traditional EPS exami-
nation. The presence of & 106 peroxidase-positive leu-
kocytes per millilitre of ejaculate is considered repre-
sentative of “significant leukocytospermia” indicating
category 3a (Krieger et al. 2000).

Microbiological examination includes: (1) a semi-
quantitative analysis of Gram-positive and Gram-nega-
tive bacteria, mycoplasmas and yeasts in all fractions;
(2) a qualitative examination for C. trachomatis and
N. gonorrhoeae in the urethral swab after prostatic
massage; and (3) microscopy for T. vaginalis. In case of
clinical suspicion, morning urine and ejaculate are cul-
tured for M. tuberculosis.

A shorter test comparing semiquantitatively urine
cultures before and after prostatic massage would sim-
plify the diagnosis (Nickel 1998).

The aetiological diagnosis of prostatitis requires ei-
ther qualitative detection of gonococci, chlamydiae or
trichomonads, or the presence of “conventional” bacte-
ria, mycoplasmas, or yeasts at & 104/ml in EPS and
& 103/ml in VB3, and e 103/ml in VB1 and VB2 (“pros-

tatitis pattern”) (Weidner et al. 1991, 1994; Schiefer et
al. 1993).

The most important agents of acute and chronic
bacterial prostatitis are Gram-negative bacteria (Esche-
richia coli in 80%, but also Klebsiella spp., Enterobacter
spp., Proteus spp., Pseudomonas spp.), Enterococcus
spp.; rarely, Staphylococcus aureus, N. gonorrhoeae,
Candida spp., T. vaginalis (causing mostly urethropro-
statitis) and M. tuberculosis (in chronic prostatitis).
Yeast infections of the prostate, e.g. those due to Cryp-
tococcus neoformans or Candida spp., are found in im-
munocompromised patients. The etiological role of
C. trachomatis, U. urealyticum and viruses has not yet
been elucidated (Weidner et al. 1991, 1994; Taylor-
Robinson 1996; Schiefer 1998).

Inconsistent microbiological findings are frequent
and are probably due to a focal localization of prostati-
tis (Weidner et al. 1991, 1994).

In the search for possible bacterial agents of chronic
prostatitis/chronic pelvic pain syndrome (category 3)
amplification of the 16 S rRNA gene (rDNA) has been
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tried using universal and bacteria-specific primers
(Tanner et al. 1999; Krieger et al. 2000). This procedure
is still in the research domain. However, preliminary
data suggest that patients with the inflammatory sub-
type (category 3a) are significantly more likely to have
bacterial DNA in their prostatic parenchyma than
those with the noninflammatory subtype (category 3b)
(Krieger et al. 1996b).

II.3.4.3.4

Epididymitis

Age and history of the patient are of particular impor-
tance in the diagnosis of epididymitis (Weidner et al.
1987). In younger patients with urethral discharge and
no difficulty voiding, diagnostic procedures resemble
those used in cases of urethritis. In patients without
urethral discharge, diagnostic procedures follow the
“four-specimen-test” (Weidner et al. 1987). In all other
cases, particularly in patients over 35 years and in those
with bladder outlet disturbances, a urinary tract infec-
tion should be suspected. In case of chronic epididymi-
tis, morning urine (×3), ejaculate and urine voided af-
ter prostatic massage should be examined for M. tuber-
culosis (Weidner et al. 1987; Schiefer 1998).

In younger (<35 years), sexually active men without
difficulty voiding, epididymitis is mostly caused by N.
gonorrhoeae or C. trachomatis. Elderly men and those
with bladder outlet disturbances have mostly urinary
tract infections with bacteria identical to those causing
epididymitis, i.e. E. coli, Pseudomonas aeruginosa,
Enterococcus spp. and M. tuberculosis (Schiefer 1998).

II.3.4.3.5

Orchitis

Orchitis is a complication of many systemic bacterial
infections, e.g. those due to Salmonella typhi, Brucella
spp., M. tuberculosis, M. leprae, Coxiella burnetii, or of
viral infections caused by the mumps virus, echo and
arboviruses, the virus of lymphocytic choriomeningi-
tis, and of Plasmodium spp. Clinical symptoms provide
the clue (Schiefer 1998).

II.3.4.3.6

Male Accessory Gland Infections (MAGI)

Ejaculate originates from the testicles and epididymis
(approx. 5%), the prostate (approx. 30%), the seminal
vesicles (approx. 60%), and the bulbourethral and ure-
thral glands (approx. 5%). The finding, on cytochemi-
cal and biochemical analysis of semen, of & 106 peroxi-
dase-positive leukocytes/ml (“significant leukocyto-
spermia”), & 230 ng elastase/ml and & 0.01 mg C3c
complement/ml is indicative of an inflammation of the
male accessory glands (“prostato-seminal vesiculitis”,

“male adnexitis”, “epididymo-prostato-vesiculitis”) as
long as urethritis and urinary tract infections have
been ruled out. Such findings call for microbiological
analysis of the ejaculate (Ludwig et al. 1998; WHO 1999;
Rowe et al. 2000), whereby growth of & 103/ml of poten-
tially pathogenic bacteria, particularly of Gram-nega-
tive rods, is considered “significant bacteriospermia”
(WHO 1999; Rowe et al. 2000). Localization of the in-
flammatory focus cannot be accomplished by culture of
the ejaculate but rather requires a “four-specimen-test”
(Schiefer et al. 1993; Weidner et al. 1994; Schiefer 1998).
Analysis of various ejaculate fractions (“split ejacu-
late”) – i.e. of the first fraction (approx. 0.6 ml) from the
testicles and the epididymis, a second intermediate
fraction (approx. 1.0 ml), and a third fraction from the
seminal vesicles – allows, at best, an orientation.

II.3.4.3.7

Ejaculate as a Carrier of Microorganisms

Besides spermatozoa and cells of spermatogenesis ejac-
ulate contains cells and secretions from epididymis,
prostate, seminal vesicles and ejaculatory ducts. It is al-
so mostly contaminated with organisms from the ure-
thral residual flora. Localized or generalized infections
can render ejaculate highly infectious. Obligate patho-
gens such as N. gonorrhoeae, C. trachomatis, T. vagina-
lis and facultatively pathogenic organisms such as M.
hominis, U. urealyticum, group B streptococci and En-
terobacteriaceae spp. can be detected in ejaculates.
They attach to spermatozoa (Friberg et al. 1985) and
can thus infect the female genital tract, particularly the
endometrium and the tubal epithelium. Ejaculate may
also transmit viruses, in particular HIV-1 and HIV-2,
CMV, HBV and HPV (Craig et al. 1977; Mascola and
Guinan 1986; Kashube et al. 1999).

Bacteria and viruses will not be killed by cryopreser-
vation. Special precautionary measures are, therefore,
necessary for semen used for artificial insemination.
The donors are usually young, sexually active, unmar-
ried men carrying a high risk of sexually transmitted
disease(s). Men with histories of homosexual and pros-
titute encounters, frequently changing sexual partners,
sexually transmitted diseases, drug abuse and blood
transfusions to themselves or their partners should not
be semen donors. Urogenital infection with HIV-1,
HIV-2, CMV, HBV, HCV, HSV-2, HPV, T. pallidum, C.
trachomatis, N. gonorrhoeae, M. hominis, U. urealyti-
cum, group B streptococci and T. vaginalis are absolute
or relative criteria for exclusion. Since the necessary
tests cannot be completed on the day of semen dona-
tion, semen has to be cryopreserved and should only be
used for insemination if tests on the donor have yielded
negative findings 180 days later (Craig et al. 1977; Mas-
cola and Guinan 1986; Liesnard 1998; British Androlo-
gy Society 1999).

406 II.3 Diagnostic Tools

II.3



References

Bowie WR, Pollock HM, Forsyth PS, Floyd JF, Alexander ER,
Wang SP, Holmes KK (1977) Bacteriology of the urethra in
normal men and men with nongonococcal urethritis. J Clin
Microbiol 6:482–488

British Andrology Society (1999) British Andrology Society
guidelines for the screening of semen donors for donor in-
semination. Hum Reprod 14:1823–1826

Brunner H, Weidner W, Schiefer HG (1983) Studies on the role
of Ureaplasma urealyticum and Mycoplasma hominis in
prostatitis. J Infect Dis 147:807–813

Craig JM, Barratt CLR, Kinghorn GR (1977) Semen donors and
STD screening. Genitourin Med 73:280–283

Drach GW, Fair WR, Meares EM, Stamey TA (1978) Classifica-
tion of benign diseases associated with prostatic pain: pros-
tatitis or prostatodynia? J Urol 120:266

Dupin N, Bijaoui G, Schwarzinger M, Ernault P, Gerhardt P,
Jdid R, Hilab S, Pantoja C, Buffet M, Escande JP, Costa JM
(2003) Detection and quantification of Mycoplasma genitali-
um in male patients with urethritis. Clin Infect Dis 37:602–
605

Eggert-Kruse W, Rohr G, Ströck W, Pohl S, Schwalbach B, Run-
nebaum B (1995) Anaerobes in ejaculates of subfertile men.
Hum Reprod Update 1:462–478

Friberg J, Gleicher N, Suarez M, Confino E (1985) Chlamydia
attached to spermatozoa. J Infect Dis 152:854

Funke G, Bernard KA, Bucher C, Pfyffer GE, Collins MD (1995)
Corynebacterium glucuronolyticum sp. nov. isolated from
male patients with genitourinary infections. Med Microbiol
Lett 4:204–215

Hawkins DA, Fontaine EAR, Thomas BJ, Boustouller YL,
Taylor-Robinson D (1988) The enigma of non-gonococcal
urethritis: role for Bacteroides ureolyticus. Genitourin Med
64: 11–13

Howell CL, Miller MJ, Bruckner DA (1986) Elimination of tox-
icity and enhanced cytomegalovirus detection in cell cul-
tures inoculated with semen from patients with acquired
immunodeficiency syndrome. J Clin Microbiol 24:657–660

Isenberg HD (ed) (1998) Essential procedures for clinical mi-
crobiology. ASM Press, Washington DC

Jensen JS, Orsum R, Dohn B, Uldum S, Worm AW, Lind K
(1993) Mycoplasma genitalium: a cause of male urethritis?
Genitourin Med 69:265–269

Jensen JS, Hansen HT, Lind K (1996) Isolation of Mycoplasma
genitalium strains from the male urethra. J Clin Microbiol
34:286–291

Jensen IP, Fogh H, Prag J (2003) Diagnosis of Chlamydia tra-
chomatis infections in a sexually transmitted disease clinic:
evaluation of a urine sample tested by enzyme immunoassay
and polymerase chain reaction in comparison with a cervi-
cal and/or a urethral swab tested by culture and polymerase
chain reaction. Clin Microbiol Infect 9:194–201

Kashube ADM, Dyer JR, Kramer LM, Raasch RH, Eron JJ,
Cohen MS (1999) Antiretroviral-drug concentrations in se-
men: implications for sexual transmission of human immu-
nodeficiency virus type 1. Antimicrob Agents Chemother
43:1817–1826

Kharsany ABM, Hoosen AA, Kiepiela P, Naicker T, Sturm AW
(1996) Culture of Calymmatobacterium granulomatis. Clin
Infect Dis 22:391

Krieger JN, Egan KJ, Ross SO, Jacobs R, Berger RE (1996a)
Chronic pelvic pains represent the most prominent urogeni-
tal symptoms of chronic prostatitis. Urology 48:715–722

Krieger JN, Riley DE, Roberts MC, Berger RE (1996b) Prokary-
otic DNA sequences in patients with chronic idiopathic
prostatitis. J Clin Microbiol 34:3120–3128

Krieger JN, Jacobs RR, Ross SO (2000) Does the chronic pros-
tatitis/pelvic pain syndrome differ from nonbacterial pros-
tatitis and prostatodynia? J Urol 164:1554–1558

Liesnard CA (1998) Screening of semen donors for infectious
diseases. Hum Reprod 13 [Suppl 2]:12–24

Ludwig M, Kümmel C, Schroeder-Printzen I, Ringert RH,
Weidner W (1998) Evaluation of seminal plasma parameters
in patients with chronic prostatitis or leukocytospermia.
Andrologia 30 [Suppl. 1]:41–47

Mascola L, Guinan ME (1986) Screening to reduce transmis-
sion of sexually transmitted diseases in semen used for arti-
ficial insemination. New Engl J Med 314:1354–1359

Mestecky J, Fultz PN (1999) Mucosal immune system of the hu-
man genital tract. J Infect Dis 179 [Suppl 3]:S470–S474

Murray PR, Baron EJ, Jorgensen JH, Pfaller MA, Yolken RH
(eds) (2003) Manual of clinical microbiology, 8th edn. ASM
Press, Washington DC

Nickel JC (1998) Effective office management of chronic pros-
tatitis. Urol Clin North Am 25:677–684

Riegel P, Ruimy R, de Briel D, Prévost G, Jehl F, Bimet F, Chris-
ten R, Monteil H (1995) Corynebacterium seminale sp. nov.,
a new species associated with genital infections in male pa-
tients. J Clin Microbiol 33:2244–2249

Rowe PJ, Comhaire FH, Hargreave TB, Mahmoud AMA (2000)
WHO manual for the standardized investigation, diagnosis
and management of the infertile male. Cambridge Universi-
ty Press, Cambridge

Sandys GH (1960) A new method of preventing swarming of
Proteus sp. with a description of a new medium suitable for
use in routine laboratory practice. J Med Lab Technol
17:224–233

Schiefer HG (1998) Microbiology of male urethroadnexitis:
Diagnostic procedures and criteria for aetiologic classifica-
tion. Andrologia 30 [Suppl 1]:7–13

Schiefer HG, Jantos C, Weidner W (1993) Prostatitis syndrome.
Cytological and microbiological procedures for diagnosis
and classification. Med Microbiol Lett 2:403–410

Tanner MA, Shoskes D, Shahed A, Pace NR (1999) Prevalence
of corynebacterial 16 S rRNA sequences in patients with
bacterial and “nonbacterial” prostatitis. J Clin Microbiol
37:1863–1870

Taylor-Robinson D (1996) Infections due to species of Myco-
plasma and Ureaplasma: an update. Clin Infect Dis 23:671–
684

Tuuminen T, Palomäki P, Paavonen J (2000) The use of serolog-
ic tests for the diagnosis of chlamydial infections. J Microbi-
ol Methods 42:265–279

Weidner W, Schiefer HG, Garbe C (1987) Acute nongonococcal
epididymitis. Aetiological and therapeutic aspects. Drugs
34 [Suppl. 1]:111–117

Weidner W, Schiefer HG, Krauss H, Jantos C, Friedrich HJ, Alt-
mannsberger M (1991) Chronic prostatitis: a thorough
search for etiologically involved microorganisms in 1461 pa-
tients. Infection 19 [Suppl. 3]:S119–S125

Weidner W, Madsen PO, Schiefer HG (eds) (1994) Prostatitis.
Etiopathology, diagnosis and therapy. Springer, Berlin Hei-
delberg New York

World Health Organization (1999) WHO laboratory manual
for the examination of human semen and sperm-cervical
mucus interaction, 4th edn. Cambridge University Press,
Cambridge

II.3.4 Clinical Microbiology 407

II.3



II.3.5 Hormonal Evaluation in Infertility and Sexual
Dysfunction
D. Klingmüller, N. Bliesener, G. Haidl

Determinations of the serum concentrations of
specific hormones are a prerequisite for the evalua-
tion of infertility and sexual dysfunction. These are
easy to perform and can shorten the diagnostic
and therapeutic procedures. The most important
hormones are FSH, LH and testosterone. Depend-
ing on the symptomatic findings, prolactin and
thyroxine should also be determined. Knowledge
of endocrine regulation and the variables affecting
this is important for the interpretation of the hor-
mone concentrations.

Summary

II.3.5.1
Introduction

Endocrine disorders are not the most frequent causes
of male infertility and sexual dysfunction. Neverthe-
less, hormonal evaluation is a mandatory and initial
component in the diagnosis of these disorders for sev-
eral reasons. First, hormonal evaluations are easy to
perform, results are mostly clear without ambiguity
and the procedure is cost-effective. Second, if endo-
crine causes of male infertility and sexual dysfunction
are not initially diagnosed, patients often undergo un-
necessary diagnostic and therapeutic procedures.
Third, treatment of infertility and sexual dysfunction
of endocrine origin is mostly straightforward and very
effective. Besides the hormonal evaluation, assessment
of male patients suffering from infertility or sexual dys-
function includes a detailed history, a physical exami-
nation and a semen analysis. The analysis of diagnostic
findings is based on knowledge of the endocrine regu-
lation of the two main testicular functions, spermato-
genesis and testosterone production.

Testicular dysfunction may result in reduced sper-
matogenesis with or without decreased testosterone
production. The feedback relationships between hor-
mones enable the physician to localize the endocrine
dysfunction: in patients with a primary testicular dys-
function, serum concentrations of follicle-stimulating
hormone (FSH) or FSH and luteinizing hormone (LH)
are increased. In patients with a secondary dysfunc-
tion, such as a dysfunction of the pituitary or hypothal-
amus, FSH and LH concentrations are below normal or
inappropriately normal. Additional routine determina-
tion of prolactin, thyroxin and inhibin B has been dis-
cussed. Depending on symptomatic findings, these
hormones should be determined (see below).

Hormone determination is predominantly per-
formed in serum. Hormone concentrations are very
low, mostly in the nanomolar or even picomolar range.
Highly sensitive assays such as radio, enzyme or fluo-
rescence immunoassays (RIA, EIA, FIA) are able to
measure substances at such low concentrations. The
immunoassays of the various manufacturers often ap-
ply antibodies against different antigen determinants
of the hormones. Thus their results often differ consid-
erably, especially with peptide hormones. This must be
taken into account when results of different assays are
compared (Fig. II.3.6). Therefore, a normal range has to
be determined for each method. The hormone concen-
trations are affected by several influential variables.
Such variables are, for example, the patient’s age,
weight and the time of day of blood sampling. They are
to be considered when blood samples are drawn or lab-
oratory results are interpreted.

Fig. II.3.6a, b. Youden diagram of ring trials of Deutsche Gesell-
schaft für Klinische Chemie (DGKC, German Association of
Clinical Chemistry). Luteinizing hormone (LH) concentra-
tions in two samples (a and b) determined by 433 laboratories
are shown. Own data (sample a: 29 U/l; sample b: 39.5 U/l) are
indicated by dotted lines. The large scattering of all values, de-
termined by testing methods from different manufacturers, is
remarkable. Scattering of values measured with the same assay
is less pronounced – indicated by black dots
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II.3.5.2
Total Testosterone

Secretion of testosterone depends, among other things,
on the patient’s age and the time of day. It decreases
with increasing age. Therefore, normal values are lower
in elderly than in young men (Belanger et al. 1994). Tes-
tosterone secretion is regulated by a circadian rhythm
with peak concentrations in the morning (Diver et al.
2003). In the evening, concentrations are up to 40%
lower. Additionally, slight so-called ultradian fluctua-
tions in testosterone concentrations may occur. There-
fore, it is recommended to measure testosterone be-
tween 8:00 a.m. and 10:00 a.m. Since a single point plas-
ma testosterone level is highly representative for the
long-term hormonal milieu in men, pooled blood sam-
pling is no longer recommended (Vermeulen and Ver-
donck 1992). In the case of subnormal or borderline
low testosterone concentrations a second determina-
tion should be carried out.

In blood, testosterone is found free (approx. 2%)
and bound to proteins (approx. 98%) (Bhasin et al.
1998). One fraction (approx. 40%) is firmly bound to
sex hormone binding globulin (SHBG) with a binding
constant of 1×109 l/mol (Hammond et al. 1980; Pard-
ridge 1988). A large fraction (approx. 60%) is loosely
bound to albumin with a binding constant of 3×104 l/
mol. The combination of all testosterone fractions is
termed total testosterone. The free as well as the albu-
min-bound testosterone are bioavailable.

Measurement of total testosterone provides an ade-
quate assessment of Leydig cell function. Assessment of
testosterone with a fluorescence or electrochemical lu-
minescence analyser is widely used. A quantity of
about 20 µl serum is sufficient. Analysis takes about
60 min. Both the precision and accuracy of these meth-
ods are very high, especially within the reference range.
However, with low concentrations, the accuracy is con-
siderably lower than with conventional radioimmuno-
assays (Taieb et al. 2002).

Measurement of free testosterone is advisable only
when an alteration of the SHBG concentration is sus-
pected. Numerous factors can influence the plasma
concentration of SHBG (see below).

II.3.5.3
Free Testosterone

Several possibilities for determination or estimation of
free testosterone exist. The most accurate method of
determination is the equilibrium dialysis: serum is en-
riched with tracer amounts of the labelled hormone.
The fraction of hormone passes through a semiperme-
able membrane and is then measured. Next, the abso-
lute concentration of free hormone can be calculated as
a product of the total hormone concentration and the

fraction that is dialysable or the concentration of tes-
tosterone can be measured directly in the dialysate.
This is a rather complicated and error-prone method
performed in only a small number of specialist labora-
tories.

The “bioavailable” or non-SHBG-bound testoster-
one can be measured after separation by precipitating
the SHBG-bound testosterone with 50% ammonium
sulphate. Bioavailable testosterone corresponds with
androgen-active testosterone. Its determination is also
complex due to the precipitation step.

In the so-called analogue assay, a 125I-labelled testos-
terone analogue with just a very slight affinity to SHBG
and albumin is applied. Determinations performed
with the presently commercially available analogue
methods do not correlate with the results from equilib-
rium dialysis. Thus, these assays should not be used.

Free testosterone concentration can be calculated
with the “testosterone calculator” using levels of total
testosterone, SHBG and albumin (www.issam.ch). Ver-
meulen and co-workers showed a very high correlation
between the calculated testosterone concentrations and
those obtained by equilibrium dialysis. Generally, the
free testosterone value (testosterone index), obtained
by calculation from total testosterone and SHBG as de-
termined by immunoassay, appears most suitable for
clinical routine (Vermeulen et al. 1999).

Measurement of total testosterone with commercially
available assays is sufficient for the differentiation be-
tween eugonadal and hypogonadal men. However, in
many cases, these assays are not sensitive enough to
measure low testosterone concentrations in prepubertal
children and women (Taieb et al. 2003; Wang et al. 2004).

II.3.5.4
Luteinizing Hormone (LH) and Follicle-
Stimulating Hormone (FSH)

Gonadotrophins LH and FSH are both produced by the
pituitary. LH induces intratesticular testosterone syn-
thesis. FSH mediates spermatozoa development in con-
cert with testosterone. Since gonadotrophins are se-
creted in a pulsatile manner by the pituitary their refer-
ence range is very broad.

Highly sensitive detection systems for measurement
of gonadotrophins applying two different monoclonal
antibodies are commercially available. Of these, one is
directed against the [ -subunit and the other against the
q -subunit of the hormones. Besides the immunoradio-

active assays (IRMA), characterized by their high pre-
cision and high sensitivity, nonradioactive methods
such as the immunofluorometric assay (IFMA) and the
enzyme-linked immunosorbent assay (ELISA) have
become more and more established. In these methods,
fluorescent substances or enzymes are used instead of
radioactive markers.
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Measurements from assays of different manufactur-
ers often vary considerably (Fig. II.3.6) and each assay
has a different normal range. This fact has to be consid-
ered when comparing concentrations obtained by dif-
ferent methods.

Mutations of the LH- q -gene that cause structural
changes of the binding site of the protein are rare. Due
to such structural changes the antibodies of the assay
can no longer bind the LH molecule and false low val-
ues are obtained. In these cases, examination of the bio-
activity of LH via cell cultures is carried out, or an en-
zyme assay with antibodies of another specificity is ap-
plied.

The serum concentrations of FSH and LH provide
important information on the cause of the testicular
dysfunction. Subnormal or low normal testosterone
concentrations accompanied by increased LH and FSH
concentrations are characteristic of testicular hypogo-
nadism. An increased FSH level with normal concentra-
tions of serum testosterone and LH indicates impaired
spermatogenesis with normal Leydig cell function. This
combination is frequently found since spermatogenesis
is more sensitive than Leydig cell function. A subnor-
mal testosterone concentration and a low sperm count
without an increase of gonadotrophins is indicative of
a central dysfunction of the pituitary or the hypotha-
lamus (hypogonadotrophic hypogonadism).

In adolescents with delayed puberty, it is often diffi-
cult to distinguish between constitutionally delayed
puberty and other forms of hypogonadotrophic hypo-
gonadism. Basal measurement of gonadotrophins and
testosterone is mostly not sufficient to differentiate be-
tween these conditions. However, measuring LH levels
stimulated by gonadotrophin releasing hormone
(GnRH, 100 µg i.v.) is reported to enable the rapid and
effective differential diagnosis of delayed puberty
(Jungmann and Trautermann 1994). If there is a family
history of constitutionally delayed puberty and the pa-
tient’s bone age is delayed, constitutional delay in
growth and puberty is most probable. When concur-
rent symptoms of pituitary insufficiency – especially
diabetes insipidus – exist, magnetic resonance imaging
(MRI) of the sella turcica has to be performed to detect
central nervous system (CNS) tumours. In the case of
Kallmann’s syndrome – an innate form of hypogonado-
trophic hypogonadism – the patient presents with an-
osmia and MRI reveals the absence of the olfactory
bulb (Klingmüller et al. 1987).

II.3.5.5
Inhibin B

The glycoprotein inhibin B is produced by the Sertoli
cells. Its production depends on the number of Sertoli
cells, on germ cell factors and on gonadotrophins. In
men, inhibin B is the major feedback regulator of FSH

release. Unlike gonadotrophins, inhibin B can be de-
tected in prepubertal males as it is produced in consid-
erable amounts from birth. Its serum concentration
displays a circadian rhythm with high concentrations
in the morning and low concentrations in early evening
(Brennemann et al. 1994).

The inhibin B-ELISA, developed by Groome, detects
not only 31-kDa inhibin but also larger forms (Groome
et al. 1996). This may explain why serum concentra-
tions from oligo- and normozoospermic subjects over-
lap considerably (Winters and Plant 1999).

There is a weak positive correlation between inhibin
B concentrations and sperm count. In patients with im-
paired spermatogenesis, inhibin B concentrations are
lower compared to normal men. However, there are
considerable overlaps between normal and oligozoo-
spermic men. If spermatogenesis is severely impaired,
e.g. following chemotherapy, inhibin B concentrations
are severely reduced. Inhibin B is undetectable in pa-
tients suffering from Klinefelter syndrome or congeni-
tal anorchia. Measurements of inhibin B enable the
physician to differentiate between these patients and
patients with intra-abdominal testes (Kubini et al.
2000). In hypogonadotrophic hypogonadism inhibin B
is also found to be subnormal.

The benefit of inhibin B in the diagnosis of male fer-
tility is still ambiguous. Some studies reported inhibin
B to be the most sensitive endocrine marker of sper-
matogenesis in infertile men (Klingmüller and Haidl
1997; Pierik et al. 1998). In contrast, Jensen et al. (1997)
suggested that FSH is somewhat more appropriate for
predicting impaired spermatogenesis. The positive
prediction of impaired spermatogenesis was most reli-
able when the inhibin B/FSH ratio was applied (Jensen
et al. 1997).

II.3.5.6
Anti-Müllerian Hormone

Anti-Müllerian hormone (AMH) is produced in Sertoli
cells and it inhibits the Müllerian ducts during the male
foetal period. In healthy boys, it is easily detected. Dur-
ing puberty, it decreases. Before the onset of puberty, it
is used to determine the presence of gonads as it is non-
existent in boys with congenital anorchia.

II.3.5.7
Oestradiol

In the male approximately 25% of oestradiol is pro-
duced by the testes and 75% is derived from extraglan-
dular aromatization (Weinstein et al. 1974). Aromatase
is found, inter alia, in Leydig cells, the adrenal cortex,
fatty tissue and, to a lesser extent, in the brain (Steckel-
broeck et al. 1999). In men, oestradiol is found free
(2–3%) or loosely bound to albumin. About 30% is
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bound to SHBG with low affinity. Therefore the oestra-
diol concentration in men is not crucially influenced by
changes of the SHBG level.

The classic detection methods for oestrogens are
complex since interfering steroid metabolites must be
chromatographically separated prior to quantification
of oestrogens via an immunoassay. Unfortunately, the
accuracy of the commercially available assays is very
low at the low oestrogen levels we have to deal with in
men. This applies in particular to automated multi-
analyte systems (Taieb et al. 2002). Determination of
oestradiol is of great importance in oestrogen-produc-
ing tumours, such as Leydig cell tumours. Due to the
autonomous oestrogen production of such tumours,
gonadotrophin and testosterone secretion can be re-
duced or suppressed.

In patients suffering from gynaecomastia caused by
obesity, occasionally oestrogen levels are slightly ele-
vated due to increased aromatase activity in fatty tis-
sue.

II.3.5.8
Sex Hormone Binding Globulin (SHBG)

SHBG, a glycoprotein, binds testosterone and to a lesser
extent other steroids, such as oestradiol, and thus in-
creases their half-life in blood. In most cases, free tes-
tosterone correlates with total testosterone and deter-
mination of SHBG is not required.

The plasma concentration of SHBG can be influ-
enced by several factors. A decrease of the SHBG level
may be due to obesity or hyperinsulinaemia, but can al-
so be due to a glucocorticoid excess, androgen excess,
elevated progesterone levels, growth hormone excess
and hypothyreosis. An increase in SHBG may be caused
by ageing, but also by increased oestrogen levels, an an-
drogen deficit, a growth hormone deficit, by hyperthy-
reosis or some anti-epileptics (Table II.3.6).

Table II.3.6. Variables influencing the SHBG level

Increased SHBG level Decreased SHBG level

Hyperthyroidism Obesity
Ageing Hyperinsulinaemia
Growth hormone deficiency Hypothyroidism
Chronic liver disease Hypercortisolism
Oestrogen excess Androgen excess
Androgen deficiency

II.3.5.9
Prolactin

Hyperprolactinaemia inhibits GnRH secretion and
thereby can cause a central hypogonadism. The higher
the prolactin level the more the gonadal axis is sup-
pressed and the more likely sexual dysfunction (im-

paired libido and/or erectile function) and infertility
result. Breast symptoms such as galactorrhoea and gy-
naecomastia are rare signs of hyperprolactinaemia in
men.

In men, the upper limit of the prolactin level is about
15 ng/ml. A prolactin concentration of more than
200 ng/ml is typical for a prolactinoma. In these cases,
MRI of the pituitary is compelling.

Prolactin levels not exceeding 200 ng/ml are fre-
quently detected in microprolactinoma (diameter less
than 10 mm), but may also be caused by various drugs,
especially dopamine antagonists such as metocloprami-
de, domperidone and almost every neuroleptic except
the prolactin-sparing ones. The neuroleptics amisulpri-
de, sulpiride and risperidone in particular are known to
cause considerable prolactin elevations (Oseko et al.
1988; Schlosser et al. 2002; Kinon et al. 2003). Further
causes of moderate prolactin elevations are hypothyre-
osis, chronic renal insufficiency and stress. One has to
keep in mind that a rare cause of moderate prolactin el-
evation can be a mass lesion that compresses the pitui-
tary stalk, and thereby disinhibits the dopamine-medi-
ated blockade of prolactin secretion. Therefore, MRI
should be performed if no other reason for a moderate
hyperprolactinemia can be found (Molitch 1992).

If the prolactin concentration is very high (above
20,000 ng/ml), a high-dose hook effect may occur in the
immunoassay due to the antigen excess, resulting in
measurement of false low concentrations (St-Jean et al.
1996). If prolactin values are suspected to be very high,
these false low measurements can be avoided by dilu-
tion of the serum sample.

II.3.5.10
Dihydrotestosterone

The serum concentration of dihydrotestosterone is ap-
proximately one-tenth of the concentration of testos-
terone. Prior to determination with an immunoassay,
dihydrotestosterone should be chromatographically
separated from testosterone to avoid cross-reaction of
antibodies. Since serum concentrations from healthy
and hypogonadal men overlap considerably, dihydro-
testosterone is not suitable for the diagnosis of infertili-
ty and sexual dysfunction in men with normal genitalia.
However, assessment of the basal and q -hCG-stimulat-
ed testosterone/dihydrotestosterone ratio is suitable for
diagnosing 5 [ -reductase deficiency (Gad et al. 1997).

II.3.5.11
Hormonal Evaluation of Sexual Dysfunction

Sexual dysfunction is caused by numerous diseases.
Endocrine causes include impairment of the hypotha-
lamic–pituitary–testicular axis, hyperprolactinaemia,
diabetes mellitus and, rarely, hyper- as well as hypothy-
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Table II.3.7. Endocrine causes of sexual dysfunction

Primary or secondary testicular insufficiency
Thyroidal dysfunction
Hyperprolactinaemia
Diabetes mellitus
Cushing’s disease

roidism and Cushing’s disease (Table II.3.7). Testoster-
one deficiency can cause reduced sexual desire and im-
paired erectile function.

Endocrine disorders are rarely found to be the cause
of sexual dysfunction, but they should be excluded in or-
der to prevent the patients from undergoing unnecessary
diagnostic and therapeutic procedures. In a study by Ear-
le and Stuckey (2003), 1455 patients were screened for
endocrine disorder as a cause of erectile dysfunction and
the frequency was shown to be about 15%. They found
abnormal values in testosterone (5.7%), prolactin
(0.5%), thyroid function test (0.13%) and glucose
(9.3%). The extent of hormone testing depends on the
patient’s medical condition. Altogether, the endocrine
diagnosis of a sexual dysfunction is easy to perform, fast,
effective and inexpensive (Fig. II.3.7, Table II.3.8).

Table II.3.8. Hormonal evaluation of sexual dysfunction. (FSH
Follicle-stimulating hormone, fT4 free thyroxine, LH luteiniz-
ing hormone, SHBG sex hormone binding globulin, TSH thy-
roid stimulating hormone)

Single measurement of total testosterone 8:00–10:00 a.m.
If low: check again
If low level is confirmed, assay:

LH, FSH
Prolactin
TSH, fT4 (if thyroid dysfunction is suspected)
Glucose

In cases of conditions that might influence SHBG levels, check:
SHBG to calculate free testosterone

Fig. II.3.7. Diagnosis of endocrine causes of infertility

II.3.5.12
Human Chorionic Gonadotrophin (hCG)
Stimulation Test

hCG, just as LH, stimulates testosterone production in
Leydig cells. Before the onset of puberty, it is suitable
for the determination of Leydig cell function. Various
protocols exist for hCG stimulation testing. In general,
5000 IU hCG is applied intramuscularly (Knorr et al.
1979). Leydig cell function is assumed to be normal if
the testosterone concentration increases by 1.5–2 ng/
ml. Using this test, primary hypogonadism and disor-
ders of testosterone synthesis can be detected. In boys
with congenital anorchia, testosterone does not in-
crease after stimulation by hCG. The diagnosis of con-
genital anorchia can be affirmed by measuring inhibin
B and/or AMH (Kubini et al. 2000).

In adult men the hCG test is not required for analys-
ing Leydig cell function, since basal measurement of
testosterone and gonadotrophins provides sufficient
information to make the diagnosis. In addition, the
hCG test – in contrast to basal measurement of testos-
terone and gonadotrophins – is not suitable for differ-
entiating between primary and central hypogonadism
because in central hypogonadism, the testosterone in-
crease after hCG is also subnormal as the testosterone-
producing enzymes are downregulated.

II.3.5.13
Gonadotrophin Releasing-Hormone (GnRH)
Stimulation Test

In adolescents the GnRH test seems to be useful to dif-
ferentiate various forms of hypogonadotrophic (sec-
ondary) hypogonadism from more prevalent constitu-
tional delay in puberty. This test differentiates patients
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with hypogonadotrophic hypogonadism from consti-
tutional delay in puberty with a sensitivity of 82% and
a specificity of 98%. If LH is higher than 10 mU/ml
30 min after an acute i.v. dose of 100 µg GnRH, consti-
tutional delay in puberty is most probable. Early diag-
nosis of this condition is of importance since late onset
of sexual hormone replacement will worsen the out-
come (Jungmann and Trautermann 1994).

In adult men, GnRH testing in the differential diag-
nosis of hypogonadotrophic hypogonadism seems to
be of little practical value for several reasons (Vierhap-
per 1985; Pavord et al. 1992):

1. Basal measurement of testosterone (subnormal)
and gonadotrophins (low or inappropriate normal)
is almost always sufficient to make the diagnosis.

2. Individual fluctuations of the LH response in
GnRH testing are known to be considerable.

3. GnRH testing has a low sensitivity since men with
secondary testosterone deficiency frequently may
have a normal response to an acute dose of GnRH.

4. GnRH testing does not differentiate between hypo-
thalamic and pituitary disorder since a gonadotro-
phin response is reduced in both conditions.

In the late 1970s it was shown that measurement of the
long-term GnRH responsiveness might be useful for lo-
calizing the disease (Snyder et al. 1979). In the light of
steps made in imaging procedures, this test is not only
to be regarded as expensive but even of limited clinical
value. In a patient with pituitary adenoma, pituitary
apoplexy following injection of GnRH was reported
(Hiroi et al. 2001). In conclusion, we no longer recom-
mend routine GnRH testing in adult men with hypogo-
nadotrophic hypogonadism.

II.3.5.14
Stimulation Tests

II.3.5.14.1

hCG Stimulation Test

Indication
■ Examination of Leydig cell function, anorchia and

disorders of testosterone synthesis in children.

Method

■ Measurement of testosterone between 8:00 and
10:00 a.m. before i.m. injection of 5000 IU hCG.

■ Measurement of testosterone 72 h after i.m. injec-
tion of hCG.

Interpretation

■ Testosterone increase of 1.5–2 ng/ml in prepubes-
cent boys.

II.3.5.14.2

GnRH Stimulation Test

Indication

■ Differential diagnosis of delayed puberty.
■ Not indicated for routine testing of adult men

suffering from secondary hypogonadism.

Method

■ Measurement of LH before and 30 min after i.v.
injection of 100 µg GnRH.

Interpretation

■ Constitutional delay in puberty is most probable
when LH is higher than 10 mU/ml 30 min after an
acute i.v. dose of 100 µg GnRH (sensitivity: 82%,
specificity: 98%) (Jungmann and Trautermann
1994).

Limitation in Adult Men

■ Considerable variation of GnRH response.
■ Low sensitivity.
■ No differentiation of pituitary and hypothalamic

disorders.
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II.3.6 Tumour Markers in Andrology
M. E. Bracke

Prostate specific antigen (PSA), [ -fetoprotein
(AFP) and human chorionic gonadotrophin (hCG)
are important circulating tumour markers in the
management of prostatic and testicular carcino-
mas. Their success is due to an attractive combina-
tion of sensitivity and specificity, ranking them
among the best tools available in the clinical labo-
ratory for the detection and therapeutic follow-up
of these tumours. PSA, a member of the kallikrein
superfamily with high specificity for the prostate,
is probably the best circulating tumour marker
available. Its performance is expected to be im-
proved by introducing new methods into the clini-
cal laboratory to assess PSA subfractions and other
kallikreins, and by the application of artificial neu-
ral networks that integrate classic and new markers
towards a powerful clinical output. While both
AFP and hCG are useful for the follow-up of non-
seminoma germ cell tumours of the testis, only
hCG performs well in seminomas. New trends are
set by technologies such as proteomics analysis of
serum and polymerase chain reactions (PCR) to
detect circulating cancer cells via their unique
marker expression profiles.

Summary

II.3.6.1
Introduction

Compared to other fields of oncology, tumour markers
in andrology are specific for certain types of tumours.
Although this statement should not be taken too abso-
lutely, markers such as prostate specific antigen (PSA),
[ -fetoprotein (AFP) and human chorionic gonadotro-

phin (hCG) for the management of prostatic and testic-
ular carcinomas are among the best tools available in
clinical laboratory oncology. In this chapter the main
emphasis will be on those three markers, but attention
will also be paid to other, often newly discovered, mole-
cules.

II.3.6.2
Markers for Prostatic Carcinoma: Prostate
Specific Antigen (PSA) and Others (Fig. II.3.8a)

II.3.6.2.1

History, Normal Function and Regulation

The history of tumour markers for prostatic carcinoma
goes back to 1938 when prostatic acid phosphatase
(PAP) was detected in serum of patients (Gutman and

Gutman 1938). This marker dominated the field until
PSA was discovered (Wang et al. 1979) and subsequent-
ly recognized as a circulating serum marker for prostat-
ic carcinoma (Kuriyama et al. 1980). Since then PSA has
proven to be the better tumour marker in terms of sen-
sitivity and specificity for prostatic cancer, and has
completely replaced PAP determinations. Recently,
however, critical considerations concerning the value
of PSA determinations have raised the need for new
prostatic tumour markers with even better sensitivity
and specificity profiles (Hernandez and Thompson
2004; Platz et al. 2004).

Furthermore, PSA has been shown to be a misno-
mer, because extraprostatic sources have been de-
scribed, such as mammary carcinoma (Black and Dia-
mandis 2000) and ileum (Olsson et al. 2005).

PSA is a secreted single-chain glycoprotein (molecu-
lar weight: 33 kDa), which is converted from its prepro-
form into its pro-form upon secretion, and which be-
comes enzymatically active as a serine protease after
cleavage of the inactive pro-form. PSA belongs to the
kallikrein enzyme family, the largest group of serine
proteases known, and is indeed identical to human kal-
likrein-3 (hK3) (McCormack et al. 1995; Rittenhouse et
al. 1998). Secreted by the prostatic epithelium and the
periurethral glands, enzymatically active PSA is pre-
sent in seminal fluid, and is responsible for the lique-
faction of the seminal coagulum. The enzyme is able to
cleave multiple substrates, such as the seminal vesicle
seminogelin proteins, fibronectin and insulin-like
growth factor-binding protein-3 (Henttu and Vihko
1994), and new substrates are still being discovered us-
ing combinatorial substrate libraries (Matsumura et al.
2005).

The expression of PSA is sensitive to androgens, due
to the presence of two androgen-responsive elements in
the promoter of the PSA gene (Riegman et al. 1991;
Cleutjens et al. 1996). This is also the case in females,
where PSA is a serum marker for hyperandrogenic
states, such as in some hirsute (Melegos et al. 1997) and
in acromegalic (Manetti et al. 2004) women.

II.3.6.2.2

Application in Prostatic Cancer

In increasing order PSA determinations are powerful
for screening, evaluation before treatment and follow-
up of prostatic cancer. When a cut-off limit for serum
PSA is set at 4.0 ng/ml, the marker shows a high sensi-
tivity of 75–85%, but a low specificity of 20–30% to
detect prostatic cancer (Waters 1999). This low speci-
ficity is due to the observation that elevated PSA con-
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Fig. II.3.8a, b. Summary of circulating tumour markers of prostate (a) and testicular (b) cancer. Cancer is presented as a micro-
ecosystem consisting of epithelioid tumour cells (EP) interacting with stromal elements: fibroblasts and osteoblasts (FI), lym-
phocytes (LY) and extracellular matrix (ECM). Fragmented basement membranes (BM) separate the stroma from the EP and the
vessel-lining endothelial cells (EN). The following molecules have been described as tumour markers. Mucins: CA125, CA 19–9,
episialin (CA 15–3, CA 27.29 and CASA) and TRA-1–60. Cell–cell adhesion molecule: carcinoembryonic antigen (CEA). Soluble
receptors: soluble c-erbB-2 (HER-2, neu). Intermediate filaments: tissue polypeptide antigen (TPA), TPA specific (TPS), cytoke-
ratin 18. Cytoplasmic and secreted proteins: prostatic acid phosphatase (PAP), prostate specific antigen (PSA), pro-PSA, human
kallikrein-2 linked molecule (K-LM), human PSA-linked molecule (PSA-LM), human kallikreins 2, 4, 11 and 15 (hK2, hK4, hK11

and hK15), macrophage inhibitory cytokine 1 (MIC-1), creatine kinase BB (CK-BB), insulin-like growth factor II (IGF-II), neu-
ron-specific enolase (NSE), chromogranin A (CGA), heat shock protein 70 (HSP70), pregnancy-specific beta 1-glycoprotein
(SP1), human placental lactogen (hPL), lactate dehydrogenase (LDH) and its first isoenzyme (LD1), inhibin and alpha-fetopro-
tein (AFP), placental-like alkaline phosphatase (PLAP), human chorionic gonadotrophin (hCG), invasive trophoblast antigen
(ITA), nicked hCG, free [ -subunits (f [ ) and free q -hCG (f q hCG). Membrane-associated proteins: prostate stem cell antigen
(PSCA), prostate-specific membrane antigen (PSMA), hepsin and caveolin-1. Immune surveillance-related molecules: anti p53
and bladder tumour antigen (BTA). Osteoblast-related marker: bone alkaline phosphatase (bone AP). Circulating markers: com-
plexed PSA (cPSA), free PSA (fPSA), benign PSA (BPSA), IGF-binding protein-3 (IGFBP-3) and oestradiol (E2)

centrations are encountered not only in prostatic can-
cer, but also in other prostatic diseases such as benign
prostatic hyperplasia (BPH) and prostatitis, although
the concentration rarely exceeds 11.0 ng/ml in these
noncancer conditions. For screening, use of PSA with-
out digital rectal exam (DRE) is not recommended, be-
cause one-quarter of men with prostate cancer have
PSA serum levels lower than 4.0 ng/ml. So, the most ef-
fective method for early detection of prostatic cancer is

the combined use of DRE and PSA. If both are negative,
the chance of cancer on biopsy varies from 4% to 9%,
while if both are positive, the chance varies from 42%
to 72% (Cooner et al. 1990; Hammerer and Huland
1994; Ellis et al. 1994; Catalona et al. 1994). It should not
be overlooked, however, that high-grade prostatic can-
cer can occur in men screened with a PSA level below
4.0 ng/ml (Thompson et al. 2004).

In evaluation before treatment serum PSA has been
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claimed to be useful for confirmation of the diagnosis,
staging, differential diagnosis and prognosis of pros-
tate cancer (Friedland et al. 2004; Shulman et al. 2004).
Its main value, however, is associated with the search
for a relevant tumour-associated antigen for treatment
follow-up (Mann and Saller 1994a).

As for many other tumour markers, PSA finds an
important application in the follow-up of prostatic can-
cer patients. If watchful waiting is the option, PSA dou-
bling time and PSA slope can define a subgroup of pa-
tients with stable or decreasing levels with time (de
Vries et al. 2004). In treated patients PSA evolution is
used to monitor the treatment efficacy and to predict
recurrence. PSA levels decrease during successful hor-
monal therapy, radiotherapy and surgical ablation of
the prostate, and after radical prostatectomy PSA levels
should fall down to undetectable levels within
4–6 weeks (Khan and Partin 2004). This period is in
agreement with the biological PSA half-life of about
3 days on the one hand (Oesterling et al. 1988) and the
high functional sensitivity of recent third-generation
PSA assays on the other (Witherspoon and Lapeyrole-
rie 1997). The postoperative baseline PSA can predict
disease relapse after radical prostatectomy, and a PSA
nadir below 0.01 ng/ml appears critical to exclude re-
sidual disease (Doherty et al. 2000). Further follow-up
of PSA levels is useful to anticipate recurrence, and the
use of third-generation PSA assays can provide a mean
additional lead time of 18 months over conventional as-
says (Ellis et al. 1997).

II.3.6.2.3

Increasing the Sensitivity and Specificity of PSA

Determinations

As mentioned earlier, the introduction of second- and
subsequently third-generation PSA assays (with func-
tional sensitivities of 0.1 and 0.01 ng/ml respectively)
were important steps to increase PSA sensitivity. Other
variations have been developed to improve the sensitiv-
ity and specificity of PSA. Some PSA derivatives such as
PSA velocity (the rate of change in PSA serum concen-
trations over time, PSA doubling time), PSA density
(serum PSA over prostate volume), PSA transition zone
density (serum PSA over the volume of the transition
zone) and the use of age-specific reference values have
proven to be useful in refining the clinical value of PSA
results (Gustafsson et al. 1998). The measurement of
free PSA (fPSA) in combination with total PSA (tPSA)
in serum is an interesting tool for distinguishing be-
tween BPH and prostatic carcinoma. PSA circulates
mainly as stable complexes with different enzyme in-
hibitors, among which [ 1-antichymotrypsin (ACT)
and [ 2-macroglobulin (A2M) are quantitatively the
most important ones (Christensson et al. 1990). The
PSA–A2M complex cannot be detected by current im-

munoassays, because A2M shields all available epitopes
on PSA, although recently new monoclonal antibodies
were developed that could recognize this complex
(Baumgart et al. 2004). From the tPSA currently mea-
sured in clinical laboratories 85–90% is complexed to
ACT, while 10–15% is not complexed (fPSA). Because
in PSA–ACT parts of the epitopes are shielded, it is pos-
sible to determine fPSA selectively, and compare the re-
sult with the one obtained for tPSA (provided the two
measurements are equimolar). Due to the increased
production of enzyme inhibitors in patients suffering
from malignant tumours as compared to those with be-
nign counterparts, the fraction of fPSA is generally
lower in prostatic cancer than in BPH. This observation
can be successfully exploited in the differential diagno-
sis, when tPSA concentrations are undecided (between
4 and 11 ng/ml) (Catalona 1996). So, the fPSA/tPSA ra-
tio is now accepted as a diagnostic aid in selected cases,
it can increase the specificity of PSA for cancer detec-
tion by about 20%, and it can reduce the number of un-
necessary biopsies by about one-third (Reissigl et al.
1996). A “variant” of the fPSA assay is the complexed
PSA (cPSA) assay, where the PSA–ACT complex is mea-
sured instead of the fPSA. This assay, which can be ap-
plied as a single determination without the need for
tPSA, has also been reported to be useful in reducing
the number of unnecessary biopsies (Parsons et al.
2004).

A new tool to improve the prostate cancer detection
rate is the application of artificial neural networks. In a
first stage these programmes learn to weigh different
input data with back-propagated errors, and the output
data are compared with the desired output step by step
(training). In a later stage the trained network is tested
for unknown data. The input data can vary among the
different networks, but can include tPSA, fPSA, pros-
tate volume, status of DRE, age and recently human kal-
likrein-2 (hK2) concentrations in serum (Djavan et al.
2002; Finne et al. 2002; Stephan et al. 2002a). In a multi-
centre evaluation of an artificial neural network to in-
crease prostatic cancer detection and reduce unneces-
sary biopsies, the network data outperformed fPSA in
specificity and sensitivity (Stephan et al. 2002b).

II.3.6.2.4

When and How to Take a Blood Sample for PSA

Serum PSA elevations occur as a result of disruption of
the normal prostatic architecture, which allows access
to the circulation. This takes place in prostatic disease
(cancer, BPH and prostatitis) and after prostatic ma-
nipulation (prostate massage, biopsy) (Stamey et al.
1987). Prostatic trauma such as occurs after prostatic
biopsy can result in a “leak” of PSA into the circulation
that may require more than 4 weeks for return to base-
line values (Yuan et al. 1992). DRE as performed in an
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office setting can lead to increases in serum PSA, but
this does not appear to be clinically significant, because
the change is within the error of the assay and rarely
causes false-positive test results (Chybowski et al. 1992;
Crawford et al. 1992). Flexible colonoscopy, however,
affects serum PSA levels in certain patients (Barbatzas
et al. 2004).

Once a blood sample is drawn, the PSA concentra-
tion is not stable due to enzymatic autolysis of the mol-
ecule. While tPSA and the complexes with enzyme in-
hibitors are relatively stable, fPSA is not. In practice
this means that tPSA and cPSA are stable for 24 h at
room temperature in samples without centrifugation,
but that fPSA concentrations will drop by 25% under
those conditions (Cartledge et al. 1999). It is recom-
mended that samples meant for fPSA ratio or the per-
centage of tPSA are centrifuged as soon as possible and
stored at 4°C, provided the analysis can be done within
8 h after venepuncture. For delayed analyses the serum
samples should be frozen at –20°C (Sokoll et al. 2002)
or –80°C (Jung et al. 2000).

II.3.6.2.5

Alternative, Additional and New Markers for Prostatic

Cancer

In the past several circulating tumour markers have
been associated with prostatic carcinoma: circulating
antibodies against p53 (anti-p53), bladder tumour an-
tigen (BTA), MUC-1 or episialin (CA 27.29, CASA or CA
15–3), TPA (tissue polypeptide antigen), TPS (TPA
specific), cytokeratin 18 (ck18), creatine kinase BB
(CK-BB), CA 19–9, CA 125, carcinoembryonic antigen
(CEA), insulin-like rowth factor II (IGF-II), vascular
endothelial growth factor (VEGF), neuron-specific
enolase (NSE) and c-erbB-2 ectodomains. None of
these markers reaches the performance characteristics
of PSA, but some of them may be useful as alternatives
in the follow-up of PSA-negative prostatic cancers (Tri-
coli et al. 2004). Special attention has been paid in the
recent literature to circulating prostate-specific mem-
brane antigen (PSMA) (Douglas et al. 1997) as an alter-
native for PSA. Like prostate stem cell antigen (PSCA)
this marker has not replaced PSA determinations in
clinical practice (Bangma and Verhagen 2000). Promis-
ing results with BPSA, a variant of fPSA secreted exces-
sively in BPH, indicate that this molecule can become
useful for detecting and monitoring BPH (Canto et al.
2004).

Chromogranin A (CGA), like NSE, is a circulating
marker for neuroendocrine differentiation of prostatic
carcinomas, therapy resistance and bad prognosis
(Isshiki et al. 2002).

Bone alkaline phosphatase (ostase) is present on the
outer membrane of osteoblasts. There it forms tetra-
mers, and it is released as dimers upon activation of the

osteoblasts, such as in the case of metastases in the
bone marrow. It belongs to the tissue nonspecific alka-
line phosphatases (one of the four isoenzymes of the
molecule), which are modified post-translationally in-
to bone, liver or kidney variants. So, bone alkaline
phosphatase is a sensitive metastasis marker in combi-
nation with PSA, although it should be emphasized that
its elevation in blood is not specific for prostatic cancer
(also elevated in, for example, advanced mammary car-
cinoma) nor for cancer in general (elevated in osteopo-
rosis, renal osteodystrophy, bone fractures and Paget’s
disease). Mainly because of the close correlation with
skeletal scans, bone alkaline phosphatase has found its
clinical application in the follow-up of prostatic cancer
(Cooper et al. 1994; Morote et al. 1996; Oremek et al.
1997; Wolff et al. 1998).

A number of candidates for new circulating markers
have been launched. Two splice variants of PSA and hu-
man kallikrein-2, coined PSA-linked molecule (PSA-
LM) and hK2-linked molecule (K-LM) (David et al.
2002), are currently under investigation. Pro-PSA was
recently described as a better tool than fPSA to dis-
criminate between prostatic cancer and BPH (Mikolaj-
czyk et al. 2004). Some kallikreins, such as hK2, hK4,
hK11 and hK15, are prostate-specific and can be ex-
pected to contribute as tumour markers in the future
(Diamandis and Yousef 2002). Other interesting and
potentially useful markers are hepsin (Klezovitch et al.
2004), caveolin-1 (Tahir et al. 2003), MIC-1 (Liu et al.
2003), insulin-like growth factor-binding protein-3
(Koistinen et al. 2002) and heat shock protein 70 (Abe
et al. 2004). Last but not least, the introduction of new
technologies such as proteomics (to assign protein pro-
files) (Ornstein et al. 2004) and real-time PCR (to detect
circulating cancer cells) (Lintula et al. 2004) into the
clinical laboratory will open new avenues for fine-tun-
ing the detection and follow-up methods for prostatic
cancer.

II.3.6.3
Markers for Testicular Carcinoma: �-Fetoprotein,
Human Chorionic Gonadotrophin and Others
(Fig. II.3.8b)

II.3.6.3.1

�-Fetoprotein (AFP)

AFP is an oncofoetal glycoprotein, which was first dis-
covered in human foetal serum (Bergstrand and Czar
1956). In adult serum AFP concentrations are below
6 ng/ml (Masseyeff et al. 1974), and it is a sensitive tu-
mour marker in cancer patients (Abelev et al. 1963; Ta-
tarinov et al. 1963). The 70-kDa molecule is produced
by the yolk sac and foetal liver, and it is the major circu-
lating protein during foetal life. The AFP gene belongs
to a multigene family to which albumin, afamin and vi-

418 II.3 Diagnostic Tools

II.3



tamin D-binding globulin (Gc-globulin) also belong. In
fact, AFP is considered the foetal counterpart of albu-
min (Ruoslahti and Terry 1976), and the switch from
AFP to albumin (Tilghman and Belayew 1982) can be
compared to the postnatal switch from haemoglobin F
to haemoglobin A. The gene is flanked by a far upstre-
am transcription control element with characteristics
of an enhancer (Watanabe et al. 1987). As for albumin,
transcription of AFP is downregulated by acute inflam-
mation (negative acute phase protein), and theoretical-
ly this may act as a confounding element in the inter-
pretation of serum AFP levels. Yet, this interference
may practically be of little clinical relevance (Christian-
sen et al. 1995). The physiological role of AFP in the
foetus is not entirely elucidated, but some consider it as
an autocrine/paracrine growth factor acting on its own
AFP receptor (Li et al. 2002), and AFP production is
controlled by the extracellular matrix (Abelev and Erai-
ser 1999). Yet, AFP is not required for embryonic devel-
opment, and AFP-null knock-out embryos develop
normally, but AFP-null females are infertile due to a de-
fect in the hypothalamic–pituitary system leading to
anovulation (Gabant et al. 2002). AFP deficiency has
been described in pregnant women (blood and amniot-
ic fluid) and in their infants without phenotypic abnor-
malities (Greenberg et al. 1992). This appears to be a
benign genetic trait analogous to analbuminaemia.

As a glycoprotein, AFP shows microheterogeneity
largely due to variations in glycosylation. Based on af-
finity differences for several lectins, four patterns have
been described: cord serum or liver type, hepatocellu-
lar carcinoma type, gastrointestinal tumour type and
yolk sac tumour type (Taketa 1992).

AFP is the tumour marker of choice for nonsemino-
ma germ cell tumours (NSGCT) (Smith 1970; Haije et
al. 1976), whether they reside in the testis or in other or-
gans (Ebi et al. 2003; Smith et al. 2004). Other cancers
associated with elevated AFP serum levels are: hepato-
cellular carcinoma (often with levels exceeding
1000 ng/ml), choriocarcinoma, hepatoblastoma, yolk
sac tumour, gastric and pancreatic carcinoma, cholan-
giocarcinoma, renal tumours, mammary carcinoma
and leukaemia. Moderate elevations are found in other
diseases, such as hepatitis, alcoholic liver steatosis and
cirrhosis, haemochromatosis, mucoviscidosis and con-
genital nephrosis. Pregnancy is associated with elevat-
ed AFP concentrations in maternal blood and amniotic
fluid: screening tests for neural tube defects and
Down’s syndrome are based on abnormally high and
low maternal serum concentrations respectively. In he-
reditary persistence of AFP (HPAFP) the mean levels of
serum AFP are 23-fold higher than in control individu-
als, and the trait can be confirmed by elevated AFP lev-
els in family members (Schefer et al. 1998). In pure
seminoma germ cell tumours (SGCT) serum AFP levels
are not elevated, although “hidden” yolk sac elements

can be present in histologically pure seminomas with
detectable AFP mRNA in the tumours (Yuasa et al.
1999) and low serum AFP levels (<16 ng/ml) (Nazeer et
al. 1998). The correct classification of these tumours is
important for the therapeutic strategy.

The list of circumstances associated with elevated
serum AFP levels indicates that the specificity for
NSGCTs is low, and the test cannot be advocated for
screening purposes. It is, however, a useful marker for
therapeutic follow-up and prognosis. A “half-life”
shorter than 5 days, as determined by three measure-
ments within 10 days after orchiectomy, indicates a fa-
vourable prognosis, as is a serum concentration below
1000 ng/ml before surgery. It should be noted on the
one hand that increasing AFP serum concentrations do
not necessarily indicate disease progression or recur-
rence, since concomitant liver dysfunction can be pre-
sent (related to drug toxicity or viral hepatitis) (Germa
et al. 1993). Persistent low and stable AFP levels on the
other hand probably represent absence of active disease
(Morris and Bosl 2000). Furthermore, the samples and
the methods used for the follow-up of a patient should
be standardized: determinations from serum give
slightly higher results than those from plasma, and up
to a 20% bias error can exist between the different assay
kits (Christiansen et al. 2001).

The analysis of the microheterogeneity in circulat-
ing AFP for differentiating between AFP variants from
various sources has been claimed to add diagnostic in-
formation to plain AFP determinations. Concanavalin
A could distinguish between AFP from NSGCT and liv-
er disease (Saraswathi and Malati 1994; Mora et al.
1995), but additional lectins have been used as well
(Yamamoto et al. 2003). In isoelectric focusing a band
coined +III, mainly consisting of di- and asialo species,
was associated with NSGCT (Johnson et al. 1995, 2000).
Some authors have questioned the value of this assay
(Vessella et al. 1984; de Takats et al. 1996), and technical
sophistication has hampered its widespread introduc-
tion into the clinical laboratory. Finally, detection of
germ-cell tumour cells in the peripheral blood by re-
verse transcription-PCR is a new marker seemingly
with limited correlation with the AFP serum concen-
tration, which deserves further clinical investigation
(Hautkappe et al. 2000).

II.3.6.3.2

Human Chorionic Gonadotrophin (hCG)

hCG is a glycoprotein hormone with a molecular
weight of 38 kDa and consists of a noncovalent dimer of
an [ - and a q -subunit. The [ -subunit is common to
other hormones such as human luteinizing hormone
(hLH), follicle-stimulating hormone (hFSH) and thy-
roid-stimulating hormone (hTSH), while the q -subunit
defines the endocrine function (Talmadge et al. 1983).
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The hormone is not only heterogeneous in peptide
structure but also in combination of subunits and in
the structure of carbohydrate side chains. Common
hCG-related molecules in serum samples include regu-
lar hCG, hyperglycosylated hCG (ITA), nicked hCG,
nicked ITA, hCG missing the q -subunit C-terminal ex-
tension, free [ -subunit, free q -subunit, free q -subunit
missing the C-terminal extension, hyperglycosylated
free q -subunit and nicked free q -subunit. The same
molecules plus q -core fragment are present in urine
samples (Cole and Sutton 2004). During pregnancy
hCG is produced by the trophoblastic cells of the pla-
centa, beginning at 12–14 days after conception. Dur-
ing the first trimester of pregnancy it stimulates the
corpus luteum graviditatis to produce progesterone,
which in turn maintains the secretory state of the endo-
metrium. Other functions are induction of angiogene-
sis (during pregnancy and tumour development) (Zyg-
munt et al. 2002) and stimulation of growth (in bladder
cancer cells) (Gillott et al. 1996). The production of
hCG can be increased by cytokines (interleukin-1 and
tumour necrosis factor).

Normally free q hCG concentrations in serum do not
exceed 0.1 ng/ml. Together with AFP hCG is an inde-
pendent marker of testicular NSGCT: in 40–50% of pa-
tients it is found at high serum concentrations and
mainly circulates as an intact dimer. In embryonal car-
cinoma, teratocarcinoma and choriocarcinoma serum
levels are typically elevated, but differentiated teratoma
and yolk sac tumour do not produce hCG. In 20–40%
of patients suffering from SGCT serum hCG concentra-
tions are elevated, although usually to levels not as high
as in NSGCT, and with a variable proportion of free q -
subunits in addition to intact dimers (Saller et al. 1990).
Non-Hodgkin lymphoma in the testis has been associ-
ated with elevated hCG levels as well (Moller 1996). The
marker shows no specificity for testicular cancer, since
moderately elevated serum concentrations are also
found in malignancies from liver, pancreas, kidney,
lung, breast, ovary, uterus, bladder, stomach, colon,
oesophagus as well as in lymphoma and endocrine tu-
mours. Yet, the marker has a place in the screening of
patients at risk for developing testicular carcinoma: af-
ter orchiectomy for a tumour of the contralateral testis,
in identical twins with testicular cancer and in intra-
abdominal cryptorchid testes. Although hCG levels in
serum correlate with the disease stage and with tumour
burden, the main application of hCG is in the follow-up
after orchiectomy (Perlin et al. 1976), and a serum
“half-life” of more than 3 days, as calculated from
weekly determinations (Seckl et al. 1990), indicates re-
sidual producing tumour and poor prognosis (Mazum-
dar et al. 2001). The lead time for tumour recurrence is
about 2 months. Caution in the interpretation of fol-
low-up levels, however, is needed in some instances.
First, a transient increase shortly after chemotherapy

(“marker surge”) indicates tumour lysis rather than tu-
mour progression (Horwich and Peckham 1986; Moh-
ler et al. 1987; Beck et al. 2004). Second, circulating he-
terophilic antibodies have been described to generate
false-positive hCG results (Trojan et al. 2004). Third,
normalized hCG serum levels cannot exclude tumour
persistence in every case. In about 20% of patients with
mixed germ cell tumours, a transition of the histologi-
cal tumour type from embryonal or teratocarcinoma to
differentiated teratoma may occur, and this is accom-
panied by the disappearance of the marker (Mann and
Saller 1994b).

hCG, especially the acidic variants produced by tu-
mours, possess thyrotrophic activity (Mann et al. 1986).
High levels of hCG (>20,000 IU/l) can stimulate the thy-
roid production of thyroxin and tri-iodothyronine, and
provoke hyperthyroidism (Giralt et al. 1992; Derakhsha-
ni et al. 1999) or thyrotoxicosis (Goodarzi and Van Herle
2000). Moreover, hCG levels beyond 100 IU/l suppress pi-
tuitary hFSH production, and low serum levels in testic-
ular cancer patients can be the result (Kovcin et al. 1997).
The detection of germ-cell tumour cells in the peripheral
blood by reverse transcription-PCR is a new technique
that defines a patients group with poor prognosis (Hara
et al. 2002). Finally, there is some debate concerning
which type of assay to use for circulating hCG. Because
hCG can circulate under many different variants, and
some assays exclusively detect intact hCG dimers while
others are designed to measure free q -subunits, it is not
easy to predict which assays cover the right variants and
are the most suitable ones for detection and follow-up of
germ cell tumours. In the opinion of Cole and Sutton
(2004) only two tests, the DPC Immulite (DPC, Los Ange-
les, Calif., USA) and UK RIA (radioimmunoassay) (used
at Charing Cross Hospital, London, UK) appropriately
detect all these hCG-related molecules.

II.3.6.3.3

Other Markers for Testicular Carcinoma

Placental-like alkaline phosphatase (PLAP) is an isoen-
zyme distinct from placental, intestinal and liver alkaline
phosphatase, and is present in trace amounts in normal
testes (Millan et al. 1982). The enzyme, also called Nagao
or germ cell isoenzyme, shows enhanced expression in
testicular germ cell tumours, especially in seminomas.
Serum concentrations of PLAP are elevated in at least
half of the seminoma patients (Tucker et al. 1985), and
sensitivity can be enhanced to 82% by combining the
marker with hCG and lactate dehydrogenase (Koshida et
al. 1996). The marker is not specific for several reasons:
immunoassays cannot distinguish between placental and
germ cell alkaline phosphatases, half of smokers show
elevated serum levels (Koshida et al. 1990) and colonic
adenocarcinomas can also provoke increased serum con-
centrations of PLAP (Harmenberg et al. 1991).
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Inhibin B is a dimer belonging to the transforming
growth factor q superfamily of ligands that have roles
in reproduction and development (Brown et al. 2000).
The hormone is secreted by Sertoli cells in the testis,
and it inhibits hFSH secretion by the pituitary gland. In
this way serum concentrations of inhibin reflect the
Sertoli cell function (Bergh and Cajander 1990; Peters
et al. 2000). Because in the rare Sertoli cell tumours se-
rum inhibin levels are elevated, and return to normal
after orchiectomy, inhibin is propagated as a useful
marker in the management of these testicular tumours
(Toppari et al. 1998). In the interpretation of inhibin
levels in serum, it should be noted that testicular en-
largement with elevated serum inhibin concentrations
also occurs in patients with pituitary macroadenomas
secreting hFSH (Heseltine et al. 1989).

Lactate dehydrogenase (LDH) and more specifically
its first isoenzyme (LD-1) is a useful marker for semi-
noma and for testicular germ cell tumours in general
(Lippert et al. 1981; von Eyben 1983; von Eyben and
Skude 1984), and serum levels reflect the tumour bur-
den (Lippert and Javadpour 1981). The specificity of
LDH is low, as a variety of nonmalignant diseases and
minimal tissue damage can also lead to pathologic se-
rum levels. Nevertheless, LDH is of some value in the
follow-up of marker-negative patients and can indicate
a persistent tumour or a recurrence.

In the past several other circulating tumour markers
have been associated with testicular carcinoma: TPA
(tissue polypeptide antigen), TPS (TPA specific), cyto-
keratin 18 (ck18), NSE (neuron-specific enolase), free
[ -subunits, CEA (carcinoembryonic antigen), hPL

(human placental lactogen), SP1 (pregnancy-specific
beta 1-glycoprotein) and oestradiol. Finally, the clinical
value of the mucin-like TRA-1–60 antigen awaits fur-
ther evaluation (Gels et al. 1997; Lajer et al. 2002).
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II.3.7 Technical Investigations Including Imaging
Procedures: Doppler, MRI, PET, Echo for Tumours
E.L.F. Nijs, R.H. Oyen

Scrotal ultrasonography (US) and transrectal ul-
trasonography (TRUS) are the imaging techniques
of choice in the evaluation of male infertility. Both
US and TRUS are diagnostic tools to assess for the
presence of congenital abnormalities or acquired
causes.

In selected cases ultrasonography can also be
used for guidance for several procedures. US with
Doppler can be used to select the appropriate site
for sperm retrieval and TRUS can be utilized to
guide for seminal vesicle puncture for seminal ve-
siculography.

Percutaneous or surgical vasography (or defe-
rentography) has now been replaced by magnetic
resonance imaging (MRI) and occasionally by
TRUS-guided seminal vesiculography in combina-
tion with aspiration. This technique may be of im-
portance at the time of microsurgical correction of
obstruction of the vas deferens (vasovasostomy or
vasoepididymostomy).

MRI is the first examination technique in evalu-
ation of the hypothalamic–pituitary axis and is an
adjunctive tool after US and TRUS in selected cases
of persistent or complex diagnostic problems or
equivocal results.

At present, positron emission tomography
(PET) is indicated in urologic oncology (mainly
testicular cancer), but PET has no indications in
the evaluation of infertile men.

For all emergencies in andrology, including tes-
ticular torsion, testicular trauma, priapism and pe-
nile fracture, the imaging technique of choice is US
in combination with Doppler. MR only serves as a
problem-solving technique in these patients.

Summary II.3.7.1
Ultrasound (US)

II.3.7.1.1

Technique

Ultrasonography is a noninvasive imaging technique
based on high-frequency sound waves. The frequency
of sound waves for imaging purposes ranges typically
between 2 and 15 MHz and thus is much higher than
20 kHz, which is the upper limit of human hearing.

An essential part of an ultrasound machine is the
transducer that is placed on the skin or intracavitarily.
Transducers are equipped with piezoelectric crystals
with the ability to change electric energy into sound
waves and vice versa. The transducer sends out high-
frequency sound waves into the patient (transmitter
function). When the sound waves hit a boundary be-
tween tissues (e.g. between fluid and soft tissue, soft
tissue and bone) some of the sound waves are reflected
back and the remainder penetrate further until they
reach another boundary and are reflected back. The
crystals convert these reflected sound waves or echoes
into electrical waves (receiver function) which are then
transferred to the computer that converts and displays
them as a 2-D grey-scale image on the screen.

For appropriate scrotal and prostate imaging dedi-
cated linear transducers of at least 7.5 MHz are re-
quired.

II.3.7.1.2

Clinical Indications

US in combination with Doppler will be the first and
only imaging technique in many diseases of the penis
and the scrotal contents, including congenital and ac-
quired diseases such as trauma, tumours, infection/in-
flammation and vascular disorders.

MRI is mainly indicated as a problem-solving mo-
dality in selected cases.
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Peyronie’s Disease (Induratio Penis Plastica) (Fig. II.3.9a–l)

Chronic inflammation of the tunica albuginea, envelop-
ing the corpora cavernosa, leads to fibrosis and focal or
diffuse thickening, called penile plaques. These plaques
may or may not calcify and cause painful penile defor-
mity during erection. In severe cases this may interfere
with sexual intercourse. The diagnosis can be made by
palpation of the penis. Ultrasound is used to evaluate the
plaque size and consistency (ranging from hypoechoic
to hyperechoic with retro-acoustic shadow) and is able
to monitor therapy effectiveness (Fornara and Gerbers-

a b c

d e f

g

Fig. II.3.9a–l. Peyronie’s disease. Trans-
verse US (a) image of the penis shows
a hyperechoic nodule on the midline
between the two corpora cavernosa,
consistent with a non-calcified plaque
(30-year-old Caucasian male). Longi-
tudinal US (b) image of the penis dem-
onstrates several hyperechogenic line-
ar structures with retro-acoustic shad-
owing in the tunica albuginea consis-
tent with calcified plaques. Transverse
US of the penis (c) shows a large linear
calcified plaque visible in the tunica al-
buginea on the left, crossing the mid-
line to the right. Transverse US (d)
demonstrates a calcification in the tu-
nica albuginea on the left side. Trans-
verse US (e) shows a large triangular

hyperechoic area with retro-acoustic shadowing, consistent with a calcified plaque. Transverse US (f) demonstrates thickening
of the tunica albuginea, seen as a slightly hypoechoic band crossing the midline, with two linear calcifications in the centre:
partially calcified plaque. Transverse (left image) and longitudinal (right image) (g) in the same patient. Transverse US shows a
small calcification at the midline in the tunica albuginea, but on the longitudinal image several larger calcifications can be seen

hagen 2004). In these patients there is a higher incidence
of arterial, venous and mixed vascular impotence (see
Sect II.3.7.2.2, subsection “Erectile Dysfunction”).

Testicular Volume and Testicular Echogenicity

Ultrasound is not indicated for the evaluation of testic-
ular volume (Schiff et al. 2004) except in patients where
the physical examination raises difficulties such as in
patients with a large hydrocele.

The normal testis has a homogeneous fine granular
appearance. In infertile men abnormal testicular echo
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Fig. II.3.9. (Cont.) Transverse (left im-
age) (h) demonstrates a large calcified
plaque in the tunica albuginea on the
right side. Longitudinal US confirms
these findings. Longitudinal US (i)
shows multiple large calcifications in
the tunica albuginea. Longitudinal US
of the penis (j) demonstrates multiple
hyperechoic rounded areas in the tuni-
ca albuginea, consistent with calcified
plaques. Transverse US (k) shows a
wedge-shaped hyperechoic structure
at the midline in the tunica albuginea:
calcified plaque. Transverse US (l)
demonstrates several calcifications be-
tween the corpora cavernosa

i j k

l

patterns can be expected such as patchy heterogeneity,
hypoechoic lesions or echogenic foci. Such findings
have been associated with a reduced testicular biopsy
score and sperm count (Lenz et al. 1994).

Cryptorchidism (Figs. II.3.10, II.3.11)

One of the causes of hypofertility is undescended testis
or a history of undescended testis. An undescended tes-
tis is abnormal in many ways (small volume, altered
morphology, decreased echogenicity and presence of
microlithiasis) and there is a definite increase in the in-
cidence of testicular tumours. In general, testicular tu-
mours are also predominately hypoechoic and this
might jeopardize the US diagnosis of these lesions in

a

b

Fig. II.3.10a, b. Cryptorchidism. Transverse (a) and longitudi-
nal (b) US demonstrates an atrophic/hypoplastic testicle in the
inguinal canal with a hypoechoic appearance and several hy-
perechogenic spots centrally, consistent with calcifications
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Fig. II.3.11. Testicular micro-
lithiasis. Corrected cryptor-
chidism. Longitudinal US
shows multiple tiny hyper-
echogenic spots in both hy-
poplastic testes, consistent
with testicular microlithiasis

a

b

Fig. II.3.12a, b. Testicular microlithiasis. Longitudinal US (a)
shows multiple tiny echogenic spots throughout the testicle,
consistent with testicular microlithiasis. Near the lower pole,
some of the calcifications seem to be located in or at the border
of a subtle hypoechoic lesion. Longitudinal US (b) demon-
strates multiple small calcifications in the testicle. There is a
cyst in the epididymal head

the hypoechoic testis. Scrotal US is definitely indicated
in these patients to detect testicular neoplasms at an
early stage.

Testicular Microlithiasis (Figs. II.3.11–II.3.13)

Testicular microlithiasis is a rare condition with a re-
ported incidence ranging from 0.6% to 9% in the gen-
eral population (Thomas et al. 2000). It is more fre-
quently seen in patients with cryptorchidism. Some au-
thors also report an association with infertility (Aizen-

Fig. II.3.13. Testicular microlithiasis and seminoma. The upper
right image shows a transverse view of the left testicle with the
typical “snowstorm image”, indicating testicular microlithia-
sis. The upper left image demonstrates a comparable trans-
verse view of the right testicle where a large hypoechoic lesion
can be seen “disrupting” the homogeneous snowstorm pat-
tern. The lower image is a longitudinal view of the right testicle
with a very large hypoechoic lesion centrally

stein et al. 1998; Thomas et al. 2000) although there is
no definite proof.

On US, single or multiple tiny hyperechoic spots are
seen in the seminiferous tubules of the testis. Based on
the number of calcifications, a classification system
(grades I–III) may be used.

Caution is necessary since testicular microlithiasis
seems to be associated with a higher risk of developing

428 II.3 Diagnostic Tools

II.3



germ cell tumours (Miller et al. 1996; Thomas et al.
2000). Regular (6–12 months) US follow-up is recom-
mended (Miller et al. 1996), especially in high-grade
microlithiasis.

Fig. II.3.14. Testicular cyst. Longitudinal US shows a well-cir-
cumscribed rounded lesion near the lower pole of the testicle
which appears very hypoechoic with some internal reflections

Fig. II.3.15. Leydig cell hyperplasia. Longitudinal US of the tes-
ticle demonstrates a heterogeneous appearance of the testicu-
lar parenchyma with multiple ill-marginated hypoechoic le-
sions. The patient was referred for infertility

Fig. II.3.16. Epidermoid cyst.
Transverse and longitudinal
testicular US shows a well-
delineated rounded hypo-
echoic lesion with concentric
layering. This appearance is
typical of an epidermoid
cyst; yet not all epidermoid
cysts have this appearance
on US

Testicular Neoplasms (Figs. II.3.14–II.3.22)

The incidence of testicular cancer has been on the in-
crease worldwide since the late twentieth century and
there seems to be a higher incidence of testicular cancer
in infertile men compared to the general population.
Several reports state that a palpable lesion is present
only in some patients (Pierik et al. 1999; Carmignani et
al. 2004). In practice some authors have suggested that
a routine scrotal US is indicated in all infertile men to
detect testicular malignancies at early stages (impalpa-
ble) (Thomas 2004).

Most tumours have mixed echogenicity on US, with
a predominately hypoechoic background and with or
without calcifications or cystic areas. There are no typi-

a

Fig. II.3.17a–c. Epidermoid cyst in a 27-year-old male with in-
fertility. Longitudinal (a) US of the left testicle shows a round-
ed lesion in the upper pole of the testicle with a hyperechoic
rim and a slightly hypoechoic centre. Near the centre of the le-
sion however are some hyperechoic spots. Transverse (b, c)
scans of the left testicle demonstrate the same lesion which is
well delineated and with mixed echogenicity. The testis was re-
moved and the diagnosis of this benign tumour (teratoma here
presenting as an epidermoid cyst) was obtained. However,
there was tubular fibrosis, diffuse extensive intratubular germ
cell dysplasia (ITGCNU), and a microfocus of invasive semi-
noma
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b c
Fig. II.3.17 (Cont.)

a b

c

Fig. II.3.18a–c. Teratoma. Longitudinal US (a) of a testicle infil-
trated completely by a large mass lesion consisting of different
components: there is a large anechoic area (fluid) and there are
several soft-tissue components with varying appearance; some
appear hyperechogenic, others contain hypoechoic areas. De-
tailed view of the different soft-tissue components (b). Trans-
verse US (c) illustrates the large cystic component and at least
three different soft-tissue components (hyperechoic, mixed
echo pattern with cystic areas and a hypoechoic component)

Fig. II.3.19. Seminoma. Transverse US of the testis demon-
strates a rounded bilobar hypoechoic lesion in the periphery of
the testicular parenchyma. Multinodular hypoechoic testicu-
lar masses are more frequently seen in seminoma
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Fig. II.3.20a, b. Seminoma.
Longitudinal (a) and trans-
verse (b) US of the testicle
shows a small homogeneous
hypoechoic lesion near the
lower pole of the testicle.
There is nothing specific
about this lesion

¸ ¸

Fig. II.3.21a, b. Mixed germ cell
tumour. Firm testis at palpa-
tion. Longitudinal US (a)
shows at least two hypoechoic
lesions in the centre of the
testicle and a third almost iso-
echoic lesion with an anecho-
ic rim in the periphery of the
testis. Spot view of the lesions
(b). Mixed germ cell tumour
consisting predominantly of
embryonic carcinoma, and
microscopic foci of yolk sac
tumour and teratoma

a b c

Fig. II.3.22a–c. Testicular scar and calcification. Longitudinal US (a) demonstrates a wedge-shaped hypoechoic area harbouring
a hyperechoic curvilinear structure with a retro-acoustic shadow, consistent with calcification. The fluid surrounding the testicle
represents a hydrocele. Transverse US (b) shows the calcification and the hypoechoic area which is now better appreciated. On
this transverse view (c), the calcification is not visible. The well-circumscribed triangular hypoechoic area however is well seen

cal or reliable imaging characteristics for histological
characterization of testicular tumours (Oyen et al.
1999; Oyen 2002; Woodward et al. 2002).

Evaluation of Obstructive Azoospermia (Cornud et al.
1997)

For a quick overview, see also Table II.3.9.

a

b

Azoospermia or Severe Oligozoospermia with a Normal

Volume Ejaculate: Proximal Obstruction (Figs. II.3.23, II.3.24)

Scrotal US has no significant role in these patients since
the enlargement of the epididymis is also palpable. US,
however, has a much more important role when the ob-
struction is proximal to the junction of the head and
body of the epididymis. In this case biochemical epi-
didymal markers will be normal as will be the physical
examination. Only US can demonstrate the obstruction
by isolated dilation of the rete testis.
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Table II.3.9. Evaluation of obstructive azoospermia

Proximal obstruction Proximal obstruction
at the level of the
epididymis

Distal obstruction
CBAVD

Distal obstruction with
palpable vas deferens

Semen
analysis

Azoospermia or severe
oligozoospermia

Normal volume ejaculate
Normal fructose
Alkaline pH 8 7
Normal biochemical

epididymal markers

Azoospermia or severe
oligozoospermia

Normal volume ejaculate
Normal fructose
Alkaline pH 8 7
Low biochemical epididy-

mal markers

Azoospermia or severe
oligozoospermia

Low-volume ejaculate
Low fructose
Acid pH ‹ 7

Azoospermia or severe
oligozoospermia

Low-volume ejaculate
Low fructose
Acid pH ‹ 7

Scrotal US Isolated dilation of rete
testis

Enlargement of epididy-
mis

Hypoechoic epididymis
Dilation of epididymal

tube

Dilation of the efferent
ducts

Abrupt stop at the body
of the epididymis

Obstructive epididymis

TRUS Normal or signs of
chronic prostatitis

Normal or signs of
chronic prostatitis

Absence of vasal ampullae
90% abnormalities semi-

nal vesicle (ranging
from uni- or bilateral
absence to hypoplasia,
cysts, calcifications, hy-
perechoic appearance)

Median cyst (Mullerian/
utricular or Wollfian)

Dilation of seminal vesicles
Seminal vesicle cyst
Lithiasis in ejaculatory

ducts or vasal ampulla
Chronic prostatitis (patchy

pattern of peripheral zone)
Prostate cancer

a

b

Fig. II.3.23a, b. Agenesis of the epididymal tail. Longitudinal scro-
tal US (a) demonstrates an enlarged epididymal head and body
which appear hypoechoic (dilated), indicating an obstruction
more distally. The epididymal tail is absent. The testicle appears
normal. Longitudinal US (b) in the same patient again shows the
cystically enlarged epididymis over its full length, including
head and body, and confirms the absence of the epididymal tail

a

b

Fig. II.3.24a, b.Obstructionof the epididymis after vasectomy.Lon-
gitudinal US (a) demonstrates the dilated epididymal body and
tail with a hypoechoic (cystic) appearance, indicating an obstruc-
tion more proximally. Longitudinal US (b) in the same patient
again shows the cystically dilated epididymis (head and body)
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a

b

c

Fig. II.3.25a–c. Normal deferent duct. Transverse US (a) demon-
strates a small rounded hypoechoic area with two linear hyper-
echogenic structures in the centre. This is the normal deferent
duct in transverse section. Longitudinal US (b) shows a long
tubular hypoechoic structure with two hyperechoic lines cen-
trally: normal deferent duct. Spot view longitudinal US (c)
again demonstrating the normal deferent duct. The appear-
ance is explained by the thick smooth muscle wall enveloping
the lumen of the deferent duct

Azoospermia or Severe Oligozoospermia with Low Volume

Ejaculate (<2 ml): Distal Obstruction (Figs. II.3.25– II.3.35)

Since normal fructose levels in semen indicate normal
function of the seminal vesicles, low fructose levels
strongly suggest vasal aplasia or distal obstruction at
the level of the distal vas, vasal ampulla, seminal vesi-
cles, ejaculatory ducts or periurethral prostate (Kuli-
gowska and Fenlon 1998).

The two vasa deferentia cannot be felt. Congenital
bilateral absence of vas deferens (CBAVD) is strongly
suspected when there is total azoospermia, semen vol-
ume is below 1 ml, fructose level is below the detection
limit and pH<7 as prostatic secretions mainly contrib-
ute to the semen volume. The agenesis starts at the
junction of the body and tail of the epididymis. Clini-
cally the dilation of the epididymal head and body can
be palpated. Additional renal US is recommended in
these patients since 43% of patients will have renal
anomalies ranging from unilateral renal agenesis,
crossed fused ectopia or ectopic pelvic kidney. CBAVD
is observed in 98% of men with cystic fibrosis. It is

a

b

Fig. II.3.26a, b. Obstruction at the level of the deferent duct.
Longitudinal US (a) demonstrates a normal appearance of the
deferent duct on the right side of the image, followed by an
abrupt stop seen as a hyperechoic structure in the centre of the
deferent duct. Spot view longitudinal US (b). There is some
retro-acoustic shadowing behind the hyperechoic structure
in the deferent duct, consistent with calcification. Another
calcification can be seen just distal to it
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a

b

Fig. II.3.27a–c. Obstructive
dilatation of the epididymis
and of the deferent duct.
Longitudinal US (a) shows
the prominent appearance of
the epididymis on the left
side in comparison with the
right, consistent with ob-
structive dilatation. The def-
erent duct (longitudinal
view) (b) is also dilated on
the left side, indicating a
more distal obstruction.
Transverse view of the blad-
der (suprapubic scan) (c)
demonstrates the cystic ap-
pearance of the left seminal
vesicle. These findings are
consistent with a unilateral
obstruction at the level of
the left ejaculatory duct

c

a b

Fig. II.3.28a, b. Utricular cyst. Transverse US (a) at the base of the prostate shows a small hypoechoic “cyst” in the centre: small midline
cyst. Longitudinal US (b) at the midline confirms the presence of a small cystic lesion posterior to the prostatic urethra

now thought to be an acquired lesion, which also ex-
plains incomplete forms with variable presentation
(normal volume ejaculate, moderately reduced fruc-
tose and pH>7).

Two Vasa Deferentia are Palpable

The obstruction can be complete (1 ml) or partial
(1.5–2 ml volume ejaculate), congenital (compression
by median cyst) or acquired (distal inflammatory or
traumatic stenosis).
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Fig. II.3.29. Midline cyst. Sagittal transrectal ultrasonography
(TRUS) shows a large hypoechoic lesion at the midline at the
base of the prostate, consistent with a midline cyst. In the pe-
riphery of this cyst, several hyperechoic foci are seen, indicat-
ing calcifications of its wall

Fig. II.3.30. Aspiration of
complicated midline cyst.
Left upper image: transverse
TRUS at the base of the pros-
tate demonstrates a slightly
hypoechoic structure at the
midline. Right upper image:
transverse TRUS in the same
patient, slightly cephalad to
the previous image. A well-
defined rounded structure is
visible at the midline, consis-
tent with a midline cyst. The
cyst contains a fluid level
with multiple small internal
reflections in the lower part,
consistent with debris, e.g.
after haemorrhage and/or
infection. Left lower image:
sagittal TRUS through the
lower part of the lesion again
shows the rounded hypo-
echoic midline cyst at the
base of the prostate. Right
lower image: sagittal TRUS
guiding transrectal aspira-
tion of the cyst (arrows indi-
cating the needle)

Median cysts are subdivided into two categories: Mül-
lerian or utricular cysts (contain no semen) and Wolffi-
an cysts (contain semen). When the ejaculatory ducts
are compressed by these cysts, they become obstruc-
tive. However, on US dilation of the seminal vesicles or
vasal ampullae may be absent and mild dilation of the
seminal vesicles may be physiological.

Stones are mainly located at the vasal ampulla, the

Fig. II.3.31. Calcifications of the ejaculatory duct complex. Sag-
ittal TRUS shows multiple hyperechogenic foci in or around
the ejaculatory duct, consistent with multiple calcifications.
The seminal vesicle appears enlarged, indicating obstruction
of the ejaculatory duct

ejaculatory duct or the verumontanum (periurethral
prostate). Distal ejaculatory duct stenosis may also be
acquired by inflammation, which can sometimes be
suggested by associated features of (chronic) prostatitis
revealed by US.

Multifocal obstruction cannot be diagnosed with
US. Vasography has been the gold standard for years,
but has been replaced by MRI or puncture of the
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Fig. II.3.32. Calcifications of
the ejaculatory duct com-
plex. Transverse TRUS (left
upper, right upper, right low-
er image) demonstrates sev-
eral small punctiform hyper-
echogenic foci in the vicinity
of the ejaculatory duct near
the colliculus seminalis. Sag-
ittal US (middle upper im-
age, left lower image) again
shows the small calcifica-
tions along the course of the
ejaculatory duct

Fig. II.3.33. Distal obstruction of the ejaculatory ducts. Sagittal TRUS dem-
onstrates a cystically dilated seminal vesicle. The ejaculatory duct is dilated
and tapers in the vicinity of the verumontanum, indicating an obstruction
at this level. Transverse TRUS at the base of the prostate shows the dilated
ejaculatory duct at the midline

seminal vesicles under TRUS guidance with or with-
out vesiculography. If motile sperm can be demon-
strated, this indicates the absence of a proximal ob-
struction. Likewise if no motile sperm can be found,

then the azoospermia is not due to a distal obstruc-
tion.

Partial obstruction cannot be documented by any
imaging modality (Jones et al. 1997).
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Fig. II.3.34. Distal obstruction
of the ejaculatory duct. Sag-
ittal TRUS demonstrates cys-
tic dilatation of the seminal
vesicle and an enlarged ejac-
ulatory duct, consistent with
a distal obstruction (at the
verumontanum)

¸ ¸

Fig. II.3.35a–c. Cystically dilated seminal vesicles. Patient with autosomal domi-
nant polycystic kidney disease (ADPKD). Transverse (a) and parasagittal (b, c)
TRUS at the level of the seminal vesicles shows that both seminal vesicles are
enlarged and have a cystic appearance. These are mega seminal vesicles in pa-
tients with ADPKD not likely to be explained by obstruction

II.3.7.2
Doppler

II.3.7.2.1

Technique

Doppler is a noninvasive US-based imaging technique
that measures movement or flow. The scanning can be
done continuously (continuous wave Doppler, CW) or
pulsed (pulsed Doppler, PW).

Continuous wave instruments have a transducer
with separate piezoelectric crystals: one to continuous-
ly produce the sound waves and one to receive the re-
flected echoes. The main disadvantage is that the depth
information is lost; this technique works well for super-
ficial vessels and is very sensitive to weak signals.

Pulsed wave instruments use the same transducer as
on a regular ultrasound machine. A burst of sound
waves is transmitted and then the returning signal is
received. This process is repeated in a very short time-
frame. By comparing the information from the consec-
utive cycles flow calculation can be obtained. In colour
Doppler mode the direction and the velocity of the flow
can be shown, while in power Doppler mode only the
velocity can be determined, yet with greater sensitivity.

In both colour and power Doppler mode a small area
can be selected for spectral analysis. Spectral Doppler
mode plots this information in a velocity versus time
graph with negative velocity indicating opposite flow
direction. From the spectral waveform, additional
quantitative parameters can be derived.

Since colour and power Doppler provide a limited
amount of information over a large region, and spectral
Doppler provides more detailed information about a
specific area, these modes are complementary and, in
practice, are used as such.

a

b

c

II.3.7.2.2

Clinical Indications

Erectile Dysfunction

Vasculogenic impotence is one of the major causes of
erectile dysfunction. The more invasive techniques
such as arteriography, cavernosometry and cavernoso-
graphy have been replaced by colour or power Doppler
US in combination with the intracavernosal injection
of vasoactive drugs (such as prostaglandin E1, alprosta-
dil, papaverine). Certain authors use oral intake of sil-
denafil, a combination of oral drugs and intracaverno-
sal injection or a transurethral injection (e.g. transure-
thral alprostadil: less effective and less reliable in com-
parison with intracavernous alprostadil; Ahn et al.
2004). The most often used drug is prostaglandin E1 in-
tracavernosally.

After pharmacological induction of erection, the ca-
vernosal artery (right and/or left) will be interrogated.
The diameter of this artery is no longer routinely used
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by several authors as the correlation with the peak sys-
tolic velocity (PSV) or with the clinical grading of the
erection is weak. Spectral waveforms are obtained
from the cavernosal artery which will show typical fea-
tures in a certain time course. Early in tumescence
there will be an increase of the systolic and diastolic
flow which will then decrease and eventually there will
be reversal of the diastolic flow as veno-occlusion oc-
curs. A PSV of 35 cm/s or greater is diagnostic of a suf-
ficient arterial inflow, while a PSV of 25 cm/s or less in-
dicates arterial insufficiency. A venous leak or venoge-
nic impotence is diagnosed if the end diastolic velocity
(EDV) is greater than 5 cm/s, provided that the arterial
inflow is sufficient. Abnormal draining veins may be
present but are not necessary for the diagnosis (Wil-
kins et al. 2003).

The intermediate values are not specific. Research
however has shown that the cavernosal arteries give

a b

Fig. II.3.36a–c. Varicocele. Lon-
gitudinal US (a, b) of the scro-
tum demonstrates multiple
curved hypoechoic tubular
structures: dilated veins of the
pampiniform plexus. With de-
dicatedequipment flowcan
beobserved inB-mode.Longi-
tudinal US with duplex Dopp-
ler (c). The spectral waveform
indicates normal forward flow
in rest and reversal of the flow
at the initiation of the Valsalva
manoeuvre. Continuous re-
versed flow during the Valsal-
va manoeuvre

c

rise to the capillary arteries (nutrient vessels for the
corpus cavernosum) and the helicine arteries, which
connect directly to the cavernous sinusoids. Power
Doppler is needed to visualize these small arteries and
the same haemodynamic variables have been studied
in different patient groups (Sakamoto et al. 2002).
Three-dimensional representation of the arterial sup-
ply has been described by some authors but the benefit
for diagnosis and therapy remains questionable.

Varicocele (Figs. II.3.36, II.3.37)

Varicocele is a very common finding and can be seen in
20–40% of infertile men. Colour Doppler US is a very
reliable test for detecting nonpalpable reflux (probably
the only significant subclinical varicocele) or for con-
firming questionable reflux at clinical examination.
This will be further discussed in the next chapter.
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Fig. II.3.37. Intratesticular varicocele. Upper left
image: longitudinal US demonstrates multiple hy-
poechoic ovoid lesions in the periphery of the tes-
ticle as well as in the testicular parenchyma.
Upper right image: longitudinal US with power
Doppler during the Valsalva manoeuvre shows
that all these ovoid lesions are consistent with
vascular structures. Lower left image: cyst-like le-
sions throughout the testicle. Lower right image:
US with power Doppler confirms flow in all cyst-
like lesions. This is consistent with an intratesti-
cular varicocele

Tumours

Doppler will be used in the evaluation of tumours of the
male genital tract, mainly to differentiate between a
nontumorous mass lesion (such as a haematoma) and a
tumour, by demonstrating the presence of vessels in a
tumour. Such sophisticated techniques will not help to
differentiate between a benign and a malignant tu-
mour, to further differentiate between the different
types of tumours and nor will they help to indicate the
grade of malignancy of a tumour.

Guidance for Sperm Retrieval

Instead of performing random biopsy samples for tes-
ticular sperm extraction (TESE) in preparation for as-
sisted reproduction, some authors have suggested that
sperm quality and quantity depend on tissue perfusion
within the testicle. Therefore, they propose that testicu-
lar biopsy samples should be taken from areas with
high perfusion, which can be demonstrated by using
power Doppler (with or without 3D mapping) (Har-
Toov et al. 2004) or contrast-enhanced US with a laser
Doppler scanner (Herwig et al. 2004). These techniques
may reduce the number of biopsies, improve the out-
come and have the potential to reduce testicular dam-
age (Har-Toov et al. 2004).

II.3.7.3
MRI (Magnetic Resonance Imaging)

II.3.7.3.1

Technique

An MRI system is basically a large magnet in which the
patient is installed. The human body consists largely of
water molecules (two atoms of hydrogen joined to one
atom of oxygen – H2O). Hydrogen atoms consist of out-
er shells of one negatively charged particle (electron)
buzzing around and a nucleus with a positive charge.
These nuclei behave like small magnets and when
placed in the powerful magnetic field of the MR system,
about half line up in the direction of the magnetic field
and about half line up in the opposite direction. After
sending in a radio wave, the orientation of these tiny
magnets can be changed, to resonate absorbing energy
at a resonance frequency that depends directly on the
strength of the magnetic field. The resulting magnetic
signal can be detected and decoded by the computer in-
to a 2D image. MRI enables scanning of the body or
parts of it noninvasively in any spatial plane.

Pacemakers and certain metals are incompatible
with MR.
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II.3.7.3.2

Clinical Indications

Hypothalamo–Pituitary Axis

The method of choice for visualizing the hypothalamo–
pituitary axis is MRI (Rhoden et al. 2003).

Penis and Scrotal Contents

Imaging of the penis can be done with or without the
intracavernosal administration of prostaglandin E1.
MRI of the penis and scrotal contents is in almost all

Table II.3.10. MR indications

Malignant tumour Benign mass Trauma Vascular
disorders

Follow-up after
treatment

Penis
(Pretorius,2001)

Squamous cell carcinoma
Sarcoma
– Epitheloid sarcoma
– Kaposi sarcoma
– Leiomyosarcoma
– Rhabdomyosarcoma
Penile metastases
– Primary malignancies

genitourinary tract
– Colon
– Stomach
– Esophagus
– Pancreas

Cowper duct
Syringocele
Periurethral abscess
Partial cavernosal

thrombosis
Peyronie’s disease

– Penile
fracture

– Tears of
tunica al-
buginea

– Posterior
urethral
injury

Arteriogenic
impotence
(large ves-
sels)

After partial or
total penecto-
my
– Tumor recur-

rence
– Postsurgical

findings
– Complica-

tions of sur-
gery

– Penile pros-
theses

Testicle Germ cell tumors
– Seminomas
– Nonseminomatous

tumors
– Embryonal carcinoma
– Yolk sac tumor
– Choriocarcinoma
– Teratoma
Mixed germ cell tumor

Sertoli cell tumor
Leydig cell tumor
90% benign

Intratesticular cyst
Epidermoid cyst
Congenital adrenal
hyperplasia
Sarcoidosis

Testicular
fracture

(segmental)
testicular
infarction

a b

Fig. II.3.38a, b. Utricular cyst – MRI. Sagittal T2-weighted image (a) demonstrates a well-defined hyperintense lesion at the mid-
line, just posterior to the prostatic urethra. Axial T2-weighted MR (b) shows a rounded hyperintense lesion at the midline near
the base of the prostate

instances performed after an initial inconclusive evalu-
ation using US with or without Doppler. Intravenous
administration of contrast may be indicated to further
evaluate the scrotal and penile abnormalities. The MR
indications are listed in Table II.3.10.

Obstructive Azoospermia (Figs. II.3.38, II.3.39)

Endorectal MRI of the prostate and ejaculatory com-
plex can be performed and provides high-resolution
images. Again MRI is indicated as a problem-solving
technique only.
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Fig. II.3.39. Cystic seminal
vesicles – MRI. Axial T2-
weighted image shows cys-
tically dilated seminal vesi-
cles and dilatation of the
ejaculatory duct bilaterally,
indicating a more distal ob-
struction

II.3.7.4
PET (Positron Emission Tomography)

II.3.7.4.1

Technique

PET is a functional imaging modality that studies spe-
cific biochemical processes noninvasively (e.g. glucose
metabolism). Many types of malignant tumours have
an accelerated rate of glycolysis when compared to
normal tissue and, therefore, today PET is mainly used
in the field of oncology. The most commonly used ra-
diotracer is the glucose analogue 2-deoxy-2 [18F]fluo-
ro-D-glucose (FDG). FDG is preferentially taken up by
tumour cells after intravenous injection and phos-
phorylated by hexokinase to FDG-6-PO4. FDG-6-PO4

cannot be further metabolized in the glycolytic path-
way, in contrast to glucose-6-PO4, and remains trapped
intracellularly. Larger amounts of FDG-6-PO4 are
stored in malignant cells in comparison to the normal
surrounding tissues and this can be displayed as in-
creased activity that delineates the hypermetabolic tu-
mour.

II.3.7.4.2

Clinical Indications

Testicular Cancer

In urologic oncology FDG PET has been most widely
studied for the staging and follow-up of seminomatous
and nonseminomatous germ cell tumours of the testi-
cle. For staging purposes, there is still some disagree-
ment, in that some studies will indicate a higher sensi-
tivity and specificity for PET in comparison to CT,
whereas others cannot demonstrate a significant differ-
ence between these two imaging modalities. The two

main disadvantages are that PET is unable to detect
metastatic lesions less than 5 mm in diameter (whereas
CT is able to) and that PET has a low sensitivity to de-
tect mature teratoma (Shvarts et al. 2002; Spermon et
al. 2002). Further studies are required to evaluate the
possible utility in this area.

On the other hand, PET has proven its value in the
assessment of residual mass after chemotherapy. This
is the only imaging modality that enables differentia-
tion between viable tumour and fibrosis (De Santis et
al. 2004). PET needs to be done 2 weeks after chemo-
therapy however, because of false-negative findings
due to early suppression of metabolic activity immedi-
ately after chemotherapy and false-positive findings
due to increased macrophage activity in absorption of
necrotic tissue, respectively (Shvarts et al. 2002). PET
also has the ability to predict the response to chemo-
therapy in patients with metastatic germ cell tumours
after their induction chemotherapy and before the start
of salvage chemotherapy. PET may also be possibly
beneficial in monitoring therapy response, with a posi-
tive response indicated by a decrease in FDG uptake.
When tumour markers increase, PET is able to identify
the place of tumour recurrence sooner in comparison
to CT.

Prostate Cancer

Overall the results are much less promising for FDG
PET in the evaluation of prostate cancer because of the
significant overlap between prostate cancer and benign
prostate hypertrophy and the inability of FDG PET to
differentiate between postoperative scar and local tu-
mour recurrence (Shvarts et al. 2002; Hain and Maisey
2003). Also there seems to be no correlation between
FDG uptake and tumour grading (Gleason grade) in

II.3.7 Technical Investigations Including Imaging Procedures: Doppler, MRI, PET, Echo for Tumours 441

II.3



contrast to other tumours. FDG PET is also less sensi-
tive than a conventional bone scan in the evaluation of
bone metastases (Hain and Maisey 2003).

More recent studies focus on using other tracers
such as [11C]methionine, [11C]choline, [18F]-labelled
choline and [11C]acetate to improve the results of PET
and they seem to be more promising.

II.3.7.5
Emergencies in Andrology

II.3.7.5.1

Testicular Torsion (Figs. II.3.40, II.3.41)

US in combination with Doppler is the modality of
choice for evaluating testicular torsion (Pavlica and
Barozzi 2001). Grey-scale US can vary from a normal

a

b

Fig. II.3.40a–c. Testicular tor-
sion. Transverse US (a) dem-
onstrates the normal left tes-
ticle with a homogeneous
appearance. The right testi-
cle is enlarged and is hetero-
geneous. Longitudinal US
(b) showing the enlarged
heterogeneously right testi-
cle and the thickening of the
adjacent portion of the sper-
matic cord

appearance to a very oedematous and heterogenic ap-
pearance consistent with a recent onset versus a more
advanced stage. The absence of flow demonstrated by
colour and/or power Doppler is the key criterion for
this diagnosis. The diagnosis can be more challenging
in cases of partial or incomplete torsion. In these pa-
tients arterial flow can still be detected and even reac-
tive hyperaemia may be seen, but the resistive index
will show an increase and there may be inversion of the
diastolic flow (Pavlica and Barozzi 2001).

II.3.7.5.2

Priapism (Fig. II.3.42)

In priapism Colour Doppler is indicated to differentiate
between high-flow and low-flow priapism.
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c

Fig. II.3.40. (Cont.) Transverse
US view (c) of the proximal
portion of the spermatic
cord which is oedematous
(swollen and hyperechoic
fat) and twisted

a b

c d

Fig. II.3.42a–h. Partial pria-
pism. Sagittal T2-weighted
image (a) demonstrates the
normal hyperintense aspect
of the corpus cavernosum
distally in the erect penis.
Proximally in the right cor-
pus cavernosum however,
there is a well-delineated ar-
ea with heterogeneous hypo-
intense signal. Axial (b) and
coronal (c, d) T2-weighted
image shows hyperintense
signal in the left corpus ca-
vernosum and the corpus
spongiosum

Fig. II.3.41. Testicular torsion. “Swirling sign”
of the spermatic cord: typical of intravaginal
testicular torsion
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Fig. II.3.42. (Cont.) The right
corpus cavernosum has a
heterogeneous hypointense
signal near the base and is
widened compared to the
normal left side. Axial (e)
and sagittal (f, g) T1-weight-
ed image shows the promi-
nent aspect of the corpus ca-
vernosum at the base; this
area also demonstrates a
slightly heterogeneous ap-
pearance in comparison with
the normal hyperintense sig-
nal distally. With US (h), the
swelling and mass in the
base of the corpus caverno-
sum is well appreciated

h

II.3.7.5.3

Testicular Trauma (Figs. II.3.43, II.3.44)

Testicular US is the imaging technique of choice and is
able to discern between scrotal hematoma, haemato-
cele, testicular haematoma and testicular rupture (dis-
continuation of the tunica albuginea) (Pavlica and
Barozzi 2001). In the acute phase a haematoma will

appear hyperechogenic, but the echogenicity changes
rapidly as a function of the organization and liquefac-
tion of the blood clot.

II.3.7.5.4

Penile Fracture

Penile fracture is most often the result of vigorous sex-
ual intercourse. Patients will present with acute pain,
swelling and sudden loss of erection. US can demon-
strate a haematoma (due to rupture of a superficial ves-
sel or due to a tunica albuginea defect) and document
the tunica albuginea defect itself. The tunica albuginea
is visible as a hyperechogenic line on US and the defect
presents as an interruption of this line.

The same findings (haematoma and defect in the tu-
nica albuginea) can be visualized on MR.
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Fig. II.3.43. Testicular trauma. Motorcycle accident. Longitudi-
nal US shows a well-delineated heterogeneous area in the left
testicle, consistent with a haematoma. The tunica albuginea is
ruptured. Haematocele

Fig. II.3.45. Spermatocele.
Longitudinal and transverse
US shows a sharply demar-
cated, rounded structure ad-
jacent to the upper pole of
the testicle. This structure is
hypoechoic with multiple in-
ternal reflections and a fluid
level: this sediment has set-
tled at the depending por-
tion of the spermatocele

II.3.7.6
Tumours

II.3.7.6.1

Epididymal Cysts (Fig. II.3.45)

Epididymal cysts are very common lesions and have
been reported in as many as 70% of men who undergo
US (Oyen 2002). They are most often found in the head
and appear as asonant well-defined lesions. They can
be single or multiple and vary from very small to large.

II.3.7.6.2

Epididymal Tumours

In contrast to the epididymal cyst, solid lesions of the
epididymis are rare. The most common tumour is the
adenomatoid tumour, which is benign and originates
most often in the tail. A sperm granuloma can be seen
in patients after vasectomy.

Fig. II.3.44. Testicular trauma. Football trauma. Longitudinal
US. The right testicle is no longer well delineated by a hyper-
echogenic line (tunica albuginea) and appears very heterogenic
consistent with laceration of the testicle and disruption of the
tunica albuginea, and with intra- and peritesticular haematoma

II.3.7.6.3

Testicular Cancer

See “Testicular Microlithiasis”.

II.3.7.6.4

Penile Cancer

Most primary malignant tumours of the penis are
squamous cell carcinoma. Physical examination cannot
always determine the presence or absence of cavernosal
invasion. In these instances US and/or MRI with or
without artificial erection and/or intravenous contrast
administration can be done. MRI is the most sensitive
method (Scardino et al. 2004), but will have some false-
positive results (Lont et al. 2003).
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II.3.8 Technical Investigations Including Imaging
Procedures: Colour Flow Doppler and Thermography for
the Detection of Reflux in Varicocele
Y. Gat, M. Gornish

Based on our recent findings and on flow mechanics
analysis of the impaired testicular venous drainage
system, the following statements can be made:

1. Varicocele is predominantly a bilateral venous
disease.

2. Internal spermatic veins with incompetent
valves are associated with retroperitoneal col-
laterals and small bypasses.

3. Right varicocele exists in 86% of infertile
men with varicocele.

4. In 92% of these patients it is impossible to
produce back flow even by the Valsalva ma-
noeuvre, since the right ISV inserts directly
into the inferior vena cava.

5. Fluid mechanics analysis, supported by ve-
nographies, clearly proves that ISV back flow
cannot be evoked on the right side, so right
varicocele cannot be detected by palpation.

6. Only in 8% of patients, whose right ISV in-
serts into the right renal vein (a mirror image
of the left side), can reflux be produced by the
Valsalva manoeuvre. In these cases only, right
varicocele can be detected by palpation.

7. Thermography, based on conductivity of the
heat and not on blood flow, is an effective
screening tool for detecting right varicocele
and, combined with ultrasonography, yields
the best results.

8. Small and impalpable veins have the same
detrimental effect as large veins since the ele-
vated hydrostatic pressure, which causes hy-
poxia in the testicular microcirculation, de-
pends on the height of the blood column and
not on its diameter.

9. Left high ligation is incomplete treatment
since it ignores right-side involvement and
venous collaterals and bypasses.

10. Adequate treatment is achieved by transvenous
embolization or by microsurgery, both of which
successfully occlude the ISV, including the as-
sociated network of bypasses. These treatments
allow the return of normal, oxygenated blood
flow to the testicular microcirculation, seminif-
erous tubules, Sertoli cells and Leydig cells and
in significant numbers restore fertility.

Summary II.3.8.1
Introduction on the Bilaterality of the Disease

Varicocele is a bilateral vascular disease involving a
network of collaterals and small, retroperitoneal by-
passes. The right and the left testicular venous drainage
systems are complex and not identical to each other. In
order to detect varicocele in the right side, one needs
more than simple physical examination. It is important
to understand the hydraulic systems involved in the
testicular blood supply and drainage system, using the
tools of physics, hydraulics, flow mechanics and mate-
rial strength.

Recent data have demonstrated that varicocele is a
bilateral disease (Gat et al. 2004a). Studies have shown
that physical examination may miss the diagnosis of bi-
lateral varicocele in 92% of cases (Gat et al. 2004b).

There is a misunderstanding among clinicians that
varicocele is a left-sided disease and this has led to mis-
diagnosis and partial treatment (of the left side only
and ignoring hidden venous bypasses), which is not
adequate to correct the problem.

The reason why right varicocele cannot be diagnosed
by palpation lies in the anatomy of the right internal
spermatic vein (ISV), which is different from that of the
left ISV. On the left, when the Valsalva manoeuvre is per-
formed the elevated pressure results in increasing pres-
sure in the renal vein. Since the pressures of the left renal
vein and the left spermatic vein are close, the pressure in
the left renal vein then exceeds the pressure in the left
ISV. As blood flows from high to low pressures, the ve-
nous blood in the left renal vein now flows in two direc-
tions: in the usual one to the inferior vena cava (IVC)
and back flow to the left ISV. The clinician can feel the
retrograde flow by palpation, while the reflux of blood
dilates the ISV and the pampiniform plexus.

On the right, the hydraulic mechanism is completely
different. The pressure in the right ISV is around
10 mmHg. The pressure in the IVC is on average
0 mmHg (from –5 to +5 mmHg). The patient cannot
raise the hydrostatic pressure in the IVC above the pres-
sure in the right ISV, a fact that can be clearly seen on
venography.

Since the flow is always from high to low pressure,
blood cannot flow back from the inferior vena cava to
the right ISV (as needed to produce back flow). If ele-
vated pressures were maintained in the IVC, it would
cause the patient to faint.
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Thus, back flow cannot be produced in the right ISV
even with the use of the Valsalva manoeuvre. There-
fore, palpation of the right testis is not a reliable diag-
nostic test. Only in 5–8% of cases (where the right ISV
inserts into the right renal vein, the mirror image of the
left side) will the Valsalva manoeuvre yield back flow
and palpation of the spermatic veins be used to diag-
nose right varicocele. In our recent study we demon-
strated that palpation misses 92% of right varicocele
cases. For this reason varicocele was diagnosed primar-
ily as a left-sided disease for many decades in the medi-
cal literature.

Physical examination may have high sensitivity for
varicocele on the left, but not on the right. Additional
modalities should be applied for patients in whom vari-
cocele is suspected clinically.

An effective, noninvasive method is thermography
(Varicoscreen®) of the scrotum. This diagnostic tool
for varicocele was first developed and evaluated by
Comhaire et al. (1976).

From a physics point of view this tool demonstrates
transfer of the heat within fluid (blood), and it does not
depend on back flow of the fluid. When the one-way
valves in the right ISV have been damaged or malfunc-
tion and there is stagnation of the blood, the high tem-
perature of the blood in the abdominal portion of the
ISV (at 37°C) is transferred downstream towards the
right testis by convection of fluid particles. Therefore,
thermography is able to detect varicocele without back
flow since the incompetent valves in the ISV enable the
free transfer of heat by conductivity.

The discussion of these methods is based on studies
showing a significant elevation in intratesticular and
scrotal skin surface temperatures in patients with vari-
cocele, and a temperature difference of 0.5°C to 3.0°C
between hyperthermal hemiscrotums and the healthy
contralateral side (Goldstein and Eid 1989).

Hamm et al. (1986) reported a sensitivity of 98.3%,
a specificity of 100% and an accuracy of 98.4% for ther-
mography. They suggested that thermography is the
most sensitive and reliable method for detecting vari-
cocele, and that it permits rapid, simple and noninva-
sive diagnosis of even subclinical varicocele. Trum et al.
(1996) noted a 97% sensitivity for Varicoscreen ther-
mography in 63 patients (95% confidence interval, CI,
0.83–1.0). Another study (Pochaczevsky et al. 1986) re-
ported agreement between thermography and sper-
matic venography findings in 15 out of 17 cases. These
rates correspond to our thermography results of 98.9%
sensitivity, 98.5% accuracy and 100% positive predic-
tive value (PPV) for left-sided varicocele, and 95.6%,
94.9% and 98%, respectively, for right-sided varicocele
(Gat et al. 2004b). On the left side, there were two false-
negatives and one false positive; on the right side, there
were seven false-negatives and three false-positives. In
our recent study (Gat et al. 2004c), contact scrotal ther-

mography had the highest sensitivity and accuracy of
the noninvasive methods for detecting varicocele.

II.3.8.2
How to Use Contact Scrotal Thermograph

Contact thermography is performed with the patient
upright and undressed, after remaining for 5 min at
room temperature of not less than 22°C, as described by
Comhaire et al. (1976). The penis is taped to the ab-
dominal wall and the genital region is exposed. The in-
vestigator then brings the scrotum forward with both
hands to apply the Varicoscreen, a flexible liquid crys-
tal thermostrip film. The screen scale ranges from
31.3°C to 35.3°C, with a colour change every 0.8°C. In
the healthy male, the temperature of the scrotal skin is
symmetrically distributed and does not exceed 32.5°C,
corresponding to a brown or reddish colour.

In men with varicocele or retrograde flow, the tem-
perature is higher than in controls and the colour
changes to dark green, violet or blue; the last two are di-
agnostic. We also compared scrotal temperature distri-
bution patterns of the two sides, and the intensity and
extension of the hyperthermia in the standing position
and during the Valsalva manoeuvre. A temperature dif-
ferential of 0.8°C or more, encompassing at least 25%
of the area of one hemiscrotum, is considered indica-
tive of varicocele. Bilateral varicocele can be suspected
if the entire scrotum is warmer than the anterior thigh.
Using this method, the accuracy and sensitivity of con-
tact scrotal thermography as a diagnostic screening
tool of varicocele is extremely high and actually the
best noninvasive modality in comparison with the
“gold standard” invasive tool of venography, as demon-
strated by Comhaire et al. (1981) and further supported
by studies with adolescent patients (Gat et al. 2003) and
adults (Gat et al. 2004a).

II.3.8.2.1

Colour Flow Doppler Ultrasonography

Doppler ultrasound has also been shown to be accurate
for the diagnosis of clinical and subclinical varicocele
(McClure and Hricak 1986; Petros et al. 1991; Eskew et
al. 1993; Hoekstra and Witt 1995; Chiou et al. 1997). Not
only does it measure the diameter of the ISV and pam-
piniform plexus, it also detects the presence of retro-
grade venous flow, which is the apparent mechanism by
which varicocele produces a pathological effect on
spermatogenesis. Moreover, ultrasound has the advan-
tage of detecting the presence of testicular abnormali-
ties such as testicular masses, torsion, spermatocele,
epididymal lesions and hydrocele. However, its diag-
nostic criteria for varicocele are poorly defined and
vary among different investigators. We used those rec-
ommended by Chiou et al. (1997); namely, detection of
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2 to 3 venous channels of more than 3 mm in diameter
and reflux during the Valsalva manoeuvre for 1 s or
more. Eskew et al. (1993) reported a sensitivity of 85%
for scrotal ultrasound detection of subclinical varico-
cele. One study (Petros et al. 1991) reported a 93% de-
tection rate of subclinical varicocele using venogra-
phy as the gold standard, and another (Chiou et al.
1997) found a sensitivity of 93% and a specificity of
85% compared to physical examination. These find-
ings correspond to our results (Gat et al. 2004c) for
colour Doppler ultrasound: for left varicocele, 98%
sensitivity, 97.9% accuracy and 98.4% PPV; for right
varicocele, 77.3% sensitivity, 71.8% accuracy and
86.6% PPV. On the left side, there were 2 false-nega-
tives and 2 false-positives, and on the right side, there
were 36 false-negatives and 19 false-positives when ve-
nography was used as the standard. We noted a good
correlation between colour Doppler ultrasound and
thermography and venography, with ultrasound be-
ing a more objective assessment than physical exami-
nation. When the results of ultrasound Doppler and
thermography were equivocal, venography was used
as the reference standard. The anatomical differences
between the right and the left side can explain the low
sensitivity, accuracy and PPV on the right side com-
pared to the left. Therefore, the preferred strategy is to
evaluate all patients with infertility by ultrasound
Doppler and thermography in order to detect bilateral
varicocele.

II.3.8.2.2

How to Use Ultrasound Doppler

Ultrasound Doppler is performed with an up-to-date
imager, such as ATL HDI 3000 or 5000 unit, using a
10 MHz multifrequency linear transducer. Machine set-
tings are adjusted to optimize the detection of blood
flow.

The examination is done with the patient in the su-
pine position with his scrotum supported by a towel
placed over his upper thighs. The penis is placed on the
abdomen and covered with a drape for minimal expo-
sure of the patient and maximal access for the physi-
cian. Since the detrimental effects of varicocele exist
only in upright or sitting position and there is no ad-
verse effect in horizontal position, there is no use in ex-
amining the patient horizontally. The best way to de-
tect and evaluate varicocele – which yields the highest
accuracy and sensitivity compared to venography, es-
pecially on the right side – is while standing (Gat et al.
2004b).

Each side of the scrotum is scanned from the level of
the testicular hilus to the neck of the scrotum in longi-
tudinal and transverse sections, and the scrotal septum
is examined in the transverse plane. Vascular channels
in the spermatic cord are noted, and vessel diameters

are measured by electronic callipers. The presence of
testicular abnormalities, spermatocele, epididymal le-
sions and hydrocele is recorded. The patient is then
asked to stand upright for 5 min, and the examination
is repeated. The Valsalva manoeuvre is used in the su-
pine and upright positions. The maximum diameter of
the scrotal veins is recorded, and the appearance of the
venous pampiniform plexus is noted. The flow velocity
of the main vein is measured before and after the Val-
salva manoeuvre.

The sonographic diagnosis of varicocele is based on
the detection of two to three venous channels, one of
which measures >3 mm in diameter, and reflux during
the Valsalva manoeuvre. Patients without reflux or with
Valsalva-induced reflux for <1 s are considered nor-
mal; patients with reflux for >1 s are considered to have
varicocele.

II.3.8.2.3

Contact Scrotal Thermography Combined with Colour

Doppler Ultrasonography

When contact scrotal thermography is combined with
colour Doppler ultrasound, the sensitivity, specificity,
accuracy and PPV for left varicocele are 100%, 33.3%,
99.0% and 98.9%, respectively; for right varicocele,
97.4%, 58.3%, 90.3% and 91.1%, respectively (Gat et
al. 2004c). These results support the claim that com-
bined thermography and colour Doppler ultrasound is
the most sensitive strategy for the diagnosis of varico-
cele (Netto et al. 1984; Hamm et al. 1986). However,
based on the presented sensitivities and specificities
and accuracy of each diagnostic modality, compared to
the standard of venography, it appears that thermogra-
phy is the best single test.

II.3.8.3
Medical Importance of the Complete and
Accurate Diagnosis of Varicocele

Recent editorial comments by Nagler (2004) are in con-
flict with our anatomic and physical findings. However,
three major issues need to be addressed in confronting
Nagler’s comments. First, is there a relationship be-
tween varicocele and male infertility? Second, is sub-
clinical varicocele relevant to male infertility, and does
it requires treatment? Third, what is the best diagnostic
test for varicocele if there is an indication to treat?

These issues have serious implications in the treat-
ment of infertile males and since the missed diagnosis
of right varicocele by palpation has led to these ques-
tions and doubts, they demand proper explanation in
this chapter.
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II.3.8.4
Is There a Relationship Between Varicocele
and Male Infertility?

The assertion that varicocele does not relate to male in-
fertility is supported by the comprehensive meta-anal-
ysis of seven prospective randomized studies conduct-
ed in the last two decades, which concluded that “vari-
cocele repair does not seem to be an effective treatment
for male subfertility” (Evers and Collins 2003). This is
further supported by a comprehensive analysis pre-
sented in Cochrane Database Systems Review 2004
(Evers and Collins 2004), where the reviewers conclud-
ed that the result of eight controlled prospective ran-
domized studies indicated “no benefit of varicocele
treatment over expectant management in subfertile
couples in whom varicocele in the man is the only ab-
normal finding”.

The results of these multicentre data analyses are not
surprising since, according to the usual practice, the
vast majority of patients in these studies were treated
on the left side only. Until now, the bilaterality of vari-
cocele has gone largely unrecognized and the network
of venous bypasses and collaterals is undetected at high
ligation. Thus, they were either not treated, or only par-
tially treated. We have estimated that only some 20% of
the patients in these studies on which those conclu-
sions are based were adequately treated. These include
patients who did not have right varicocele; those whose
varicocele was not associated with collaterals and ve-
nous bypasses or those who did not have significant in-
ter-testicular venous connections. The remaining 80%
were only partially treated and showed either no im-
provement or merely transient improvement in fertili-
ty. When partial treatment (left high ligation – occlu-
sion of the main ISV) alone is performed, the remain-
ing collateral veins will enlarge to accept a greater vol-
ume of blood, in accordance with a simple law of flow
mechanics regarding hydrodynamic equilibrium in the
drainage system of elastic vessels. That eventually re-
sults in what we call “survived”, or “secondary” varico-
cele (mistakenly called “recurrent varicocele” in the
medical literature).

Another aspect that raises doubts about the meta-
analysis is that it included studies concluding that
treatment of varicocele or consultation only yielded the
same results. This absurd statement can exist only
when you treat the patient and you think that you treat,
but actually you do not, because the medical procedure
is not adequate. Extensive studies on patients suffering
from azoospermia or extremely severe oligoasthenote-
ratozoospermia (OAT) (concentration less than
1.0 million/ml), treated mainly bilaterally with micro-
surgery or embolization, showed significant improve-
ment in spermatogenesis (60%) and achievement of
pregnancies (30%) (Matthews et al. 1998; Pasqualotto

et al. 2004; Gat et al. 2005a). It is clear that patients with
azoospermia or extremely severe OAT, per definition,
cannot achieve spontaneous pregnancy without treat-
ment. It means that the patients selected for the studies
in the meta-analysis did not include severe cases, which
are about 30–40% in the population of male infertility,
and/or the treatment was not complete as mentioned
above. To state that treatment of a disease and no treat-
ment have the same results means that either there is
“no disease” or the “treatment” is not the required
complete treatment.

Our conclusion is that the proper interpretation of
these two comprehensive meta-analyses should state
that inadequate treatment techniques carried out in
these studies for varicocele repair indeed do not im-
prove fertility in affected males. The fundamental error
in this approach to varicocele treatment stems from ig-
noring the pathophysiologic role of hydrostatic pres-
sure, and its effects on both sides.

II.3.8.5
Is Subclinical Varicocele Relevant to Male
Infertility and Does it Require Treatment?

We maintain that varicocele is indeed the main cause of
male infertility. The poor results of inadequate treat-
ment have led those working in the field to ignore the
pathophysiologic connection between the cause of var-
icocele (hydrostatic pressure and hypoxia) and its ulti-
mate effect on sperm production.

As we have stated above it is the small veins that do
significantly contribute to the problem of high hydro-
static pressure that causes hypoxia (Gat et al 2005b) in
the microcirculatory system of the testes, which make
its proper treatment more complex than the solution
provided by the simple traditional surgical techniques.

The hydrostatic pressures can be estimated accord-
ing to Eq. 1, which determines pressure as a function of
the fluid column height derived from Pascal’s law
(Streeter 1971, p 31):

P = h * ”

Where P is hydrostatic pressure, h is height of the fluid
column and ” is density.

Each 1.0 cm of blood column contributes
0.77 mmHg to the total pressure (Ganong 1999).

According to Eq. 1, the hydrostatic pressure, creat-
ed by destruction of the one-way valves in the testicu-
lar venous drainage system, depends primarily on the
height of the vessels and the density of the blood. The
pressure transmitted through the ISV does not de-
pend on the diameter or geometry of the veins. Small
veins, which may not be palpable by the fingers of the
best clinician, can be as effective in transmitting these
elevated pressures to the pampiniform plexus. Re-
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gardless of whether the vessels are palpable or not, the
very existence of blood vessels without competent
one-way valves that produce 40 cm of blood column
causes elevated hydrostatic pressure (Streeter 1971).
This pressure leads to stagnation of blood flow in the
microcirculatory system and hypoxia in the testicular
tissues (Chakraborty et al. 1985). Hypoxia will cause
tissue damage and progressive deterioration of
sperm production resulting in infertility (Matthews
et al. 1998; Cozzolino and Lipshultz 2001; Gat et al.
2005a).

II.3.8.6
Is Ultrasonography a Better Diagnostic Tool
Because Venography is Subject to Technical
Variations?

Venography shows, in real time, the direction of blood
flow in the spermatic veins and, when performed using
manual injections with a tilt-table apparatus, one can
demonstrate the residual traces of incompetent or
damaged valves, partially or intermittently competent
valves, and the collaterals and venous bypasses associ-
ated with varicocele. The imaging achieved with ultra-
sonography may provide certain additional informa-
tion about blood flow in the testis, but cannot address
the anatomy of the retroperitoneal ISV system. More
important to our discussion of right-sided reflux, since
the flow in the IVC cannot be reversed from the IVC in-
to the right ISV (study to be published), ultrasonogra-
phy cannot detect reflux easily on the right side. Imag-
ing using colour flow Doppler has a minimal resolution
threshold of flow. It is difficult to detect small amounts
of reflux in the right system, even for an experienced
ultrasonographer.

A simple, sensitive and easy to use detector for
screening right varicocele is contact thermography
(Comhaire et al. 1976; Kunnen and Comhaire 1992; Gat
et al. 2004b). Contact thermography is based on the
conductivity of the heat transferred from the abdomi-
nal level of the right spermatic vein downstream to the
level of the pampiniform plexus where the patient is be-
ing examined. It does not depend on blood flow. Since
it is impossible to produce back flow in the right side
(reflux) by venography, higher sensitivity and accuracy
are achieved by thermography.

II.3.8.7
Why Right Varicocele Could Not be Detected

On the left side, retrograde flow in ISV is obtained dur-
ing a Valsalva maneuver-induced compression of the
renal vein. The slight reduction in volume then results
in a pressure rise in the renal vein, which is sufficient to
cause back-flow in the left ISV.

On the right side, it is impossible to detect varicocele
effectively on physical examination, since it is impossi-
ble to produce back-flow by Valsalva manoeuvre in
92% of the cases where the internal spermatic veins
(ISV) are inserted to the inferior vena cava (IVC). This
can be explained at three levels:

A. From the physiologic flow point of view: (1) All in-
terconnected veins to the IVC must flow to the IVC in
order to maintain continuous flow to the heart. That is
why the pressure in the IVC is the lowest in the venous
system. (2) If the patient could produce back-flow by
Valsalva manoeuvre in the right ISV, the blood flow in
the IVC would have to be reversed, resulting in syn-
cope.

B. From the hydrodynamic point of view: The pres-
sure difference between IVC (–5 to +5 mmHg) and the
ISV (10–12 mmHg) is too high to allow reversal of the
pressure gradient in order to produce back-flow for the
detection of right varicocele.

C. From the observational point of view: While per-
forming venographies, patients fail to produce back-
flow by Valsalva manoeuvre except in those cases where
the right ISV is inserted to the right renal vein (8%).

As explained, in 92% of patients (in whom the ISV
enters the IVC) back-flow cannot be elicited. As a re-
sult, the diagnosis of the right side was missed and
therefore the right side was not treated (Gat 2005b).

II.3.8.8
Goren-Gat Technique for Detection and
Treatment of Right and Left Varicocele

The goal of treatment is the identification and occlu-
sion of the abnormal ISV (right and left) and all of its
associated collateral veins. These retroperitoneal col-
laterals, if not treated, will allow the backflow of blood
to continue by way of venous bypasses, and perpetuate
the detrimental effects of the varicocele (Fig. II.3.46.1).

Access is gained to the inferior vena cava by way of
the right common femoral vein, with a protective 6.5F
(3 mm) sheath placed at the entry site until the proce-
dure is completed. The guiding catheter is positioned in
the left renal vein, over the vertebral bodies. The left
side is usually treated first. For the right ISV, the origi-
nal guiding catheter is replaced by a “shepherd’s
hook”-shaped catheter which is positioned in the infe-
rior vena cava, above the orifice of the right renal vein.
On both sides, a 3F superselective catheter with hydro-
philic tip is advanced through the guiding catheter and
will either enter the orifice of the ISV directly, or, if
there is a competent upper valve, will lodge in the valve.
If this occurs (in ~20% of the cases), the patient is
placed in 10-15 deg Trendelenburg and, using a series
of deep inspirations following Valsalva manoeuvre, the
valve can usually be passed. In most cases, after passing
the upper valve, the catheter will advance retrograde in
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Bypasses
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Fig. II.3.46. Right varicocele
with associated network of
bypasses and retroperitoneal
collaterals. The right internal
spermatic vein (ISV) inserts
into the inferior vena cava
(IVC). One-way valves are
absent. The venous bypasses
lack valves. Back-flow (re-
flux) is seen during fluoros-
copy as contrast material
flows freely downstream
from point (IVC) towards
the testes. The vertical
height of the blood column
from point (IVC) to the
pampiniform plexus is about
35 cm. It exerts a hydrostatic
pressure of 27 mmHg, which
exceeds the pressure of the
arteriolar system (about
18 mmHg) in the testicular
microcirculation

the ISV down to the inguinal ligament, since the lower
valves tend to be incompetent in most cases even when
the upper, orificial valve is competent. Occasionally,
the catheter will encounter additional ostensibly com-
petent or semi-competent valves in the lower abdomen
or pelvis. If so, these are passed with additional man-
oeuvres as above. The catheter will sometimes enter
smaller collateral veins and then cannot be advanced
further. Invariably, injection of radioopaque contrast
material will show downward filling of the vessel (re-
flux) and communication with the major ISV. This ex-
plains the “paradox” of competent ISV orificial valves
in the face of clear evidence of pathologic reflux. Our
experience is the basis of our assertion that the direc-
tion of venous valvular destruction progresses upward
as a result of the persistent hydrodynamic overload
over time.

II.3.8.9
‘Recurrent’ Varicocele After Left High Ligation
is Actually ‘Survived’ Varicocele

Associated bypasses are produced in varicocele; they
are of very small diameter, 0.1–0.2 mm, and without
one-way valves. They assist the impaired drainage sys-
tem in draining the blood by ‘capillary force’ (P), which
depend on the surface tension ( c ) and on the diameter
d) of the vessel:

P = c /d

After performing left high ligation that occludes the
main draining vessel (ISV) only, the small bypasses
have to include a higher volume of blood and their di-
ameters enlarge. When the diameter enlarges, the phe-
nomenon of ‘capillary force’ does not exist any more
and these bypasses, which at the first stage assist in ele-
vating the venous blood upwards against the gravity,
turn after a short time into ‘secondary’ or ‘survived’
varicocele as seen in our venographies, performed after
failed left high ligation, mistakenly called ‘recurrent
varicocele’ in the medical literature.

This means that most of the studies on varicocele
treatment based on left high ligation reflect partial or
transient treatment or no treatment at all.

These findings suggest that for decades most varico-
cele patients have been treated only partially (since
right varicocele was not detected and ignored). It fur-
ther suggests that most of the statistics that raised
doubts about the connection between varicocele and
male infertility may not reflect clinical reality, since the
diagnostic and the treatment modality were not appro-
priate. Since right varicocele could not be diagnosed by
palpation, the treatment was incomplete (left high liga-
tion), which led to poor and inconsistent results, which
in turn led to misleading conclusions in the medical lit-
erature disconnecting varicocele from male infertility.
Varicocele should be diagnosed as a bilateral disease
associated with a network of bypasses and treated ac-
cordingly.
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II.3.9 Evaluation of Testicular Biopsy Samples from the
Clinical Perspective
M. Bergmann

Testicular biopsy is indicated therapeutically in
cases of obstructive azoospermia, and also in cases
of hypergonadotrophic testicular azoospermia to
recover testicular spermatozoa (testicular sperm
extraction = TESE) for assisted reproduction by in-
tracytoplasmic sperm injection (ICSI). A diagnos-
tic biopsy is indicated in cases of refertilization af-
ter vasectomy, and also to exclude a testicular tu-
mour. According to European Association of Urol-
ogy (EAU) guidelines, several testicular samples
from three different locations should be taken be-
cause of regional differences in spermatogenesis.
Histological evaluation is recommended instead of
testicular fine needle aspiration (TEFNA). Speci-
mens should be fixed in Bouin’s solution to ensure
good preservation of tissue structure and to allow
the application of modern histological techniques
such as in situ hybridization and immunohisto-
chemistry for evaluating gene expression at the
mRNA and protein levels. Diagnosis of pre-inva-
sive carcinoma in situ (CIS, synonym: testicular in-
traepithelial neoplasia = TIN) is based on the im-
munohistochemical demonstration of placenta-
like alkaline phosphatase (PLAP), which is exclu-
sively expressed in CIS cells. Histological evalua-
tion should be performed using a “score count”
system, determining at least the percentage of sem-
iniferous tubules containing elongated spermatids,
which is the most important parameter for TESE/
ICSI, together with a cytological analysis, which
gives further causal evidence for the observed
spermatogenic impairment. Testicular biopsy is an
invasive surgical operation with a high impact on
patients with severe spermatogenic impairment,
and should therefore be performed only by consid-
ering strict criteria of indication, surgical proce-
dure and histological evaluation in qualified cen-
tres that are certified, i.e. recommended by the Eu-
ropean Academy of Andrology (EAA).

Summary

II.3.9.1
Indication

Testicular biopsy is an invasive diagnostic tool to
evaluate spermatogenesis and has to be performed
only following strict criteria. It completes history tak-
ing, physical examination, scrotal ultrasonography,
ejaculate and hormonal analysis. It is indicated in

cases of azoospermia, when obstruction of the genital
tract is suspected because of normal testicular vol-
ume, normal follicle-stimulating hormone (FSH) lev-
els ( e 7 IU/l), and low levels of epididymal ( [ -glucosi-
dase, L-carnitine) or seminal vesicle (fructose) mark-
ers. It should also be performed in the case of refertili-
zation (vaso-vasostomy) after vasectomy or micro-sur-
gical-epididymal sperm aspiration (MESA) to exclude
impairment of the seminiferous epithelium. In both
cases, cryopreservation of at least part of the biopsy
sample offers the opportunity for testicular sperm ex-
traction (TESE) in combination with intracytoplasmic
sperm injection (ICSI), if chirurgical refertilization
techniques fail. It is also indicated in cases of testicular
hypergonadotrophic azoospermia suggested by high
levels of FSH ( & 7 IU/l) indicating focal or total Sertoli
cell only syndrome (SCO) (Bergmann et al. 1994). In
these cases, TESE from remaining focal areas of sper-
matogenesis within the testis and ICSI form the only
rational therapy for assisted reproduction. A diagnos-
tic biopsy is indicated in cases of inhomogeneous tes-
ticular ultrasonography to exclude pre-invasive carci-
noma in situ (CIS, synonym: testicular intraepithelial
neoplasia: TIN) (von Eckardstein et al. 2001). Biopsy of
the contralateral testis is indicated when a testicular
tumour is clinically evident, because contralateral CIS
is reported to have a prevalence of about 5–6%, and of
about 2–4% in cases of adult cryptorchidism (Rørth et
al. 2000). Testicular biopsy may also be indicated in
azoospermic Klinefelter patients, because spermato-
genesis, even at a very low rate, might occur allowing
TESE and ICSI (Lanfranco et al. 2004). Indications for
performing a testicular biopsy are summarized in Ta-
ble II.3.11.

Table II.3.11. Indications for testicular biopsy

In the case of
Obstructive azoospermia including refertilization after

vasectomy (vaso-vasostomy) for TESE/ICSI
Hypergonadotrophic azoospermia for TESE/ICSI

To exclude testicular tumour
In the case of

Contralateral testis in the case of unilateral testicular
tumour

Sonographic testicular microlithiasis
Adult cryptorchidism
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Histology

Cryopreservation

TESE

II.3.9.2
Preparation

Different surgical techniques for obtaining testicular
tissue are used. Percutaneous testicular fine needle as-
piration (TEFNA) has been recommended for both the
assessment of spermatogenesis (Craft et al. 1997) and
sperm retrieval in nonobstructive azoospermia (Lewin
et al. 1999) assuming a less traumatic nature compared
to the main approach of open TESE (Silber et al. 1995).
However, it was shown in a controlled animal model
system that TEFNA may also produce widespread ar-
chitectural distortion of seminiferous tubules, espe-
cially after repeated punctures, leaving only Sertoli
cells (SCO) as well as focal chronic inflammation and
necrosis. The latter was also shown to occur after TESE
(Shufaro et al. 2002).

A technique combining cryopreservation, TESE
and histology was first developed by Jezek et al.
(1998). It was later improved and published as “EAU
Guidelines on Male Infertility” by Weidner et al.
(2002). This technique includes histological evalua-
tion using a scoring system of three biopsies per testis,
which are taken from different locations taking ac-
count of the testicular vascularization pattern
(Fig. II.3.47). Two parts of the biopsy sample are cryo-
preserved to recover spermatozoa for ICSI, and to be
stored. The third part is fixed and embedded for histo-
logical evaluation, because it offers the opportunity
for a causal histological evaluation of spermatogene-
sis. Formalin fixation of specimens as regularly used
in pathology cannot be recommended because of se-
vere shrinkage artefacts, making a detailed histologi-
cal evaluation impossible (Fig. II.3.48a). Fixation in
glutaraldehyde, and subsequent embedding in Epon
does provide optimal preservation of the structure,

Fig. II.3.47. Scheme of testic-
ular biopsy from three dif-
ferent locations per testis
(modified according to
Weidner et al. 2002)

allowing semi-thin and ultra-thin electron microscopy
(see Holstein et al. 1988). This technique allows clear
identification of atypical germ cells in the case of tes-
ticular intraepithelial neoplasia (CIS/TIN), because of
their nuclear structure and large amounts of intracyto-
plasmic glycogen granules (Fig. II.3.48b). However,
this material is not suitable for the application of mod-
ern histological techniques such as immunohisto-
chemistry or in situ hybridization, which provide evi-
dence of gene expression at the protein and mRNA lev-
els. Therefore, fixation in Bouin’s solution and embed-
ding in paraffin wax is recommended (Figs. II.3.48c,
II.3.49a–c).

For histological evaluation, the biopsy sample
should be about the size of a rice grain, showing about
25–30 tubular cross-sections that are shown to be re-
presentative of the whole organ (Holstein et al. 1988).
However, taking three biopsy samples on each side, our
own data of score analysis revealed that there are re-
gional differences within the same testis in respect of
spermatogenesis, indicating focal impairment in about
12% of testis specimens (Fig. II.3.52b). In addition, the
diagnostic safety in the detection of CIS is significantly
increased by taking multiple testicular biopsy samples
(Kliesch et al. 2003).

II.3.9.3
Evaluation

Histological evaluation has first to detect and/or to ex-
clude the presence of atypical germ cells (CIS/TIN),
which are known to be the precursors of most semino-
matous and nonseminomatous germ cell tumours,
with the exception of spermatocytic seminoma (Dieck-
mann and Huland 2001). On paraffin sections these
cells can be detected by immunohistochemistry using
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a b c

Fig. II.3.48a–c. Seminiferous tubules containing carcinoma in situ (CIS). a Formalin-fixed, paraffin section; haematoxylin and eo-
sin staining. Note severe shrinkage artefacts of the tissue. b Glutaraldehyde fixation, semi-thin section; methylene blue staining.
Note typical large nuclei including numerous nucleoli, and dark cytoplasmic glycogen (arrow) which can be selectively stained
by PAS (arrow) (inset). c Bouin fixation, paraffin section, immunohistochemical staining against placenta-like alkaline phospha-
tase (PLAP). Note membrane-bound immunoreaction of CIS cells (arrow). (nsp Seminiferous epithelium showing intact sper-
matogenesis.) Primary magnification: a × 20; b–c × 40

a b c

Fig. II.3.49a–c. Testicular histology. a Seminiferous tubules showing intact spermatogenesis. b Mixed atrophy showing maturation
arrest at the level of early round spermatids (sda) or spermatogonia (sga), only Sertoli cells (SCO) or only lamina propria (tubular
shadows = ts) in adjacent tubules. Note intratubular concentric spherical concrements derived from basal lamina (sk). c Prepu-
bertal seminiferous cord within an adult testis showing undifferentiated Sertoli cells indicated by round to oval nuclear appear-
ance compared to nuclei of normal Sertoli cells (inset = magnification of rectangle a). a–c Paraffin sections, haematoxylin and eo-
sin staining; primary magnification: a × 40, b × 20, c × 40

different markers, and most commonly by the presence
of placenta-like alkaline phosphatase (PLAP) (Fig.
II.3.48c) (Beckstead 1983).

Histological evaluation of any testicular tissue show-
ing impaired spermatogenesis often provides so-called
mixed atrophy (Sigg 1979), i.e. the simultaneous occur-
rence of seminiferous tubules showing at least qualita-

tively intact spermatogenesis, spermatogenic arrest at
different levels of spermatogenesis including tubules
with just Sertoli cells (Sertoli cell only = SCO) or even
just lamina propria (tubular shadows) in adjacent tu-
bules within the same testis (Fig. II.3.49a–c). Therefore,
a semi-quantitative “score count “ evaluation, i.e. ac-
cording to Johnson (1970) or Bergmann and Kliesch
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Fig. II.3.50a–d. Histological evaluation using different methodological approaches. a Meiotic arrest as indicated by megalosper-
matocytes (arrow) and defects in spermiogenesis indicated by multinucleated spermatids (arrowheads). Semi-thin section,
methylene blue, primary magnification: ×40. b Double immunohistochemistry against s-phase-related Ki-67 protein staining
spermatogonial nuclei (arrows), and vimentin intermediate filaments staining Sertoli cell cytoplasm (arrowheads). Paraffin sec-
tion, haematoxylin counterstaining; primary magnification: × 40. c, d In situ hybridization against protamine mRNA expression
in early round spermatids (arrows); c normal spermatogenesis; d hypospermatogenesis. Note the reduced number of labelled
spermatids in the case of hypospermatogenesis despite normal histological appearance (arrowhead). Paraffin section, haemato-
xylin counterstaining; primary magnification: × 40

d

(1998), is necessary. The Johnson score provides a scor-
ing of every tubule within a given histological section,
and is highly recommended for oligozoospermic pa-
tients, because a high correlation between testicular bi-
opsy score and sperm count is found. However, oligo-
zoospermia is not a current indication for testicular bi-
opsy. In contrast, the score according to Bergmann and
Kliesch (1998) (Fig. II.3.50a, b) is based only on the per-
centage of tubules within the biopsy section showing
elongated spermatids, because the occurrence of these
spermatids is of main interest in most cases when TESE
and ICSI are performed.

Histological evaluation additionally has to include a
consideration of cytological alterations. Meiotic de-
fects resulting in so-called megalospermatocytes (Hol-
stein and Eckmann 1986; Johannisson et al. 2003) or
multinucleated spermatids representing defects in
spermiogenesis (see Holstein et al. 1988) can be recog-
nized on semi-thin sections without any gene or pro-
tein expression analysis (Fig. II.3.51a). Estimation of
spermatogonial mitotic activity, which is known to be

reduced together with spermatogenic impairment, re-
quires an immunohistochemical approach using anti-
bodies against s-phase-related proteins such as K-67 or
PCNA (Fig. II.3.51b) (Steger et al. 1998). In biopsy
samples showing hypospermatogenesis, in situ hy-
bridization revealed a reduced number of spermatids
showing protamine gene expression (Fig. II.3.51c, d)
(Steger et al. 2001) which was later confirmed by quan-
titative polymerase chain reaction (PCR) analysis (Ste-
ger et al. 2003). These data gave evidence that “hypo-
spermatogenesis” results from different defects and
impairments in germ cell development and differenti-
ation.

Alterations of somatic Sertoli cells are regularly
found as signs of differentiation deficiency. This is sug-
gested on routine paraffin sections by round to oval nu-
clei in Sertoli cells within immature seminiferous cords
compared to the normal irregular shape with large and
numerous clefts of Sertoli cells within normal semini-
ferous epithelium (Fig. II.3.49c), and was first proved
by Bruning et al. (1993) using computer-assisted three-
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Fig. II.3.51a–d. Immunohistochemistry of Sertoli cell differentiation. a, b Androgen receptor expression in Sertoli cell nuclei of
normal seminiferous epithelium (a) and in prepubertal seminiferous cords (arrows). Note only weak expression in some Sertoli
cell nuclei in prepubertal seminiferous cords. c Persistence of anti-Müllerian hormone expression in Sertoli cells in prepubertal
seminiferous cords. a–c Paraffin sections, haematoxylin counterstaining; primary magnification: ×40. d Typical testicular histol-
ogy of a Klinefelter patient showing focal Leydig cell hyperplasia (arrow), and total atrophy of the seminiferous epithelium result-
ing in “tubular shadows” (ts = only lamina propria). Paraffin section, haematoxylin and eosin staining; primary magnification:
a ×10

dimensional reconstruction. Sertoli cell differentiation
deficiency shown by different markers is now widely
accepted to be associated with spermatogenic impair-
ment, and was reviewed by Sharpe et al. (2003).

Sertoli cells are the only cells within the seminifer-
ous epithelium expressing androgen (Fig. II.3.51) as
well as FSH receptors. In cryptorchidism, this andro-
gen receptor expression is significantly reduced, as
shown by Regadera et al. (2001) using quantitative im-
munohistochemistry. This is also true for Sertoli cells
within premature seminiferous cords found in infertile
men (Fig. II.3.51b), which additionally show the persis-
tence of anti-Müllerian hormone expression (Fig.
II.3.51c) (Steger et al. 1996). Leydig cells regularly show
hyperplasia, which is typically found associated with

Sertoli cell only syndrome, i.e. in Klinefelter patients
(Fig. II.3.51c).

Taken together, score count evaluation together with
a cytological analysis (Fig. II.3.52a, b) provide the op-
portunity for causal histological evaluation, giving rise
to retrospective studies considering histological evalu-
ation and successful TESE/ICSI. Such studies have the
potential to facilitate successful assisted reproduction.

Testicular biopsy is an invasive surgical operation
with a high impact on patients with severe spermato-
genic impairment, and should therefore be performed
only after considering strict criteria of indication, sur-
gical procedure and histological evaluation in qualified
centres that are certified, i.e. by the European Academy
of Andrology (EAA).

458 II.3 Diagnostic Tools

II.3



Fig. II.3.52.a Form for evaluation
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Fig. II.3.52.b Example of biopsy evaluation of a hypergonadotrophic azoospermic patient showing total Sertoli cell only syndrome
within the right and left testis, and additional focal areas of spermatogenesis within the upper and lower pole of the left testis.
Cytoplasmic analysis also revealed an impairment of spermiogenesis (multinuclear spermatids)
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II.3.10 Genetics and Male Infertility
T.B. Hargreave, D.J. Elliott

■ Karyotype analysis should be undertaken for
all men with low sperm concentration who are
seeking fertility treatments.

■ Chromosomes are relatively sticky and fragile,
and translocation of genetic material from one
chromosome to another occurs in approxi-
mately 1 in 500 people. People with balanced
translocations are normal but will produce
some sperm or eggs with extra or missing
genetic material and this will result in a foetus
with an imbalanced translocation.

■ Klinefelter syndrome 47XXY is the most
frequent sex chromosome abnormality.

■ Partners of men with congenital bilateral
absence of the vas deferens should also be
tested for cystic fibrosis transmembrane
conductance regulator (CFTR) mutations prior
to any fertility treatment so that the couple can
be given an accurate risk assessment of having
a child with cystic fibrosis.

■ Y microdeletions will be passed to sons and it
can be predicted that some of these in their
turn may have fertility problems.

Summary

II.3.10.1
Introduction

The advent of in vitro fertilization (IVF) and intracyto-
plasmic sperm injection (ICSI) has opened the door to
fertility for many couples for whom there had been no
reasonable prospect of conception. IVF was introduced
to overcome the problem of bilateral Fallopian tube oc-
clusion, however it soon became apparent that this
technology could enable fatherhood for men with very
low sperm counts and severely impaired spermatogen-
esis. It has been known for a long time that there is a
higher rate of chromosomal and genetic abnormalities
detected in peripheral blood leukocytes from such men
and it is now known that some men with a normal con-
stitutional genetic make-up have genetic abnormalities
confined to the germ-cell line and in whom abnormali-
ties can only be detected by the examination of sperm.
Before the advent of IVF and ICSI, this was mainly of
academic interest but now there is the potential for
these defects to be passed on to the next generation.
Thus, there is a need for infertility clinicians to have a
good understanding of the genetics of male as well as
female infertility.

II.3.10.2
Basic Information about the Human
Genetic Code

The normal human cell has 46 chromosomes arranged
as 22 pairs of autosomes and either two X chromo-
somes in the female or an X and Y in the male. On these
chromosomes are arranged approximately 30,000
genes that encode proteins (Lander et al. 2001). The
chromosomes package six to seven billion base pairs of
deoxyribonucleic acid (DNA). The DNA is arranged as
sequences of the four DNA nucleotides adenosine, cy-
tosine, thymine and guanine (ACTG) and it is this se-
quence that spells out the sequence of amino acids in
proteins. The sequences of the nucleotides are arranged
into protein-describing areas called EXONS and non-
protein-describing areas called INTRONS and also spe-
cial sequences to indicate the beginning and end of
genes. Usually the sequence of amino acids in a protein
is derived from information from several EXONS
joined or “spliced” together in the nucleus before the
proteins are made in the cytoplasm. Splicing is under
the control of proteins and RNAs in a complex called
the spliceosome. Splicing allows mixing and matching
of exons to enable the formation of different proteins
with shared common sequences and thus maximizes
the efficiency of the genetic information. Only 2% of
the human genome encodes proteins. The function of
the remaining 98% of the genetic material is largely un-
known although some of it may be to do with regulat-
ing genes. The preservation over 400 million years of
some non-protein-coding sequences between men,
mice and fugu fish indicates a likely vital role for some
of these sequences. Some chromosomes are much rich-
er in gene coding sequences than others; for example,
chromosome 19 has sequences for at least 1461 genes
including those that code for cardiovascular disease,
insulin-dependent diabetes and migraines, whereas by
contrast chromosome 5 is nearly 3 times the size of
chromosome 19 and yet it only contains some 923 pro-
tein-encoding genes and has vast regions known as
gene deserts.

Genes can be classified into functional classes; for
example, oncogenes, check point genes, genes regulat-
ing apoptosis, etc. Genes may be arranged in functional
clusters. The male sex-determining gene SRY is located
on the short arm of the Y and there are several genes in-
volved with spermatogenesis on the long arm of the Y
chromosome.

Humans share common genes with all living crea-
tures. We differ from our closest relatives, the chimpan-
zees, by approximately 1.6% of our DNA and diverged
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from a common ancestor about 7 million years ago. Go-
rillas differ in approximately 2.3% of their DNA from
chimpanzees and us and diverged from our (humans
and chimpanzees) common ancestor about 10 million
years ago. All the above species diverged from monkeys
about 32 million years ago and there is a DNA differ-
ence of only 7.5% (Sibley et al. 1990). Our kinship with
primates and mammals allows appropriate animal
models to be used to study human genetic mechanisms
both generally and with respect to male fertility.

Spermatozoa and oocytes are different from other
cells in the body because the DNA content is half that of
other cells. This reduction in DNA content occurs when
the spermatocytes undergo meiotic division to form
haploid round spermatids. The round spermatids elon-
gate in a process called spermiogenesis and during this
process the DNA becomes compacted in the sperm
head. These changes are under genetic control but we
are only now beginning to understand the mecha-
nisms. It is estimated that 2000 genes are involved in the
regulation of spermatogenesis and that of these 20–30
genes are located on the long arm of the Y chromosome
(Hackstein et al. 2000). In general, autosomal genes
that regulate spermatogenesis are concerned with the
regulation of metabolic processes in other cells in the
body as well as in the cells of spermatogenesis, whereas
Y genes are not essential for vital functions other than
male reproduction. Our new understanding of the ge-
netics of spermatogenesis holds promise for the devel-
opment of new treatments for male infertility and novel
non-hormonal methods of male contraception.

II.3.10.3
Chromosomal Abnormalities and Male Fertility

There are various different types of chromosomal ab-
normality including the absence of chromosomes or
the presence of supernumerary chromosomes or trans-
location of sections of chromosome or abnormal
shaped chromosome such as ring forms.

Peripheral blood chromosomal abnormalities are
more common in infertile men and in infertile male
partners in couples seeking ICSI than in the general
population (Van Assche et al. 1996). In a survey of
pooled data from 11 publications reporting on 9766 in-
fertile men (Johnson 1998), there was an incidence of
chromosomal abnormalities of 5.8%. Of these, sex
chromosome abnormalities accounted for 4.2% and
autosomal abnormalities for 1.5%. For comparison,
the incidence of chromosome abnormalities in pooled
data from three series including a total of 94,465 new-
born male infants was 0.38%, and of these 131 (0.14%)
were sex chromosome abnormalities and 232 (0.25%)
were autosomal abnormalities (Van Assche et al. 1996).

In a population of 781 male partners in couples un-
dergoing ICSI, 30 men (3.8%) had chromosomal ab-

normalities. Of these there were 10 (1.2%) sex chromo-
some aberrations and 20 (2.6%) autosomal aberrations
(Peschka et al. 1999).

Chromosomes are relatively sticky and fragile and
translocation of genetic material from one chromo-
some to another occurs in approximately 1 in 500 peo-
ple. A balanced reciprocal translocation is when there
is exchange between two different chromosomes but
there is no loss or gain of genetic material. People with
balanced translocations are normal but will produce
some sperm or eggs with extra or missing genetic ma-
terial and this will result in a foetus with an imbalanced
translocation. One of the more common examples is
translocation of genetic material between chromosome
21 and 14 and whilst the carrying parent is normal
some gametes contain extra material from chromo-
some 21 and this can result in a baby with Down’s syn-
drome. This particular scenario accounts for approxi-
mately 4% of cases of Down’s syndrome. Another type
of translocation is where chromosomes join around
their centre to form one long chromosome. This is
called a Robertsonian translocation. It occurs among
chromosomes 13, 14, 15, 21 and 22 (most commonly
between chromosomes 13, 14 and 14, 21) and is present
in 1 in 1000 in the general population. A person with a
Robertsonian translocation only has 45 chromosomes
but is normal provided there is no missing material
(balanced Robertsonian translocation). However, ga-
metes may contain a whole extra chromosome and, for
example, this is another cause of trisomy 21 (Down’s
syndrome).

II.3.10.3.1

Sex Chromosomal Abnormalities

The effect of sex chromosome abnormalities depends
on whether the problem affects the X or the Y chromo-
some. In general, the Y chromosome does not carry
genes essential for life, which is not surprising as half of
humanity does not have one!

Klinefelter Syndrome and Variants (47XXY, 46XY; 47XXY

Mosaicism)

Klinefelter syndrome is the most frequent sex chromo-
some abnormality, which occurred in 66 (0.07%) phe-
notypically newborn males in pooled data from cyto-
genetic analysis of 94,465 newborn infants (Van Assche
et al. 1996). In azoospermic men the prevalence of Kli-
nefelter syndrome has been found to be approximately
10% in Western countries (De Braekeleer and Dao
1991) and approximately 7.5% in Japanese men (Okada
et al. 1999). Adult males with Klinefelter’s have firm
small testicles with very few or no germ cells; this is to
be distinguished from men with other causes of dam-
age to spermatogenesis who usually have soft small tes-
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ticles. The phenotype can vary from a normally virili-
zed man to one with stigmata of androgen deficiency
including female hair distribution and scanty body
hair. Classically a man with Klinefelter syndrome has
long legs and, if eunuchoid, long arms as well because
of late epiphyseal closure. A longitudinal study of chil-
dren with sex chromosome abnormalities has been re-
ported (Ratcliffe 1999).

Leydig Cell Function is Commonly Impaired in Men with

Klinefelter Syndrome (Wang et al. 1975)

Testosterone levels may be normal or low, oestradiol
levels normal or increased and follicle-stimulating hor-
mone (FSH) levels increased. Surprisingly, libido is of-
ten normal despite low testosterone levels but with age-
ing there is often a need for androgen replacement;
thus men with Klinefelter syndrome should be offered
longer-term supervision in addition to the manage-
ment of their fertility problems. Reduced Leydig cell
function is also relevant in the context of sperm retriev-
al for ICSI as there may be long-term post biopsy lower
testosterone levels (Okada et al. 2004). Also adequate
levels of androgens are being implicated in the develop-
ment of behaviour and language and this is relevant as
ICSI may increase the chances of birth of babies with
Klinefelter syndrome (Simpson et al. 2003). In a series
of 147 men with complete Klinefelter syndrome 47XXY,
as determined by peripheral blood karyotype (Okada
et al. 1999), spermatozoa were detected in the ejaculate
in only one man, and in his case repeat peripheral
blood karyotype still failed to detect any mosaicism. If
this experience is typical, men with complete Klinefel-
ter syndrome may be advised that the prospects of
sperm recovery from the ejaculate are poor. Mature
spermatozoa can be recovered from testicular tissue
from men with apparent complete Klinefelter syn-
drome (Foresta et al. 1999) and in many centres this is
being done (Ulug et al. 2003; Komori et al. 2004). At
present there are no reliable prebiopsy criteria to indi-
cate the chance of success (Vernaeve et al. 2004) all the
more since the chances of finding sperm may decrease
with age (Lin et al. 2004). There is a risk of offspring
with Klinefelter, and preimplantation genetic diagnosis
(PGD) is now being offered in some centres (Kahraman
et al. 2003; Staessen et al. 2003).

When advising a man with Klinefelter syndrome
about the chances of sperm recovery from testicular
tissue, the andrologist should consider the chances of
obtaining sperm and the risk of subsequent testoster-
one deficiency as it has been shown that even minimal
biopsy is associated with long-term testosterone deficit
(Okada et al. 2004). If the man has absolute azoosper-
mia verified by examination of centrifuged deposits of
at least three ejaculate samples and if karyotype shows
no evidence of mosaicism, then the chance of recover-

ing sperm is approximately 50% (Vernaeve et al. 2004)
and may involve extensive testicular dissection with a
significant risk of reduction of Leydig cell mass. Ar-
rangements should be made for the long-term endo-
crine follow-up of all men with Klinefelter syndrome
who undergo testicular biopsy to recover sperm.

Men with Klinefelter mosaicism 46XY/47XXY have
variable germ-cell presence and variable sperm pro-
duction. Until the advent of IVF and ICSI this was aca-
demic, but it is now important to diagnose mosaicism
because some sperm retrieved may be expected to be
normal and can be used for fertilization. Preimplanta-
tion fluorescent in situ hybridization (FISH) analysis of
cells from embryos can be used to confirm normality
(Tournaye et al. 1996). The production of 24XY sperm
has been reported in 0.9% (Chevret et al. 1996) and
2.1% (Martini et al. 1996) of men with Klinefelter mo-
saicism, and in 1.36–25% of men with somatic karyo-
type 47XXY (Cozzi et al. 1994; Guttenbach et al. 1997;
Estop et al. 1998; Foresta et al. 1998; Hennebicq et al.
1999). It is not known whether haploid sperm in Kline-
felter syndrome is always the result of a clone of normal
cells in a mosaic population or whether in certain cir-
cumstances some 47XXY male germ cells are viable
and capable of producing haploid sperm.

Sex Chromosome Abnormalities in Babies Conceived

Through Intracytoplasmic Sperm Injection

There are a number of reports that indicate a higher
than normal frequency of sex chromosome abnormali-
ties in children conceived through ICSI compared with
that in the normal population. The underlying mecha-
nism is not yet known, but there are several possibili-
ties discussed in the literature. These include Klinefel-
ter’s mosaicism with an aneuploid cell line confined to
the germ cells and thus not detectable by peripheral
blood karyotyping (Persson et al. 1996) or the produc-
tion of 47XY diploid sperm; this has been reported in
sperm from severely oligozoospermic men with a nor-
mal karyotype (Foresta et al. 1996). It has been suggest-
ed that mutations confined to the germ cells may arise
when the primordial germ cells are in the extra-embry-
onic cell mass before these cells migrate back into the
embryo (Persson 1999). A third possibility is that low
levels of mosaicism may be missed during routine kar-
yotype analysis.

47 XYY a Rarer Abnormality and Often Associated with an

Apparently Normal Sperm Analysis

Males with 47 XYY are seen more frequently in the in-
fertile population and FISH analysis of spermatozoa in-
dicates that although the majority of sperm are normal
(Martini et al. 1996), there is an increase in disomy
(Chevret et al. 1997; Martin et al. 1999).
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II.3.10.3.2

Autosomal Abnormalities in Men with Azoospermia and

Severe Oligozoospermia

In addition to an increase in sex chromosome abnor-
malities there is also an increase in autosomal abnor-
malities in populations of men with non-obstructive
azoospermia or severe oligozoospermia (Chandley et
al. 1975; Moog et al. 1996). Usually autosomal disorders
do not cause infertility in isolation but reduced sper-
matogenesis is the consequence of a more general dis-
turbance in phenotype and patients with these prob-
lems are often known to doctors because of other de-
velopmental abnormalities and do not present de novo
with infertility. It is worthwhile performing karyotype
analysis for any man with infertility who has clinical
stigmata such as facial asymmetry or other congenital
abnormality. In view of the known excess of autosomal
abnormalities in men with severe oligozoospermia it is
appropriate to perform karyotyping for all such men
where it is proposed to use ICSI to enable fertility and
to offer genetic counselling when abnormalities are
discovered. Karyotype analysis may be normal but this
does not exclude genetic defects and patients and infer-
tility clinicians need to understand the limitations of
karyotype analysis. From time to time, men may ask
for ICSI who are known to have an autosomal defect. In
these cases genetic counselling is required, and should
address the concerns of the man for his genetic condi-
tion as well as any reproductive implications.

II.3.10.4
Genetic Defects and Male Fertility

Changes in the sequence of DNA are called mutations
and while mutations may occasionally be beneficial
and become preserved in evolution often they result in
defective genetic function. It has been postulated that
many mutations occur in the testis during spermato-
genesis and that the testicle is “the engine of evolution”
and that the external position of the testes is because a
cooler temperature damps down the mutation rate
(Short 1997). Mutations may involve relatively large
chunks of the gene but there are also many examples of
where the alteration of a single base pair on the original
DNA (point mutation) can have a profound effect on
phenotype. Genetic defects may be single or multiple
and may be inherited or the result of new mutation.
They may be inherited in a dominant pattern as in
Huntington’s chorea or a recessive pattern as in cystic
fibrosis and may have variable penetrance.

When mutations are in exons there is an alteration
in the protein produced and in many cases a marked re-
sulting alteration in phenotype. Mutations of non cod-
ing areas (introns) are less well understood but can af-
fect the amount of protein produced by making the

reading of protein-encoding RNA from the original
DNA less efficient; for the andrologist one of the best
known examples of this is the 5 T intron abnormality
that occurs in the cystic fibrosis transmembrane gene
complex (CFTR) and which is found either alone or
with exon mutations in men with congenital absence of
the vas deferens (see below).

Most if not all genes on the Y chromosome are to do
with the regulation of male differentiation and defects
will be manifested as phenotypic abnormality except
sometimes where there are autosomal replacement ho-
mologues of the gene, e.g. the Y-linked DAZ gene has
an autosomal homologue called DAZL which might
provide some overlapping gene function. X-linked
genes may be dominant (e.g. hypophosphatemic rick-
ets) or recessive (e.g. Duchenne’s muscular dystrophy).
X-linked dominant genes will alter the phenotype in
both sexes but X-linked recessive genes will only be
manifest in the male.

II.3.10.4.1

X-Linked Genetic Disorders and Male Fertility

Each man has only one X chromosome and therefore
an X-linked recessive disorder will be manifest in males
and the defect will be transmitted through his daugh-
ters to his grandsons (Fig. II.3.53). In addition there is
a suggestion that the X chromosome may contain a pre-
ponderance of genes involved in spermatogenesis
(Wang et al. 2001).

Kallman’s Syndrome

The commonest X-linked disorder in infertility prac-
tice is Kallman’s syndrome and the most common form
of this is X-linked recessive caused by a mutation in the
KALIG-1 gene on Xp22.3 (Franco et al. 1991). This gene
is involved with the regulation of cell adhesion and axo-
nal path finding. Patients with Kallman’s syndrome

Fig. II.3.53. Diagram of X-linked recessive inheritance, showing
transmission through daughters to grandsons. Sons are not af-
fected, and therefore phenotypic disorders will skip genera-
tions and may be hard to detect
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have hypogonadotrophic hypogonadism and may have
other clinical features including anosmia, facial asym-
metry, cleft palate, colour blindness, deafness, maldes-
cended testes and renal abnormalities. Other rare
forms of Kallman’s syndrome have been described, in-
cluding an autosomal dominant (Sauten and Paulsen
1973) and an autosomal recessive form. It is important
for the andrologist to note that some men with Kall-
man’s syndrome have an isolated gonadotrophin defi-
ciency without any other phenotypic abnormalities
and that these men may sometimes present de novo
with infertility, which can be treated successfully by
hormone replacement therapy.

Androgen Insensitivity – Reifenstein Syndrome,

Morris Syndrome, Hairless Women

The rare disorder of androgen insensitivity may some-
times first present with infertility. The condition has an
X-linked recessive inheritance and is caused by one or
more defects in the androgen receptor gene, which is
located on Xq 11–12. The phenotype may range from
complete testicular feminization with an immature fe-
male phenotype, to an apparently normal male with in-
fertility, although the latter is rare. In our clinic we con-
ducted a structured genetic search for androgen recep-
tor deficiency among those men with normal pheno-
type but with high normal testosterone levels and low
sperm counts; however, we failed to find any cases us-
ing base-pair mismatch analysis technology (Tincello
et al. 1997). In the course of our study we reported sev-
eral de novo mutations of the androgen receptor, but in
all cases these were associated with obvious genital ab-
normalities, such as hypospadias. We concluded that
androgen insensitivity in the infertile male in the ab-
sence of any genital abnormality is rare.

Excessive amplification of trinucleotide repeats
(CAG) in the translated part of the androgen receptor
gene is associated with various neurodegenerative dis-
eases such as Huntington’s disease. There has been de-
bate about whether sons of infertile men conceived
through ICSI may be with an increased number of CAG
repeats in exon 1 compared with their fathers and
whether these sons may be at risk of neurodegenera-
tive disease but this is thought to be unlikely (Vogt
1999).

The number of CAG repeats may also be of relevance
to prostate cancer. Men with fewer than 22 repeats may
be at more risk of developing prostate cancer than
those with more repeats (Nelson and Witte 2002) but
this association has not been found in a Japanese popu-
lation (Li et al. 2003).

Other X Disorders

There is a case report (Gonialves et al. 1996) of an azoo-
spermic man with biopsy-proven spermatogenetic ar-
rest who was found to have a submicroscopic intersti-
tial deletion on the Xp pseudoautosomal region in pe-
ripheral blood and skin fibroblast samples. Other ge-
netic and chromosome studies were entirely normal,
including probing of the Yq region. It is also worth not-
ing a report of two men with azoospermia and X pseu-
doautosomal deletions (Gabriel-Robez et al. 1990). So
far there have been no other reported examples of X-
linked disorders affecting male fertility, and if such dis-
orders exist and are not associated with azoospermia,
these would skip generations of males and will be very
difficult to define.

X-Linked Disorders that are not Associated

with Male Infertility

There are many rare X-linked disorders not associated
with infertility. For example, Menkes disease is an X-
linked recessive disturbance of copper metabolism as-
sociated with progressive neurological symptoms
(Horn et al. 1992). Family history is important as it is
very difficult to recognize such disorders, especially if
there have been several generations of female births
and where a recessive X-linked gene has been carried
through these generations without any clinical stigma-
ta. Management is in the normal way by giving the cou-
ple choices after appropriate genetic counselling in-
cluding consideration about the severity of any disor-
der that may result. It may be appropriate to offer the
couple pre-implantation sex determination and only to
replace female embryos or in some situations not to
embark on fertility treatment at all.

II.3.10.4.2

Y Genes and Male Infertility

Y chromosome genes are subject to different evolution-
ary pressure compared with all other genes. Spermato-
genesis is lifelong and is the result of rapid cell division,
and in principle there is much lifetime chance for pro-
duction of sperm with mutant genes compared with
oogenesis, which involves much small numbers of cells,
occurs early in life and is followed by a long inert peri-
od, and this is despite the fact that, cell for cell, oogene-
sis is actually more error prone (Hunt and Hassold
2002).

Normally autosomal genes can undergo DNA repair
when they pair with their opposite number during mi-
totic division but for Y genes this pairing cannot hap-
pen since most of the Y chromosome excluding the
pseudoautosomal region is different from the X. In-
stead there are multiple copies of genes arranged in
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mirror images (palindromes) which might act to repair
themselves by gene conversion and because of this
when genetic material is deleted there is a variable phe-
notype depending on the number of gene copies delet-
ed (Rozen et al. 2003; Skaletsky et al. 2003).

Y Microdeletions

In 1992 we reported three men with severe damage to
spermatogenesis and an apparently normal chromo-
some analysis but where molecular probes revealed mi-
crodeletions on the long arm of the Y chromosome (Ma
et al. 1992; Vogt et al. 1992). We were stimulated to
probe the long arm of the Y because of a report (Tiepo-
lo and Zuffardi 1976) of men with azoospermia and de-
letions of the long arm of the Y transecting interval 6
with the loss of all distal genetic material and also by
our own finding of an infertile man with a short arm di-
centric Y (Chandley et al. 1986). Following our 1992 re-
port there have been a large number of publications
of case series and it is clear that while microdeletions
may occur in the fertile population (Pryor et al. 1997)
they are more prevalent in the infertile populations
(Table II.3.12).

To date the microdeletions detected have been rath-
er large but there are reports of much smaller deletions
encompassing single genes (Foresta et al. 2000). Mi-
crodeletions have been found in three non-overlap-
ping regions of the Y chromosome, AZF a-b-c (Vogt et
al. 1996). The proximal part of the AZFc microdeletion
is sometimes designated AZFd. These microdeletions
are thought to occur between the palindromic and di-
rect repeats (Repping et al. 2002). Involvement of sev-
eral genes has been described, and these include RBM
(Ma et al. 1993), DAZ (Reijo et al. 1995), DFFRY
(Brown et al. 1998), DBY and CDY (Fig. II.3.54). The
abnormalities most commonly reported in the litera-
ture are microdeletions in the AZFc region encom-
passing copies of the DAZ gene. However, there is no
exact correlation between DAZ deletion and the degree
of spermatogenesis, perhaps because there are four
DAZ copies on the Y and also a very similar autosomal
homologue called DAZL. There is a report of a man
with severely damaged spermatogenesis who has nor-
mal peripheral blood leukocyte DAZ expression, but
with an absence of testicular DAZ expression (Ferlin et
al. 1999). The same explanations may be postulated as
discussed above for 47XY sperm (i.e. low levels of mo-
saicism or perhaps mutations in the extra-embryonic
cell mass).

DAZ and RBM Genes

The first candidate gene for spermatogenesis was iden-
tified from our unit and is now called RBM (RNA bind-
ing motif). There is a family of up to 50 RBM genes

Fig. II.3.54. The human Y chromosome has a long and a short arm
separated by the centromere. At the tips of each arm are the
pseudoautosomal regions, which are homologous to the X chro-
mosome. The male-specific part of the Y chromosome is com-
posed of heterochromatin and euchromatin (not shaded and
shown enlarged on the right-hand side of the figure). The eu-
chromatin has now been sequenced and is composed of a mix-
ture of single copy genes (including SRY, the sex determining
gene) and large inverted repeats (palindromes) containing gene
families. Deletion of the genes and gene families shown in bold
italics has been implicated in male infertility. Not all Y chromo-
some genes are shown. For a full catalogue, see Nature 423:
825–837

(Cooke et al. 1996), and while most copies are probably
inactive, deletions of the AZFb region cause functional
inactivation of RBM. Sequencing of the human Y chro-
mosome has identified six potentially active RBM
genes, all of which are deleted in the AZFb region (Ska-
letsky et al. 2003). The DAZ gene (formerly known as
SPGY) was the second candidate gene to be described
and is also a member of a family of similar genes (Saxe-
na et al. 1996).

Both DAZ and the RBM gene families encode pro-
teins with a conserved protein domain called an RNA
recognition motif (RRM), which means they are proba-
bly involved in the metabolism of RNA. RBM is a nucle-
ar protein, whereas DAZ protein is cytoplasmic, but ex-
pression of both is restricted to the male germ line.
RBM protein is most closely related in sequence to
hnRNPG, a member of a group of nuclear proteins
called hnRNPs (heterogeneous nuclear RNA ribonu-
cleoproteins). hnRNPs are involved in many aspects of
RNA metabolism, including packaging of RNA, trans-
port to the cytoplasm and splicing. However, hnRNPG
is ubiquitously expressed, indicating a function that is
required for all cell types (Soulard et al. 1993; Caceres et
al. 1994; Delbridge et al. 1998). RBM probably regulates
splicing events essential for spermatogenesis (Elliot et
al. 1998), whereas DAZ is important for gametogenesis
in both sexes and, because of its cytoplasmic location,
may be involved in the male in regulating protein trans-
lation during spermatogenesis.

The X and the Y chromosomes were originally a pair
of autosomes that became specialized as sex chromo-
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Table II.3.12. Men with microdeletions. Presented are published case series data. (astheno Asthenozoospermia, azoo azoosper-
mia, oligo oligozoospermia, STS sequence tagged site.)

Reference Observation No. of men No. with deletion %

Ma et al. (1992) Various all Yq Various 3 Azoo-oligo

Mallidis et al. (1996) 1 AZFc 186 5 3%

Kent-First et al. (1999) Multiplex STS all Yq 239 24 (18–22%)

Kupker et al. (1996) 6 all Yq 80 Oligo 0
40 Azoo 3 7.5% Azoo

Kobayashi et al. (1994) 53 10 16%

Najmabadi et al. (1996) 26 interval 6 16 Fertile men 0
7 Fertile women 0
50 Azoo 10 20% Azoo
10 Oligo 1 10% Oligo
15 X-linked 0

Reijo et al. (1996) 83 all Yq 89 Azoo 12 13%

Qureshi et al. (1996) 23 all Yq 51 Azoo 4 8% Azoo
38; <5.0×106 sperm per ml;
oligo

4 11%; <5.0×106 sperm
per ml

11; >5.0×106 sperm per ml 0
80 Fertile 0

Reijo et al. (1996) 118 probes all Yq 35 Severe oligo 2 5.7%

Foresta et al. (1996 16 Azoo 5 31%
23; <5.0×106 sperm per ml 6 26%

Stuppia et al. (1996) 13 probes interval 6 33 Azoo-oligo; 10 normal 8%

Vogt et al. (1996) 76 probes al Yq 370 Azoo-oligo 200 3.2%

Pryor et al. (1997) 85 probes all Yq 200 Infertile 14 7%
200 Normal 4 2%

Foresta et al. (1997) 15 probes all Yq 38 Azoo-oligo 37.5% Azoo
22.7% Oligo

10 Normal 0% Normal

Simoni et al. (1997) 4 probes 168 Azoo-oligo 3%
AZF a-b-c 86 Normal

Girardi et al. (1997) 36 all Yq 160 Infertile 5%
6 Fertile

Stuppia et al. (1998) 27 interval 6 50 Azoo-oligo 14%
10 Normal

Krausz et al. (1999) 22 Azoo 1 4.5%
42; <1×106 sperm per ml 2 4.7%
53 Oligozoo 0
13 Astheno 0
>20×106 sperm per ml
4 Normal 0

Kleiman et al. (1999) 133 Oligo/azoo 8 6.01%

somes. The gene encoding hnRNPG is found on the X
chromosome (Delbridge et al. 1999). This means that
RBMX and RBM were original members of the pair of
autosomes that gave rise to the X and Y chromosomes
and so are very ancient (and probably important)
genes. Consistent with this, RBM is a highly conserved
gene and has been found on the Y chromosomes of all
mammalian species so far tested (Schempp et al. 1995)

including marsupials (Delbridge et al. 1997). In addi-
tion to these copies on the sex chromosomes, there are
a number of autosomal genes which encode proteins al-
most identical to hnRNPG. One of these autosomal
genes on chromosome 11 is only expressed during mei-
osis, and is called HNRNPGT (Elliott et al. 2000). Be-
cause of its restricted expression in male germ cell de-
velopment, HNRNPGT is a candidate infertility gene,
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and a variant allele of this gene is associated with male
infertility (Westerveld et al. 2004).

DAZ is found only in humans and old world pri-
mates, but an autosomal homologue (DAZL) is present
in mammals and is found in mice on chromosome 17.
This autosomal homologue is also present in humans
on chromosome 3p24 (Dorfman et al. 1999), and may
account for the varied spermatogenesis in men with
AZFc deletions. DAZL is essential for male and female
fertility in mice: homozygous knockout DAZL males
do not progress past meiosis, while female mice with-
out the DAZL gene have a failure of proper develop-
ment of the female genital tract (Saunders et al. 2003).
It is also possible that defects in autosomal DAZL genes
could be the explanation for some cases of female in-
fertility associated with primary amenorrhoea. Both
DAZ and DAZL are expressed in early primordial germ
cells and spermatogonia, and then later in meiotic cells.
In contrast a third member of this gene family, BOULE,
is only expressed in meiosis (Xu et al. 2001). BOULE is
thought to be the ancestral member of the DAZ family
since it is also found in flies, where it regulates transla-
tion of the transcript encoding the CDC25 phosphatase
twine. Both Boule and twine are needed for meiotic en-
try in flies (Maines and Wasserman 1999), and a human
BOULE transgene can rescue a fly boule mutation!
Consistent with an equally important role in human
fertility, BOULE and CDC25A proteins are absent in

some infertile men who are arrested in meiosis (Luet-
jens et al. 2004).

Other Y Genes

Several other genes on the long arm of the Y have been
described (Fig. II.3.53) but in general microdeletions in
regions other than AZFc are less frequent. In the AZFa
region, deletion of the DBY gene, which encodes a pro-
tein that unwinds RNA, causes infertility (Foresta et al.
2000) and single gene deletions and point mutations of
the USP9Y gene, which is involved in controlling pro-
tein stability, cause infertility (Sun et al. 1999). In addi-
tion to removing RBM, deletions of the AZFb region of
the Y chromosome remove other genes, including
HSFY (Tessari et al. 2004).

Clinical Implications of Y Microdeletions

There are no reports that men with microdeletions
have any phenotypic abnormalities other than abnor-
mal spermatogenesis and men with microdeletions ap-
pear to be in perfect health in every other respect (Mal-
lidis et al. 1996; Najmabadi et al. 1996).

As there is only one Y chromosome we may predict
that Y microdeletions will be transmitted to their sons;
although this is likely to be infrequent in the normal
population, because without ICSI treatment men with

Table II.3.13. Transmission of
Y chromosome deletion
from father to son. (Adapted
from the Table presented by
Dr K McElreavey, Institute
Pasteur Paris and presented
at the Y Gene conference
Royal College of Physicians
Edinburgh 1998.) (ICSI In-
tracytoplasmic sperm injec-
tion, TESA testicular sperm
aspiration)

Authors Y deletion son Y deletion father Method of conception
and semen concentra-
tion (millions per ml)

Kobayashi et al. (1994) AZFc AZFc ?

Vogt et al. (1996) AZFc AZFc <0.1×106

Kent-First et al. (1996) Small near AZFc Small near AZFc ICSI
Small near AZFc Not detected Normal
Large
AZFc -AZFb Not detected

Pryor et al. (1997) sY153-sY267 sY153-sY267 0.3×106

sY207-sY272

Stuppia et al. (1997) AZFc AZFc (smaller) <2×106

Mulhall et al. (1997) Ongoing twin
pregnancy

AZFc ICSI

Silber et al. (1998) Two ongoing
pregnancies

AZFc Azoospermic TESE-ICSI

Two ongoing
one twin AZFc

AZFc Oligospermic ICSI

Kamischke et al. (1999) AZFc AZFc ICSI
Normal

Kleiman et al. (1999) AZFc AZFc
(sY153,sY254,sY255,
DAZ,sY158)

TESE-ICSI

Page et al. (1999) Twin both AZFc AZFc Azoospermic ICSI
AZFc AZFc Azoospermic ICSI
AZFc AZFc Azoospermic ICSI
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very low sperm counts are less likely to father children.
However, some cases have been reported in the litera-
ture (Table II.3.13). It may be important that in two of
the cases the microdeletion appears to be larger in the
son than the father. More information is needed from
father/son pairs where the son has a very low sperm
count and also about the outcome of ICSI attempts
where sperm have been used from men with microde-
letions and there is a need for long term follow-up of
any male children. However, although it may be desir-
able to obtain information about the genetic status of
ICSI babies there are ethical questions about whether
young babies should be tested and, if so, whether the
test results should be identifiable.

Testing for Y Microdeletions

Testing for microdeletions is now widespread in IVF
and ICSI units, but there is no standardized methodol-
ogy and it is therefore difficult to make direct compari-
sons between reported results (Table II.3.12). Several
centres have developed screening methodologies (He-
negariu et al. 1994; Qureshi et al. 1996; Vogt et al. 1996;
Kent-First et al. 1999). As there is no correlation be-
tween histopathology and deletion of DAZ, it is prema-
ture to rely on specific gene probes because these will
fail to detect a significant proportion of men with mi-
crodeletions. In a study to compare results from 28 dif-
ferent European laboratories (Simoni et al. 1998) it was
concluded that the use of a high number of primers did
not improve the accuracy of results, and recommenda-
tions are being produced for standardization. A com-
mercial testing kit is now available (www.prome-
ga.com/moldx/). In general, deletions affecting the AZ-
Fa and AZFb regions are associated with more pro-
found derangement of spermatogenesis and poorer
prognosis for sperm recovery and ICSI (Hopps et al.
2003) and the larger the AZFc microdeletion the more
likely it is that the phenotype is azoospermia (Fernan-
des et al. 2004). However, testing using peripheral
blood may not be reliable. Lack of DAZ messenger RNA
in testicular cells has been reported in a man with ap-
parently normal DAZ gene constitution on DNA ex-
traction from leukocytes (Repping et al. 2002). There
may also be very small deletions encompassing active
copies of DAZ, mosaicism, or abnormalities in DAZ
transcription.

Advice to Couples Where the Man has a Y Microdeletion

What advice can we give our patients? It is probably un-
necessary to test for microdeletions in men where ICSI
is being used to overcome obstructive azoospermia, as
in these men spermatogenesis should be normal. For
other men with severely damaged spermatogenesis
testing for microdeletions before ICSI is desirable, but

as these men and their male children are unlikely to
have any phenotypic abnormality other than damaged
spermatogenesis it is reasonable to take into account
the availability, cost and limitations of present methods
of testing and to discuss this with the couple. If a man
with Y chromosome microdeletions and his partner
wish to proceed with ICSI they can be advised that mi-
crodeletions will be passed to sons but not to daugh-
ters, but that it is unknown to what extent a son who in-
herits a microdeletion will in turn have a fertility prob-
lem. The couple may be told that there is no evidence of
any other health consequences of microdeletions. In a
study of the actual decisions taken by couples in the sit-
uation in the Netherlands and Belgium it was found
that most chose to proceed with ICSI but that 21% re-
frained from treatment or chose donor insemination
but that this was strongly influenced by the opinion of
the counsellor (Nap et al. 1999).

II.3.10.4.3

Cystic Fibrosis Mutations and Male Infertility

Cystic fibrosis, a fatal autosomal recessive disorder, is
the most common genetic disease of Caucasians; 1 in 25
are carriers of recessive gene mutations involving the
cystic fibrosis transmembrane conductance regulator
(CFTR) gene. This gene, located on the short arm of
chromosome 7, encodes a membrane protein that func-
tions as an ion channel and also influences the forma-
tion of the ejaculatory duct, seminal vesicle, vas defe-
rens and distal two-thirds of the epididymis. Congeni-
tal bilateral absence of the vas deferens (CBAVD) is as-
sociated with mutations in the CFTR gene, and is found
in approximately 2% of men with obstructive azoo-
spermia attending our clinic in Edinburgh, Scotland
(Donat et al. 1997). However, the incidence in men with
obstructive azoospermia will vary in different coun-
tries, depending on the prevalence of cystic fibrosis
mutations in the population (Wu et al. 2004) and the
prevalence of other causes of obstruction. In those
countries with a high prevalence of sexually transmit-
ted infection, CBAVD as a cause of azoospermia will be
relatively infrequent compared with azoospermia asso-
ciated with postgonococcal epididymitis. The clinical
finding of absent vas deferens is easy to miss and all
men with azoospermia should be very carefully exam-
ined, particularly if semen analysis reveals azoosper-
mia in association with a semen volume of less than
1.0 ml and with acidic pH (<7.0).

More than 400 mutations of the CFTR gene have
been characterized (Dean and Santis 1994). In pub-
lished series of men with CBAVD who have been tested
for varying numbers of mutations, the more mutations
tested for, the higher the percentage of men found to
have mutations. In more recent publications (Oates and
Amos 1994; Tournaye et al. 1994; Mercier et al. 1995)
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detection rates have been higher (75%, 70%, 81%, 76%
respectively) whereas in older publications detection
rates have been around 40%. In a review of published
series of 449 men with CBAVD the 2 F508 mutation was
detected in 244 men, the R117H mutation in 54 men
and the W1282X mutation in 37. Sixty-three other mu-
tations were detected in between one and nine men but
not all mutations were tested for in all case series (De-
Braekeleer and Ferec 1996). It seems likely that as more
and more mutations are defined and tested for that, ap-
proaching 100% of men with CBAVD will be found to
have mutations. At present it is not practical to test for
all known mutations, as many have a very low preva-
lence in a particular population and in most places test-
ing is restricted to the 20–30 mutations that occur most
commonly in that community.

Mutations may be found in both copies of the CFTR
gene but in most men with CBAVD they are found in
only one copy. In some of these supposedly heterozy-
gous cases there may be an unknown second mutation
but there is also another interesting mechanism. In up
to 63% of these a DNA variant called the 5 T allele can
be detected in one of the introns of the other allele of
the CFTR gene (Chillon et al. 1995), and we have con-
firmed these observations in our own patients. The 5 T
allele causes the CFTR transcript to be inefficiently
spliced in the nucleus, decreasing the amount of func-
tional CFTR protein (Chu et al. 1993; Hefferon et al.
2004).

Further work is needed to fully understand the ge-
netics of CBAVD. It is noteworthy that the heterozygous
men with CBAVD whom we see in our clinic often have
mild clinical stigmata of cystic fibrosis, e.g. history of
chest infections. It will therefore be important to follow
up children born after ICSI and where the father has
CBAVD and is either hetero- or homozygous. Men with
mild clinical stigmata should be advised to avoid smok-
ing as their respiratory reserve will be reduced com-
pared with normal.

There have been reports of CFTR mutations in men
with severe oligozoospermia but without absence of
the vas deferens and it has been postulated that the
CFTR complex may also relate to spermatogenesis (van
der Ven 1996). While the relationship between absence
of the vas deferens and CFTR mutations is becoming
well established the role of these mutations in sperma-
togenetic defects is as yet unclear.

Advice for Couples Where the Man has Congenital

Bilateral Absence of the Vas Deferens

CFTR mutations have implications for clinical infertili-
ty practice. When the male partner has CBAVD it is im-
portant to test the female partner for cystic fibrosis mu-
tations as well as the male partner. If she is also found to
be a carrier then there must be very careful consider-

ation about whether the couple wish to proceed with
ICSI using the husband’s sperm as the chance of a baby
with cystic fibrosis will be 25% if he is heterozygous or
50% if he is homozygous. If the female partner is nega-
tive for known mutations her chance of being a carrier
of unknown mutations is about 0.4% and in these cir-
cumstances the chance of her heterozygous partner fa-
thering a child with cystic fibrosis is approximately
1:410. These figures are estimates calculated using the
known mutation frequency in Caucasian populations
but will vary depending on the frequency of the differ-
ent mutations in different populations. In the context of
ICSI preimplantation diagnosis of CFTR status can be
used to avoid a CFTR homozygous baby (Moutou et al.
2004).

Unilateral (and Bilateral) Absence/Abnormality of the Vas

and Renal Abnormalities

Unilateral absence of the vas deferens is usually associ-
ated with ipsilateral absence of the kidney (Drake and
Quinn 1996) and probably has a different genetic cau-
sation. Men with unilateral absence of the vas deferens
are usually fertile and the condition is most commonly
encountered as an incidental finding in the vasectomy
clinic. Nevertheless, there have been recent reports that
some men with unilateral absence have cystic fibrosis
mutations, and these may represent incomplete CBAVD
rather than true unilateral agenesis. Also it has been re-
ported that some men with bilateral absence of vas de-
ferens and renal abnormalities do not have CFTR ab-
normalities (Augarten et al. 1994). There is a need for
reports of further case series of men with bilateral and
unilateral absence of vas deferens, with accurate docu-
mentation of cystic fibrosis mutations and renal status.

When a man is found to have a unilateral absence of
the vas and with normal kidneys, or bilateral absence
or bilateral abnormality, then tests for cystic fibrosis
mutations should be undertaken. However, if the re-
sults are negative and if the renal anatomy has not been
defined, then it is worthwhile obtaining an abdominal
ultrasound to define urinary tract anatomy. Findings
may range from unilateral absence of the vas with ipsi-
lateral absence of the kidney, to bilateral vasal abnor-
malities and renal abnormalities, such as pelvic kidney.

II.3.10.4.4

Autosomal Gene Defects with Severe Phenotypic

Abnormalities as well as Infertility

There are a number of inherited disorders with severe
or considerable generalized abnormalities as well as in-
fertility (Table II.3.14). Such patients will be well
known to doctors, often from childhood, and any fer-
tility problem should be managed in the context of the
care of the man as a whole, and with consideration of
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Table II.3.14. Less common
inherited disorders associat-
ed with infertility and other
alterations to phenotype

Disorder Phenotype Genetic basis

Prader-Willi syndrome Obesity, mental retardation Deletion of 15q12 on pater-
nally inherited chromosome

Bardet-Biedl syndrome Obesity, mental retardation,
retinitis pigmentosa, poly-
dactyly

Autosomal-recessive
16q21

Cerebellar ataxia and hypogo-
nadotrophic hypogonadism

Eunuchoidism and distur-
bances of gait and speech

Autosomal-recessive

Noonan’s syndrome Short stature, webbed neck,
cardiac and pulmonary ab-
normality, cryptorchidism

Autosomal-dominant

Myotonic dystrophy Muscle wasting, cataract
testicular atrophy

Autosomal-dominant
19q13.3

Dominant polycystic kidney
disease

Renal cysts, obstruction
from epididymal cysts

Autosomal-dominant
16p13.3 and 4q

5 [ -reductase deficiency Perineal or scrotal hypo-
spadias, vaginal pouch,
immature female phenotype

Autosomal-recessive

his and his partner’s ability to care for a child should
treatment be successful. Cryptorchidism is associated
with both infertility and testicular cancer, and occurs
in 3–4% of newborn boys. Mutations in the genes en-
coding insulin-like 3 (INSL3) and its receptor GREAT/
Lgr8 are found in some patients with undescended tes-
tes, and in animal models these genes affect testicular
descent in mice (Bogatcheva and Agoulnik 2005).

II.3.10.4.5

Autosomal Gene Defects and Male Fertility, but in the

Absence of Overt Phenotypic Abnormality

Lillford et al. (1994) reported an epidemiological study
which indicated that reduced male fertility may run in
some families, and there is some molecular evidence
that there may be autosomal defects that could account
for this. It is difficult to know how many autosomal
genes are specific for fertility, but estimates from the
number of genes required in model organisms suggest
that it may be in the order of 1500 (Hackstein et al.
2000). Because of the large number of potential genes
which might be affected in infertile men, any indication
of genes or an array of genes which might be more fre-
quently disrupted would be useful diagnostically.

Homozygous disruption of a number of genes
causes infertility in mice; for example, those encoding
the ubiquitin conjugating enzymes hHR6A and hHR6B
(Roest et al. 1996). These enzymes are implicated in
post replication repair. Heterozygous male mice and
knockout female mice are completely normal and able
to transmit the defect, which, however, caused de-
ranged spermatogenesis in homozygous mice. It is pos-
sible that similar hHR6B mutations may cause male in-
fertility in man. If this is the case then there may be an

enhanced chance of passing such a defect by ICSI as the
male partner will be more likely than normal to carry
such a defect and will thus pass the defect to half of his
offspring. The chance of the offspring being affected
will depend on the prevalence rate of these mutations
in the general community. This may be quite low as
there will have been a tendency to select against such
mutations because of their anti fertility effect. Another
gene potentially involved in ubiquitinylation is the Y-
encoded USP9Y, which encodes a ubiquitin C-terminal
hydrolase and which is mutated in some infertile men
(Sun et al. 1999).

II.3.10.4.6

Unknown Genetic Disorders and Male Fertility

The search for genes on the long arm of the Y chromo-
some has given opportunities to find similar genes on
the autosomes. In the mouse, the autosomal version of
DAZ, DAZLA, has been found on mouse chromosome
17, and the human homologue of DAZLA has been
mapped to chromosome 3p. Disruption of a number of
autosomal loci in transgenic mice results in infertility,
suggesting that defects in a number of genes might
cause idiopathic infertility in humans (Venables and
Cooke 2000). For example, it has been reported that
male Drosophila mojavensis made sterile by having its
Y chromosome replaced with that of the sibling species
Drosophila arizonae has fertility restored by material
from the fourth chromosome of D. arizonae (Pantazidis
et al. 1993). These various observations raise the possi-
bility of human autosomal-recessive disorders with ho-
mozygosity affecting spermatogenesis. This theoretical
mechanism could account for a proportion of the men
with unexplained deranged spermatogenesis. It has
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been postulated that follicle-stimulating hormone re-
ceptor mutations may account for some cases of male
infertility, but, although allelic variants are present,
these are detected in equal frequency in fertile and in-
fertile men and do not seem to be relevant to fertility
(Simoni et al. 1999).

II.3.10.5
DNA Methylation and Gene Imprinting
and Ageing Changes

Methylation of the DNA base cytosine contributes to si-
lencing and condensation of DNA, so the correspond-
ing genes tend to be inactivated. Cytosine methylation
and inactivation of genes occur as part of the ageing
process and also as an important part of the mecha-
nism of sex differentiation by silencing genes on the in-
active X chromosome. DNA remodelling also has a very
important role in spermatogenesis, since the DNA of
the haploid round spermatids has to be condensed into
the much smaller volume present in sperm. This occurs
during spermiogenesis, and may involve the CDY gene
which is deleted in some infertile men (Lahn et al.
2003).

II.3.10.5.1

Genetic Imprinting Disorders in Male Infertility

There is evidence that there is an increase in the human
overgrowth condition called the Beckwith-Wiedemann
syndrome in babies born by ICSI (DeBaun et al. 2003)
and this condition is associated with failure of imprint-
ing. Beckwith-Wiedemann syndrome is a growth dis-
order characterized by some or all of the following clin-
ical features: macroglossia, omphalocele, umbilical
hernia, diastasis recti, above average birth weight and
length, visceromegaly, hemihypertrophy of part or all
of the body, and finally typical facial features including
earlobe creases, prominent occiput and naevus flam-
meus (strawberry mark on the forehead and eyelids).
The prevalence of Beckwith-Wiedemann syndrome is
difficult to establish because of underreporting of cases
with minimal stigmata.

There are attempts to overcome maturation arrest
by altering tissue culture characteristics (Tesarik 2004)
and in the context of this line of treatment it will be im-
portant to evaluate the effect on normal imprinting
mechanisms.

II.3.10.5.2

Ageing and Male Infertility

Sperm from older men have an increased incidence of
XY, YY and XX disomy (Gazvani et al. 2000). Also, chil-
dren born of older men may have an increased chance of

genetic defects; for example, an increased incidence of
the rare congenital disorder Apert syndrome (Tolarova
et al. 1997). Apert syndrome is characterized by cranio-
synostosis, syndactyly and other malformations, and is
caused by a paternal mutation in which cytosine is sub-
stituted by guanine in the fibroblast receptor-2 gene
(Moloney et al. 1996; Tolarova et al. 1997). Based on this
evidence, there are concerns about the genetic integrity
of sperm from older men and this has led to recommen-
dations for an upper age limit for men who wish to do-
nate sperm to a sperm bank. In the USA (Linden and
Centola 1997), UK (British Andrology Society 1999) and
France (Lansac et al. 1997), there is now a recommended
or required upper age limit of 35–45 years. More re-
search is needed to define the exact risk according to age.

II.3.10.6
Mitochondrial Abnormalities

In addition to the nuclear genome, mitochondria con-
tain their own genetic material. Very few if any mit-
ochondria make a paternal contribution to the embryo,
and therefore these are unlikely to be a significant fac-
tor in inherited male infertility. However, clearly defec-
tive mitochondrial function in sperm may, by way of
poor sperm motility, be a cause of infertility. There is
concern that the ICSI process may allow transmission
of paternal mitochondria between generations, but in a
study of nine children conceived by ICSI no paternal
mitochondria were detected (Danan et al. 1999).

Human mitochondrial DNA is replicated by a DNA
polymerase encoded by the nuclear genome called
POLG, which contains a polyglutamine tract of typically
ten amino acids. In men with sperm quality defects, the
number of glutamines in this tract has been reported to
vary (Rovio et al. 2001). Sperm from men homozygous
for POLG alleles without the common ten glutamine re-
peat are less able to achieve fertilization, but this could be
successfully treated by ICSI (Jensen et al. 2004).

II.3.10.7
Inherited Cytoplasmic Disorders
and Male Fertility

In humans the cytoskeleton is a paternal contribution
and thus in theory there is the possibility of non-DNA
transmitted cytoskeleton abnormalities when very de-
fective spermatozoa are used (Simmerly et al. 1995).
Whether this actually occurs is not known.
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II.3.10.8
Chromosomal and DNA Abnormalities in Sperm

There is less information about the incidence of genetic
abnormalities in sperm. In general, tests on peripheral
blood leukocytes may indicate that the man has abnor-
mal chromosomal or genetic make-up, and this may be
reflected in his sperm. However, another mechanism for
the introduction of genetic abnormality in gametes is
derangement of mitosis in the testis, and in this situation
tests on peripheral blood leukocytes will all be normal
and only by studying the sperm will abnormalities be-
come apparent (Martin et al. 2003). In particular, men
with meiotic arrest have been shown to have increased
frequency of mutations in germ cells, suggesting that the
DNA repair machinery may be compromised in these
cells, and this is obviously important regarding the
health of any children they might have as a result of as-
sisted reproduction therapy (Nudell et al. 2000).

II.3.10.9
Chromosomal Abnormalities in Sperm

Large numbers of sperm can be tested using multicolour
FISH analysis, whereas previously sperm karyotyping
was by hamster penetration assay, a method that was
both laborious and insensitive. Several studies of sper-
matozoa using FISH (Martin 1996; Finkelstein et al. 1998;
Zhang 2004) have shown an increased frequency of both
autosomal and sex chromosome aneuploidy. Typically, a
standard karyotype analysis is performed on 20–30
cells. However, in a study in which 1000 cells were ana-
lysed using FISH (Gazvani et al. 2000) the median inci-
dence of sex chromosome aneuploidy was found to be
1.5% in ten oligozoospermic men compared with 0.3%
in ten fertile men. Also, it was postulated that mitotic in-
stability in infertile men could be the result of failure of
the mitotic checkpoint gene MAD2L1.

II.3.10.9.1

DNA Strand Breakages in Sperm

A Japanese group (Kuroki et al. 1999) have used polymer-
ase chain reaction (PCR) to assess DNA differences in the
Y chromosome [PCR single-strand confirmation poly-
morphism, PCR restriction fragment length polymor-
phism and PCR for three polymorphic loci: SRY,
DXYS5Y(47z/stu 1) and DYS287 (YAP)]. They used their
results to classify the Y chromosome into four haplo-
types: I, II, III and IV. The frequency of occurrence of
these haplotypes was studied in a population of 198 fer-
tile men and 106 azoospermic men (azoospermic men
with Y microdeletions were excluded). It was found that
men with haplotype II had a lower sperm concentration
than men with the haplotypes III and IV, and that the fre-
quency of haplotype II is more common in the azoosper-

Table II.3.15. Suggested male risk categories for the follow-up of
children born by intracytoplasmic sperm injection. The male
diagnostic categories descend in order of genetic and diagnos-
tic precision. (CBAVD Congenital bilateral absence of the vas
deferens)

Men with sex chromosome abnormality on peripheral
blood karyotyping

Men with autosomal chromosome abnormality on periph-
eral blood karyotyping

Men with obstructive azoospermia secondary to CBAVD
Men with damaged spermatogenesis and Y microdeletions
Men with other defined genetic disorders
Men with normal spermatogenesis and obstructive azoo-

spermia; for example, after failed vasectomy reversal but
where karyotyping and genetic tests have not been un-
dertaken or if they have been performed are normal. In
this category there is no reason to predict any genetic
abnormality different from that in the general population

Men with normal karyotype and normal genetic tests but
where spermatids have been used. In cases where karyo-
type or genetic tests are abnormal then the followed-up
category should probably be considered under one of the
above groups

Men with testicular maldescent
Men with impaired spermatogenesis secondary to cancer

chemotherapy
Men with impaired spermatogenesis secondary to known

mitogen (e.g. occupational hazard)
Men with damaged spermatogenesis of unknown aetiology

mic men than in normal men. This work indicates a sig-
nificant genetic contribution to male fertility potential.

Men with infertility have an increase in damage to
sperm DNA compared with fertile men (Irvine et al.
2000) and this increased DNA fragmentation is associ-
ated with poorer IVF pregnancy rates (Henkel et al.
2004). One of the mechanisms of damage to DNA is oxi-
dation (Bjelland and Seeberg 2003) and this is particu-
lar relevant in men with damaged spermatogenesis and
leukospermia where free oxygen radical levels are high.
Sperm from older men have increased DNA damage
compared to those from younger men and this may be
one of the mechanisms contributing to the slight in-
crease in risks to children born of older fathers.

There is increasing evidence that sperm abnormali-
ties may be common, and further investigations are
needed of sperm from men in well-defined clinical cat-
egories (Table II.3.15). Also, when considering such
studies, it is relevant to investigate the population of
sperm that would normally be used in an ICSI proce-
dure. In a study of sperm in a swim up preparation, the
frequency of DNA breaks was reduced by one-third in
motile sperm (Van Kooij et al. 2004).

Paternal RNA

Paternal RNAs are delivered to the egg at fertilization
but it is not known whether these have a role in the
early molecular events after fertilization but it is hy-
pothesized that the defect could account for some cases
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of unexplained male factor infertility (Ostermeier et al.
2004).

II.3.10.10
Risks of Intracytoplasmic Sperm Injection

Intracytoplasmic sperm injection (ICSI) is now used to
enable men with severe damage to spermatogenesis to
father children in situations formerly considered hope-
less and where only a very few spermatozoa can be ob-
tained. This has led to worries that children may be
born with foetal abnormality, because by bypassing the
selective processes of the female genital tract and cov-
erings of the egg the process could enable defective
sperm to fertilize, or that eggs may be fertilized that
would otherwise not do so. It is reassuring that the col-
lected statistics of foetal abnormality from ICSI centres
show similar rates of congenital malformations com-
pared with the general population (Bonduelle et al.
2002; Pinborg et al. 2004) but despite this some concern
remains because the indications for ICSI are constantly
being extended to include fertilization with immature
sperm forms and potentially damaged sperm. It will be
particularly important to continue to monitor foetal
abnormality rates with detailed subgroup analysis ac-
cording to the clinical and molecular diagnosis of the
father (see Table II.3.14). ICSI has meant that some men
with Klinefelter syndrome can become fathers. One of
the most common aneuploidies in humans is trisomy
21 (Down’s syndrome) and there is evidence that men
with Klinefelter syndrome also produce sperm with
high levels of disomy of chromosome 21 (Hennebicq et
al. 2001). Hence any embryos from Klinefelter fathers
derived by ICSI should be carefully screened.

II.3.10.11
Ethical Considerations, Genetic Counselling
and Intracytoplasmic Sperm Injection

The main difficulties will occur where there is a conflict
of interest between the wishes of the couple and the in-
terests of a future child.

The best initial management is to give the couple full
information about the risks to the child and then for
the couple to decide whether to proceed or not. Howev-
er, in the situation where both partners are known to
carry defects (for example cystic fibrosis mutations),
there can be up to a 50% chance of the birth of a child
who will develop clinical cystic fibrosis and die young
after a number of years of morbidity. In this situation,
many clinicians and infertility clinic personnel may feel
that their duty of care to the future child and the inter-
ests of society as a whole outweigh the wishes of the in-
dividual couple, and that it is not ethical to proceed and
that ICSI should not be offered to the couple.

Table II.3.16. Problems faced by germline therapy

Uncertainty and risk
The commonly perceived slippery slope, particularly

regarding genetic enhancement
Lack of consent by future generations
Inappropriate allocation of health care resources
Intrinsic immorality

Data from Hefferon et al. (2004)

In some countries law may govern these matters and
then there is no choice, but in the absence of law this
type of conflict makes the doctors’ role very difficult.
Each case has to be judged on its merits and in the con-
text of what is available and affordable in the local
health care system. When there is a conflict that cannot
be resolved by agreement the interests of a future child
probably take precedence over the interests of a couple.
If the decision is taken to proceed, it is important for
the couple to appreciate fully what may be in store for a
future child, and it is often appropriate for arrange-
ments to be made for the couple to visit another family
where there is a teenager or older person suffering from
the condition. Also, the couple will need to give consid-
eration to preimplantation diagnosis and replacement
only of normal embryos or, if this is not available, am-
niocentesis and genetic diagnosis and the possibility of
termination.

ICSI is new technology, but perhaps the greatest po-
tential application is the window of opportunity for
germline therapy. At present this is considered unethi-
cal and sometimes illegal. Nevertheless, the following
hypothetical situation may help focus debate. Suppose
a couple decide to go ahead with ICSI in a situation in
which both partners are known to have cystic fibrosis
mutations, but after successful pregnancy would not
contemplate amniocentesis and abortion. If in this situ-
ation it was possible to correct the mutation before em-
bryo replacement, which would be less harmful – to re-
pair the defect and enable the birth of a child without
cystic fibrosis, or not to repair the defect and for a child
to be born with cystic fibrosis? These arguments can be
extended to correction of oncogenes and other defects.
The risks of germline therapy (Table II.3.16) have been
summarized by Fiddler and Pergament (1996) in a re-
view article, which gives powerful argument in favour
of germline therapy.

II.3.10.12
Conclusion

We are beginning to understand the genetic basis of in-
fertility, and the advent of ICSI makes this of practical
relevance. This is because couples need to be given in-
formation about potential risks to children, and for
some there may be opportunities to select genetically
healthy IVF embryos for replacement. This necessitates
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good understanding of genetics by clinical staff and the
public at large. In the present review, the emphasis is on
the description of the more common genetic disorders
that are likely to be encountered by the infertility clini-
cians, such as Klinefelter syndrome, CBAVD and Y mi-
crodeletions. Our understanding of the genetics of
male fertility is increasing exponentially and it is likely
that genetic treatments will become available. Infertili-
ty clinicians will need to keep up to date with fast mov-
ing scientific advances to best advise infertile couples.
It will be increasingly important that infertility clini-
cians keep in mind the fundamental ethical principles
of beneficence, autonomy and justice, and to have the
knowledge to advise and be able to manage situations
when there are conflicts of interest or principle.
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II.3.11 Tumour Genetics (Prostate/Testis/Penis)
O. Tatarov, D. Kirk

■ Family history is a major risk factor for pros-
tate cancer

■ Prostate cancer developing before age 55 is
frequently inherited

■ Brothers of men with testis cancer have an
eight- to tenfold risk themselves of testis cancer

■ Bilateral testis cancer may carry a higher
genetic risk

■ The rarity of penile cancer makes hereditary
risks difficult to define

Summary

II.3.11.1
Genetic Aspects of Prostate Cancer

In addition to age and race, several large case–control
and cohort studies have confirmed that family history
is a major risk factor in prostate cancer (Cannon et al.
1982; Steinberg et al. 1990; Carter et al. 1992; Gronberg
et al. 1996). From twin registries of Denmark, Sweden
and Finland, 42% of prostate cancers were attributed to
inheritance (Lichtenstein et al. 2000). The number of
affected relatives and their age at diagnosis affect the
risk. A brother or father with prostate cancer increases
the risk by twofold to threefold, greater the younger the
affected relative (Cannon et al. 1982; Ghadirian et al.
1997; Matikaine et al. 2001). A large proportion of pros-
tate cancer in men under 55 years old is thought to be
inherited (Zeegers et al. 2003).

“Hereditary prostate cancer”, which simulates a
Mendelian dominant trait, is suggested when prostate
cancer occurs in three or more first-degree relatives; in
each of three generations in the paternal or maternal
lineage; or in two or more first- or second-degree rela-
tives under the age of 55 (Damber 2001; Nieder et al.
2003). However, as few as one or two affected relatives
(“familial prostate cancer”) may indicate an increased
risk (Steinberg et al. 1990).

Affected brothers confer a greater risk than affected
fathers. This may be due to X-linked or recessive inher-
itance, although the reason for the difference is un-

Table II.3.17. Relative risk re-
lated to family history of
prostate cancer. (CI Confi-
dence interval.) Adapted
from Zeegers et al. (2003)

Risk group Relative risk for prostate
cancer

Brother with prostate cancer diagnosed at any age 3.4 (95% CI = 3.0–3.8)
Father with prostate cancer diagnosed at any age 2.2 (95% CI = 1.9–2.5)
One affected first-degree relative diagnosed at any age 2.6 (95% CI = 2.3–2.8)
One affected second-degree relative diagnosed at any age 1.7 (95% CI = 1.1–2.6)
Affected first-degree relative(s) diagnosed age <65 years 3.3 (95% CI = 2.6–4.2)
Affected first-degree relative(s) diagnosed age >65 years 2.4 (95% CI = 1.7–3.6)
Two or more affected first-degree relatives diagnosed at any age 5.1 (95% CI = 3.3–7.8)

known. Detailed information regarding risk ratios
related to family history of prostate cancer was present-
ed in a meta-analysis of 33 epidemiological studies
(Table II.3.17).

Clinical presentation, response to treatment and
survival do not appear to be different in patients with
inherited and sporadic forms of disease, with no statis-
tical differences in symptoms, pathologic stage, Glea-
son scores, margins or in prostate specific antigen
(PSA) recurrence (Gronberg et al. 1998; Valeri et al.
2000; Bratt et al. 2002). Thus, the arguments about PSA
testing and screening are in theory no different than
those in sporadic disease, but clearly in practice those
with close relatives, particularly where the disease was
fatal, will have a greater anxiety creating a desire for
screening. However, counselling before PSA testing is
no less important.

There have been recent reports that men with a posi-
tive family history of prostate cancer may be at risk for
other malignancies. In the Li–Fraumeni dominantly in-
herited cancer syndrome, caused by constitutional mu-
tations in the TP53 or CHK2 genes, affected family mem-
bers develop, apart from prostatic adenocarcinoma, at
an early age rhabdomyosarcomas, soft tissue sarcomas,
breast cancer, brain tumours, osteosarcoma, leukaemia
and pancreatic carcinoma. Individuals with inherited
mutations of BRCA1 and BRCA2 (breast cancer genes)
are also thought to be at higher risk for prostate cancer.
A possible increased risk for colon cancer, non-Hod-
gkin’s lymphoma, rectal cancer and brain cancer in first-
degree relatives of patients with prostate cancer (Gold-
gar et al. 1994; Gronberg et al. 2000) might be due to ge-
netic predisposition resulting in a family cancer syn-
drome, but the alternative explanation of a common en-
vironmental exposure has not been excluded.

II.3.11.2
Genetics of Testicular Cancer

Testicular germ-cell tumours (TGCT) are the most
common type of malignancy in men aged 15–45 years.
The important risk factors for TGCT are family history
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(UK Testicular Cancer Study Group 1994), cryptorchi-
dism (Swerdlow et al.1997) and previously diagnosed
TGCT (Osterlind et al. 1991; Wanderas et al.1997).

Twenty-five different hereditary disorders or consti-
tutional chromosomal anomalies have been reported
in patients with TGCT. In some there are also defects in
urogenital differentiation suggesting a correlation with
testicular dysgenesis syndrome, of which testicular
cancer is thought to be part (Lutke Holzik et al. 2003).
Patients with Klinefelter syndrome (47 XXY) and XY
gonadal dysgenesis have a substantial risk of develop-
ing germ-cell tumours. Approximately 8% of cases of
mediastinal (extragonadal) GCT have Klinefelter syn-
drome, although tumours in their testes are rare, prob-
ably because of lack of testicular germ cells.

Familial cases account for 1.0–5.5% of testicular
cancers (Forman et al. 1992; Heimdal et al. 1996; Dieck-
man and Pichlmeier 1997; Sonneveld et al. 1999). Some
1–3% of men with TGCT have an affected first-degree
relative. Brothers of those with the disease have a rela-
tive risk of TGCT of 8–10 whereas for the sons the rela-
tive risk is 4–6 (Heimdal et al. 1996; Dieckman and
Pichlmeier 1997; Sonneveld et al. 1999). This high rela-
tive risk is unlikely to be due to a shared environmental
factor (Lutke Holzik et al. 2004).

Bilateral involvement of paired organs is considered
to be an important sign of hereditary cancer. Early so-
matic mutation of tyrosine kinase receptor gene (KIT)
is believed to predispose patients to the bilateral TGCT
(Looijenga et al. 2003). Several association studies have
also linked the risk of TGCT to HLA genes that might
play a role in the immune response to various carcino-
genic factors (Birkeland et al. 1995; Bateman and Ho-
well 1999; Spano et al. 2002). Finally, there is circum-
stantial evidence that patients with TGCT and their rel-
atives might be at risk for developing tumours at other
sites such as colon, kidney, pancreas, bladder, thyroid
and lung (Goss and Bulbul 1990; Dong et al. 2001).

In both prostate cancer and TGCT, several putative
susceptibility genes are thought to confer an increased
risk. However, no definitive genetic tests are available
for these conditions. Progress in bioinformatics and
molecular biology is expected to facilitate further ad-
vance in exploration of genetic predisposition to pros-
tatic and testicular carcinomas as well as improve our
understanding of non-hereditary cancers.

II.3.11.3
Genetics of Penile Cancer

Penile squamous cell carcinoma is a rare disease and
there is a relatively small amount of information re-
garding hereditary aspects. Data are usually limited to
case reports, with no statistically sound publications
(Raney and Jhaveri 1981).

II.3.11.4
Genetic Testing

A statement from the American Society of Clinical On-
cology provides indications for genetic testing (Ameri-
can Society of Clinical Oncology 2003):

1. The individual has personal or family history fea-
tures suggestive of a genetic cancer susceptibility
condition

2. The test can be adequately interpreted
3. The results will aid in diagnosis or influence the

medical or surgical management of the patient or
family members at hereditary risk of cancer.

Individuals undergo genetic screening to determine
whether a gene predisposing to certain type of cancer
has been inherited. The process involves constructing
and evaluating a pedigree, eliciting a personal and fam-
ily medical history, and providing information about
genetic risk. Where a genetic test is not available, an
age-related risk estimate can be provided from the ped-
igree analysis in order to decide when clinical screen-
ing should be offered. Those thought to be at increased
risk for inherited cancer should be encouraged to par-
ticipate in established research programmes. Candi-
dates for genetic testing should first receive counselling
on the various medical uncertainties and psychosocial
risks and benefits involved in genetic testing (Petersen
2000; American Society of Clinical Oncology 2003).

Family history information must be summarized in
the form of a pedigree or family tree. This is a standard-
ized graphic representation of family relationships in
which patterns of disease transmission are tracked
(Bennett et al. 1995). This facilitates identification of
patterns of transmission, recognition of specific hered-
itary cancer syndromes and assists in determining the
best methods for risk assessment.

Factors suggesting inherited cancer risk include the
following:

■ Clustering of the same type of cancer in close rela-
tives

■ Unusually early age of cancer onset
■ Two or more primary cancers in a single relative
■ Evidence of autosomal dominant inheritance
■ Bilaterality in paired organs
■ Patterns of cancer in the family that are associated

with a known cancer syndrome.
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II.4 Therapeutic Options

II.4.1 Introduction to Surgical Section

In this section there are descriptions of the operative
technique for some commonly performed operations
on the male genitalia. Often such operation are dele-
gated to inexperienced doctors, and unfortunately this
can result in lifelong disability; for example care needs
to be taken with adult circumcision not to remove too
much skin from the shaft of the penis. The authors all
have considerable personal experience of performing
the techniques described and also have all been in-
volved in teaching technique. There are many alterna-
tive operations to those described but the techniques

in this section work well and are safe. The reader will
find description of the following operations: circum-
cision, penile prosthesis, penile straightening, orchio-
pexy, removal of an epididymal cyst, hydrocele, vas-
ectomy and vasectomy reversal. In Chap. II.4.17 the
reader will find description of sperm recovery. The
repertoire of operations is limited to those most com-
monly performed and the reader is referred to a dedi-
cated surgical manual such as Campbell’s Urology for
other surgical procedures.

II.4.2 Surgical Procedures in Andrology
Christine Evans

II.4.2.1
Scrotal Surgery

The advantage of operating on the scrotum is that it is
extremely accessible and the anatomy is easy to see and
to learn; the drawback is that, if not done with attention
to detail, the surgery can lead to bleeding (very vascu-
lar area) and post operative infertility and at worst
ischaemic problems of the testis.

In order to open the scrotum knowledge of scrotal
layers is needed, as is anatomy of the testis (Fig. II.4.1).
The testis is oval in shape and measures about 4 cm by
2 cm by 2.5 cm. The dense covering is called the tunica
albuginea as it is whitish in colour. The epididymis lies
posterior along the length of the testis and has a head,
body and tail, and the tail becomes the vas deferens
which runs proximally to form the spermatic cord with
the testicular vessels. The testis and epididymis are
covered by the tunica vaginalis derived from the perito-
neum with a parietal layer, and a visceral layer with a
potential space which contains a small amount of fluid.

Covering the testis is the internal spermatic fascia, cre-
masteric muscle, the external spermatic fascia and then
skin.

Fig. II.4.1. Sagittal section of the testis
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II.4.2.1.1

Scrotal Incisions

If unilateral surgery is to be performed, a single inci-
sion on that side may be made either longitudinally or
in the transverse direction. If both sides require sur-
gery a single midline or transverse incision can be
made; the latter usually has a less obvious scar but due
to the rugose nature of the skin the scars are not usually
obvious. If the operation requires exposure to get up to
the external ring, bilateral operations are best done
through two longitudinal incisions of adequate size.
Certain scrotal operations are best performed through
a groin incision, especially those for orchiectomy for
testicular tumours, so the cord can be occluded prior to
mobilization of the whole testis from the scrotum. Also
for orchiopexy where access to above the internal ring
is required, adequate exposure in the groin is needed,
to allow maximal mobilization to get the testis fixed in
the scrotum comfortably.

Scrotal incisions nearly always heal well with mini-
mal scarring. Subcutaneous tissue can be approximat-
ed by several interrupted absorbable sutures such as 3.0
vicryl and the skin can be closed with a subcuticular
absorbable suture such as undyed Vicryl or Monocryl.
There is no need to use nonabsorbable sutures that
need to be removed; men do not like having stitches re-
moved from the genital area, nurses do not like to have
to do this and often the stitches are difficult to find once
the scrotal skin has contracted. Generally scrotal skin
incisions heal in 3–5 days.

II.4.2.2
Anaesthesia for Scrotal, Inguinoscrotal
and Penile Surgery

Scrotal procedures can be undertaken with general,
spinal or field block anaesthesia. Effective testicular an-
aesthesia can be obtained by injecting 2–5 ml of 0.5%
levobupivacaine into the cord at the level of the external
inguinal ring with an additional 2–5 ml into the scrotal
skin at the scrotal neck and in the area of the incision.
It is important to wait for sufficient time for the anaes-
thetic to take effect (10–15 min) and to test for effective
anaesthesia before commencing surgery. A useful vari-
ation in technique is to use a mixture of lignocaine and
levobupivacaine because lignocaine acts more speedily
than levobupivacaine but does not last the 4–6 h that is
obtained after levobupivacaine.

Inguinoscrotal surgery can be undertaken using a
field block. However, most surgeons prefer the use of
general anaesthesia because of unfamiliarity with the
surgical and field block techniques and because of the
time taken to achieve effective regional anaesthesia. A
larger volume of local anaesthetic is needed. A long
needle is used (e.g. a spinal needle) and three of injec-

tions of 5 ml anaesthetic are made above the inguinal
ligament in a vertical line above a point one-third from
the lateral end of the ligament. The needle is passed
through the skin and subcutaneous tissue and through
the fascia overlying the abdominal wall muscles before
the injection is made. With practice the passage of the
needle through the fascia can be felt. The objective is to
block the segmental nerves as they run from lateral to
medial. In addition, an injection is made into the cord
within the inguinal canal and also over the incision.
Once the injections have been given 10–15 min should
be allowed before testing for effective anaesthesia, es-
pecially if the local anaesthetic has been diluted.

Most penile surgery can be undertaken with penile
block anaesthesia. An injection is made into the skin
about 1 cm above the superior border of the base of the
penis over the pubic bone. Using a long needle the in-
jection is deepened until the needle abuts the pubic
bone. The angle of the injection is then altered so that
the needle passes just under the underside of the pubic
symphysis between the symphysis and the penis. At
this point the needle is slightly angulated to one side of
the midline and then the other and approximately 5 ml
of anaesthetic solution injected on each side. After a
wait of 5–10 min the penis is tested for anaesthesia and
if not complete a further injection can be given.

It is important not to exceed local anaesthetic safe
doses within a 4-h period total. The total safe dose of
bupivacaine or levobupivacaine is 2 mg/kg and for lig-
nocaine it is 3 mg/kg (without adrenaline) or 7 mg/kg
(with adrenaline). When using mixtures of local anaes-
thetics, remember that toxic doses are additive. In or-
der to have sufficient volume and also not to exceed
toxic doses, local anaesthetic solutions can be further
diluted to make 0.25% or 0.125% solutions.

II.4.2.2.1

Adjuvant Local Anaesthetic

It is kind to patients and may help prevent chronic pain
to give local anaesthetic with levobupivacaine as an ad-
junct in all general anaesthetic scrotal and penile pro-
cedures.

II.4.2.3
Surgical Procedures on the Scrotum

■ Orchiopexy for imperfect descent of the testes
■ Exploration and fixation for torsion of the testes
■ Exploration for infective conditions
■ Orchiectomy for malignant and benign disease
■ Subcapsular orchiectomy
■ Excision of epididymal cysts/spermatocele
■ Operations for hydrocele
■ Epididymectomy
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■ Ligation of varicocele
■ Vasectomy
■ Reversal of vasectomy (vasovasostomy)
■ Vasoepididymostomy for epididymal obstruction
■ Exploratory scrototomy/vasography

II.4.2.4
Surgery for Adult Hydrocele

A hydrocele is a collection of usually clear yellow fluid
between the two layers of tunica vaginalis and can get to
a very large size (Fig. II.4.2). Most hydroceles occur
spontaneously and no underlying cause can be identi-
fied. Sometimes hydroceles occur in older men with
heart failure because of altered scrotal circulatory
dynamics. More rarely hydroceles occur as a reaction to
inflammation or testicular tumour. Small hydroceles
can be left alone. In younger men the underlying testicle
should be visualized by ultrasound or the hydrocele can
be aspirated and the testicle palpated. However, aspira-
tion is not curative as the fluid quickly recollects and
each aspiration risks the introduction of infection.
Injection with sclerosing agent is not recommended.

II.4.2.4.1

Hydrocele of Testis

Lord’s Procedure

The operation described by Lord (1964) is done
through a scrotal incision (Figs. II.4.3, II.4.4). The
procedure can be done under general spinal or local
anaesthesia; if the latter, a good cord block with addi-
tional local anaesthesia to the skin is required. Holding
the hydrocele firmly in the left hand (if right handed)
the anterior scrotal skin is stretched. An incision

a b Fig. II.4.3. Drawing of Lord’s procedure

Fig. II.4.2. Hydrocele

3–4 cm in length is made through skin and subcuta-
neous tissues until the tunica vaginalis reached. It is
best to coagulate with diathermy any blood vessels as
you go because they are easy to see when the tissues are
stretched but less so afterwards when the skin is not
stretched. The tunica vaginalis is incised and the fluid
drained off; there is no need to mobilize further. The
testis is lifted up, inspected and then five to six gath-
ering sutures are made into the tunica, which has been
everted backwards away from the testis itself, and the
tunica now forms a collar behind the testis. Before
closing the skin and dartos together careful haemo-
stasis is essential. If there is doubt about haemostasis a
scrotal drain can be used, but usually haemostasis is
adequate. A firm scrotal support should be used postop-
eratively. The advantage of the Lord’s procedure is that
there is minimal tissue dissection and this reduces the
occurrence of postoperative bleeding. A disadvan-
tage of the procedure is that the gathering up and
pleating of the hydrocele sac can result in a rather lumpy
testicle, particularly if the hydrocele wall is thickened.
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a b
Fig. II.4.4. Excision of hydro-
cele with oversewn edge

Repair of Hydrocele by Excision of the Tunica Vaginalis

An alternative operation is to excise the tunica vagina-
lis and this is usually the best technique if the hydrocele
is very large or if the tunica is thickened. Once the tuni-
ca is excised close to the testis, bleeding points must be
dealt with by diathermy and a running stitch before re-
turning the testis to the scrotum. Bleeding can be a par-
ticular problem after hydrocele excision and although
it is always more bothersome for patient and surgeon it
is often best to use a drain, and provided all is well re-
move it the next day. This is especially so if large areas
of hydrocele wall have been excised.

Postoperatively the scrotal swelling may take up to
4 weeks to settle. There is nearly always some residual

Fig. II.4.5. Epididymal cyst

thickening, and the man should be warned that a minor
degree of thickening and lumpiness is likely to remain
after surgery especially after an operation for a long-
standing hydrocele.

II.4.2.5
Excision of Epididymal Cyst/Spermatocele

II.4.2.5.1

Epididymal Cyst

An epididymal cyst is a retention cyst in the epididymis
that can be single or multiple, and the fluid is clear
(Fig. II.4.5). A spermatocele contains sperm and the
fluid is cloudy.
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Epididymal cyst

Epididymal Cyst with Normal Testis

Through a scrotal incision the tunica is opened and the
testis plus cyst is delivered into the wound. The cyst is
excised off the testis and the plane is usually easy to find
and dissect off (Fig. II.4.6). Be careful to cauterize ves-
sels going to the cyst by diathermy. These cysts tend to
recur and if they do or are multiple then epididymecto-
my is advised. All epididymal surgery, including re-

Fig. II.4.6. Excision of epididymal cyst

moval of a solitary epididymal cyst, carries the risk of
blockage to the epididymal duct and obstruction to
sperm on that side. Therefore, all men considering epi-
didymal surgery should be advised about possible risks
to fertility. In the case of a small cyst in a younger man
it is often best to reassure the man that there is no dan-
ger of cancer but not to operate. Care should be taken to
ensure adequate haemostasis but not to use excessive
diathermy because this may damage the epididymal
duct or the blood supply to the testicle. In selected cases
(e.g. only one testicle) the operating microscope can be
used to help identify anatomy and reduce the chance of
damage.

Epididymectomy

Through the scrotal incision the tunica albuginea is
opened and the testis and epididymis delivered. Sepa-
ration of the epididymis is commenced at the lower
pole, with great care taken of the vessels entering be-
hind into the middle part of the testis at the mesorchi-
um. The vas can be divided anywhere in the scrotum
but it is best done as near to the external ring as possi-
ble. The man should be warned about the rare possibil-
ity of damage to the blood vessels supplying the testicle
and postoperative testicular atrophy.

II.4.2.6
Undescended Testis in the Adult

Postpubertal boys and even adults may present with
undescended testes, although this condition is usually
picked up in infancy. There are three indications for op-
erative surgery: one is to maximize the chances of fer-

a b

Fig. II.4.7. Surgery for unde-
scended testis. a Mobilisation
of the testis and spermatic
cord for orchidopexy. b For-
mation of pouch
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tility, although if the other testis is normally descended
it will make little difference; the second is to place the
testicle in the scrotum so that any abnormality can be
more easily detected (this is important as there is an
increased risk of testicular malignancy in men with tes-
ticular maldescent, see Chap. I.8.2); the third indication
is for cosmetic reasons.

II.4.2.6.1

Orchiopexy (Fig. II.4.7)

An incision is made above and parallel to the medial
half of the inguinal ligament. The testis may be in the
inguinal canal or in a pouch superficial to the external
ring. In the latter case the testicular blood vessels
emerge from the external inguinal ring and turn up-
wards to run to the testicle so that as the testicle lies in
the superficial inguinal pouch the vessels lie inferio-
medial to the testicle. Care has to be taken with the dis-
section as this anatomical relationship of testicle and
blood vessels is exactly opposite to the normal situa-
tion. The inguinal canal is opened by incising the exter-
nal oblique parallel to the ligament. The cord is mobi-
lized and the tissues of the cord gently cleared of the
vessels and the vas up to and above the internal ring. A
hernial sac and/or pad of fat is often present, usually ly-
ing anterior to the vas deferens and testicular blood
vessels. Care must be taken not to injure the vas defe-
rens or testicular blood vessels as the posterior wall of
the hernia sac is dissected. If there is a sac it should be
dissected, twisted to expel any contents back into the
abdominal cavity and tied with a transfixion suture at
the level of the internal inguinal ring. If at this stage the
testis can be placed within the scrotum no further dis-
section is needed; however, if not, the dissection of the
testicular blood vessels and vas deferens can be extend-
ed above the internal ring to the retroperitoneal tissues
with care taken to divide all bands of fibrous tissue and
strands of muscle. After this has been done it is nearly
always possible to place the testicle into the scrotum
without tension on the cord. If the patient has proved
his fertility and has consented, and if the testis is small
or cannot be placed in the scrotum, orchiectomy can be
considered, as long as the other testicle is normal.

Once the testicle has been mobilized the length of
the mobilization is tested by holding the testicle over
the scrotum. Provided the length is adequate to avoid
tension, a tract has to be made into the scrotum. The
tissues from the inguinal wound to the inside of the
scrotum are broken down by finger dissection to create
a tract from the external inguinal ring into the scrotum.
Stretching the skin of the most dependent point of the
hemiscrotum over the finger, an incision is made trans-
versely and a pouch big enough for the testis is dissect-
ed between the skin and the dartos muscle. A small
puncture is then made through the dartos muscle with

long-handled artery forceps and the tips are then ma-
nipulated though the previously created tract to the in-
guinal canal and the testis picked up and pulled
through into the pouch. Care must be taken not to twist
the vessels and a check made that the testis is lying
comfortably and is not pulling back into the groin. All
wounds are closed, the inguinal wound in layers. Usual-
ly the puncture through the dartos muscle is sufficient
to keep the testicle in place, but if there is any tendency
for the testicle to slip back upwards it should be fixed in
position with one or two interrupted absorbable su-
tures.

II.4.2.7
Circumcision in Adults

The need for circumcision in adults is usually for phi-
mosis, paraphimosis if the prepuce remains tight after
reduction, and a premalignancy or actual malignancy
affecting the prepuce alone.

This operation is frequently performed by trainee
surgeons early in their training and sometimes the re-
sults are not as good as they should be. Circumcision
should be carefully taught and performed by compe-
tent surgeons as a bad cosmetic result can seriously af-
fect the patient both sexually and psychologically.

II.4.2.7.1

Sleeve Technique for Retractable Foreskins

The foreskin is retracted and the skin marked 0.5–1 cm
proximal to the corona and incised with a knife to make
a clean straight incision circumferentially; on the ven-
tral surface the frenulum is incised and the vessels li-
gated. Care must be taken with diathermy as there have
been instances of loss of the penis secondary to coagu-
lation of the whole of the penis. Bipolar diathermy is
generally advised; if this is not available and monopolar
diathermy is used, then fine diathermy forceps should
be used and great care taken to pick up vessels very ac-
curately and use only short bursts of current and to ob-
serve that diathermy is working instantly. The foreskin
is then pulled back over the glans and the site of the sec-
ond incision is made just at the level of the corona; the
skin is incised and the tissues between the two incisions
removed (Fig. II.4.8). Do not put too much tension on
the skin when pulling the foreskin back over the glans
prior to marking the skin for the second incision. This
is to avoid removing too much skin from the penile
shaft. Careful haemostasis is needed with diathermy
and ties for larger vessels. The skin should be closed
with fine absorbable sutures (e.g. 4.0 Vicryl).

A dressing is optional. It is advised to avoid sexual
intercourse for 4 weeks and it often helps to advise the
man to use a condom for the first few occasions to pro-
tect the suture line.
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e f

Fig. II.4.8. Circumcision sleeve technique.
a Pre-operative. b Foreskin retracted dis-
tal incision marked. c Frenuloplasty.
d Proximal incision marked. e Redun-
dant tissue excised. f Post-operative ap-
pearance ventral surface

II.4.2.7.2

Technique for Phimosis

In this technique the skin is marked with the foreskin a
bit stretched just distal to the corona. Then a dorsal slit
is performed through both layers of the foreskin to the
level of the skin mark at the corona (Fig. II.4.9). The
mark on the skin is the mark for excision through both
layers, either with scissors or knife – the latter has a
neater cut for cosmesis. Careful haemostasis is needed
and the skin edges closed with absorbable interrupted
fine sutures. Dressing is optional. Histology is advised
if the prepuce not entirely normal.

Postoperative complications include bleeding, infec-
tion, complaints about cosmetic appearance, com-
plaints about pain and skin tension during erection
and oversensitivity of the glans.

Bleeding is an inherent risk of the procedure but
can be minimized by careful technique. Infection may
be reduced by administering a single dose of broad-

spectrum antibiotics just prior to surgery. Antibiotics
should be given if phimosis is severe, especially if there
is balanitis. If a day case procedure is undertaken the
man should be instructed to remain off work for the
first three to four postoperative days, to avoid contact
sports and any activity that increases intra-abdominal
pressure. The commonest postoperative problem is
haematoma. Patients dislike it when too much skin is
excised which is why care must be made to mark the
skin pre incision without pulling on the prepuce too
much. The glans, not used to being exposed, will be hy-
persensitive initially and to protect the meatus from
rubbing on underpants, and causing meatal stenosis,
some lubricant may be applied to this site only. The
man should be advised to use a condom during sexual
intercourse for 6–8 weeks postoperatively until the
wound has completely healed.
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Fig. II.4.9. Circumcision with dorsal slit. a Pre-operative phi-
mosis. b Dorsal slit. c Frenular suture. d Sutures in place

II.4.2.8
Insertion of Penile Prosthesis

II.4.2.8.1

Who Gets Penile Prostheses?

Penile prostheses are inserted in those patients who
have erectile dysfunction and have failed to respond to
all other medical treatments, are willing to undergo
surgery and will use the prosthesis. Those patients with
organic causes of impotence are more often considered
and it is especially useful in Peyronie’s disease with as-
sociated impotence, as moulding and the prosthesis it-
self will straighten the angulated penis as well as im-
prove rigidity.

The main types are malleable semi-rigid rods. These
are simple to put in and less expensive but stick out all
the time and so are not suitable for single men, those
who attend swimming pools or gyms, teachers or those
dealing or living with children. The inflatable prosthe-
ses are more expensive, more difficult to insert and
need manual dexterity for either the patient or partner
to work it but they are much more satisfactory as they
deflate. The satisfaction rate is 90% and the main com-
plications are sepsis (particularly in men with diabe-
tes), mechanical breakdown, glans droop and auto-
inflation; these occur on average in 5% of patients. Also
sepsis is more common in re-operations. These prob-
lems need to be discussed with the patient and partner
preoperatively, whose expectations must not be too

high as the penis will never be as good as when the pa-
tient was in his youth; however, they should manage to
have penetrative intercourse with ejaculation as long as
ejaculation was present preoperatively.

II.4.2.8.2

Preoperative Preparation

Urinary flow rate measurement is advised especially in
the neuropathic patient, after pelvic surgery and in the
older patient. Lower bowel clearance is needed in diffi-
cult cases or if the lithotomy position is used. Antibiotics
are essential, and they should cover Gram-positive cocci
and Gram-negative bacilli and start preoperatively (e.g.
rectal metronidazole, intravenous cephalosporin or gen-
tamicin and ampicillin). The first dose is given at induc-
tion and continued for 48 h and then oral ciprofloxacin
for a further 5 days. Pubic shaving is recommended in
theatre with an exaggerated skin preparation. A catheter
is not usually needed and is only another added source of
infection. The urethra is easy to identify at operation. A
solution of dilute gentamicin and ampicillin is instilled
prior to insertion of the components after dilatation of
the corpora and dissection of the scrotum and extrave-
sicular space as well as after closure.

II.4.2.8.3

Surgical Approaches

The choice of surgical approach depends on the pros-
thesis.

A subcoronal incision can be used for semi-rigid
prostheses, if a circumcision is needed it should be car-
ried out initially; if not, the posterior part of the pre-
puce is incised. This can be achieved with either two
longitudinal incisions either side of the urethra onto
the tunica albuginea or an inverted “V” incision at the
apex of the frenulum and extending laterally close to
the corona for 2–3 cm. The tissues are then dissected
off the tunica albuginea. A vertical incision about 3 cm
is made longitudinally into the tunica (easiest between
stay sutures) about 2 cm from the corona either side of
the urethra, which is avoided. The corpora are then di-
lated with Hegar dilators (size 7 to 13) straight down to
the proximal end; the dilator can be felt tapping the is-
chium proximally. The corpora, which is distal to the
incision, is 2–3 cm and should also be dilated into the
glans, but not through the tunica. Remember the tuni-
cal covering goes to the mid glans level, so be gentle, as
ham-fistedness means disruption of the tunica and a
much greater chance of erosion, especially with a semi-
rigid prosthesis which is rigid and not anchored
(Fig. II.4.10). The size to be implanted is selected by a
measuring tool; there are two diameters and the largest
diameter will fit if the 13 dilator has been used. It is im-
portant not to implant a prosthesis that is too long, and
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Fig. II.4.10. The tunica
opened and the erectile
tissue inside

rear tip extenders (RTE) can be used to shorten or
lengthen the prosthesis as needed. If the corpora are
not the same length then cross dilation has occurred,
which can be assessed by inserting Hegar dilators on
each side at the same time. Care should be taken to en-
sure that the tip of the prosthesis supports the glans to
avoid the complication of glans droop. Insert the anti-
biotic solution here. Close the corpora using 4/0 or 3/0
absorbable sutures and then close the skin. Avoid a
dressing on completion, and compression is not advis-
able as it can compromise the glandular blood supply.

II.4.2.8.4

Penoscrotal Approach

This approach is used for inflatable cylinders, two-part
inflatable cylinders, for difficult fibrotic corpora and
for re-operations (with the patient in the lithotomy po-
sition).

The incision is made in the junction of the scrotum
and penis on the dorsal surface; a transverse incision
allows for better access to proximal corpora. Avoid the
urethra if difficult to see or feel and insert a catheter for
the duration of the operation. The corpora are incised
in the middle on either side of the urethra for 2–3 cm,
and the incision must be long enough to accept the
prosthesis both distally and proximally. The distal end
of the inflatable cylinder can be inserted using a Furlow
tool (already threaded with the suture in the tip of the
prosthesis), passed carefully on a needle inside the cor-
pora and pulled out of the glans tip (Fig. II.4.11). The
corpora are closed with 3/0 or 4/0 absorbable sutures.
These closing sutures can either be placed before inser-
tion of the cylinder, left long and then tied once the cyl-

inders are in position, or a special needle guard tool can
be used to protect the cylinder whilst suturing. An un-
recognized hole in the cylinders is an expensive disas-
ter. Even though the cylinders are inflated while the pa-
tient is on the table (Fig. II.4.12), the hole may not be
recognized for a further 6 weeks when the cylinders are
regularly inflated. The pump is placed in the scrotum
and the reservoir under the abdominal muscles. This
can be done by a separate incision in the groin, or by a
blind technique using an incision at the external ring
and a finger to create a space behind the pubic bone ex-
traperitoneally to hold the reservoir, which is then
filled with 60 ml saline. This latter technique is less safe
than the former.

II.4.2.8.5

Infrapubic Approach

This single incision is easier for multipart inflatables.
Also the scar is placed within the pubic hair and is less
noticeable. The incision is made 10 cm transversely
across the pubic symphysis giving easy access to the
corpora, as they appear below the pubic bone. The neu-
rovascular bundle should be noted and avoided. The
corporal incision is made longitudinally on either side
of the neurovascular bundle and long enough to take a
size 14 Hegar dilator. Dilatation of the corpora from
size 7 to 14 Hegar is performed both distally into the
glans, but not perforating the tunica, and proximally.
The distinctive feeling of tapping on the bone is felt
proximally and care should be taken to avoid disrupt-
ing the proximal tunica. It is important to dilate to He-
gar size 14 to fit in the cylinders and the cylinder tubing
into the proximal corpora. The length of corpora is de-
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Fig. II.4.11. The Furlow tool
passing up the corpus with
the cylinder threaded on the
needle issuing from the
glans

Fig. II.4.12. The cylinders in-
serted in both corpora and
being filled with fluid

termined using a Furlow tool to measure distally and
proximally. The selected cylinder size can be length-
ened by RTEs; the cylinder should fit closely but not be
too long. The suture at the end of the cylinder is threa-
ded on a straight needle and passed with the needle
protected in the Furlow tool to the distal corpora and
brought through the glans tip on each side. The proxi-
mal part of the cylinder with the tubing and RTE is
pushed down onto the ischium on each side. Inflating
and deflating the cylinders at this stage straightens the
cylinders inside the corpora, which are then closed
with 3/0 or 4/0 absorbable sutures. There is a special
closing tool to prevent puncturing the cylinders. Using
the same incision the rectus muscle is separated in the

midline and a space made extraperitoneally, by the
bladder, to insert the 60-ml or 100-ml reservoir, de-
pending on the cylinder size. The reservoir is filled with
saline and the contrast medium is no longer needed.
The pump is then placed in the most dependent part of
the scrotum in a dartos pouch. All areas are irrigated
with antibiotic solution. The two tubes from the pump
to the cylinders are joined with connectors, as is the re-
inforced tubing from the pump to the reservoir. Special
connecters are available with a “quick-connect” closing
tool, which are easy to use and almost impossible to
pull apart. The whole prosthesis is then checked for
function and satisfactory fit, left deflated and the
wound closed in layers.
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A few problems that can occur at operation are now
described. Cross dilation can be corrected by re-dilat-
ing the corpora, leaving a dilator first in one side and
then the other. Tunical disruption, which is important
particularly with semi-rigid prostheses, needs either
direct closure or closing using a Dacron sleeve in the
proximal end. Disruption of the urethra, which usually
occurs at the meatus when the dilation has been diffi-
cult or the operator is heavy handed. It is advisable to
abandon the procedure and re-operate a few weeks lat-
er when the breach has healed. Poor fit, which is caused
by difficult or inadequate dilation. Most corpora are of
similar size, and a difference in size of less than 1 cm
will not be noticed by the patient; anything more than
this will be unsightly. Cylinders that do not enter the
glans may occur because of individual anatomical dif-
ferences, but will lead to a floppy glans or “droop”.
These problems may be corrected by additional dila-
tion. When there is difficulty closing the corpora, or a
slim or fibrotic penis, it is advisable to avoid using syn-
thetic material to close, as it is an added source of infec-
tion.

II.4.2.8.6

Re-exploration of Prosthesis

This is usually for mechanical breakdown or sepsis
(Fig. II.4.13). If one of the components is not working it
may be possible to replace that one component. The
surgery is not necessarily difficult but care must be tak-
en not to damage surrounding structures and, in order
not to damage the prosthetic component that is still
working, use a cutting diathermy to cut down onto the
prosthesis as it will not damage the silicone. If the pros-

Fig. II.4.13. Erosion of the
pump in the scrotum sec-
ondary to low grade infec-
tion, the pump was replaced
and resited on other side

thesis has been in for more than 3 years it is better to re-
place all components and these are now provided free
by the manufacturers. The difficult part of this is re-
placing the cylinders, and the corpora will need resi-
zing as they will have become more capacious to ac-
commodate the previous implant.

If overt pus is present it is advised to remove all com-
ponents and wait 6 months before replacement. The re-
peat operation may well be extremely difficult due to fi-
brosis and shortening of the corpora. If there is erosion
or sepsis without culture, then the technique is to re-
move the components, and wash the sites with hydro-
gen peroxide, dilute betadine and antibiotics thorough-
ly for 5 min before implanting a new prosthesis. This
will have an 80% salvage rate and the corporeal size is
maintained (Mulcahy 1991).

Penile prostheses give very acceptable and satisfac-
tory results in patients with impotence, and while the
surgery should not be embarked upon lightly, many
marriages and partnerships are saved, especially in
younger patients.

Suggested Reading
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II.4.3 Vasectomy Technique
T.B. Hargreave

There are numerous ways to perform the operation of
vasectomy but few have been subject to proper assess-
ment by rigorous audit or clinical trial.

The ideal vasectomy would be easy to do, have no
complications and be 100% reversible. No technique
fulfils all these objectives.

Prior to operation the man should be given appro-
priate information and it helps if he is given written in-
formation as well (Appendix 1). Consent for the opera-
tion should be given by the man and it helps if this is
documented. It is also appropriate to notify his partner
as she must understand the need to continue contra-
ceptive precautions until post vasectomy semen analy-
sis shows no sperm and the man can be given the “all
clear”. The form in Appendix 2 documents both con-
sent by the man and partner notification.

It is important to ensure and test for adequate anaes-
thesia. If the vas can be felt and manipulated to near the
surface of the skin then local anaesthetic is usually the
safest and cheapest option. If, however, the cord is
thickened, for example after previous orchiopexy, or
the scrotum is very tight then general anaesthesia may
be needed depending on the skill of the surgeon. This
author has seen two men with severe disabling chronic
pain syndromes following vasectomy and in both cases
the men gave a history of the surgeon continuing to
proceed with the operation despite the man complain-
ing of severe pain.

The techniques described below each have merits.
There is no longer a role for the old fashioned “wreck-

Fig. II.4.14. Needle fixation
technique. The vas is manip-
ulated close to the skin and
then local anaesthetic is in-
jected into the skin and
around the vas as the needle
is passed under the vas and
out through the skin. An ar-
tery forceps is then clamped
to the needle thus fixing the
vas under the skin. Using a
second needle further local
anaesthetic is then given
around the vas and in the di-
rection of the vas proximally
towards the scrotal neck

ing technique”, which involved removal of a long length
of vas and doubling back the ends, because simpler
techniques are equally or more effective, less invasive
and have lower complication rates. The vas can be oc-
cluded with vicryl ties, metal clips or cautery but silk
ties should not be used as they can be a cause of a
chronic discharging scrotal sinus.

There are two main parts of the vasectomy opera-
tion.

Step one is location and dissection of the vas from its
fascial sheath. The best technique depends on the expe-
rience and case load of the surgeon.

1. Needle fixation technique of location and dissec-
tion (Fig. II.4.14). This technique is good for the
occasional vasectomist because once the vas has
been fixed by the needle it is difficult for the vas to
get “lost” by dropping back into the wound. The
main disadvantage is that because a scalpel is used
to make the incision it cannot be called a no scalpel
technique and thus has a less appealing name, al-
though in reality the size of the scalpel incision is
nearly the same as the puncture wound made by
the “no scalpel forceps”. Once the vas has been
fixed by the needle a second injection of local an-
aesthetic is given, using a longer needle, into the
sheath and tissue adjacent to the vas approximately
2 cm above the point where the vas will be occlud-
ed near the scrotal neck. This has the effect of cre-
ating a mini-field block but does not compromise
the operation because any swelling caused by the
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Fig. II.4.15. Step by step diagram of
the needle fixation technique and
separation of the vas ends by a tis-
sue plane

local anaesthetic injection is a centimetre or two
proximal to the site of the vasectomy. Once the vas
has been cleanly separated from it sheath and sur-
rounding tissues vas occlusion can be undertaken in
a number of different ways (see below). In Fig.
II.4.15 the needle fixation and dissection technique
is shown including vas occlusion with the tissue
plane technique (see below).

2. The no scalpel technique of fixation and dissection
was invented by Professor Li in Sichuan and is proba-
bly the most widely used technique in the world.
There is general agreement that this approach has
fewer side-effects and lower complications than an
incisional approach (Aradhya et al. 2005). The tech-
nique requires special instruments (Fig. II.4.16) and
depends on picking up the vas accurately and the sur-
geon holding it between the fingers. This can be diffi-
cult if the man has thick scrotal skin. The exact tech-
nique can be learnt from a short film “No scalpel va-
sectomy” made by WHO but is illustrated in the fig-
ure (Fig. II.4.17). It is a technique that is best used by
vasectomy surgeons who undertake regular vasecto-
my operating sessions because the vas can be more

easily lost after injection of the local anaesthetic and
before it is fixed with the ring clamp and it takes prac-
tice to acquire the trick of fixing the vas with the sur-
geon’s fingers. Once the vas has been divided then
step two is to use an effective method of occlusion.

Techniques that are widely used include the tissue
plane technique, cautery and the use of ligaclips.

1. The tissue plane technique. The vas is covered by a
fascial sheath and this sheath is used to separate
the cut vas ends. The most usual technique is to
identify and clamp and tie both ends as shown in
Fig. II.4.15 step 7 and step 8 and then to allow one
end of the vas to return to the inside of the sheath
(Fig. II.4.15 step 9) and to close the hole in the
sheath in such a way as to keep the other end of the
vas outside the sheath (Fig. II.4.15 step 10 and step
11). The tissue plane technique has been shown to
reduce failure by about half when compared to a
technique of simple ligation and excision of a
length of vas (Sokal et al. 2004a) and the latter
should no longer be used. However, the tissue
plane technique may not be appropriate in all cir-
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cumstances because it is important to fix the fascial
sheath in such a way as to prevent the outside sheath
vas end pulling back through the buttonhole in the
fascia. If the fixing stitch used to do this is pulled too
tightly (Fig. II.4.15 step 11) then it can cheese wire
through the vas with the result that both vas ends are
in close proximity again and the vasectomy may fail.
The tissue plane technique requires a degree of sur-
gical precision and delicate technique and may not
be suitable in all clinic settings.

2. Use of ligaclips. The advantage of ligaclips is that the
vas is occluded but does not necrose. The disadvan-
tages are that some men can feel a lump and
the cost of the clips. There has been no formal clini-
cal trial to compare ligaclips with either fascial inter-

Fig. II.4.16. No scalpel vasectomy instruments. Sharp artery
forceps for making the puncture and ring forceps for grasping
the vas. If an ordinary artery forceps is used to grasp the vas it
is rather easy to crush right through the vas and then for each
end to drop back into the wound; if this happens it can be very
difficult to find the lost end

Fig. II.4.17. No scalpel technique step by step. 1–3 The vas is hooked towards the surface of the skin by the operator’s middle finger and
positioned just under the surface of the skin. 4 About 0.25 ml of local anaesthetic is injected into the skin at the site of the future punc-
ture. 5 The vas is held taut and the anaesthetic needle is then advanced along the line of the vas and approximately 2 ml of local anaes-
thetic is injected. This anaesthetic is proximal and well away from the site of the vasectomy puncture, does not interfere with the oper-
ation site and causes a mini-field block of the vas distal to the site of the injection. 6, 7 The vas is grasped with the ring forceps (see
Fig. II.4.16). It is best to push on the vas with the forceps closed and then to open the forceps while pushing on the vas and then to close
them around the vas. This minimizes the amount of redundant skin that may be picked up with the vas. 8 The ring is flipped down-
wards to cause a loop of vas to stand out. 9 The puncture forceps (see Fig. II.4.16) is opened and using one of the blades a puncture
is made through the skin and into the vas. The puncture wound is then enlarged by inserting the closed puncture forceps and gently
opening them several times. 10 Using one blade of the puncture forceps the vas is skewered and with a rotating movement brought to
the outside. The rest of the vasectomy may then proceed as in Fig. II.4.15
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position or cautery probably because such trials
tend to be conducted in developing countries where
men are willing to join studies in exchange for cost-
free surgery and because it is too costly to supply the
clips in resource-poor settings. However, despite the
lack of clinical evidence the technique of using clips
is widely used and this indicates efficacy. Formal
clinical trail data are needed.

3. Cautery of the vas end. The technique is to insert the
cautery probe into the vas lumen to a depth of
0.5 mm (and no more) and to cauterize each end.
Clips or sutures should not be used as well as cautery
as their use causes the vas ends to necrose and may
render the occlusion ineffective. In an analysis of da-
ta from two different studies (Sokal et al. 2004b), one
a large multicentre case series of cautery and the oth-
er a randomized study of fascial interposition (WHO
film, “No scalpel vasectomy”), it was concluded that
cautery was superior to fascial interposition in terms
of efficacy. The studies analysed in this comparison
were undertaken by Family Health International
(FHI) in a variety of clinics in different countries,
some of them developing countries. This context is
important because the overall failure rates were
higher than those normally reported in case series
studies in developed countries, probably because the
FHI studies included a wide variety of resource set-
tings and surgeons with different levels of experi-
ence. As stated above the fascial interposition tech-
nique is very technique dependent, difficult to stan-
dardize and because of all these factors the results of
the FHI studies must be interpreted with caution.

4. Combination of cautery and fascial interposition.
This technique was first described by Schmidt
(1987) where 0.5 mm of vas was cauterized and fas-
cial interposition undertaken, and the present evi-
dence suggests that this combination of cautery and
fascial interposition may be the most efficacious
technique (Labrecque et al. 2004).

Appendix 1

Information sheet that can be given to men to remind
them of points discussed during vasectomy counselling

Information About Vasectomy

Vasectomy is the surest method of family planning avail-
able apart from complete abstinence! However, no doc-
tor can guarantee vasectomy as a method of contracep-
tion. The failure rate is approximately 1 in 1000; for
comparison, the failure rate after female Fallopian tube
tying is approximately 1 in 100. There are two times
when failure may occur.

Early failure occurs within the first 3 months of op-
eration and is usually because of technical difficulties

with the operation or the very rare condition of an ex-
tra vas deferens on one or other side. Sperm count per-
formed approximately 3 months after operation detects
this type of failure.

Late failure is a more difficult problem. The cut ends
of the vas occasionally heal up again and sometimes
years after the original operation. The exact frequency
with which this occurs is difficult to know but is proba-
bly about 1 in 2000. Unfortunately there is no way to
guarantee against this happening. It is worth noting
that vasectomy is the surest method of sterilization now
and that the failure rate after female sterilization is
much higher. The only sure method of avoiding preg-
nancy is complete abstinence!

Vasectomy should be regarded as an irreversible pro-
cedure. You should regard vasectomy as a permament
procedure because although it is often possible to try
vasectomy reversal there is no guarantee that it can be
obtained in any individual case. This point is particu-
larly important to consider when children are very
young. What would happen if disaster struck and a
child of yours dies? When children are very young can
you be sure that there will be no change of mind about
wanting more of a family in a year or two.

After vasectomy you remain fertile until you have
ejaculated about 30 times (usually 3–4 months). This is
because there are storage areas for sperm (the seminal
vesicles) inside the body. It takes about 20–30 ejacula-
tions before all the sperm are cleared away and therefore
you and your partner should use your usual methods of
contraception until sperm samples have been tested and
the “all clear” given. Normal practice is to have two se-
men samples tested 3–4 months after the operation. At
this time 7 out of 10 men will be found to be “all clear”,
but for the remaining 3 out of 10 men it takes longer. By
6 months the “all clear” can be expected in 17 out of ev-
ery 20 men and by 12 months, 99 out of every 100 men.
Once you have been told there are no sperm in the ejacu-
late then you can reasonably stop using other methods of
contraception. As stated above, in approximately 3 out of
10 men the 4-months samples come back showing some
sperm. If in fact the sample shows very small numbers of
non-moving sperm then the risk of pregnancy is very
low and is 5 pregnancies in every 10,000 couples. This
low risk is not significantly different from the risk if the
sample is completely free of sperm. Therefore, in the sit-
uation where the 4-months sample shows very small
numbers of non-moving sperm, many men and their
partners will choose to stop other methods of contracep-
tion. However, the traditional advice has always been to
wait until two samples are completely clear.

Serious Complications are Very Rare

Two particular immediate complications of vasectomy
are bleeding and wound infection. If either of these oc-
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curs then the period off work will be longer than nor-
mal. The reason these complications sometimes occur
is because the scrotum (bag for the testicles) is made of
soft stretchy skin and is situated in an area of the body
where contamination from the bowel can occur. The
chance of these complications is reduced if plans are
made to spend the first day after operation lying down
for as much time as possible with the scrotum as the
highest point of the body, i.e. lying flat. Also hard man-
ual work, heavy lifting or straining should be avoided
for 2 weeks after the operation. It is best not to have sex
for about 2 weeks after the operation.

Later Complications

A bothersome later complication that occurs in about 1
in 100 men is discomfort in the epididymis. This is the
soft tissue next to the testicle and it is in this area that
the sperm dissolve away. Continuing minor discomfort
can occur if there is leakage of sperm from this area
causing a localized inflammation. If this occurs it usu-
ally settles down after a few months but very occasion-
ally it may be more troublesome so that further treat-
ment for the pain is needed and very, very rarely (1 in
20,000) this can be completely incapacitating, causing
an inability to work and the need for continuing treat-
ments and operations.

Other late complications that have been reported in
the medical literature include an increased risk of tes-
ticular and prostate cancer, increased risk of kidney
stone formation and an increased risk of heart disease.
These reports have been taken very seriously by a num-
ber of organizations including some of the large medi-
cal insurance companies in the USA and the World
Health Organization. It is true to say that so far in large
studies there is no evidence of any increased risk of tes-
ticular cancer, heart disease or kidney stone formation
and it is unlikely that vasectomy causes an increase in
the risk of prostate cancer. It is worth noting that in one
of the larger USA studies the men who have had a va-
sectomy are living a little longer than a comparison
group of men who have not had a vasectomy!

Also, it is worth noting that risks of complications af-
ter female sterilization are greater than the risks of va-
sectomy and that the risks of having another baby are
greater than the risks from either male or female sterili-
zation.

May I Store Sperm Before Vasectomy?

It is certainly possible to store sperm in liquid nitrogen
and for sperm samples to be kept for many years. This
facility is available for young men with cancer who are
about to undergo treatment, which may cause sterility.
Sperm storage is subject to the 1990 Human Fertilisation
and Embryology Act of Parliament and can only be un-

dertaken in a licensed centre. If you wish to arrange stor-
age you may contact one of the HFEA licensed sperm
storage facilities.

A Final Word About Risks

In recent years there have been several court cases
about vasectomy and it is now generally accepted that
people need to know about rare risks when making a
decision about non essential “quality of life” surgery. I
have therefore given you information about lots of pos-
sible risks of vasectomy but it is important to keep
these risks in perspective and to bear in mind the risks
of alternative solutions. Female sterilization by tying
the Fallopian tubes has a higher failure rate than vasec-
tomy and more complications because it is necessary
to enter the abdominal cavity and to use a general an-
aesthetic. Taking all these factors into account com-
pared with other solutions vasectomy is more sure and
less risky.

Appendix 2

Document suitable for recording the man’s consent to
vasectomy and notification of his partner about the
need to continue contraception until the “all clear” has
been given

Consent Form For Vasectomy

Name and Address
I have read the information sheet about vasectomy

and wish to proceed with the operation of vasectomy.
Signed
Date

The consent signed above is sufficient to allow the oper-
ation to proceed but please also ask your wife/ partner
to read the information about vasectomy. It is helpful
but not essential if she signs the statement below to in-
dicate that she has had the opportunity to read the in-
formation.

Partner Notification

Please note the information about the need to continue
contraception after the operation of vasectomy and un-
til the “all clear” has been given. Please note that once
the operation of vasectomy has been done it should be
regarded as permament.

I am aware that my husband/partner plans to have
the operation of vasectomy for contraceptive purposes
and I have noted the need to continue contraceptive
precautions after the operation of vasectomy and until
the “all clear” has been given.

Signed by spouse/partner
Date
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Vasectomy Surgeon’s Statement

I have explained to this patient that vasectomy should
be regarded as a permanent method of contraception
and that there is no guarantee that vasectomy can be re-
versed. I have also explained that there is a failure rate
and that very rarely (1 in 2000) sperm may appear in
the ejaculate years later and very occasionally this may
result in pregnancy. I have explained that vasectomy is
the surest method of either male or female contracep-
tion. I have also discussed early complications of bleed-
ing and infection and later complications of testicular
discomfort and the very rare late complication of severe
incapacitating testicular pain.

Vasectomy Surgeon
Date
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II.4.4 Vasovasostomy and Vasoepididymostomy
A.M. Belker

Vasovasostomy almost always is performed for the
reversal of an elective vasectomy. Vasoepididymo-
stomy, which involves anastomosis of the vas defe-
rens to the epididymal tubule, is required to bypass
an obstruction in the epididymis that may result
from congenital conditions, infection or from ob-
struction within the epididymis after a vasectomy.
Patients who consider these procedures should be
counselled about the possibility of undergoing sur-
gical or percutaneous needle aspiration to obtain
spermatozoa for in vitro fertilization (IVF) with
intracytoplasmic sperm injection (ICSI) as an al-
ternative to surgical reconstruction.

During a vasectomy reversal, the surgeon’s deci-
sion to perform vasovasostomy or vasoepididymo-
stomy is influenced by the sperm quality in the in-
traoperative vas fluid and the gross appearance of
that fluid. If spermatozoa are absent from the vas
fluid, the cause could be a back-pressure-induced
rupture of the epididymal tubule with subsequent
obstruction to the passage of spermatozoa. In such
cases, vasoepididymostomy is required. The re-
sults of both vasovasostomy and vasoepididymo-
stomy are significantly better when these proce-
dures are performed with microsurgery than when
microsurgery is not used. Comparable results of
vasovasostomy are obtained with microsurgical
modified one-layer and two-layer anastomoses,
although the author prefers the two-layer method
for reasons explained in the text.

Summary When vasoepididymostomy is required, it may
be difficult to determine the location within the ep-
ididymis at which the obstruction is present. If the
point of obstruction is unclear, the surgeon should
sample the epididymal tubular fluid at the lowest
accessible level in the epididymis and subsequently
at progressively higher epididymal levels until a
level is reached at which spermatozoa are present
in the tubule. The anastomosis is performed at the
lowest level at which spermatozoa are found to be
present in the epididymal tubular fluid. The micro-
surgical method of vasoepididymostomy creates a
direct connection of the mucosa of the vas deferens
to the edges of the epididymal tubule. A modified
microsurgical method of vasoepididymostomy
creates an end-to-side intussusception of the epi-
didymal tubule into the lumen of the vas. The latter
method is simpler to perform and seems to obtain
results that are comparable to those of the more te-
dious alternative, microsurgical end-to-side anas-
tomotic method.

The results of vasovasostomy become progres-
sively poorer as the time from the vasectomy until
its reversal lengthens. Spermatozoa should appear
in the semen within 2 months after vasovasostomy,
but may not appear until as long as 12–18 months
after vasoepididymostomy. The average postoper-
ative interval until a pregnancy occurs after vas-
ovasostomy is 12 months. There are few reports of
the average interval until a pregnancy occurs after
vasoepididymostomy.
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Vasectomy Surgeon’s Statement

I have explained to this patient that vasectomy should
be regarded as a permanent method of contraception
and that there is no guarantee that vasectomy can be re-
versed. I have also explained that there is a failure rate
and that very rarely (1 in 2000) sperm may appear in
the ejaculate years later and very occasionally this may
result in pregnancy. I have explained that vasectomy is
the surest method of either male or female contracep-
tion. I have also discussed early complications of bleed-
ing and infection and later complications of testicular
discomfort and the very rare late complication of severe
incapacitating testicular pain.

Vasectomy Surgeon
Date
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II.4.4 Vasovasostomy and Vasoepididymostomy
A.M. Belker

Vasovasostomy almost always is performed for the
reversal of an elective vasectomy. Vasoepididymo-
stomy, which involves anastomosis of the vas defe-
rens to the epididymal tubule, is required to bypass
an obstruction in the epididymis that may result
from congenital conditions, infection or from ob-
struction within the epididymis after a vasectomy.
Patients who consider these procedures should be
counselled about the possibility of undergoing sur-
gical or percutaneous needle aspiration to obtain
spermatozoa for in vitro fertilization (IVF) with
intracytoplasmic sperm injection (ICSI) as an al-
ternative to surgical reconstruction.

During a vasectomy reversal, the surgeon’s deci-
sion to perform vasovasostomy or vasoepididymo-
stomy is influenced by the sperm quality in the in-
traoperative vas fluid and the gross appearance of
that fluid. If spermatozoa are absent from the vas
fluid, the cause could be a back-pressure-induced
rupture of the epididymal tubule with subsequent
obstruction to the passage of spermatozoa. In such
cases, vasoepididymostomy is required. The re-
sults of both vasovasostomy and vasoepididymo-
stomy are significantly better when these proce-
dures are performed with microsurgery than when
microsurgery is not used. Comparable results of
vasovasostomy are obtained with microsurgical
modified one-layer and two-layer anastomoses,
although the author prefers the two-layer method
for reasons explained in the text.

Summary When vasoepididymostomy is required, it may
be difficult to determine the location within the ep-
ididymis at which the obstruction is present. If the
point of obstruction is unclear, the surgeon should
sample the epididymal tubular fluid at the lowest
accessible level in the epididymis and subsequently
at progressively higher epididymal levels until a
level is reached at which spermatozoa are present
in the tubule. The anastomosis is performed at the
lowest level at which spermatozoa are found to be
present in the epididymal tubular fluid. The micro-
surgical method of vasoepididymostomy creates a
direct connection of the mucosa of the vas deferens
to the edges of the epididymal tubule. A modified
microsurgical method of vasoepididymostomy
creates an end-to-side intussusception of the epi-
didymal tubule into the lumen of the vas. The latter
method is simpler to perform and seems to obtain
results that are comparable to those of the more te-
dious alternative, microsurgical end-to-side anas-
tomotic method.

The results of vasovasostomy become progres-
sively poorer as the time from the vasectomy until
its reversal lengthens. Spermatozoa should appear
in the semen within 2 months after vasovasostomy,
but may not appear until as long as 12–18 months
after vasoepididymostomy. The average postoper-
ative interval until a pregnancy occurs after vas-
ovasostomy is 12 months. There are few reports of
the average interval until a pregnancy occurs after
vasoepididymostomy.
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II.4.4.1
Indications

Either vasovasostomy or vasoepididymostomy, which
sometimes is referred to as epididymovasostomy, may
be required for vasectomy reversal (see Chap. I.5.2) or
for the treatment of congenital or acquired obstruc-
tions of the vas deferens or the epididymis that result
in azoospermia (see Part I). The latter conditions usu-
ally are discovered during the evaluation of a couple’s
infertility. Either procedure also may be required for
the relief of postvasectomy pain, which fortunately oc-
curs infrequently after vasectomy. Both procedures
may be performed with local, regional or general an-
aesthesia and commonly are performed on an outpa-
tient basis.

II.4.4.2
Contraindications

The contraindications to these procedures are the same
as the contraindications mentioned in Chap. I.5.2.

II.4.4.3
Alternative Procedures

When advising patients about the chances of a preg-
nancy occurring after vasovasostomy and vasoepididy-
mostomy, surgeons should be familiar with the preg-
nancy rates and comparative expenses associated with
retrieval of spermatozoa for in vitro fertilization (IVF)
with intracytoplasmic sperm injection (ICSI) (Kolettis
and Thomas 1997) and should discuss these alterna-
tives with patients. A consideration of which proce-
dures may be paid by the couple’s health insurance cov-
erage will influence the couple’s choice in countries in
which such a consideration applies.

In some centres, intraoperative retrieval of sperm
from the vas, epididymis or testis is performed to cryo-
preserve sperm for possible later use for IVF/ICSI in
case the vasovasostomy or vasoepididymostomy fails.
In my centre, the additional expense for intraoperative
sperm cryopreservation is over US$1000 due to the re-
quirement of the cryobank for the man to be tested for
HIV, hepatitis B and C and syphilis before sperm may
be cryopreserved, in addition to the costs for freeze/
thaw testing and the first year of sperm storage. The
performance of percutaneous testicular sperm aspira-
tion in the office to obtain sperm for IVF/ICSI in case
the surgical anastomosis fails costs much less than the
amount needed for intraoperative sperm cryopreserva-
tion in my centre. Such a discrepancy in costs does not
exist in all centres. If the surgeon elects to perform in-
traoperative sperm harvesting for cryopreservation, it
is necessary for the surgeon to alert the cryobank lab-
oratory personnel that the sperm should be frozen in

aliquots suitable for IVF/ICSI, because the relatively
small numbers of sperm harvested would not be use-
ful for intrauterine insemination or for IVF without
ICSI.

II.4.4.4
Factors That Influence Choice of Vasovasostomy
or Vasoepididymostomy

A surgical incision is made at the level of vasal obstruc-
tion. After the upper and lower ends of the vas deferens
(subsequently referred to as the vas) have been isolated
surgically, the scarred ends are resected. The surgeon
must be certain that all of the scar tissue is removed
from each end of the vas. This is ascertained by observ-
ing that the remaining severed end of the vas bleeds
freely. After the scarred ends of the vas have been re-
sected, patency of the abdominal end of the vas is as-
sured by instilling 5 ml of Ringer’s solution through a
24-gauge blunt tip needle inserted into the abdominal
end. Patency is assured if the fluid flows freely. If the
fluid does not flow freely, an operative vasogram is per-
formed to determine if an obstruction also exists at a
higher level.

After the scarred testicular end of the vas has been
resected, fluid that exudes from this end is inspected
with a laboratory microscope to determine if sperma-
tozoa are present in the fluid (Fig. II.4.18). If intact

Fig. II.4.18. The scarred ends of the vas are resected. Fluid from
the testicular end is examined with a laboratory microscope to
determine if spermatozoa are present in the fluid. Patency of
the abdominal end of the vas then is assured by instilling Rin-
ger’s solution into the abdominal end (not shown in figure).
[Reproduced with permission from Belker AM (1985) Vasecto-
my and its reversal. Primary Care 12:703–717]
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Table II.4.1. Postoperative
patency and pregnancy rates
according to intraoperative
quality of spermatozoa in
vas fluid when that quality
was identical bilaterally
(Belker et al. 1991)

Intraoperative vas fluid sperm quality Sperm in semen Pregnancy
Numbera (%) Numbera (%)

Grade 1 – mainly normal motile sperm 116/123 (94) 62/98 (63)
Grade 2 – mainly normal non-motile sperm 199/220 (91) 89/165 (54)
Grade 3 – mainly sperm heads (no tails) 67/70 (96) 36/72 (50)
Grade 4 – only sperm heads 55/73 (75) 31/70 (44)
Grade 5 – no sperm 50/83 (60) 20/65 (31)

a Numerator indicates number of patients achieving postoperative patency or pregnancy and
denominator indicates number of patients in each group

spermatozoa are present, vasovasostomy is per-
formed. The results of vasovasostomy vary according
to the grade of quality of spermatozoa in the fluid ob-
tained intraoperatively from the testicular end of the
vas (Table II.4.1) (Belker et al. 1991). If the fluid con-
tains only sperm heads (without attached tails) or no
spermatozoa are present, the surgeon should inspect
the epididymis to determine if a clearly defined level of
obstruction exists. This determination is made by the
observation of dilation of the epididymal tubule above
and collapse of the tubule below the point of obstruc-
tion. If a clearly defined point of epididymal obstruc-
tion is identified, then vasoepididymostomy, rather
than vasovasostomy, will be required to reverse a va-
sectomy (Silber 1979).

When grade 3 sperm (Table II.4.1) quality is present
in the intraoperative vas fluid, most surgeons perform
vasovasostomy. When spermatozoa are absent from
the intraoperative vas fluid, the surgeon may be guided
by the gross appearance of the vas fluid (Belker et al.
1991). Generally, when spermatozoa are absent from
the intraoperative vas fluid, watery (clear, colourless
and transparent) vas fluid indicates that success will
occur with vasovasostomy even though spermatozoa
may be absent from the intraoperative fluid. However,
the presence of thick, creamy fluid generally indicates
that vasoepididymostomy is required (Belker et al.
1991). When grade 4 (Table II.4.1) sperm quality is pre-
sent, some surgeons recommend vasovasostomy, while
others recommend vasoepididymostomy. Unfortu-
nately, there still is not universal agreement on the
choice between vasovasostomy and vasoepididymosto-
my when grade 4 or 5 sperm quality is present in the in-
traoperative vas fluid, with the exception of the obser-
vation of an obvious point of epididymal obstruction,
which clearly indicates the performance of vasoepidi-
dymostomy. The decision about which procedure
should be performed is made independently on each
side.

When the testicular biopsy of an azoospermic man
who has a normal semen volume and no history of pre-
vious surgery reveals normal spermatogenesis, the ob-
struction is almost always in the epididymis. Using a
scrotal incision, a microsurgical hemitransection of
the vas is made in the lowermost portion of the vas. If

spermatozoa are present in the fluid obtained from the
opening in the vas, the obstruction is above that level
and an operative vasogram is performed. If spermato-
zoa are absent from the vas fluid, the obstruction is in
the epididymis. In this situation, the surgeon com-
pletes the transection of the vas, ligates the testicular
end of the vas and passes the abdominal end through a
surgically created opening in the parietal tunica vagi-
nalis to prepare for the performance of vasoepididy-
mostomy.

II.4.4.5
Surgical Techniques

II.4.4.5.1

Placement of Incisions

In order to perform vasovasostomy, it usually is nec-
essary to create only very short (3–5 cm long) verti-
cal scrotal incisions, and it is not necessary to extrude
the testicle and epididymis from the scrotum. In situ-
ations in which the previous vasectomy was per-
formed very high in the scrotum or an unusually long
length of the vas was resected at the time of the vasec-
tomy, an infrapubic incision (Belker 1988), or prefer-
ably modified infrapubic incisions lateral to each side
of the base of the penis (Fig. II.4.19) (Belker 1995),
may be useful to mobilize a sufficiently long segment
of the abdominal end of the vas to perform either vas-
ovasostomy or vasoepididymostomy without tension
on the anastomosis. When vasoepididymostomy is
required while using modified infrapubic incisions, it
is possible to displace the scrotal contents upward
through these incisions to perform the anastomosis
(Belker 1988).

When obstruction of the vas results from an injury
to the vas during bilateral inguinal hernia repair, an in-
guinal incision obviously is needed. A useful “trick of
the trade” in such situations is to perform laparoscopic
mobilization of the abdominal end of the vas, with pas-
sage of the abdominal end through a surgically created
puncture in the external inguinal ring.
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Fig. II.4.19. The locations of modified infrapubic incisions,
which are useful for isolating the ends of the vas when the va-
sectomy was performed at a very high level or when an unusu-
ally long segment of the vas was removed during the vasecto-
my, are indicated by markings on the skin lateral to each side of
the base of the penis. [Reproduced with permission from Bel-
ker AM (1995) Microsurgical vasovasostomy: two-layer tech-
nique. In: Goldstein M (ed) Surgery of male infertility. Saun-
ders, Philadelphia, pp 61–66]

II.4.4.5.2

Vasovasostomy

During mobilization of the ends of the vas, it is impor-
tant to remove completely the scarred ends of the vas,
which assures that viable tissue will be present on each
side of the anastomosis. It also is important to avoid de-
vascularization of the ends of the vas. This is accom-
plished by leaving enough tissue surrounding each end
to be able to observe that each end bleeds freely. Bipo-
lar, rather than monopolar, cautery is recommended
when cauterizing bleeding vessels in the adventitia of
the vas. It is important to avoid cautery of the transect-
ed surface of each end of the vas in order to prevent the
creation of scar tissue in that location. A sufficient
length of each end of the vas must be mobilized to pre-
vent tension on the anastomosis.

There now is virtually universal agreement that the
results of microsurgical vasovasostomy are superior to
the results of vasovasostomy performed without opti-
cal magnification. Microsurgical anastomoses are
more successful than anastomoses performed without
the aid of microsurgery because microsurgery affords

Fig. II.4.20. Schmidt’s modified one-layer method of microsur-
gical vasovasostomy. Full thickness sutures are shown in white
and outer muscular layer sutures are shown in black. (Repro-
duced with permission; ©2001 Bammerlin, Louisville, Kentu-
cky, USA.)

precise approximation of the mucosal edges of the vas,
thus creating a leak-proof anastomosis. The adverse ef-
fects of an anastomotic leak of spermatozoa with the
resulting anastomotic sperm granuloma were shown
clearly in a study of the results of various types of anas-
tomoses in laboratory animals (Hagan and Coffey
1977).

The microsurgical anastomosis may be performed
with either a modified one-layer or a two-layer tech-
nique. The modified one-layer anastomosis (Schmidt
1978) is performed using six to eight interrupted full
thickness sutures of 9–0 nylon placed equidistantly
around the circumference of each end of the vas, fol-
lowed by the placement of more superficial outer mus-
cular layer sutures of 9–0 nylon between adjacent full
thickness sutures (Fig. II.4.20).

The two-layer end-to-side microsurgical anastomo-
sis (Belker 1997) is performed by placing six to eight in-
terrupted sutures of 10–0 nylon through the mucosa of
each end of the vas, followed by the placement of ap-
proximately eight interrupted sutures of 9–0 nylon
through the outer muscular layer of the vas (Fig.
II.4.21). A folding vas approximating clamp is useful to
perform this anastomosis (Belker 1980, 1995).

II.4.4.5.3

Vasoepididymostomy

This procedure is performed by creating vertical scro-
tal incisions that are adequately long to extrude the
scrotal contents. The parietal tunica vaginalis is opened
and the abdominal end of the vas is passed through a
surgical puncture in the parietal tunica vaginalis. Peri-
vasal tissue is attached to the parietal tunica vaginalis
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Fig. II.4.21. The two-layer method of microsurgical vasovasos-
tomy. Inner mucosal edges are approximated with interrupted
10–0 nylon sutures and outer muscular edges are approximat-
ed with interrupted 9–0 nylon sutures. [Reproduced with per-
mission from Belker AM (1985) Vasectomy and its reversal.
Primary Care 12:703–717]

at two to four intervals along the portion of the vas that
now is inside the tunica vaginalis. This manoeuvre pre-
vents tension on the anastomosis.

If the level of epididymal obstruction is evident by
inspection of the epididymis, the epididymal tubule is
isolated just above that level. If a clear point of obstruc-
tion is not evident, the epididymal tubule is isolated at
its lowest accessible level and fluid obtained from the
opening in the tubule is inspected with a laboratory mi-
croscope to determine if intact spermatozoa are pre-
sent. If intact spermatozoa are not present, the surgeon
then opens the epididymal tubule at progressively
higher levels until spermatozoa are found to be present
in the tubular fluid.

Although pregnancies have been reported to result
from anastomosis of the vas to the caput epididymidis
(Silber 1989) and to the vasa efferentia (Silber 1988;
Weiske 1994), the results of vasoepididymostomy are
increasingly successful the lower the anastomosis is
performed in the epididymis (Schoysman and Bedford
1986; Schoysman 1993; Jarow et al. 1997). While it is im-
portant to perform the anastomosis at the lowest possi-
ble epididymal level, the level must be at a point in the
epididymis at which spermatozoa are present in the ep-
ididymal tubular fluid, which assures that the anasto-
mosis will be performed above the obstruction in the
epididymis. Although vasovasostomy may have a suc-
cessful result despite the intraoperative absence of
spermatozoa from the vas fluid, vasoepididymostomy
never will be successful when performed at an epididy-
mal level at which spermatozoa are absent from the epi-
didymal tubular fluid (Niederberger and Ross 1993).

Before the introduction of a microsurgical method
of vasoepididymostomy, the anastomosis was accom-

Fig. II.4.22a, b. The older nonmicrosurgical method of vasoepi-
didymostomy relied upon creation of a fistula between several
openings in the epididymal tubule and the lumen of the vas.
[Reproduced with permission from Belker AM (1981) Vas-
ovasostomy. In Resnick MI (ed) Current trends in urology,
vol 1. Williams and Wilkins, Baltimore, Md., pp 20–41]

plished by connecting the edges of the opened epididy-
mal tunic to the edges of the end of the vas, thus creat-
ing a fistula between the underlying openings in the ep-
ididymal tubule and the vas (Fig. II.4.22). The method
now preferred is a microsurgical end-to-side anasto-
mosis. This type of anastomosis results in approxima-
tion of the edges of the epididymal tubule to the muco-
sa of the vas. The end-to-side anastomosis may be per-
formed either by connecting the edges of the opened
epididymal tubule to the mucosa of the vas and then
connecting the edges of the epididymal tunic to the
outer muscular layer of the vas (Fig. II.4.23) (Thomas
1987) or by the “triangulation intussusception” method
(Figs. II.4.24, II.4.25) (Berger 1998; McCallum et al.
2002). Both of these methods accomplish end-to-side
anastomosis of a specific portion of the epididymal tu-
bule to the mucosa of the vas. However, the “triangula-
tion intussusception” method is technically simpler
and therefore requires less time than the alternative
end-to-side method (Thomas 1987).

In order to isolate the epididymal tubule, it is neces-
sary to open the epididymal tunic first. This is achieved
either by microsurgically incising the overlying epidid-
ymal tunic or by microsurgically resecting an oval of
the tunic. After the tunic has been opened, a microsur-
gical scalpel is used to gently incise repeatedly the tis-
sue that overlies the tubule. When most of the overlying
tissue has been incised and the outline of the tubule be-
comes evident, a microsurgical Vannas scissors, which
has blunt tips, may be used to incise the remaining tis-
sue that overlies the epididymal tubule. An aid to isola-
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Fig. II.4.23a–f. Thomas’ micro-
surgical end-to-side method of
vasoepididymostomy. b Incision
into epididymal tubule.
d, e Edges of opened epididy-
mal tubule approximated to
edges of vas mucosa. c, f Edges
of epididymal tunic approxi-
mated to edges of outer muscu-
lar layer of vas. [Reproduced
with permission from Crais TF
Jr (1983) Reproductive and uro-
genital microsurgery. Clinics in
Plastic Surgery. Saunders, Phila-
delphia, 10:155–171]

Fig. II.4.24a–d. Berger’s triangulation intussusception method of microsurgical vasoepididymostomy. a Placement of the three tri-
angulating sutures into the epididymal tubule. Diagram does not show that the needle of one end of each suture should be placed
into the tubule before any of those needles are pulled through the tubule (see text and Fig. II.4.25)
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Fig. II.4.24. (Cont.) After the tubule is opened, “a” and “b” ends of each suture are placed through corresponding locations in vas,
thus intussuscepting the tubule into the lumen of the vas. After inner layer sutures are tied, edges of epididymal tunic are approxi-
mated to edges of the outer muscular layer of the vas (not shown in diagram). (©2004 Urology Surgical Associates, PSC, Louis-
ville, Kentucky, USA)

a b

c
d

Fig. II.4.25. Operative photograph of Berger’s triangulation intussusception method of microsurgical vasoepididymostomy. Vas at
bottom and epididymal tubule above in all photos. Mucosa of vas stained with blue dye. a Posterior muscular layer of vas approxi-
mated to edge of epididymal tunic. b All three triangulating needles are placed into epididymal tubule before any needle is pulled
through the tubule. Apex of triangle points toward the vas. c Incision of tubule between triangulating needles made with micro-
surgical scalpel blade. d First double armed inner layer suture being tied (©2004 Urology Surgical Associates, PSC, Louisville,
Kentucky, USA)
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tion of the epididymal tubule is the use of compression
of the epididymis between the surgeon’s index finger
and thumb. Such compression results in displacement
of the tubule to a superficial level just below the epidid-
ymal tunic and allows the surgeon to dissect the tubule
from the surrounding tissue easier than when com-
pression is not used.

Both methods of microsurgical end-to-side anasto-
mosis are simpler to perform when double armed
sutures of 10–0 nylon having a length of 2.5 cm are
used for the inner layer suturing. The use of such short
sutures helps prevent tangling that may occur when
longer sutures are used. If the end-to-side anastomotic
technique shown in Fig. II.4.23 is used, the tubule may
be opened either by incising it or by excising an oval of
the superficial portion of the tubule with microsurgical
scissors. The latter option may result in the removal of
too large a part of the tubule. It therefore seems more
expedient simply to incise the superficial portion of the
tubule in order to open it.

When the microsurgical “triangulation intussus-
ception” method (Fig. II.4.24) is performed, it is useful
to place the needles of one end of each of the three dou-
ble armed triangulating sutures of 10–0 nylon into the
unopened epididymal tubule and then incise the tu-
bule between the triangulating needles before any nee-
dle is withdrawn from the tubule (Fig. II.4.25). If each
needle is withdrawn from the tubule immediately after
it has been placed into the tubule, the leakage of tubu-
lar fluid around the trailing suture may result in col-
lapse of the tubule and thus create difficulty in placing
the remaining triangulating sutures. After all three
needles have been placed into the tubule, the tubule
has been opened and microscopic examination of the
tubular fluid verifies the presence of spermatozoa, the
needles are withdrawn from the tubule and the needles
on each end of each suture are placed through corre-
sponding points in the vas (Fig. II.4.24). These sutures
in the vas should include the mucosa and the inner
portion of muscular layer. After these inner layer su-
tures have all been tied, the anastomosis is completed
by connecting the outer muscular layer of the vas to the
incised edges of the epididymal tunic identical to the
method of performing the outer layer suture place-
ment when the more tedious end-to-side method
shown in Fig. II.4.23 is used.

After the anastomosis has been completed, the scro-
tal contents are replaced within the scrotum, parietal
tunica vaginalis is closed, Dartos layer edges are ap-
proximated and skin is closed. A dressing and scrotal
support then are applied.

II.4.4.6
Postoperative Care

Patients are advised to remain at home for 7 days post-
operatively. They also are advised to wear a scrotal sup-
port and to avoid heavy physical activity for 4 weeks
postoperatively. The observation of disrupted anasto-
moses at the time of exploration of failed vasovasosto-
my procedures prompted such advice. Sexual inter-
course is restricted to a minimum of 2 weeks postoper-
atively. The latter restriction is based upon the observa-
tion in canine vasovasostomy procedures that 2 weeks
was required for the anastomotic healing process to be
sufficiently advanced that a leak of spermatozoa would
be unlikely at the time of an ejaculation (Schmidt 1966).
Because an anastomotic leak of spermatozoa and the
resulting anastomotic sperm granuloma decrease pa-
tency rates after vasovasostomy (Hagan and Coffey
1977), this 2-week restriction from intercourse is em-
phasized to patients. Semen analyses are obtained ev-
ery 2–3 months until either pregnancy or stable semen
parameters occur.

If the concentration of spermatozoa becomes nor-
mal after vasovasostomy but motility is absent, the
cause usually is the development of cicatricial obstruc-
tion of the anastomoses, and the subsequent develop-
ment of azoospermia may be expected. Reduced, but
not absent, sperm motility may result from the pres-
ence of antisperm antibodies, epididymal dysfunction
or the beginning of anastomotic scar formation that
eventually may lead to permanent anastomotic obliter-
ation. Although epididymal dysfunction is believed to
be a reason for some instances of reduced sperm motil-
ity after vasectomy reversal, there unfortunately is no
available test to measure epididymal function or dys-
function. Whether or not reduced sperm motility is
due to beginning anastomotic scar tissue formation
will become apparent with the results of sequential se-
men analyses over ensuing months. If sperm motility is
progressively lower and eventually absent, the surgeon
may confidently conclude that the reason for such a se-
quence of events is anastomotic scarring that eventual-
ly results in permanent anastomotic occlusion.

Reduced sperm motility is not necessarily an indica-
tion of the presence of antisperm antibodies. However,
when a patient has reduced sperm motility after a va-
sectomy reversal, it seems prudent to obtain a test to
determine if such antibodies may be present. Anti-
sperm antibodies are present in the serum of about
70% of vasectomized men (Linnet 1983). Linnet (1983)
demonstrated that men with the highest serum titres of
agglutinating antisperm antibodies were the men most
likely to have such antibodies appear in the semen after
vasectomy reversal, and that such antibodies in the se-
men seemed to impair fertility after a reversal proce-
dure. Unfortunately, few laboratories currently per-

II.4.4 Vasovasostomy and Vasoepididymostomy 507

II.4



form antisperm antibody testing using the older agglu-
tination method. Most laboratories now test for anti-
immunoglobulins A and G (IgA and IgG) (see
Chap. I.3.7). There is no clinical study to suggest that
measurement of a man’s serum immunoglobulin level
before a vasectomy reversal can predict if his fertility
may be impaired after the reversal procedure. If sperm
motility is reduced or if there is no apparent reason for
infertility after a vasectomy reversal, then measure-
ment of IgG and/or IgA on the surface of sperm in the
semen using either a direct immunobead or Sperm-
MAR test (see Chap. I.3.7) may indicate that antisperm
antibodies are causing the problem. If infertility after a
vasectomy reversal is suspected to result from anti-
sperm antibodies or epididymal dysfunction, most au-
thorities now agree that intracytoplasmic sperm injec-
tion (ICSI) with in vitro fertilization (IVF) (see
Chap. II.4.16) is the best therapy.

II.4.4.7
Complications

Postoperative bleeding and infection fortunately occur
rarely after either vasovasostomy or vasoepididymo-
stomy. Late anastomotic scarring that results in azoo-
spermia after the previous return of spermatozoa to the
semen has been reported to occur in from 3% (Belker
et al. 1985) to 12% (Matthews et al. 1995) of men after
vasovasostomy. The rate of either late azoospermia or
the appearance of only non-motile spermatozoa in the
semen after the initial appearance of motile spermato-
zoa has been reported to be as high as 21% after vasoe-
pididymostomy (Matthews et al. 1995).

II.4.4.8
Results

The influence of the obstructive interval, which is the
duration of time from the vasectomy until its reversal,
on postoperative patency and pregnancy rates is shown
in Table II.4.2. The obstructive interval is the most im-
portant preoperative factor that can be used to guide a
couple to understand the chances for both the return of

Table II.4.2. Effect of the duration of the obstructive interval on
the result of vasovasostomy (Belker et al. 1991)

Duration of obstruc-
tive interval (years)

Sperm in semen Pregnancy
Numbera (%) Numbera (%)

<3 86/89 (97) 56/74 (76)
3–8 525/600 (88) 253/478 (53)
9–14 205/261 (79) 92/209 (44)
& 15 32/45 (71) 11/37 (30)

a Numerator indicates number of patients achieving postoper-
ative patency or pregnancy and denominator indicates num-
ber of patients in each group

spermatozoa to the semen and of pregnancy. The over-
all rates of the return of spermatozoa to the semen and
of pregnancy, respectively, are 86% and 52% for initial
vasovasostomy procedures, and 75% and 43% for re-
peat procedures (Belker et al. 1991).

After microsurgical vasoepididymostomy, sperma-
tozoa return to the semen of from 60% to 85% of men,
and pregnancy occurs in 20% to 44% of their partners
(Matthews et al. 1995; Kolettis and Thomas 1997; Kim
et al. 1998). The “triangulation intussusception” meth-
od appears to achieve results comparable to those ob-
tained with the alternative microsurgical end-to-side
method (Berger 1998; McCallum et al. 2002). The re-
sults of vasoepididymostomy may depend on the aeti-
ology of epididymal obstruction (Kim et al. 1998).

If spermatozoa do not return to the semen within
2 months or certainly by 4 months postoperatively, it
can be assumed that vasovasostomy has failed. Howev-
er, there may be a delay in the appearance of spermato-
zoa in the semen after vasoepididymostomy for rea-
sons that are not clearly understood (Schoysman 1990).
Jarow et al. (1995) reported that 18 of 44 (41%) patients
who were azoospermic at the time of the first postoper-
ative semen analysis had delayed appearance of sper-
matozoa in the semen, with a mean delay of 6 months
and a range of 3–15 months.

Patients are informed that the average interval until
a pregnancy occurs after microsurgical vasovasostomy
is 12 months and that most pregnancies do not occur
until 24 months postoperatively (Belker et al. 1991). An
average interval to pregnancy after vasoepididymosto-
my is not known. However, the time interval for preg-
nancy to occur has been reported to be as long as
24 months postoperatively in the female partners of 117
patients (Schoysman 1993). If the female partner does
not become pregnant within 1 year after stable semen
parameters have been attained, she should undergo a
fertility evaluation.

The resolution of post-vasectomy pain can be ex-
pected in the majority of patients who undergo vasec-
tomy reversal for the purpose of pain relief. Myers et al.
(1997) reported relief of post-vasectomy pain in 24 of
32 men following vasectomy reversal, and in 3 of 6 men
who underwent a second reversal because of persistent
pain after the first reversal. Thus, 27 of the 32 men
(84%) reported by Myers et al. (1997) had relief of pain
after vasectomy reversal. Nangia et al. (2000) reported
relief of post-vasectomy pain in 9 of 13 (69%) men fol-
lowing vasectomy reversal. Patients who enquire about
post-vasectomy pain relief by undergoing vasectomy
reversal should be informed that a reversal will relieve
such pain in the majority of patients, but that pain relief
cannot be guaranteed if a reversal is performed.
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II.4.4.9
Conclusions

Microsurgical methods of vasovasostomy and vasoepi-
didymostomy have improved the success rates of both
procedures. Surgeons must obtain formal microsurgi-
cal laboratory training and subsequently practise mi-
crosurgical anastomotic procedures before attempting
to perform them clinically. The mere use of an operat-
ing microscope and microsurgical instruments will
lead to suboptimal results without such training and
practice. Patients who are considering undergoing ei-
ther procedure should verify the training, experience
and results of the particular surgeon who will perform
the procedure.

Before patients consider either of these reconstruc-
tive microsurgical procedures, they should be in-
formed about the comparative expense and success
rates of sperm retrieval with IVF and ICSI. This allows
patients to reach their own conclusions about which
method to achieve a pregnancy is best suited to their
needs and financial resources.
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II.4.5 Nonsurgical Cure of Varicocele by Transcatheter
Embolization of the Internal Spermatic Vein(s) with a
Tissue Adhesive
J. Kunnen, M. Kunnen

Transcatheter treatment of varicoceles by means of
embolization with a tissue adhesive is performed
under local anaesthesia, on an outpatient basis,
and has a low technical failure (<1%), a low recur-
rence (2%) and only 0.3% complication rate.

Considering these advantages, together with the
favourable results in terms of repair of fertility, em-
bolization of the internal spermatic vein(s) with a
tissue adhesive is to be considered the treatment of
first choice for varicocele-associated infertility;
furthermore early diagnosis and nonsurgical treat-
ment of varicocele(s) at school age is indicated. Al-
so local scrotal discomfort and even sexual inade-
quacy may react favourably to this therapy.

Summary

II.4.5.1
Introduction

Varicocele is the most common detectable cause of
male infertility. It is caused by a disturbance of the ef-
flux of venous blood from the testicle(s) due to the in-
version of blood flow in the internal spermatic vein(s).

Impairment of testicular and epididymal function
probably results from the countercurrent exchange of
noradrenaline from the refluxing venous blood into the
testicular arterial blood, at the level of the pampini-
form plexus.

The latter causes chronic vasoconstriction of the in-
tratesticular arterioles and decreased tissue perfusion
with degeneration of Sertoli cells and, finally, de-
creased production of spermatozoa. Varicoceles may
cause local discomfort and are associated with prosta-
tovesiculitis as well as sexual inadequacy.

II.4.5.2
Diagnostic Venography

In 1976 one of the authors (M.K.) worked out a method
for selective venography of the internal spermatic
vein(s), which he claimed to be safe and suitable for
routine use (Comhaire and Kunnen 1976). At present
this method is put into practice all over the world.

Using this technique one succeeds in visualizing not
only those varicoceles that were already detected by
clinical examination, but also the ones we have called
subclinical, and which are detected by means of contact

thermography using Varicoscreen®, developed by
Comhaire, or Doppler flow measurement.

During venography right-sided varicoceles should
be searched for systematically since we have found var-
icoceles to be bilateral in up to 24% of patients. In these
cases we could show that the right internal spermatic
vein nearly always connects with the renal vein or with
the renal or perirenal venous plexus.

II.4.5.3
Treatment by Embolization

In the presence of a varicocele, diagnostic venography
is immediately followed by nonsurgical treatment by
means of transcatheter superselective embolization
with a tissue adhesive (Kunnen 1980, 1982; Kunnen and
Comhaire 1991). This method is relatively simple, safe
and indeed successful.

According to our technique 99% of all varicoceles,
including both those on the right side and those on the
left, may be treated under local anaesthesia and on an
outpatient basis. More than 3400 patients have been
treated in the 25 years of experience. The method is
safe, as it has no side-effects; its complication rate is on-
ly 0.3%, which is much lower than that of surgery. The
same is true for the rate of varicocele persistence or re-
currence, which is 2% at the left side and less than 1%
at the right side.

II.4.5.4
General Information

The catheterization is performed from the right groin
under local anaesthesia and according to a strict proto-
col, exclusively using coaxial catheters. A left and a
right Kunnen spermatic set are manufactured by Cook
(Denmark). The left one contains a 6Fr cobra-shaped
outer catheter and a suitable 0.038” flexible guidewire,
and a straight 3Fr inner catheter provided with an
opaque marker at the tip, also with a suitable 0.021”
guidewire. The right set contains a 6Fr hooked outer
catheter and a straight 3Fr inner catheter. The guide-
wires of the left set are also used on the right side.

Diagnostic venography should always precede the
therapeutic procedure. One starts with the hooked
catheter, which is the outer part of the right spermatic
set. First the right renal and internal spermatic veins
are examined. The right renal vein is catheterized,
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Fig. II.4.26a–f. A 26-year-old man presents with primary infertility; on clinical
examination a grade III varicocele is found on the left side. No right varico-
cele is detected clinically. Phlebography and treatment of a subclinical right
varicocele is presented. a Selective venography of the right renal vein: nice
opacification of all the intrarenal veins, showing a normal aspect; no reno-
spermatic reflux. b Selective venography of the outlet of the right internal
spermatic vein: competent valve (arrow). c Superselective venography of the
right internal spermatic vein after passing the outlet valve: clear reflux and
presence of the outlet of a renospermatic bypass (arrow). d Superselective in-
ternal spermatic venography: the embolization catheter is placed in the lateral
branch of the bifurcated distal spermatic vein (arrow). e Plain X-ray after em-
bolization: the embolus, Histoacryl Transparent®, opacified with Lipiodol
Ultrafluid® is clearly shown in the internal spermatic branches. f Selective
control venography of the right internal spermatic vein: total occlusion at the
level of L5 (arrow). Successful treatment of the right subclinical varicocele
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probing the segmentary veins with the flexible 0.038”
guidewire (Fig. II.4.26a). The venogram has to show the
segmentary veins clearly. It is mandatory to use a tilting
examination table and to bring the patient into a semi-
erect position; he has to perform a Valsalva manoeuvre.
Then 10–15 ml of contrast medium is injected by hand.
We use non-ionic Iohexol (Omnipaque® 240, Amers-
ham Health, Norway), which yields practically no side-
effects.

Collaterals connecting to the spermatic vein or a di-
rect connection between the renal and the spermatic
vein have to be sought. In the presence of a competent
valve at the outlet of the right internal spermatic vein
(Fig. II.4.26b) we try to pass this valve by means of the
straight 3Fr inner catheter, with the 0.021” guidewire.
This increases the percentage of positive tests impres-
sively, especially at the right side (Gat et al. 2004). When
this is unsuccessful or in the presence of a second com-
petent valve, the venography of the right side is regard-
ed as negative.

If this right venography is positive, i.e. if retrograde
opacification of the right spermatic vein is visualized
(Fig. II.4.26c), this vein should be catheterized coaxial-
ly, angiographed superselectively (Fig. II.4.26d) and
embolized with a tissue adhesive (Fig. II.4.26e). The oc-
clusion should be monitored by means of selective ve-
nography 10 min later (Fig. II.4.26f). The venography
of the right side is positive in 25% of our patients pre-
senting with a varicocele.

Then we have to proceed with the left-sided diag-
nostic venography using the 6Fr cobra-shaped catheter
of the left spermatic set. This catheter is pushed into the
segmentary renal veins, probing them with the flexible
tip of the 0.038” guidewire. This venography has to
show the segmentary veins clearly and should disclose
insufficiency of the valve at the outlet of the left internal
spermatic vein, yielding reflux into it (Fig. II.4.27a). In
cases with a competent outlet valve, reflux via perirenal
collaterals may bypass the valve to drain into caudal,
insufficient parts of the spermatic vein: we call these
vessels perirenal collaterals or renospermatic bypasses.
Even in the case of a competent valve without apparent
renospermatic bypasses, this valve must be passed co-
axially in search of more distal bypasses.

If the left venography is positive the internal sper-
matic vein should be catheterized selectively
(Fig. II.4.27b), angiographed superselectively by coaxi-
al catheter (Fig. II.4.27c) and embolized with a tissue
adhesive (Fig. II.4.27d). The occlusion should be moni-
tored by means of venography 10 min later, selectively
in the internal spermatic vein (Fig. II.4.27e) and in the
left renal vein (Fig. II.4.27f).

II.4.5.5
Specific Information on Superselective, Coaxial
Catheterization and Embolization

The outer catheter is placed in the outlet of the internal
spermatic vein. A selective spermatic venogram is car-
ried out.

The thin (3Fr) inner catheter, fitted with the small
guidewire (0.021”) included in the left spermatic set, is
pushed through the outer catheter to enter the sper-
matic vein. During this procedure the tip of the guide-
wire extends slightly beyond the tip of the thin catheter,
which presents an opaque marker. The catheters are
slightly moistened with glucose 5% through a T-adap-
tor or a haemostatic valve. The thin inner catheter
moves more easily when the patient coughs, or per-
forms a Valsalva manoeuvre; this is especially of inter-
est in order to pass competent valves. The exact locali-
zation of the catheter is monitored by injections of
small quantities of contrast medium. The exact site for
the embolization is selected inferior to the lowest anas-
tomosis between the spermatic vein and the (peri)renal
venous plexus and, preferentially, superior to possible
bifurcations. At this stage superselective venograms
may be of great value.

The patient is examined on a remote-controlled tilt-
ing table, which is brought into the near-horizontal po-
sition – in fact 2 to 30° – in order to stop blood flow in
the internal spermatic vein. Injecting a small bolus of
contrast medium also controls the latter. This procedure
is extremely important as it excludes accidental emboli-
zation of the renal vein as well as injection into the pam-
piniform plexus.

First a tuberculin syringe is filled with 1 ml 10% glu-
cose and connected to the plastic 3-way stopcock of the
embolization catheter, which itself is filled with 5%
glucose. The glucose solution slows down the polymer-
ization of the tissue adhesive.

In a second syringe, the following substances are as-
pirated in sequence: first 0.4–0.5 ml Lipiodol Ultraflu-
id® (Guerbet, France) and next 0.5 ml n-butyl-cyanoac-
rylate (Histoacryl Transparent®, Braun, Melsungen,
Germany). Rarely more than one ampule, i.e. 0.6 ml of
tissue adhesive, is necessary. The contrast medium –
the Lipiodol Ultrafluid® – is used not only to delineate
the non-opaque embolus of tissue adhesive on the TV
screen and the X-ray images, but also to slow down the
polymerization.

The second syringe is connected to the 3-way stop-
cock, and its contents are injected into the emboliza-
tion catheter and pushed into the spermatic vein by
means of the contents of the first syringe. 0.7 ml of 10%
glucose from the first syringe is injected in order to
push the embolus completely into the spermatic vein.
The coaxial embolization catheter is immediately
pulled back by 2 or 3 cm and the remaining 0.3 ml 10%
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Fig. II.4.27a–f. Same patient as in Fig. II.4.26. Phlebography and
treatment of the grade III left varicocele is presented. a Selective
venography of the left renal vein: nice opacification of the intra-
renal veins, with a clear reflux through the left internal spermat-
ic vein (arrows). b Superselective venography of the left internal
spermatic vein: clear reflux and filling of a small medial branch
(arrow). c Superselective internal spermatic venography: the em-
bolization catheter is placed in the medial branch of the bifurcat-
ed distal spermatic vein (arrow). d Plain X-ray after emboliza-
tion: the embolus, Histoacryl Transparent®, opacified with Lipio-
dol Ultrafluid® is clearly shown in the different spermatic
branches. e Selective control venography of the left internal sper-
matic vein: total occlusion at the level of L4 (arrow). f Selective
control venography of the left renal vein: no further reflux is
seen. Successful treatment of the left varicocele
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glucose from the first syringe is injected in order to
completely remove all tissue adhesive from this cathe-
ter. After that, the inner catheter is completely with-
drawn from the outer one, which itself is pulled back
into the caval vein where blood is aspirated. If it is not
possible to aspirate blood, the caval vein wall may ad-
here to the tip of the catheter; this can be avoided by
placing the tip of the catheter in the left common iliac
vein. Whenever aspiration of blood remains impossi-
ble, occlusion of the outer catheter by a residue of tissue
adhesive should be suspected and the outer catheter
should also be withdrawn. It is replaced by a new outer
catheter (all catheters can be obtained separately, i.e.
not only in sets). In these rare cases one can cut the ex-
ternal part of the occluded catheter obliquely, intro-
duce a 6Fr sheath over it, withdraw the catheter and re-
place it with the new one, fitted with the 0.038” flexible
guidewire.

As soon as the tissue adhesive comes in contact with
blood it polymerizes to form a permanent occlusion.
The embolus is seen on the X-ray images.

A venography is performed about 10 min later
through the outer catheter, replaced in the segmentary
veins. First the renal vein is injected without a Valsalva
manoeuvre in order to check its integrity. The renal
vein is then injected during a Valsalva manoeuvre,
showing incomplete filling of the spermatic vein. Final-
ly the embolized spermatic vein is selectively visual-
ized, confirming the occlusion to be complete.

Our method is also perfectly suited to the treatment
of large veins. It usually allows the embolization of
veins presenting complex anatomic conditions. Gener-
ally such patients can be treated with one single embo-
lus, provided the ideal site for occlusion is carefully
searched for and reached by the embolization catheter.
In 12% of cases a second embolization during the same
session is necessary to occlude all spermatic branches.

In more than 30% of cases, the internal spermatic
vein presents a competent outlet valve, but reflux oc-
curs through one or even several renospermatic by-
passes. With our technique these competent valves may
be passed using the coaxial catheter in 99% of those
cases and the patients can be treated successfully by
embolizing the insufficient caudal part of the spermatic
vein.

II.4.5.6
Data on Tissue Adhesives and Sclerosing Agents

In the first 6 years use was made of the tissue adhesive
isobutyl 2-cyanoacrylate, registered name Bucrylate®,
manufactured by Ethicon (Somerville, USA). Primarily
it was designed for wound closure.

At the end of 1985, Ethicon suddenly decided to
withdraw Bucrylate® from the market; to the best of our
knowledge, no clear explanation has been given.

For 19 years we have successfully used n-butyl 2-cy-
anoacrylate (Histoacryl® from Braun, Melsungen, Ger-
many). One should not use the classical Histoacryl
Blue®, as it polymerizes too rapidly. We use Histoacryl
Transparent® very successfully. By enhancing the con-
centration of the inhibitor P2O5 the polymerization is
delayed. It seems worthwhile mentioning that Histo-
acryl® is authorized by Canadian but not by American
authorities.

Recently a new European tissue adhesive, co-mono-
mer n-butyl cyanoacrylate (Glubran®2/Viareggio, Ita-
ly), got a CE label, and the use for intravascular emboli-
zation is clearly mentioned by the company; perhaps
this drug will be authorized by the FDA.

We were also very successful with another group of
282 patients, treating their varicoceles by superselec-
tive sclerotherapy with 5 ml of 3% sodium tetradecyl
sulphate solution (Thrombovar® from Lepetit, France;
Sotradecol®, Elkins-Sinn, N.J., USA). Provided the
blood flow is arrested by tilting the examination table,
and adopting the same coaxial technique, the authors
seldom observed pain or scrotal swelling. We do con-
sider the fact that one has to postpone the post-emboli-
zation venography for at least 30 min after injecting the
sclerosing agent, a clear drawback. In 35% of cases a
second dose of Thrombovar® had to be given, as the oc-
clusion was incomplete; this means another 30-min
wait, and performing a second control venography.
Nevertheless, superselective sclerotherapy is a good al-
ternative in countries where tissue adhesives are not
available.

In contrast, metallic coils are not suitable for sper-
matic vein occlusion because they leave the accompa-
nying veins and renospermatic bypasses open. More-
over, coil-treated vessels may also remain open or be-
come partly patent later. Finally, the presence of coils
may render distal coaxial catheterization of the sper-
matic vein and correct embolization with tissue adhe-
sive impossible.

II.4.5.7
Results in 3043 Consecutive Patients

In total, 3450 patients have been examined for a clinical
problem of varicocele, 2718 between 1979 and 2000 by
M.K. et al. at the University Hospital of Ghent and 732
between 1993 and 2004 by J.K. at the ZNA Middelheim
Hospital in Antwerp (Belgium).

Here we report on 3043 consecutive patients from
1985 to 2004. The age of these patients ranged
4–72 years (mean 24.5; 1171 patients were under 20).

Twenty-nine men (1.0%) had unilateral right vari-
coceles, 2228 (73.2%) unilateral left varicoceles and 736
(24.2%) bilateral varicoceles, of which 22 had already
been unsuccessfully treated by surgical ligation on the
left side.
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Almost 41,7% of patients presented with primary
infertility, 8.0% with secondary infertility, 7.7% with
local discomfort, 1.1% with sexual inadequacy and
41.5% were treated preventively.

Our results revealed that 2906 of 2928 (99.2%) left
varicoceles and 757 of 764 (99.1%) right varicoceles
were successfully treated.

Persistent varicocele was detected in 5 of 757
(0.66%) on the right side and re-embolized successful-
ly. Out of the 59/2906 (2.03%) persistent left varico-
celes, 53 could be treated by re-embolization and 6 by
surgical ligation.

In three patients (0.09%) the inner catheter was
glued in the spermatic vein; they were operated un-
eventfully.

Thanks to coaxial catheterization tissue adhesive
never migrated. In two patients an inguinal haemato-
ma was treated conservatively. Rarely, patients devel-
oped some pain or scrotal swelling requiring symptom-
atic antiphlogistic therapy. Hydrocele never occurred.

The irradiation dose was negligible, as the scrotum
was always X-ray shielded. Since 2002 the use of pulsed
fluoroscopy has further reduced irradiation.

II.4.5.8
Effect on Semen and Pregnancies

Two-thirds of patients improved their semen quality af-
ter varicocele treatment and, overall, half of them were
successful in achieving pregnancy. The probability was
3.9% per cycle. This is significantly better than the ex-
pected treatment-independent pregnancy rate, which
is estimated to be 1.5% per cycle (Comhaire and Kun-
nen 1985).

The duration of infertility does not influence the
probability of post-treatment pregnancy. The coinci-
dence of additional pathology interfering with the fer-
tility of the male or the female partner decreases the
probability of success, as do the findings of an elevated
pre-treatment serum concentration of follicle-stimu-
lating hormone, a small total testicular volume (i.e. less
than 28 ml) and very poor semen quality (Kunnen and
Comhaire 1986).

Depending on the latter the probability of concep-
tion varies between 8% and 80%. Patients with azoo-

spermia or circulating sperm antibodies stand such
poor chances of success that treatment should probably
not be offered to them.

II.4.5.9
Conclusion

Varicocele is a bilateral disease and the possible right
varicocele must always be sought by phlebography. In
cases presenting with a competent outlet valve an effort
should be made to pass it, in order to find clinically sig-
nificant renospermatic bypasses by superselective
phlebography in the internal spermatic vein.

Superselective transfemoral spermatic vein(s) em-
bolization with tissue adhesive is highly effective (99%
successful) and safe (0.3%, mostly minor, complica-
tions). A good control phlebography at the end of the
session should exclude spermatic branches that remain
permeable.
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II.4.6 Hormonal Treatment of Infertility
F. Comhaire, A. Mahmoud

■ Treatment of patients with hypogonadotrophic
hypogonadism by means of purified urinary or
recombinant gonadotrophins induces or
restores complete spermatogenesis, though
sperm concentration may remain relatively low
necessitating complementary intra-uterine
insemination or in vitro fertilization (IVF) for
successful conception.

■ The use of gonadotrophins or luteinizing
hormone releasing hormone (LHRH) does not
improve the fertility of men with idiopathic
oligozoospermia.

■ Treatment with tamoxifen (20 mg/day), with or
without testosterone undecanoate, results in a
threefold increase of spontaneous pregnancies,
within 6 months.

■ Tamoxifen is the treatment of first choice in
patients with idiopathic oligozoospermia and
sperm concentrations between 2 and
10–12 million/ml, a percentage of sperma-
tozoa with normal morphology better than
4%, and serum gonadotrophin levels that are
not elevated.

Summary

II.4.6.1
Introduction

Normal spermatogenesis requires adequate testicular
stimulation. Pulsatile secretion of luteinizing hormone
releasing hormone (LHRH) by the hypothalamus in-
duces pulsatile release of luteinizing hormone (LH) by
the pituitary, causing pulsatile secretion of testoster-
one by the Leydig cells. The latter is released in the in-
terstitial fluid surrounding the seminiferous tubules,
which are exposed to extremely high concentrations of
testosterone. Stimulation of Sertoli cells by follicle
stimulating hormone (FSH) is required for optimal
spermatogenesis, although some degree of spermato-
genesis can be maintained through the effect of testos-
terone alone (Sharpe et al. 1993). Hypogonadotrophic
hypogonadism results from inadequate testicular ex-
posure to endogenous gonadotrophins, usually both
LH and FSH. The isolated deficiency of LH secretion
has been described as “fertile eunuch syndrome”,
where spermatogenesis seems to proceed normally but
virilization is inadequate as a result of insufficient ex-
posure to androgens. The opposite situation, with nor-
mal LH and testosterone secretion but deficient FSH
secretion, may also occur. It has been suggested that
inadequate bioactivity of gonadotrophins, the concen-

tration of which is identified as normal by radioimmu-
noassay, may play a role in impaired sperm production
(Rowe 1988). This hypothesis has been questioned
since more adequate enzyme-linked immunosorbent
assay (ELISA) methods have been introduced for go-
nadotrophin assessment.

Abnormalities of the biosynthesis of testosterone by
Leydig cells have been reported in certain men with
poor sperm production, but these findings are proba-
bly due to artefacts of the in vitro testing systems.
Androgen receptor inadequacy may, perhaps, occur
in some infertile men (Ochsenkuhn and de Kretser
2003).

The Sertoli cells play a major role in the “nutrition”
of spermatogenic cells. Inadequate stimulation of these
cells, or defects of their biosynthetic and/or enzymatic
activity because of “immaturity” have been suggested
as a possible cause of deficient spermatogenesis.

Attention has focused on the role of endogenous and
exogenous oestrogens in the pathogenesis of idiopathic
oligozoospermia. These patients present with oligo-
zoospermia, normal or slightly decreased testicular
volume, testosterone in the low–normal range, and
serum concentrations of LH and FSH that are not ele-
vated.

Since approximately one-quarter of men do not
show any demonstrable cause of their deficient sperm
production (idiopathic oligozoospermia), hormones
have been prescribed to them. We will discuss the ef-
fects of androgens, gonadotrophins, aromatase inhibi-
tors and anti-oestrogens.

II.4.6.2
Androgens

II.4.6.2.1

Testosterone

Testosterone is poorly taken up after oral adminis-
tration. It is given parentally as either short-acting
testosterone phenylpropionate, or long-acting testos-
terone enanthate, or a mixture of several esters. After
injection, such esters increase the concentration of
testosterone in peripheral blood in excess of the nor-
mal physiological concentration during at least the
first 3–5 days. Testosterone is aromatized in the liv-
er, in fat tissue and by hypothalamic cells, resulting
in an increased oestradiol concentration which sup-
presses the secretion of LHRH and of LH and FSH,
and inhibits spermatogenesis. Hence, high-dose an-
drogen therapy has a suppressive rather than sti-
mulating effect on spermatogenesis, and it has been
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applied for contraceptive purposes (Swerdloff et al.
1979).

II.4.6.2.2

Androgen Derivatives

Testosterone derivatives have been developed adapting
the molecular structure such that the substance is taken
up after oral administration and that aromatization to
oestrogens is decreased. A number of publications have
suggested a potential benefit of mesterolone (Schering,
Berlin, Germany) (Schellen and Beek 1972; Von Mauss
1974; Barwin 1982). However, no beneficial effect on
semen characteristics or on the occurrence of pregnan-
cies was observed when the usual dose of 75 mg/day of
mesterolone was given (WHO 1989). Neither was treat-
ment with a high mesterolone dose of 150 mg/day effec-
tive in a double-blind trial that extended over a 12-
month period (Gerris et al. 1991).

Testosterone-undecanoate (Andriol, Organon, The
Netherlands) is a non-toxic testosterone derivative that
is absorbed after oral administration (Horst et al. 1976)
and increases the concentration of mainly 5-alpha-di-
hydrotestosterone in peripheral blood (Skakkebaek et
al. 1981). Testosterone-undecanoate exerts little sup-
pressive effect on hypothalamo–pituitary function
when given in the recommended dose of 120 mg/day
(Luisi et al. 1978). Because spermatogenesis and epi-
didymal function largely depend on high local concen-
trations of both testosterone and dihydrotestosterone,
trials were undertaken on the effect of 120 or 240 mg/
day testosterone-undecanoate for the treatment of pa-
tients with idiopathic oligozoospermia. The favourable
effect observed with the first dose (Pusch 1989) was not
confirmed when the high dose of 240 mg/day was given
(Comhaire 1990). The only positive effect on sperm
characteristics was a moderate increase of the percent-
age of live spermatozoa, but no effect was observed on
sperm concentration, proportion motility, linear veloc-
ity or sperm morphology.

II.4.6.3
Gonadotrophins

II.4.6.3.1

Urinary Gonadotrophins

Whereas treatment with human menopausal gonado-
tropin (hMG, a source of both FSH and LH), or with
purified urinary FSH together with human chorionic
gonadotrophin (hCG) is of great benefit to patients
with hypogonadotrophic hypogonadism (Liu et al.
1999), its possible usefulness in men with normo-go-
nadotrophic idiopathic oligozoospermia has not been
proven. Meta-analysis of published data indicates an
average success rate of 3.8 conceptions per cycle, but

most studies refer to short periods of treatment (Win-
ters and Troen 1982).

Patients who do not present an increase of testoster-
one concentration during treatment with tamoxifen
may benefit from gonadotrophin treatment, since it
can be hypothesized that their hypothalamo pituitary
function is impaired or suppressed.

II.4.6.3.2

Recombinant Gonadotrophins

The advent of recombinant pure FSH may open new av-
enues for gonadotrophin treatment. Indeed, pure FSH
will probably not suppress the pulsatile release of
LHRH and LH, maintaining the pulsatile exposure of
the seminiferous tubules to highly variable and elevat-
ed testosterone concentrations. In uncontrolled trials, a
satisfactory success rate of pure FSH treatment was re-
ported in patients with idiopathic oligozoospermia
(Foresta et al. 2002; Caroppo et al. 2003), but this was
not confirmed in a placebo-controlled trial (Kamischke
et al. 1998). Recombinant FSH treatment has also been
recommended for patients with failed IVF due to poor
semen quality (Acosta et al. 1992), though this ap-
proach has become obsolete since the introduction of
intracytoplasmic sperm injection (ICSI).

II.4.6.4
Luteinizing Hormone Releasing Hormone
(LHRH)

Pulsatile LHRH can be delivered by means of a portable
computerized pump, resulting in a physiological stim-
ulation of pituitary gonadotrophin secretion. This
treatment may offer new prospects for the management
of patients with hypogonadotrophic hypogonadism of
hypothalamic origin. Preliminary trials of treating pa-
tients with normo- or hyper-gonadotrophic idiopathic
testicular failure with pulsatile LHRH have given in-
conclusive or negative results (Comhaire 1992).

Nasal or subcutaneous application of high doses of
LHRH agonists results in downregulation of pituitary
gonadotrophin secretion and suppression of testicular
function, both hormonogenesis and spermatogenesis.

II.4.6.5
Treatments Interfering with Oestradiol

Treatment may aim at interfering with the biological ef-
fect of oestradiol, either through inhibiting its synthe-
sis by means of aromatase inhibitors, or through block-
ing its effect on target cells by anti-oestrogens.
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II.4.6.5.1

Testolacton

Experience with testolacton, a potent aromatase inhibi-
tor, has been moderately positive in an open study on a
small number of patients (Vigersky and Glass 1981),
but no significant effect was observed in controlled
double-blind trials (Dony et al. 1985; Clark and Sherins
1989). Newer aromatase inhibitors (anastrozole, exe-
mestan, letrozol) have not been tested for the treatment
of idiopathic oligozoospermia.

II.4.6.5.2

Anti-oestrogens

Anti-oestrogens have largely been used in the treat-
ment of patients with oligozoospermia. Clomiphene
citrate is a racemic mixture of two isomers, and it exerts
a significant intrinsic oestrogenic activity in addition
to its dominant anti-oestrogenic effect (Heller et al.
1969). No beneficial effect of clomiphene citrate was ev-
idenced for the treatment of patients with idiopathic
oligozoospermia in a double-blind trial organized by
World Health Organization (WHO 1992).

Tamoxifen is a specific anti-oestrogen and is devoid
of intrinsic oestrogenic activity when applied at the
dose of 20 mg/day in men (Comhaire 1976). This sub-
stance stimulates the hypothalamic release of LHRH by
setting the threshold of feedback at a higher level. As a
result, the secretion of LH, FSH and testosterone is in-
creased by between 60% and 100% (Fig. II.4.28). A
more than twofold increase of sperm concentration oc-
curs after 4–6 months of treatment (Vermeulen and
Comhaire 1978), with significant increase of sperm
motility and linear velocity (Fig. II.4.29). Sperm mor-
phology is barely influenced. In a meta-analysis of 6
studies involving 402 patients followed during a total of
2025 months, the overall success rate was 29% with a
monthly conception rate of 4.6%.

The effective cumulative pregnancy rate during ta-
moxifen intake evidences a clear-cut increase in the 4th,
5th and 6th months of treatment, whereas no such ef-
fect seems to be present during the initial 2 months
(Fig. II.4.30). This is probably related to the fact that
several months of treatment is needed before the full
effect on spermatogenesis occurs. Tamoxifen treatment
was found to result in a stronger positive effect on preg-
nancy rates in cases with low pre-treatment sperm con-
centration (Comhaire 2000).

Adamopoulos et al. (2003) published the outcome of
a prospective double-blind, placebo-controlled trial

¸

Fig. II.4.29. Ratio of sperm concentration (C), linear velocity
(V), grade (a) motility [Motil (a)] and morphology (Morphol.)
after 6 months of treatment with tamoxifen 20 mg per day oral-
ly divided by the values before treatment

Fig. II.4.28. Effects of treatment with 20 mg per day of tamoxi-
fen for 9 months, given to patients with idiopathic oligozoo-
spermia, on the plasma concentrations of testosterone (ng/dl),
LH and FSH (% increase over basal value), sperm concentra-
tion (million/ml) and motility [% spermatozoa with motility
2 = grade (b) motility; 3 = grade (a) motility]. (From Vermeu-
len and Comhaire 1978)
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Fig. II.4.30. Effective cumulative pregnancy rate (in %, including
only pregnancies resulting in successful delivery) during a fol-
low-up period of 12 months, among couples with infertility of at
least 12 months duration, no demonstrable abnormalities in the
female partner, and a male factor. [1 Controls are couples receiv-
ing counselling (“tender loving care”), 2 treatment by means of
in vitro fertilization (with or without ICSI), 3 treatment of vari-
cocele, 4 treatment with tamoxifen 20 mg/day orally)

treating patients suffering from idiopathic oligozoo-
spermia with a combination of tamoxifen and testos-
terone-undecanoate. They reported a significant fa-
vourable effect of this treatment with the spontaneous
pregnancy rate being 3.2 times higher in the treated
cases than in the placebo controls.

II.4.6.6
Conclusion

New insights into the physiology of testicular regula-
tion and better understanding of the pathogenesis of
idiopathic male infertility hold out hope for the future
possibilities of hormonal treatment. At present, the
hormonal therapeutic arsenal remains limited. Anti-
oestrogen treatment with tamoxifen is indicated, par-
ticularly in cases with low sperm concentration (ideally
between 2 and 10–12 million/ml) and moderately dis-
turbed sperm morphology. Tamoxifen treatment has
little effect when sperm morphology is severely abnor-
mal with less than 4% normal spermatozoa. Also,
treatment with tamoxifen seems pointless in cases with
elevated serum gonadotrophin levels and/or very small
testicular volume.
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II.4.7 Hormonal Male Contraception
D.J. Handelsman, G.M.H. Waites

Reliable and reversible hormonal contraceptive
methods for men, comparable to modern female
methods, have been identified, and selected regi-
mens are under active development through the
collaboration of andrologists, public sector agen-
cies and pharmaceutical industries.

■ Clinical studies employing prototype drugs
have demonstrated that the hormonal
approach to switching off spermatogenesis
provides contraceptive efficacy and is revers-
ible with short-term safety.

■ No regimen yet achieves consistent azoo-
spermia in all men, although testosterone
administration to men in China and Indonesia
gets close.

■ Combination regimens involving a second
gonadotrophin-suppressing agent, usually a
progestin, combined with testosterone achieve
close to the ideal of universal suppression of
spermatogenesis and contraceptive efficacy.

Summary II.4.7.1
Introduction

Pituitary gonadotrophin [luteinizing hormone (LH),
follicle-stimulating hormone (FSH)] secretion leading
to high levels of intratesticular testosterone is essential
for inducing spermatogenesis. Yet, because the hypo-
thalamo–pituitary testicular axis is a tightly regulated
negative feedback system, exogenous testosterone has
the seemingly paradoxical effect of switching off sper-
matogenesis by suppressing pituitary gonadotrophin
secretion and thereby depleting intratesticular testos-
terone (Handelsman 2005). Androgen-induced revers-
ible suppression of human spermatogenesis has long
been known (Heckel 1939). Extensive dose-finding and
feasibility studies have established that injections of
testosterone (T) esters, mostly involving weekly intra-
muscular injections of testosterone enanthate in an oily
vehicle, induced azoospermia in most but not all men
(Patanelli 1977; Schearer et al. 1978).

While these studies demonstrated that the hormon-
al approach was reversible and had reassuring short-
term safety, the degree of sperm suppression required
to provide acceptable contraceptive efficacy remained
uncertain (Patanelli 1977). This issue was resolved by
two large World Health Organization (WHO) clinical
trials, the first male contraceptive efficacy studies,
which established that azoospermia induced by weekly
injections of testosterone enanthate provided highly
reliable and reversible contraception (WHO 1990, 1996;
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gonadotrophin-suppressing agent, usually a
progestin, combined with testosterone achieve
close to the ideal of universal suppression of
spermatogenesis and contraceptive efficacy.

Summary II.4.7.1
Introduction

Pituitary gonadotrophin [luteinizing hormone (LH),
follicle-stimulating hormone (FSH)] secretion leading
to high levels of intratesticular testosterone is essential
for inducing spermatogenesis. Yet, because the hypo-
thalamo–pituitary testicular axis is a tightly regulated
negative feedback system, exogenous testosterone has
the seemingly paradoxical effect of switching off sper-
matogenesis by suppressing pituitary gonadotrophin
secretion and thereby depleting intratesticular testos-
terone (Handelsman 2005). Androgen-induced revers-
ible suppression of human spermatogenesis has long
been known (Heckel 1939). Extensive dose-finding and
feasibility studies have established that injections of
testosterone (T) esters, mostly involving weekly intra-
muscular injections of testosterone enanthate in an oily
vehicle, induced azoospermia in most but not all men
(Patanelli 1977; Schearer et al. 1978).

While these studies demonstrated that the hormon-
al approach was reversible and had reassuring short-
term safety, the degree of sperm suppression required
to provide acceptable contraceptive efficacy remained
uncertain (Patanelli 1977). This issue was resolved by
two large World Health Organization (WHO) clinical
trials, the first male contraceptive efficacy studies,
which established that azoospermia induced by weekly
injections of testosterone enanthate provided highly
reliable and reversible contraception (WHO 1990, 1996;
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Waites 2003). More recently, a second contraceptive ef-
ficacy study using a depot androgen/progestin combi-
nation found high levels of spermatogenic suppression
with all men achieving azoospermia and no pregnan-
cies occurring among 55 couples during 35.5 person
years of exposure (Turner et al. 2003).

II.4.7.2
Androgens Alone as Hormonal Contraceptives

Testosterone is potentially the ideal single contracep-
tive agent as it provides both gonadotrophin suppres-
sion and androgen replacement (Nieschlag et al. 2004).
The WHO clinical trials involving 671 men in 10 coun-
tries established that 98% of all men had sperm sup-
pression to <3 million/ml by 3–4 months (a similar
rate to that after vasectomy) and that no pregnancies
occurred when the men were azoospermic (WHO 1990,
1996). In the subgroup with residual sperm (0.1–3 mil-
lion/ml) in the ejaculate, there were only four pregnan-
cies in 49.5 person years; the contraceptive failure rate
in the non-azoospermic subgroup (~8% per annum)
was proportional to residual sperm concentration.
Based on these results, the ideal goal is to achieve uni-
versal azoospermia, although the realistic minimal ob-
jective is to have <1 million residual sperm per milli-
litre to give an acceptable failure rate (Nieschlag 2002).

These WHO trials also revealed that >90% Asian
men suppressed to azoospermia compared to only
~60% of Caucasian men, an unexplained population
variation in testosterone-induced azoospermia (Han-
delsman et al. 1995). After cessation of testosterone,
sperm reappeared within 3 months and returned to
normal sperm output by 6 months. Discontinuations
for acne, weight gain, polycythaemia or behavioural ef-
fects were few and readily reversible, as were changes in
haemoglobin, testis size and plasma urea. There was no
short-term evidence of liver, prostate or cardiovascular
disorders (WHO 1990, 1996; Wu et al. 1996).

II.4.7.3
Pharmacokinetic Considerations

Weekly injections are clearly impractical and testoster-
one enanthate caused supraphysiological levels of tes-
tosterone which may have contributed to the incom-
plete spermatogenic suppression. Longer-acting depot
preparations with more stable steady-state pharmaco-
kinetics have therefore been developed: subdermal T
pellets (Handelsman et al. 1990), T-loaded biodegrad-
able microspheres (Amory et al. 2002), and the newer
injectable preparations, T undecanoate (Gu et al. 2002)
and T buciclate (Behre et al. 1995). All sustain physio-
logical T levels for 2–6 months. Monthly injections of T
undecanoate have demonstrated high contraceptive ef-
ficacy in Chinese men (Gu et al. 2002). Although syn-

thetic androgens, including esters and a 7-methyl de-
rivative of nandrolone, have been trialled by parenteral
and oral routes, none yet offers greater efficacy or safe-
ty than testosterone itself (Kamischke and Nieschlag
2004; Handelsman 2005).

II.4.7.4
Safety

The safety of exogenous androgen administration con-
cerns potential effects on cardiovascular and prostatic
disease and idiosyncratic effects such as polycythaemia
and sleep apnoea. The available short-term studies
have generally revealed no safety concerns but long-
term surveillance of actual disease endpoints rather
than surrogate markers would be required, as it was for
female hormonal contraception. The relationship be-
tween androgens and prostatic disease and any influ-
ence of exogenous androgens remains poorly under-
stood. Prospective studies show little direct relation-
ship between endogenous T levels and prostatic disease
(Shaneyfelt et al. 2000). In situ prostate cancer is com-
mon in older men whereas rates of invasive prostate
cancer vary considerably between populations despite
similar blood T concentrations. Similarly, the relation-
ship between androgens and cardiovascular disease are
complex and poorly understood (Liu et al. 2003; Wu
and von Eckardstein 2003) so that the risks, if any, from
exogenous androgens in normal men cannot be pre-
dicted with any certainty. Idiosyncratic androgen ef-
fects such as polycythaemia and sleep apnoea are rare
(<1%) and age-dependent so that the use of physiolog-
ical doses of, and delivery systems for, T in a relatively
young population minimize these risks. Clearly, for
contraceptive purposes, it is prudent not to exceed
physiological levels of androgen and to monitor long-
term for cardiovascular and prostatic disease risk (Nie-
schlag et al. 2004; Handelsman 2005).

II.4.7.5
Combination Regimens as Hormonal
Contraceptives

Second, non-androgenic, agents that suppress gonado-
trophins include progestins, oestrogens and gonado-
trophin-releasing hormone (GnRH) antagonists. Pro-
gestins are more affordable and numerous synthetic
progestins are used in female contraception with oe-
strogen replacement therapy. They are potent inhibi-
tors of gonadotrophin secretion and of endogenous T,
and suppress spermatogenesis but require androgen
supplementation to avoid androgen deficiency (Heller
et al. 1959; Frick et al. 1981). In practice, androgen-pro-
gestin combinations achieve equally high rates of azoo-
spermia as with androgens alone, approaching uni-
form suppression in all populations. This reduces the
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practical importance of the population differences for
contraception found with androgens alone, although it
has implications for understanding population differ-
ences in hormone-dependent diseases.

II.4.7.6
Efficacy of Combination Regimens

Such combinations have shown important improve-
ments in the efficacy of spermatogenic suppression
(Bebb et al. 1996; Handelsman et al. 1996; Meriggiola et
al. 1996) possibly by reducing the impact of residual T
in supporting persistent spermatogenesis (Bouchard
and Garcia 1987; Behre et al. 1992). Many studies with
medroxyprogesterone acetate (MPA) given orally or by
injection, combined with T by injection or by dermal
gels, produce azoospermia (Patanelli 1977; Schearer et
al. 1978). The azoospermia is nearly uniform in Indo-
nesian men (Pangkahila 1991; WHO 1993), as it is in
Caucasian men when the T is given as a depot implant
(Handelsman et al. 1996).

Oral progestins, e.g. levonorgestrel (Foegh 1983;
Bebb et al. 1996; Anawalt et al. 1999) and norethistero-
ne (Guerin and Rollet 1988; Lobel et al. 1989) and cy-
proterone acetate (Meriggiola et al. 1996, 1998) have
high efficacy when combined with T. Highly effective
suppression of spermatogenesis also occurs with depot
progestins, e.g. norgestrel (Gonzalo et al. 2002), etono-
gestrel (Anderson et al. 2002), depot injectable MPA
(Handelsman et al. 1996; Turner et al. 2003) or norethi-
sterone (Kamischke et al. 2002) when combined with T.
A contraceptive efficacy study using a depot androgen/
progestin combination found high levels of spermato-
genic suppression, with all men achieving azoospermia
and no pregnancies occurring among 55 couples dur-
ing 35.5 person years of exposure (Turner et al. 2003).

Spermatogenesis recovers to normal post treatment
but at a slower rate than with androgen alone, possibly
due to prolonged residual depot effects (Handelsman
2005).

II.4.7.7
Gonadotrophin Blockade: GnRH Analogues

GnRH agonists or GnRH antagonists when combined
with T replacement suppress gonadotrophins and sper-
matogenesis. GnRH superactive agonists achieve this
by gradual desensitization of the GnRH receptors, a
paradoxical response that takes days to weeks until the
initial stimulation of gonadotrophin and T secretion
abate, after which prolonged use achieves functional
antagonism with lowered gonadotrophin and testoster-
one secretion. However, GnRH agonists remain partial
agonists and these more affordable analogues rarely
achieve azoospermia (Bouchard and Garcia 1987; Lunn
et al. 1990; Behre et al. 1992). Pure GnRH antagonists,

on the other hand, sustain immediate competitive
blockade of GnRH receptors (Marshall et al. 1986) and
in combination with T produce rapid, sustained and re-
versible spermatogenesis in men (Pavlou et al. 1991;
Tom et al. 1992). Although modern GnRH antagonists
retain some local irritation at the injection site, they
otherwise have few side-effects and prolonged depot
release formulations are under development, as are
non-peptide GnRH antagonists.

II.4.7.8
Immunoneutralization as a Contraceptive
Approach

Immunoneutralization of GnRH is not likely to be a
safe and effective option for contraception (Handels-
man 2005). However, immunological blockade of FSH
action by vaccination theoretically offered the attrac-
tive possibility of inhibiting spermatogenesis by dis-
rupting Sertoli cell function but without inhibiting en-
dogenous T production. Although FSH was considered
essential for human spermatogenesis, spermatogenesis
and fertility persist in rodents (Singh et al. 1995; Kumar
et al. 1997; Dierich et al. 1998) and humans (Tapanai-
nen et al. 1997) lacking FSH bioactivity. Hence even
complete FSH blockade might produce insufficient re-
duction in sperm output and function required for ade-
quate contraceptive efficacy (Nieschlag 1986). In addi-
tion to the usual safety concerns of contraceptive vac-
cines, including autoimmune hypophysitis, orchitis or
immune-complex disease, an FSH vaccine might be
overcome by reflex increases in pituitary FSH secre-
tion.
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II.4.8 Treatment of Gender Dysphoria
L.J.G. Gooren

Hormonal sex reassignment of transsexuals aims
to reduce the hormonally induced secondary sex
characteristics of the original sex and to induce the
secondary sex characteristics of the new sex.

■ In male-to-female transsexuals a complete
reduction of androgen action favours femi-
nizing effects of oestrogens. The risk of venous
thrombosis is high with ethinyloestradiol but
much lower with transdermal or oral 17 q -
oestradiol. Development of prolactinomas has
been observed, usually with an overdose of
oestrogens. Breast cancer, though infrequent,
remains a risk.

■ Female-to-male transsexuals receive high-dose
testosterone treatment. If menstrual periods
are not suppressed a progestin may be added.
Side-effects are acceptable but extirpation of
ovaries and internal genitalia in due course is
recommended as a safeguard against malig-
nant development.

■ Transsexualism is increasingly diagnosed in
juveniles. Hormonal treatment to delay
pubertal development of their original sex may
be an option.

Summary

Transsexualism is the condition in which a person with
apparently normal somatic sexual differentiation of
one gender is convinced that he or she is actually a
member of the opposite gender. It is associated with an
irresistible urge to be that gender hormonally, anatom-
ically and psychosocially.

In 2004, the international organization involved
with professional help to transsexuals, the Harry Ben-
jamin International Gender Dysphoria Association,
drafted Standards of Care (SOC) available at http://
www.hbigda.org. The major purpose of the SOC is to
articulate this organization’s professional consensus
about the psychological, medical and surgical manage-
ment of gender identity disorders. These standards

provide guidance to professionals practising in this ar-
ea, who often work in isolation from mainstream medi-
cine. It may also be of help in legal medicine to identify
professional standards. Persons with gender identity
disorders, their families and social institutions may use
the SOC as a means to understand the current thinking
of professionals.

Before initiating hormonal or surgical treatment
that will change a person’s gender, the physician should
counsel the patient about realistic expectations from
treatment. The only benefit sex reassignment can bring
is relief of gender dysphoria; all human problems out-
side the area of gender dysphoria will remain. Unrealis-
tic expectations that subjects may have of the success of
hormonal and surgical treatment for their transition to
the desired sex must be addressed. Contacts with other
transsexuals who are already in the process of changing
over to the new sex or who have completed this process
may be helpful in shaping a subject’s expectations of
what can be achieved and what problems, personally
and socially, may arise in the transition to the new sex.

II.4.8.1
Real Life Test

When hormone treatment starts, or maybe even earlier,
the “real life test” should begin. It is an extended period
of full-time living as a member of the desired sex. The
“real life test” allows the subject and the attending pro-
fessional to monitor the experience in the new sex sta-
tus as he/she habituates his/her responses to other peo-
ple. Without this test of how others react and how he/
she reacts to others, the subject knows only his/her pri-
vate convictions and fantasies of being a member of the
opposite sex. Convictions and fantasies may be unreal-
istic and may lead to magical expectations of life in the
new sex.

Embarking on the “real life test” may be done in a
stepwise fashion; for instance, first in a trusted envi-
ronment and later in public. The subject should have
lived at least one full year full-time in the new sex
before irreversible surgical reassignment is considered.
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The “real life test” may be prolonged if too many hur-
dles present themselves during the test period. During
the “real life test” the subject should stay in contact
with a mental health professional to allow assessment
of the success of the test and to discuss how to over-
come problems that almost inevitably arise during this
period.

II.4.8.2
Hormonal Sex Reassignment

Hormonal reassignment has two aims (Levy et al.
2003):

■ To reduce the hormonally induced secondary sex
characteristics of the original sex as much as
possible, though complete elimination is rare. As
an example, in male-to-female transsexuals, the
previous effects of androgens on the skeleton, such
as the greater height of men than women, the size
and shape of hands, feet, jaws and pelvis, cannot be
reversed. Conversely, the relatively lower height
and the broader hip configuration of female-to-
male transsexuals compared to men will not
change with androgen treatment.

■ To induce the secondary sex characteristics of the
new sex.

II.4.8.2.1

Male-to-Female

To male-to-female transsexuals, elimination of sexual
hair growth, induction of breast formation and a more
female fat distribution are essential. To accomplish this,
a near-complete reduction of the biological effects of
androgens is required. Administration of oestrogens
alone will suppress gonadotrophin output and there-
fore androgen production, but dual therapy with one
compound that suppresses androgen secretion or
action and a second compound that supplies oestrogen
is more effective.

Suppression of Androgen Secretion or Action

Several agents are available to inhibit androgen secre-
tion or action. In Europe, the most widely used drug is
cyproterone acetate (usually 50 mg twice daily), a
progestational compound with antiandrogenic proper-
ties. If it is not available, medroxyprogesterone acetate,
5–10 mg/day, is an alternative, although less effective.
Nonsteroidal antiandrogens, such as flutamide and
nilutamide, are also used, but they increase gonadotro-
phin secretion, causing increased secretion of testos-
terone and oestradiol; the latter is a desirable effect in
this context. Spironolactone (100 mg twice daily), a
diuretic with antiandrogenic properties, has similar
effects. Long-acting gonadotrophin-releasing hormone

(GnRH) agonists, used as monthly injections, also in-
hibit gonadotrophin secretion. Finasteride (5 mg/day),
a 5- [ -reductase inhibitor, might also be considered.

Oestrogen

There is a wide range of oestrogens from which to
choose. Oral ethinyloestradiol (50–100 µg/day) is a
potent and inexpensive oestrogen, but it may cause
venous thrombosis, particularly in subjects over
40 years (van Kesteren et al. 1997; Moore et al. 2003;
Toorians et al. 2003) and should no longer be used. Oral
17 q -oestradiol valerate 2–4 mg per day or transdermal
17 q -oestradiol, 100 µg twice a week, is the treatment of
choice (Toorians et al. 2003).

Consequences

There are a variety of consequences of hormonal
therapy in male-to-female transsexuals:

■ Sexual hair – adult male beard growth is very resis-
tant to inhibition by combined hormonal interven-
tion, and in Caucasian subjects additional
measures to eliminate facial hair are necessary.
Sexual hair growth on other parts of the body
respond more favourably (Giltay and Gooren
2000).

■ Breast development – breast formation starts
almost immediately after initiation of oestrogen
administration and goes through periods of
growth and standstill. Androgens have an inhibi-
tory effect on breast formation and, therefore,
oestrogens will be most effective in a milieu devoid
of androgen action. After 2 years of oestrogen
administration, no further development can be
expected. It is quantitatively satisfactory in
40–50% of the subjects. The attained size is often
disproportional to the male dimension of the chest
and height of the subject, so the subject may desire
surgical breast augmentation. Older age also
impedes full breast formation.

■ Skin – androgen deprivation leads to a decreased
activity of the sebaceous glands, which may result
in a dry skin or brittle nails (Giltay and Gooren
2000).

■ Body composition – following androgen depriva-
tion there is an increase in subcutaneous fat and a
decrease in lean body mass. Body weight usually
increases.

■ Testes – lacking gonadotrophic stimulation, the
testes become atrophic and may enter the inguinal
canal, which may cause discomfort.

■ Prostate – atrophy of the prostate may produce
transient dribbling following micturition. This is
usually temporary.
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■ Voice – antiandrogens and oestrogens have no
effect on the properties of the voice, so male-to-
female transsexuals may wish to consult a special-
ized phoniatric centre for speech therapy. Maleness
of the voice is not so much determined by the pitch
of the voice as by chest resonance and volume.
Speech therapy may lead to more feminine speech
(de Bruin et al. 2000). Laryngeal surgery may
change the pitch of the voice but reduces its range.

Long-term Therapy

After reassignment surgery, including orchiectomy,
hormone therapy must be continued. Some subjects
still experience growth of sexual hair in a male pattern,
and antiandrogens appear to be effective in reducing it,
although the dose may be reduced. Continuous
oestrogen therapy is required to avoid symptoms of
hormone deprivation and, most importantly, to
prevent osteoporosis (van Kesteren et al. 1998). We
have found that oestrogens alone are capable of main-
taining bone mass in male-to-female transsexuals.
There was an inverse relationship between serum
luteinizing hormone (LH) concentrations and bone
mineral density, so serum LH may serve as an indicator
of the adequacy of sex steroid administration.

II.4.8.2.2

Female-to-Male

The goal of treatment in female-to-male transsexuals is
to induce virilization, including a male pattern of
sexual hair and male physical contours, and to stop
menses. The principal hormonal treatment is a testos-
terone preparation. The most commonly used prepara-
tions are testosterone esters in doses of 200–250 mg
intramuscularly every 2 weeks. Recently, transdermal
testosterone gels have become available. Occasionally
menstrual bleeding does not cease with this regimen,
and addition of a progestational agent is necessary. If a
transdermal testosterone preparation is used, addition
of a progestational agent is nearly always necessary.

Consequences

There are a variety of consequences of hormonal
therapy in female-to-male transsexuals:

■ Hair – the development of sexual hair follows
essentially the pattern observed in pubertal boys:
first the upper lip, then chin, then cheeks, etc.
(Giltay and Gooren 2000). The degree of hirsutism
can usually be predicted from the degree and
pattern in male members of the same family. The
same applies to the occurrence of alopecia andro-
genica.

■ Voice – deepening of the voice occurs after
6–10 weeks of androgen administration and is
irreversible. Androgen administration leads to a
reduction of subcutaneous fat but increases
abdominal fat. The increase in lean body mass is
on average 4 kg, and the increase in body weight is
usually greater.

■ Acne – acne occurs in approximately 40%, usually
very pronounced on the back, similar to that
observed in hypogonadal men starting androgen
treatment past the age of normal puberty (Giltay
and Gooren 2000).

■ Clitoral enlargement – clitoral enlargement occurs
in all, but the degree varies. In approximately
5–8%, the size becomes sufficient for vaginal
intercourse.

■ Libido – most subjects will note an increase.
■ Other – ovaries show polycystic changes, and

androgen administration may decrease glandular
activity of the breasts but does not reduce their
size.

After bilateral oophorectomy, androgen therapy must
be continued to maintain virilization and prevent oste-
oporosis (van Kesteren et al. 1998). Suppression of the
serum LH concentration to within the normal range
can be used to indicate the adequacy of androgen ad-
ministration.

II.4.8.3
Side-Effects of Hormonal Sex Reassignment

In a review of 816 male-to-female transsexuals and 293
female-to-male transsexuals (total exposure 10,152 pa-
tient years), mortality was no higher than in a compari-
son group (van Kesteren et al. 1997). However, cross-
sex hormone administration may be associated with
side-effects (Futterweit 1998):

■ Venous thromboembolism – the incidence of these
side-effects was 2–6% in male-to-female transsex-
uals treated with oral ethinyloestradiol. In vitro
studies show that this thrombogenic effect is
typical of oral ethinyloestradiol but not of oral
17 q -oestradiol (Toorians et al. 2003). Because
immobilization is also a risk factor for venous
thromboembolic events, oestrogen administration
should be discontinued 3–4 weeks before elective
surgical interventions. Once subjects are fully
mobilized again, oestrogen therapy may be
resumed.

■ Atherosclerosis – although the considerable sex
difference in the prevalence of cardiovascular
disease between men and women would lead one
to expect an effect of hormonal treatment, the
actual risk remains to be established. The effects of
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oestrogen administration to male-to-female and of
androgens to female-to-male transsexuals on bio-
chemical risk markers have been studied. It ap-
peared that oestrogen administration had more neg-
ative effects on these risk markers than androgens
(Elbers et al. 2003).

■ Lactotroph adenoma – four cases of lactotroph
adenoma (prolactinoma) following high-dose
oestrogen administration have been reported in
subjects who had normal serum prolactin concen-
trations before therapy (van Kesteren et al. 1997).
Though causality has not been established, we
recommend that serum prolactin levels continue to
be monitored in oestrogen-treated male-to-female
transsexuals, also in the long-term.

■ Breast cancer – there are two reports of male-to-
female transsexuals who were found to have breast
carcinomas while they were receiving oestrogen
treatment (van Kesteren et al. 1997). In recent
years no cases have been observed, but self exami-
nation of the breast must be part of the monitoring
of oestrogen administration, following the same
guidelines that exist for other women.

■ Prostate cancer – three cases of prostate cancer in
male-to-female transsexuals taking oestrogen have
been reported (Van Haarst et al. 1998). It is not
clear whether these cancers were oestrogen-sensi-
tive or whether they were present before oestrogen
administration started and progressed to become
hormone-independent.

■ Ovarian cancer – we recently observed two cases of
ovarian carcinoma in a long-term, testosterone-
treated, female-to-male transsexual. Ovaries of
female-to-male transsexuals taking androgens
show similarities with polycystic ovaries, which are
also more likely to develop malignancies. There-
fore, it seems reasonable to remove the ovaries of
androgen-treated female-to-male transsexuals after
a successful transition to the male role.

■ Contraindications – because of the potential side-
effects described above, hormonal treatment is
contraindicated in certain situations. Contraindica-
tions to oestrogen use are a strong family history
of breast cancer or a lactotroph adenoma, and to
androgen-use lipid disorders with cardiovascular
complications. Contraindications against the use of
high doses of either sex steroid are cardiovascular
disease, cerebrovascular disease, thromboembolic
disease, marked obesity, poorly controlled diabetes
mellitus, and active liver disease (Futterweit 1998;
Levy et al. 2003; Moore et al. 2003).

II.4.8.4
Juvenile Gender Dysphoria

Adult transsexuals often recall that their gender dys-
phoria started early in life, well before puberty. Chil-
dren with gender identity problems increasingly come
to the attention of the psychomedical care system. A
reliable estimation indicates that only about 20% will
become transsexuals in adolescence (Cohen-Kettenis
and van Goozen 1998). Homosexuality will be more
often the outcome.

If, in expert opinion, a child’s cross-sex gender iden-
tity will not change during long-term follow-up the in-
dividual may be spared the torment of (full) pubescent
development of the “wrong” secondary sex characteris-
tics (Cohen-Kettenis and van Goozen 1998). Depot
forms of luteinizing hormone releasing hormone
(LHRH) antagonists/agonists, following the regimen in
children with precocious puberty, can be used when
clear signs of sexual maturation are evident in order to
delay pubertal development until an age that a bal-
anced and responsible decision can be made to transi-
tion to the other sex (Gooren and Dellemarre van de
Waal 1996).
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II.4.9 Treatment of Sexual Dysfunction
L.J.G. Gooren

The introduction of the phosphodiesterase type 5
inhibitors (PDE inhibitors) has been a major step
forward in the treatment of erectile dysfunction
(ED). Though efficacious and safe, 50% of men
discontinue treatment, largely because other sexo-
logical issues have not been properly addressed. To
predict onset and duration of action, insight into
the pharmacokinetics of the PDE inhibitors is re-
quired.

■ In men whose testosterone levels are low,
testosterone substitution may booster the effi-
cacy of PDE inhibitors.

■ Before receiving PDE inhibitor the cardiovas-
cular status of a patient must be assessed.

The main action of testosterone is on the central
nervous system. It improves libido and mood.
Levels in the low-normal range suffice.

Hyperprolactinaemia impairs sexual interest
and leads to secondary ED. Dopamine agonists are
the treatment of choice.

Men with paraphilias may be treated with drugs
that lower androgen action if the desire to act out
their paraphilia is high.

Summary

II.4.9.1
Erectile Dysfunction

The availability of a highly efficacious and relatively
safe compound such as the phosphodiesterase type 5
inhibitor sildenafil has had a profound impact on diag-
nosis and treatment of erectile dysfunction (ED). Once
the domain of the urologist attempting to define the
precise aetiology, ED is now largely treated by first-line
physicians, without much of a diagnostic work-up. De-
spite the simplicity and safety of the present therapy of
ED, approximately 50% of patients discontinue treat-
ment. The reasons for discontinuations lie mostly in an
incomplete evaluation of the sexual problem. Hypo-
gonadism, ejaculatory dysfunction, lower urinary tract
symptoms, depression, and last but not least partner is-
sues may all be components of the sexual dysfunction
of the patient, and apparently restoration of erectile

function does not necessarily imply restoration of a
happy sex life (Montorsi and Althof 2004). Neverthe-
less, the introduction of the phosphodiesterase type 5
inhibitors has substantially improved the therapeutic
options for ED.

II.4.9.1.1

Phosphodiesterase Type 5 Inhibitors

The identification of pathways in the physiology of
erection and the discovery of the importance of nitric
oxide (NO) and its downstream effects lie at the basis of
the development of the phosphodiesterase type 5 in-
hibitors (PDE inhibitors). Subsequent to sexual stimu-
lation, NO arising from the nerve endings of non-ad-
renergic non-cholinergic innervation of the corpus ca-
vernosum activates guanylyl cyclase, an enzyme that
catalyses the conversion of GTP to cGMP. At the cellular
level cGMP is broken down to 5-GMP by phosphodies-
terase type 5. Via a molecular cascade cGMP lowers in-
tracellular calcium and vascular smooth muscle of the
corpus cavernosum relaxes, resulting in an increased
penile blood flow thus facilitating the initiation and
maintenance of an erection.

The pharmacological action of PDE inhibitors man-
ifests itself only when a person is sexually aroused,
which distinguishes this class of drugs from intracaver-
nosal injections. This is also important information for
the user (Seftel 2004).

The efficacy and relative safety of PDE inhibitors is
well documented now. They have a common mode of
action, the inhibition of PDE 5. Selectivity and tissue
localization of the PDE inhibitors determine the side-
effect profiles and safety.

There are presently three PDE inhibitors available
for prescription: sildenafil, vardenafil and tadalafil. All
are efficacious, but there are differences in pharmaco-
kinetic profile, interactions with food and drugs, and
possible side-effects. Taking nitrate medications is an
absolute contraindication to the use of PDE inhibitors
since PDE inhibitors increase the potential for exces-
sively low blood pressure. Low blood pressure, though
to a lesser degree, has also been observed with PDE in-
hibitors in men taking alpha adrenoreceptor antago-
nists, such as doxazosin, prazosin, terazosin, alfuzosin
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or tamsulosin, which are used as antihypertensive
agents or for symptomatic relief of lower urinary tract
symptoms (LUTS). The latter is relevant since sexual
dysfunction is not rare in men with LUTS, both signifi-
cantly increasing with age, and possibly sharing aetio-
logical factors (Rosen et al. 2003). Drugs such as eryth-
romycin, ketoconazole and itraconazole, and protease
inhibitors used in HIV treatment such as saquinavir,
indinavir and ritovir may slow liver metabolism of PDE
inhibitors and may increase plasma levels and the effect
of PDE inhibitors. Grapefruit juice may have a similar
effect on liver metabolism. Lower doses must be used in
patients with liver and/or kidney disease.

Sildenafil and vardenafil work best if no (fatty) food
has been taken within the previous 2 h, while tadalafil
can be used without regard to food.

Common adverse effects attributable to vasodilato-
ry effects include headache, flushing, stuffy nose, stom-
ach pain, back pain (tadalafil) and indigestion. Visual
problems (for example, blurred vision, increased sensi-
tivity to light, bluish haze, or temporary difficulty dis-
tinguishing between blue and green) may occur, more
often with sildenafil since the latter is less selective in
inhibiting phosphodiesterase 6 in the retina.

The prescribed tablet strength is swallowed
30–60 min before sexual activity. Tadalafil has a longer
duration of increased sensitivity for developing an
erection (up to 24–36 h) compared with sildenafil and
vardenafil (up to 4–12 h).

There is no convincing evidence that the three avail-
able PDE inhibitors differ significantly in their clinical
efficacy. For sildenafil (50 and 100 mg) and tadalafil
(10 and 20 mg) there is a dose–response relationship,
which is not so much the case for vardenafil (10 and
20 mg) (Carson et al. 2004). In general starting with the
lowest dose of PDE inhibitors is recommended.

The feature that distinguishes the three PDE inhibi-
tors is their pharmacokinetic profile, which impacts on
their clinical use, in terms of the initiation of optimal
pharmacological effect and duration of pharmacologi-
cal action [for review see Porst (2004)]. The time to
maximal plasma concentration (in minutes) is on aver-
age 60 (variation 30–120) for sildenafil, 120 (variation
30–720!) for tadalafil and 60 (variation 30–120) for
vardenafil. These are statistical data and individual pa-
tients may experience a faster onset of action. This in-
formation lets patients plan prospective sexual action.
Another significant pharmacokinetic variable is the
half-life of the drug, which provides an indication of
how long the drug can be expected to be pharmacologi-
cally active after ingestion. The half-life of sildenafil
100 mg is 3–4 h; for tadalafil, 20 mg 17 hours; and for
vardenafil, 3–6 h. This information lets the patient
make reasonable assumptions about how long they can
expect the ingested compound to be pharmacologically
active.

It is not rare for patients to wish to “experiment”
with the available PDE inhibitors to find the drug that
suits them best. Patients do have distinctly different
sexual habits with regard to timing of sexual activity.
Another consideration is the “readiness” of the patients
when sexual activity is initiated by the partner.

The above information on dose–response effects
(sildenafil and tadalafil), the interaction with (particu-
larly fat-rich) food in slowing absorption, and the
pharmacokinetic profiles may provide guidance. Pa-
tients who, in a series of at least four attempts to have
intercourse, do not respond to the maximum dose of
one of the PDE inhibitors are unlikely to respond to the
others.

Naturally, patients starting treatment with a PDE in-
hibitor will experience some anxiety about whether the
new drug will indeed induce an erection. Anxiety may
reduce sexual arousal, which is a necessary condition
for the desired pharmacological action of PDE inhibi-
tors. Therefore, in case the patient recognizes this as a
potential problem, testing the efficacy of the drug first
with masturbation may be recommended.

At least 50% of patients suffering from ED have en-
dothelial dysfunction, and there are early indications
that chronic treatment with PDE inhibitors might im-
prove their vascular function (Jackson 2003; Reffel-
mann and Kloner 2003). At the same time chronic use
would obviate the need to take a PDE inhibitor before
engaging in sexual activity.

II.4.9.1.2

PDE Inhibitors and the Cardiovascular System

When the first PDE inhibitor sildenafil was introduced
there was great concern about the cardiovascular safety
of this class of drugs. In many a patient the aetiology of
ED is (also) based on vascular disease. The availability
of the drug prompted patients to resume sexual activity
after prolonged periods of inactivity. The pharmaco-
logical action of PDE inhibitors is vasodilatory. Fears
arose that these elements would lead to myocardial is-
chaemia or infarction when intercourse was attempted.
Fortunately, these concerns have remained unsubstan-
tiated. Placebo-controlled studies fail to show a higher
cardiovascular morbidity/mortality in patients using
PDE inhibitors (Hutter 2004; Kloner 2004). Naturally,
before starting PDE inhibitors, the cardiovascular risks
of the patient must be assessed. Factors such as hyper-
tension, biochemical risk markers, angina pectoris, ar-
rhythmias, cardiomyopathy, congestive heart failure
and a history of myocardial infarction and the time
elapsed since and whether these conditions are ade-
quately treated must be weighed. The Princeton Con-
sensus Panel has drafted an algorithm for stratification
of cardiac patients as being at low, intermediate or high
risk of using PDE inhibitors for ED (DeBusk et al. 2000;
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Seftel 2004; Seftel et al. 2004). Patients with intermedi-
ate and high risks may benefit from a cardiological
evaluation to optimize their cardiac condition. A rule
of thumb indicator is whether a patient can walk 1 km
in 10 min without cardiac symptoms, an equivalent of
the physical exertion of sexual intercourse.

Patients should be instructed to report use of a PDE
inhibitor in the foregoing 24 h (sildenafil / vardenafil)
or 48 h (tadalafil) when a cardiovascular emergency oc-
curs that might need treatment with nitrates.

II.4.9.1.3

Centrally Acting Oral Agents

Increasing understanding of the physiology of erec-
tions and particularly the role of the central nervous
system has led to the development of apomorphine hy-
drochloride. This compound targets structures in the
central nervous system associated with erectile func-
tion. Apomorphine is a non-specific dopaminergic re-
ceptor agonist that acts at the paraventricular nucleus
of the hypothalamus (Altwein and Keuler 2001; Marti-
nez et al. 2003). Apomorphine is available in a sublin-
gual formulation at doses of 2 and 3 mg. Apomorphine
is a fast acting agent (maximum plasma concentrations
at 15–20 min) that has been shown in various clinical
trials to be more effective at achieving erections firm
enough for intercourse compared to placebo. But its ef-
ficacy is less than that of the PDE inhibitors (Heaton
and Altwein 2001). Side-effects have been reported in
clinical trials. At 6 mg dosages of apomorphine nausea
has been reported in up to 34% of patients (Bukofzer
and Livesey 2001). At the approved dosage of 2 and
3 mg the incidence of nausea decreases to only 7%.
Other significant known side-effects include headache,
dizziness and yawning.

II.4.9.1.4

Intracavernosal Agents

Nowadays before patients resort to intracavernosal
therapy, they have usually tried oral therapy unsuccess-
fully. For intracavernosal injections a patient or his
partner must possess adequate manual dexterity to car-
ry out the penile injections. Patients must receive infor-
mation on the potential adverse effects of the injec-
tions. Side-effects include penile scarring, pain, ecchy-
mosis and prolonged erection. The incidence of these
side-effects depends on the agent injected. The most
common agents used in practice include prostaglandin
E1, papaverine and phentolamine, and the [ -blocker
moxisylyte.

Phentolamine, which is an alpha adrenergic antago-
nist, has a very poor erectile response in humans when
used on its own. It is therefore usually combined with
either papaverine alone (Bimix) or with papaverine

and prostaglandin E1 (Trimix). Papaverine is a non-
specific phosphodiesterase inhibitor that causes an in-
crease in both intracellular cAMP and cGMP. Increases
in these molecules cause a relaxation in penile smooth
muscle and eventual erection.

Prostaglandin E1 modulates adenyl cyclase to in-
crease cAMP concentrations. This in turn leads to a de-
crease in intracellular free calcium and smooth muscle
relaxation in the penis (Porst 1996). Although prosta-
glandin E1 leads to significantly fewer occurrences of
penile fibrosis and priapism, some studies quote a 13%
incidence of penile pain with injection of this medica-
tion. In an effort to reduce the adverse effects of these
medications used alone, combination therapy with a
mixture of phentolamine, papaverine and prostaglan-
din E1 (Trimix) at lower doses often will provide a high-
er efficacy, lower incidence of pain and lower cost per
dose (Bennett et al. 1991).

II.4.9.1.5

Intraurethral Agents

Prostaglandin E1 (PGE1) (trade name MUSE) is the
most common agent used for this purpose, and by de-
livering the active compound into the urethra there is
transportation of the compound into the corpus spon-
giosum and later into the corpora cavernosum where
smooth muscle relaxation occurs.

Efficacy rates are variable: from a 13.6% response to
a 64% response (when a constriction band is used)
(Hellstrom et al. 1996). The most common side-effect
of intraurethral agents is local penile pain which occurs
in more than one-third of patients. Urinary tract infec-
tion, dizziness, penile pain and urethral bleeding are
other known side-effects.

II.4.9.1.6

Non-pharmacologic Treatment

Non-pharmacologic options may be offered as second-
line treatment in lieu of intraurethral or intracaverno-
sal injection for patients who do not respond to or can-
not tolerate oral therapy. Vacuum erection devices in-
crease corporal blood flow, and a constrictor ring is
then used to retain this blood within the penis. Satisfac-
tion is variable (27–74%), and this technique can cause
discomfort and bruising of the penis (Hatzichristou
and Pescatori 2001).

Surgical options exist for patients with ED. Penile ar-
terial bypass surgery is appropriate in only a select
group of patients (men under 35 years of age who have
no generalized vascular disease and in whom an isolat-
ed injury has obstructed blood flow). Penile implants
are available for patients who have not responded to
more conservative treatment. This procedure is inva-
sive, irreversible and subject to complications such as
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infection, erosion and mechanical failure. There is,
however, a high rate of patient and partner satisfaction
(Hatzichristou and Pescatori 2001).

II.4.9.2
Retarded Ejaculation

Retarded ejaculation is not infrequent in the ageing
male. It may be related to a decrease in sexual arousabili-
ty, often associated with ageing. In general, measures to
improve erectile function will also benefit retarded ejac-
ulation. It is also often found in men with lower urinary
tract symptoms and there is some preliminary evidence
that an alpha adrenoreceptor blocker such as alfuzosin
might alleviate the complaint. It may be associated with
the use of psychotropic drugs such as serotonin reuptake
inhibitors and monoamine oxidase inhibitors.

II.4.9.3
Rapid Ejaculation

Rapid or premature ejaculation is difficult to treat
(Waldinger 2004). The complaint may be presented as
ED by patients who are unable to attain sufficient pe-
nile rigidity after rapid ejaculation. Several oral agents,
such as selective serotonin reuptake inhibitors, mono-
amine oxidase inhibitors and tricyclic antidepressants
(e.g. imipramine and clomipramine) or topical anaes-
thetic agents (e.g. lidocaine) have been recommended
(Montague et al. 2004). Of late sildenafil has also been
helpful. Sexual counselling may help the patient to have
better control of the ejaculatory response.

II.4.9.4
Testosterone Treatment

The evidence for testosterone-induced masculinization
of certain aspects of sexual behaviour in men is persua-
sive. Although clinicians have long been impressed
with the influence of androgen replacement on sexual
functioning of androgen-deficient men, scientific proof
that androgen plays a role in human sexuality is a prod-
uct of the 1970s and 1980s (Bancroft 2002).

Most of the information has been collected from an-
drogen withdrawal/replacement studies of hypogonad-
al men. It is now clear that androgens are fundamental
to normal sexual behaviour in men, although they do
not have a simple on/off effect on sexual functions, and
are not the only factor involved in male sexual behav-
iour (Gooren and Kruijver 2002).When androgen pro-
duction is deficient from the foetal/prepubertal stage,
as in hypogonadotrophic hypogonadism and Klinefel-
ter syndrome, the response to androgen replacement
during puberty or later may be manifestly impaired,
expressing itself as relative sexual inertia. The reason
probably is that emotional, cognitive and social learn-

ing are also elements of the manifestations of testoster-
one on adolescent and adult sexuality (Gooren and
Kruijver 2002).

The distinction between sexual interest and erectile
function and its subdivision has helped considerably in
clarifying the role of androgens in male function (Ban-
croft and Wu 1983; Bancroft 2002).

Spontaneous erections, particularly those that occur
during sleep (nocturnal penile tumescence, NPT),
and probably fantasy-induced erections are androgen-
dependent, whereas erections in response to erotic (e.g.
visual or tactile) stimuli are relatively androgen-inde-
pendent (Bancroft and Wu 1983). These early studies
addressed, however, maximum increase in penile cir-
cumference as the only parameter, but more recent
work suggests that androgens affect penile responses to
erotic stimuli with regard to duration of response, de-
gree of rigidity and speed of detumescence (Carani et
al. 1996). In men the principal target of androgens ap-
pears to be sexual interest or appetite (Bancroft and Wu
1983; Bancroft 2002). Androgens may enhance the per-
sistence of attention to eroticism, which, in turn, may
affect sexual behaviour. It has been argued that andro-
gen influences pleasurable awareness during sexual ac-
tivity, possibly by enhancing sensory (genital) func-
tion.

It is not known how the effects of androgens on the
central nervous system are mediated. Preliminary evi-
dence suggests that there may be a noradrenergic me-
diation of sexual arousal, involving both central arousal
and peripheral inhibition of erectile responses (Ban-
croft 1995).

Although it has been convincingly established that
the main effect of androgens on male sexual function-
ing is on the central nervous system, additional evi-
dence now suggests that they also affect nitric oxide
synthase in the corpus cavernosum [nitric oxide in-
duces smooth muscle relaxation of the penile vascula-
ture, essential for penile erection (Morelli et al. 2004)]
and that androgen administration may be helpful in
men who respond poorly to treatment of ED with phos-
phodiesterase inhibitors (Foresta et al. 2004). So there
seems to be a point in treating men with low or low–
normal plasma testosterone, who do not respond well
to phosphodiesterase inhibitors, with testosterone.

In most studies, 60–70% of the reference values of
testosterone were sufficient to maintain sexual func-
tions in adult men (Gooren 1987; Buena et al. 1993).
One study suggested that thresholds for NPT are even
lower than those for normal sexual functioning (Carani
et al. 1996). From this it follows that in men with sexual
dysfunction and normal androgen levels, additional
testosterone is likely to be of no help, although a short-
lived beneficial effect from additional testosterone in
eugonadal men who complained of lack of sexual inter-
est has been found (Anderson et al. 1992) and con-
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firmed in men receiving testosterone in a male contra-
ceptive study (Alexander et al. 1997), but the follow-up
was limited to 6 weeks. There is no evidence that long-
term high testosterone levels enhance male sexual
function. In general it has been difficult to establish a
relationship in men between circulating testosterone
levels (above a certain therapeutic threshold) and levels
of sexual responses (Gooren 1987; Buena et al. 1993).

Information on the timing of onset of behavioural
effects after withdrawal of androgens is limited. With
both naturally occurring and pharmacologically in-
duced hypotestosteronaemia, behavioural effects and a
reduction in seminal emission become clear after
2 weeks and reach a maximum after 4 weeks or later. A
sexually active partner may be a factor in prolongation
of sexual activity (Bancroft 2002). In the majority of
men the ejaculatory capacity is profoundly decreased
after androgen withdrawal, affecting sexual behaviour
in its own right (Bancroft 2002).

Restoration of testosterone effects is probably some-
what quicker, approximately over 1–2 weeks, and there
may be a relationship with the duration of foregoing
androgen deficiency (Bancroft 2002).

Testosterone is currently available in oral, intramus-
cular, subcutaneous and transdermal preparations. Re-
cent advances in testosterone replacement therapy in-
clude testosterone gels, which provide flexibility in dos-
ing and minimal skin irritation resulting in good com-
pliance, and the development of longer acting intra-
muscular preparations (testosterone undecanoate),
which result in more stable testosterone levels with lon-
ger injection intervals up to 12 weeks (Gooren and
Bunck 2004).

In summary, it is certain that androgens are power-
ful modulators of the biochemistry of peripheral struc-
tures related to sexual functioning and the brain, thus
modulating behaviour. Their effects are strongly inter-
twined with idiosyncratic aspects of the person con-
cerned: they enhance sexual motivation in men, be it a
heterosexual, homosexual or paraphilic man. The
blood level of testosterone critical for normal male sex-
ual function varies between individuals. In most males,
60–70% of the reference values was sufficient (Gooren
1987; Buena et al. 1993). In men with sexual dysfunc-
tion and normal androgen levels, additional testoster-
one is likely to be of no help, although a short-lived
beneficial effect from additional testosterone in eugo-
nadal men who complained of lack of sexual interest
has been found.

II.4.9.5
Pubertal Development

Pubertal development is associated with a gradual
though variable increase in sexual interest and activity,
but it has been difficult to relate levels of androgens to

the development of adolescent sexuality, probably be-
cause there is a fair but individually different amount of
socially influenced learning which impacts on this hor-
mone–behaviour relation. Physical pubertal develop-
ment may be a better predictor of sexual interest and
behaviour than free testosterone (Finkelstein et al.
1998; Halpern et al. 1998) but one study was able to
demonstrate a more direct relationship between sali-
vary/plasma testosterone and sexual activity (Udry et
al. 1985).

II.4.9.6
Sexual Function and Ageing

Sexual functions decline with ageing. Ageing as such is
the best predictor of ED, with diabetes mellitus and ath-
erosclerotic cardiovascular diseases further increasing
the risk (Johannes et al. 2000).

Ageing is also associated with a variable decline in
bioavailable testosterone levels, but levels remain well
above minimum testosterone levels for normal sexual
functioning established in younger men. The hypothe-
sis has been advanced that ageing men are less sensitive
to the actions of testosterone (Schiavi and Rehman
1995), but as indicated above testosterone is not the
first-line treatment in elderly men with ED, but it may
be adjuvant treatment when phosphodiesterase inhibi-
tors are not helpful and plasma testosterone is low.

II.4.9.7
Hyperprolactinaemia

The role of prolactin in males is not well understood.
No convincing evidence has emerged that a lower than
normal prolactin level impairs sexual functioning in
humans (Carani et al. 1996). In women the initial
symptom of hyperprolactinaemia is mostly a distur-
bance in reproductive physiology (amenorrhoea, infer-
tility), leading to a relatively early discovery of the con-
dition. Interference with female sexual functioning has
been reported but is less clear-cut than in men. It may
be manifested as a depressive disorder affecting orgas-
mic capacity, which improves upon treatment with do-
pamine agonists.

In men, sexual dysfunction, but more often symp-
toms of a pituitary tumour may lead to the discovery of
hyperprolactinaemia. This condition accounts for less
than 2% of cases of sexual dysfunction in men (Carani
et al. 1996). About 80–90% of men with chronic hyper-
prolactinaemia have complaints such as loss of libido,
erectile weakness (De Rosa et al. 2004) and, frequently,
difficulty ejaculating (Meston and Frohlich 2000). The
mechanism by which hyperprolactinaemia impairs
sexual function is not completely understood. In cases
of associated testosterone deficiency, testosterone sub-
stitution did not reverse the symptoms (Carani et al.
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1996). Dopaminergic drugs restored sexual function
even before testosterone levels had risen to normal
(De Rosa et al. 2004).

Most experts now believe that hyperprolactinaemia
impairs sexual function through a CNS mechanism by
interference with neurotransmitter activity, in particu-
lar dopamine and endogenous opioids (Meston and
Frohlich 2000). In some men with sexual complaints,
serum prolactin levels may be found to be elevated in
the presence of normal gonadotrophin and testoster-
one levels. They may have macroprolactinaemia, and
their sexual problems cannot be ascribed to their spuri-
ous hyperprolactinaemia (Schlechte 2002).

Administration of antipsychotic drugs is not rarely
associated with marked hyperprolactinaemia. And it is
increasingly clear that this drug-induced hyperprolac-
tinaemia may produce galactorrhoea, gynaecomastia,
sexual dysfunction and mood disturbances (Halbreich
et al. 2003). The condition is often not diagnosed since
the psychological effects are viewed as part of the dis-
ease requiring antipsychotic medication. In cases of
clinically relevant hyperprolactinaemia, the dose of the
antipsychotic drug may be lowered or an alternative
drug must be chosen.

II.4.9.8
Paraphilias and their Pharmacologic Treatment

Persons with a paraphilia are compulsively responsive
to and dependent on an unusual and often personally
or socially unacceptable sexual stimulus for sexual
arousal and orgasm. No known correlation between
paraphilic behaviour and an endocrine condition, past
or present, has been detected (Gijs and Gooren 1996).
Paraphilias occur predominantly in men but also may
occur in women. There is no convincing evidence that
circulating testosterone levels are higher in (violent)
sex offenders than controls (Gijs 1996). The socially in-
tolerable paraphilias (such as rape, exhibitionism and
paedophilia) may bring persons into conflict with the
law, and (forensic) medicine may play a part in phar-
macological interventions aimed at helping paraphili-
acs. When dealing with this category it is mandatory to
observe professional neutrality. As in normal persons,
testosterone lowers the threshold of occurrence of ero-
tosexual imagery and sexual activity in paraphiliacs.
However, it has no effect on the contents of the imagery
(Gijs and Gooren 1996). Anti-androgens may be of ben-
efit, particularly for those paraphilias characterized by
intense and frequent sexual desire and arousal. To be
effective, hormonal treatment must be accompanied by
sexologic counselling. The most widely used drug in
the United States is medroxyprogesterone acetate, and
in Canada and Europe cyproterone acetate. Luteinizing
hormone-releasing hormone (LHRH) agonists have al-
so been successfully used (Reilly et al. 2000). Both are

available in injectable form, thus facilitating greater
compliance with the treatment programme. Long-term
androgen deprivation may lead to osteopenia (Grass-
wick and Bradford 2003). Some forms of paraphilia are
not so much characterized by sexual desire but are ob-
sessive-compulsive or impulse control disorders or are
acted out in depressive mood states, and do not re-
spond well to anti-androgenic intervention. These can
be successfully treated with psychotropic drugs such as
modern antidepressants in view of the role of the dopa-
minergic system in motivational processes.
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applied for contraceptive purposes (Swerdloff et al.
1979).

II.4.6.2.2

Androgen Derivatives

Testosterone derivatives have been developed adapting
the molecular structure such that the substance is taken
up after oral administration and that aromatization to
oestrogens is decreased. A number of publications have
suggested a potential benefit of mesterolone (Schering,
Berlin, Germany) (Schellen and Beek 1972; Von Mauss
1974; Barwin 1982). However, no beneficial effect on
semen characteristics or on the occurrence of pregnan-
cies was observed when the usual dose of 75 mg/day of
mesterolone was given (WHO 1989). Neither was treat-
ment with a high mesterolone dose of 150 mg/day effec-
tive in a double-blind trial that extended over a 12-
month period (Gerris et al. 1991).

Testosterone-undecanoate (Andriol, Organon, The
Netherlands) is a non-toxic testosterone derivative that
is absorbed after oral administration (Horst et al. 1976)
and increases the concentration of mainly 5-alpha-di-
hydrotestosterone in peripheral blood (Skakkebaek et
al. 1981). Testosterone-undecanoate exerts little sup-
pressive effect on hypothalamo–pituitary function
when given in the recommended dose of 120 mg/day
(Luisi et al. 1978). Because spermatogenesis and epi-
didymal function largely depend on high local concen-
trations of both testosterone and dihydrotestosterone,
trials were undertaken on the effect of 120 or 240 mg/
day testosterone-undecanoate for the treatment of pa-
tients with idiopathic oligozoospermia. The favourable
effect observed with the first dose (Pusch 1989) was not
confirmed when the high dose of 240 mg/day was given
(Comhaire 1990). The only positive effect on sperm
characteristics was a moderate increase of the percent-
age of live spermatozoa, but no effect was observed on
sperm concentration, proportion motility, linear veloc-
ity or sperm morphology.

II.4.6.3
Gonadotrophins

II.4.6.3.1

Urinary Gonadotrophins

Whereas treatment with human menopausal gonado-
tropin (hMG, a source of both FSH and LH), or with
purified urinary FSH together with human chorionic
gonadotrophin (hCG) is of great benefit to patients
with hypogonadotrophic hypogonadism (Liu et al.
1999), its possible usefulness in men with normo-go-
nadotrophic idiopathic oligozoospermia has not been
proven. Meta-analysis of published data indicates an
average success rate of 3.8 conceptions per cycle, but

most studies refer to short periods of treatment (Win-
ters and Troen 1982).

Patients who do not present an increase of testoster-
one concentration during treatment with tamoxifen
may benefit from gonadotrophin treatment, since it
can be hypothesized that their hypothalamo pituitary
function is impaired or suppressed.

II.4.6.3.2

Recombinant Gonadotrophins

The advent of recombinant pure FSH may open new av-
enues for gonadotrophin treatment. Indeed, pure FSH
will probably not suppress the pulsatile release of
LHRH and LH, maintaining the pulsatile exposure of
the seminiferous tubules to highly variable and elevat-
ed testosterone concentrations. In uncontrolled trials, a
satisfactory success rate of pure FSH treatment was re-
ported in patients with idiopathic oligozoospermia
(Foresta et al. 2002; Caroppo et al. 2003), but this was
not confirmed in a placebo-controlled trial (Kamischke
et al. 1998). Recombinant FSH treatment has also been
recommended for patients with failed IVF due to poor
semen quality (Acosta et al. 1992), though this ap-
proach has become obsolete since the introduction of
intracytoplasmic sperm injection (ICSI).

II.4.6.4
Luteinizing Hormone Releasing Hormone
(LHRH)

Pulsatile LHRH can be delivered by means of a portable
computerized pump, resulting in a physiological stim-
ulation of pituitary gonadotrophin secretion. This
treatment may offer new prospects for the management
of patients with hypogonadotrophic hypogonadism of
hypothalamic origin. Preliminary trials of treating pa-
tients with normo- or hyper-gonadotrophic idiopathic
testicular failure with pulsatile LHRH have given in-
conclusive or negative results (Comhaire 1992).

Nasal or subcutaneous application of high doses of
LHRH agonists results in downregulation of pituitary
gonadotrophin secretion and suppression of testicular
function, both hormonogenesis and spermatogenesis.

II.4.6.5
Treatments Interfering with Oestradiol

Treatment may aim at interfering with the biological ef-
fect of oestradiol, either through inhibiting its synthe-
sis by means of aromatase inhibitors, or through block-
ing its effect on target cells by anti-oestrogens.
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II.4.6.5.1

Testolacton

Experience with testolacton, a potent aromatase inhibi-
tor, has been moderately positive in an open study on a
small number of patients (Vigersky and Glass 1981),
but no significant effect was observed in controlled
double-blind trials (Dony et al. 1985; Clark and Sherins
1989). Newer aromatase inhibitors (anastrozole, exe-
mestan, letrozol) have not been tested for the treatment
of idiopathic oligozoospermia.

II.4.6.5.2

Anti-oestrogens

Anti-oestrogens have largely been used in the treat-
ment of patients with oligozoospermia. Clomiphene
citrate is a racemic mixture of two isomers, and it exerts
a significant intrinsic oestrogenic activity in addition
to its dominant anti-oestrogenic effect (Heller et al.
1969). No beneficial effect of clomiphene citrate was ev-
idenced for the treatment of patients with idiopathic
oligozoospermia in a double-blind trial organized by
World Health Organization (WHO 1992).

Tamoxifen is a specific anti-oestrogen and is devoid
of intrinsic oestrogenic activity when applied at the
dose of 20 mg/day in men (Comhaire 1976). This sub-
stance stimulates the hypothalamic release of LHRH by
setting the threshold of feedback at a higher level. As a
result, the secretion of LH, FSH and testosterone is in-
creased by between 60% and 100% (Fig. II.4.28). A
more than twofold increase of sperm concentration oc-
curs after 4–6 months of treatment (Vermeulen and
Comhaire 1978), with significant increase of sperm
motility and linear velocity (Fig. II.4.29). Sperm mor-
phology is barely influenced. In a meta-analysis of 6
studies involving 402 patients followed during a total of
2025 months, the overall success rate was 29% with a
monthly conception rate of 4.6%.

The effective cumulative pregnancy rate during ta-
moxifen intake evidences a clear-cut increase in the 4th,
5th and 6th months of treatment, whereas no such ef-
fect seems to be present during the initial 2 months
(Fig. II.4.30). This is probably related to the fact that
several months of treatment is needed before the full
effect on spermatogenesis occurs. Tamoxifen treatment
was found to result in a stronger positive effect on preg-
nancy rates in cases with low pre-treatment sperm con-
centration (Comhaire 2000).

Adamopoulos et al. (2003) published the outcome of
a prospective double-blind, placebo-controlled trial

¸

Fig. II.4.29. Ratio of sperm concentration (C), linear velocity
(V), grade (a) motility [Motil (a)] and morphology (Morphol.)
after 6 months of treatment with tamoxifen 20 mg per day oral-
ly divided by the values before treatment

Fig. II.4.28. Effects of treatment with 20 mg per day of tamoxi-
fen for 9 months, given to patients with idiopathic oligozoo-
spermia, on the plasma concentrations of testosterone (ng/dl),
LH and FSH (% increase over basal value), sperm concentra-
tion (million/ml) and motility [% spermatozoa with motility
2 = grade (b) motility; 3 = grade (a) motility]. (From Vermeu-
len and Comhaire 1978)

518 II.4 Therapeutic Options

II.4



Fig. II.4.30. Effective cumulative pregnancy rate (in %, including
only pregnancies resulting in successful delivery) during a fol-
low-up period of 12 months, among couples with infertility of at
least 12 months duration, no demonstrable abnormalities in the
female partner, and a male factor. [1 Controls are couples receiv-
ing counselling (“tender loving care”), 2 treatment by means of
in vitro fertilization (with or without ICSI), 3 treatment of vari-
cocele, 4 treatment with tamoxifen 20 mg/day orally)

treating patients suffering from idiopathic oligozoo-
spermia with a combination of tamoxifen and testos-
terone-undecanoate. They reported a significant fa-
vourable effect of this treatment with the spontaneous
pregnancy rate being 3.2 times higher in the treated
cases than in the placebo controls.

II.4.6.6
Conclusion

New insights into the physiology of testicular regula-
tion and better understanding of the pathogenesis of
idiopathic male infertility hold out hope for the future
possibilities of hormonal treatment. At present, the
hormonal therapeutic arsenal remains limited. Anti-
oestrogen treatment with tamoxifen is indicated, par-
ticularly in cases with low sperm concentration (ideally
between 2 and 10–12 million/ml) and moderately dis-
turbed sperm morphology. Tamoxifen treatment has
little effect when sperm morphology is severely abnor-
mal with less than 4% normal spermatozoa. Also,
treatment with tamoxifen seems pointless in cases with
elevated serum gonadotrophin levels and/or very small
testicular volume.
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II.4.7 Hormonal Male Contraception
D.J. Handelsman, G.M.H. Waites

Reliable and reversible hormonal contraceptive
methods for men, comparable to modern female
methods, have been identified, and selected regi-
mens are under active development through the
collaboration of andrologists, public sector agen-
cies and pharmaceutical industries.

■ Clinical studies employing prototype drugs
have demonstrated that the hormonal
approach to switching off spermatogenesis
provides contraceptive efficacy and is revers-
ible with short-term safety.

■ No regimen yet achieves consistent azoo-
spermia in all men, although testosterone
administration to men in China and Indonesia
gets close.

■ Combination regimens involving a second
gonadotrophin-suppressing agent, usually a
progestin, combined with testosterone achieve
close to the ideal of universal suppression of
spermatogenesis and contraceptive efficacy.

Summary II.4.7.1
Introduction

Pituitary gonadotrophin [luteinizing hormone (LH),
follicle-stimulating hormone (FSH)] secretion leading
to high levels of intratesticular testosterone is essential
for inducing spermatogenesis. Yet, because the hypo-
thalamo–pituitary testicular axis is a tightly regulated
negative feedback system, exogenous testosterone has
the seemingly paradoxical effect of switching off sper-
matogenesis by suppressing pituitary gonadotrophin
secretion and thereby depleting intratesticular testos-
terone (Handelsman 2005). Androgen-induced revers-
ible suppression of human spermatogenesis has long
been known (Heckel 1939). Extensive dose-finding and
feasibility studies have established that injections of
testosterone (T) esters, mostly involving weekly intra-
muscular injections of testosterone enanthate in an oily
vehicle, induced azoospermia in most but not all men
(Patanelli 1977; Schearer et al. 1978).

While these studies demonstrated that the hormon-
al approach was reversible and had reassuring short-
term safety, the degree of sperm suppression required
to provide acceptable contraceptive efficacy remained
uncertain (Patanelli 1977). This issue was resolved by
two large World Health Organization (WHO) clinical
trials, the first male contraceptive efficacy studies,
which established that azoospermia induced by weekly
injections of testosterone enanthate provided highly
reliable and reversible contraception (WHO 1990, 1996;
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Waites 2003). More recently, a second contraceptive ef-
ficacy study using a depot androgen/progestin combi-
nation found high levels of spermatogenic suppression
with all men achieving azoospermia and no pregnan-
cies occurring among 55 couples during 35.5 person
years of exposure (Turner et al. 2003).

II.4.7.2
Androgens Alone as Hormonal Contraceptives

Testosterone is potentially the ideal single contracep-
tive agent as it provides both gonadotrophin suppres-
sion and androgen replacement (Nieschlag et al. 2004).
The WHO clinical trials involving 671 men in 10 coun-
tries established that 98% of all men had sperm sup-
pression to <3 million/ml by 3–4 months (a similar
rate to that after vasectomy) and that no pregnancies
occurred when the men were azoospermic (WHO 1990,
1996). In the subgroup with residual sperm (0.1–3 mil-
lion/ml) in the ejaculate, there were only four pregnan-
cies in 49.5 person years; the contraceptive failure rate
in the non-azoospermic subgroup (~8% per annum)
was proportional to residual sperm concentration.
Based on these results, the ideal goal is to achieve uni-
versal azoospermia, although the realistic minimal ob-
jective is to have <1 million residual sperm per milli-
litre to give an acceptable failure rate (Nieschlag 2002).

These WHO trials also revealed that >90% Asian
men suppressed to azoospermia compared to only
~60% of Caucasian men, an unexplained population
variation in testosterone-induced azoospermia (Han-
delsman et al. 1995). After cessation of testosterone,
sperm reappeared within 3 months and returned to
normal sperm output by 6 months. Discontinuations
for acne, weight gain, polycythaemia or behavioural ef-
fects were few and readily reversible, as were changes in
haemoglobin, testis size and plasma urea. There was no
short-term evidence of liver, prostate or cardiovascular
disorders (WHO 1990, 1996; Wu et al. 1996).

II.4.7.3
Pharmacokinetic Considerations

Weekly injections are clearly impractical and testoster-
one enanthate caused supraphysiological levels of tes-
tosterone which may have contributed to the incom-
plete spermatogenic suppression. Longer-acting depot
preparations with more stable steady-state pharmaco-
kinetics have therefore been developed: subdermal T
pellets (Handelsman et al. 1990), T-loaded biodegrad-
able microspheres (Amory et al. 2002), and the newer
injectable preparations, T undecanoate (Gu et al. 2002)
and T buciclate (Behre et al. 1995). All sustain physio-
logical T levels for 2–6 months. Monthly injections of T
undecanoate have demonstrated high contraceptive ef-
ficacy in Chinese men (Gu et al. 2002). Although syn-

thetic androgens, including esters and a 7-methyl de-
rivative of nandrolone, have been trialled by parenteral
and oral routes, none yet offers greater efficacy or safe-
ty than testosterone itself (Kamischke and Nieschlag
2004; Handelsman 2005).

II.4.7.4
Safety

The safety of exogenous androgen administration con-
cerns potential effects on cardiovascular and prostatic
disease and idiosyncratic effects such as polycythaemia
and sleep apnoea. The available short-term studies
have generally revealed no safety concerns but long-
term surveillance of actual disease endpoints rather
than surrogate markers would be required, as it was for
female hormonal contraception. The relationship be-
tween androgens and prostatic disease and any influ-
ence of exogenous androgens remains poorly under-
stood. Prospective studies show little direct relation-
ship between endogenous T levels and prostatic disease
(Shaneyfelt et al. 2000). In situ prostate cancer is com-
mon in older men whereas rates of invasive prostate
cancer vary considerably between populations despite
similar blood T concentrations. Similarly, the relation-
ship between androgens and cardiovascular disease are
complex and poorly understood (Liu et al. 2003; Wu
and von Eckardstein 2003) so that the risks, if any, from
exogenous androgens in normal men cannot be pre-
dicted with any certainty. Idiosyncratic androgen ef-
fects such as polycythaemia and sleep apnoea are rare
(<1%) and age-dependent so that the use of physiolog-
ical doses of, and delivery systems for, T in a relatively
young population minimize these risks. Clearly, for
contraceptive purposes, it is prudent not to exceed
physiological levels of androgen and to monitor long-
term for cardiovascular and prostatic disease risk (Nie-
schlag et al. 2004; Handelsman 2005).

II.4.7.5
Combination Regimens as Hormonal
Contraceptives

Second, non-androgenic, agents that suppress gonado-
trophins include progestins, oestrogens and gonado-
trophin-releasing hormone (GnRH) antagonists. Pro-
gestins are more affordable and numerous synthetic
progestins are used in female contraception with oe-
strogen replacement therapy. They are potent inhibi-
tors of gonadotrophin secretion and of endogenous T,
and suppress spermatogenesis but require androgen
supplementation to avoid androgen deficiency (Heller
et al. 1959; Frick et al. 1981). In practice, androgen-pro-
gestin combinations achieve equally high rates of azoo-
spermia as with androgens alone, approaching uni-
form suppression in all populations. This reduces the
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practical importance of the population differences for
contraception found with androgens alone, although it
has implications for understanding population differ-
ences in hormone-dependent diseases.

II.4.7.6
Efficacy of Combination Regimens

Such combinations have shown important improve-
ments in the efficacy of spermatogenic suppression
(Bebb et al. 1996; Handelsman et al. 1996; Meriggiola et
al. 1996) possibly by reducing the impact of residual T
in supporting persistent spermatogenesis (Bouchard
and Garcia 1987; Behre et al. 1992). Many studies with
medroxyprogesterone acetate (MPA) given orally or by
injection, combined with T by injection or by dermal
gels, produce azoospermia (Patanelli 1977; Schearer et
al. 1978). The azoospermia is nearly uniform in Indo-
nesian men (Pangkahila 1991; WHO 1993), as it is in
Caucasian men when the T is given as a depot implant
(Handelsman et al. 1996).

Oral progestins, e.g. levonorgestrel (Foegh 1983;
Bebb et al. 1996; Anawalt et al. 1999) and norethistero-
ne (Guerin and Rollet 1988; Lobel et al. 1989) and cy-
proterone acetate (Meriggiola et al. 1996, 1998) have
high efficacy when combined with T. Highly effective
suppression of spermatogenesis also occurs with depot
progestins, e.g. norgestrel (Gonzalo et al. 2002), etono-
gestrel (Anderson et al. 2002), depot injectable MPA
(Handelsman et al. 1996; Turner et al. 2003) or norethi-
sterone (Kamischke et al. 2002) when combined with T.
A contraceptive efficacy study using a depot androgen/
progestin combination found high levels of spermato-
genic suppression, with all men achieving azoospermia
and no pregnancies occurring among 55 couples dur-
ing 35.5 person years of exposure (Turner et al. 2003).

Spermatogenesis recovers to normal post treatment
but at a slower rate than with androgen alone, possibly
due to prolonged residual depot effects (Handelsman
2005).

II.4.7.7
Gonadotrophin Blockade: GnRH Analogues

GnRH agonists or GnRH antagonists when combined
with T replacement suppress gonadotrophins and sper-
matogenesis. GnRH superactive agonists achieve this
by gradual desensitization of the GnRH receptors, a
paradoxical response that takes days to weeks until the
initial stimulation of gonadotrophin and T secretion
abate, after which prolonged use achieves functional
antagonism with lowered gonadotrophin and testoster-
one secretion. However, GnRH agonists remain partial
agonists and these more affordable analogues rarely
achieve azoospermia (Bouchard and Garcia 1987; Lunn
et al. 1990; Behre et al. 1992). Pure GnRH antagonists,

on the other hand, sustain immediate competitive
blockade of GnRH receptors (Marshall et al. 1986) and
in combination with T produce rapid, sustained and re-
versible spermatogenesis in men (Pavlou et al. 1991;
Tom et al. 1992). Although modern GnRH antagonists
retain some local irritation at the injection site, they
otherwise have few side-effects and prolonged depot
release formulations are under development, as are
non-peptide GnRH antagonists.

II.4.7.8
Immunoneutralization as a Contraceptive
Approach

Immunoneutralization of GnRH is not likely to be a
safe and effective option for contraception (Handels-
man 2005). However, immunological blockade of FSH
action by vaccination theoretically offered the attrac-
tive possibility of inhibiting spermatogenesis by dis-
rupting Sertoli cell function but without inhibiting en-
dogenous T production. Although FSH was considered
essential for human spermatogenesis, spermatogenesis
and fertility persist in rodents (Singh et al. 1995; Kumar
et al. 1997; Dierich et al. 1998) and humans (Tapanai-
nen et al. 1997) lacking FSH bioactivity. Hence even
complete FSH blockade might produce insufficient re-
duction in sperm output and function required for ade-
quate contraceptive efficacy (Nieschlag 1986). In addi-
tion to the usual safety concerns of contraceptive vac-
cines, including autoimmune hypophysitis, orchitis or
immune-complex disease, an FSH vaccine might be
overcome by reflex increases in pituitary FSH secre-
tion.
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II.4.8 Treatment of Gender Dysphoria
L.J.G. Gooren

Hormonal sex reassignment of transsexuals aims
to reduce the hormonally induced secondary sex
characteristics of the original sex and to induce the
secondary sex characteristics of the new sex.

■ In male-to-female transsexuals a complete
reduction of androgen action favours femi-
nizing effects of oestrogens. The risk of venous
thrombosis is high with ethinyloestradiol but
much lower with transdermal or oral 17 q -
oestradiol. Development of prolactinomas has
been observed, usually with an overdose of
oestrogens. Breast cancer, though infrequent,
remains a risk.

■ Female-to-male transsexuals receive high-dose
testosterone treatment. If menstrual periods
are not suppressed a progestin may be added.
Side-effects are acceptable but extirpation of
ovaries and internal genitalia in due course is
recommended as a safeguard against malig-
nant development.

■ Transsexualism is increasingly diagnosed in
juveniles. Hormonal treatment to delay
pubertal development of their original sex may
be an option.

Summary

Transsexualism is the condition in which a person with
apparently normal somatic sexual differentiation of
one gender is convinced that he or she is actually a
member of the opposite gender. It is associated with an
irresistible urge to be that gender hormonally, anatom-
ically and psychosocially.

In 2004, the international organization involved
with professional help to transsexuals, the Harry Ben-
jamin International Gender Dysphoria Association,
drafted Standards of Care (SOC) available at http://
www.hbigda.org. The major purpose of the SOC is to
articulate this organization’s professional consensus
about the psychological, medical and surgical manage-
ment of gender identity disorders. These standards

provide guidance to professionals practising in this ar-
ea, who often work in isolation from mainstream medi-
cine. It may also be of help in legal medicine to identify
professional standards. Persons with gender identity
disorders, their families and social institutions may use
the SOC as a means to understand the current thinking
of professionals.

Before initiating hormonal or surgical treatment
that will change a person’s gender, the physician should
counsel the patient about realistic expectations from
treatment. The only benefit sex reassignment can bring
is relief of gender dysphoria; all human problems out-
side the area of gender dysphoria will remain. Unrealis-
tic expectations that subjects may have of the success of
hormonal and surgical treatment for their transition to
the desired sex must be addressed. Contacts with other
transsexuals who are already in the process of changing
over to the new sex or who have completed this process
may be helpful in shaping a subject’s expectations of
what can be achieved and what problems, personally
and socially, may arise in the transition to the new sex.

II.4.8.1
Real Life Test

When hormone treatment starts, or maybe even earlier,
the “real life test” should begin. It is an extended period
of full-time living as a member of the desired sex. The
“real life test” allows the subject and the attending pro-
fessional to monitor the experience in the new sex sta-
tus as he/she habituates his/her responses to other peo-
ple. Without this test of how others react and how he/
she reacts to others, the subject knows only his/her pri-
vate convictions and fantasies of being a member of the
opposite sex. Convictions and fantasies may be unreal-
istic and may lead to magical expectations of life in the
new sex.

Embarking on the “real life test” may be done in a
stepwise fashion; for instance, first in a trusted envi-
ronment and later in public. The subject should have
lived at least one full year full-time in the new sex
before irreversible surgical reassignment is considered.
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The “real life test” may be prolonged if too many hur-
dles present themselves during the test period. During
the “real life test” the subject should stay in contact
with a mental health professional to allow assessment
of the success of the test and to discuss how to over-
come problems that almost inevitably arise during this
period.

II.4.8.2
Hormonal Sex Reassignment

Hormonal reassignment has two aims (Levy et al.
2003):

■ To reduce the hormonally induced secondary sex
characteristics of the original sex as much as
possible, though complete elimination is rare. As
an example, in male-to-female transsexuals, the
previous effects of androgens on the skeleton, such
as the greater height of men than women, the size
and shape of hands, feet, jaws and pelvis, cannot be
reversed. Conversely, the relatively lower height
and the broader hip configuration of female-to-
male transsexuals compared to men will not
change with androgen treatment.

■ To induce the secondary sex characteristics of the
new sex.

II.4.8.2.1

Male-to-Female

To male-to-female transsexuals, elimination of sexual
hair growth, induction of breast formation and a more
female fat distribution are essential. To accomplish this,
a near-complete reduction of the biological effects of
androgens is required. Administration of oestrogens
alone will suppress gonadotrophin output and there-
fore androgen production, but dual therapy with one
compound that suppresses androgen secretion or
action and a second compound that supplies oestrogen
is more effective.

Suppression of Androgen Secretion or Action

Several agents are available to inhibit androgen secre-
tion or action. In Europe, the most widely used drug is
cyproterone acetate (usually 50 mg twice daily), a
progestational compound with antiandrogenic proper-
ties. If it is not available, medroxyprogesterone acetate,
5–10 mg/day, is an alternative, although less effective.
Nonsteroidal antiandrogens, such as flutamide and
nilutamide, are also used, but they increase gonadotro-
phin secretion, causing increased secretion of testos-
terone and oestradiol; the latter is a desirable effect in
this context. Spironolactone (100 mg twice daily), a
diuretic with antiandrogenic properties, has similar
effects. Long-acting gonadotrophin-releasing hormone

(GnRH) agonists, used as monthly injections, also in-
hibit gonadotrophin secretion. Finasteride (5 mg/day),
a 5- [ -reductase inhibitor, might also be considered.

Oestrogen

There is a wide range of oestrogens from which to
choose. Oral ethinyloestradiol (50–100 µg/day) is a
potent and inexpensive oestrogen, but it may cause
venous thrombosis, particularly in subjects over
40 years (van Kesteren et al. 1997; Moore et al. 2003;
Toorians et al. 2003) and should no longer be used. Oral
17 q -oestradiol valerate 2–4 mg per day or transdermal
17 q -oestradiol, 100 µg twice a week, is the treatment of
choice (Toorians et al. 2003).

Consequences

There are a variety of consequences of hormonal
therapy in male-to-female transsexuals:

■ Sexual hair – adult male beard growth is very resis-
tant to inhibition by combined hormonal interven-
tion, and in Caucasian subjects additional
measures to eliminate facial hair are necessary.
Sexual hair growth on other parts of the body
respond more favourably (Giltay and Gooren
2000).

■ Breast development – breast formation starts
almost immediately after initiation of oestrogen
administration and goes through periods of
growth and standstill. Androgens have an inhibi-
tory effect on breast formation and, therefore,
oestrogens will be most effective in a milieu devoid
of androgen action. After 2 years of oestrogen
administration, no further development can be
expected. It is quantitatively satisfactory in
40–50% of the subjects. The attained size is often
disproportional to the male dimension of the chest
and height of the subject, so the subject may desire
surgical breast augmentation. Older age also
impedes full breast formation.

■ Skin – androgen deprivation leads to a decreased
activity of the sebaceous glands, which may result
in a dry skin or brittle nails (Giltay and Gooren
2000).

■ Body composition – following androgen depriva-
tion there is an increase in subcutaneous fat and a
decrease in lean body mass. Body weight usually
increases.

■ Testes – lacking gonadotrophic stimulation, the
testes become atrophic and may enter the inguinal
canal, which may cause discomfort.

■ Prostate – atrophy of the prostate may produce
transient dribbling following micturition. This is
usually temporary.
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■ Voice – antiandrogens and oestrogens have no
effect on the properties of the voice, so male-to-
female transsexuals may wish to consult a special-
ized phoniatric centre for speech therapy. Maleness
of the voice is not so much determined by the pitch
of the voice as by chest resonance and volume.
Speech therapy may lead to more feminine speech
(de Bruin et al. 2000). Laryngeal surgery may
change the pitch of the voice but reduces its range.

Long-term Therapy

After reassignment surgery, including orchiectomy,
hormone therapy must be continued. Some subjects
still experience growth of sexual hair in a male pattern,
and antiandrogens appear to be effective in reducing it,
although the dose may be reduced. Continuous
oestrogen therapy is required to avoid symptoms of
hormone deprivation and, most importantly, to
prevent osteoporosis (van Kesteren et al. 1998). We
have found that oestrogens alone are capable of main-
taining bone mass in male-to-female transsexuals.
There was an inverse relationship between serum
luteinizing hormone (LH) concentrations and bone
mineral density, so serum LH may serve as an indicator
of the adequacy of sex steroid administration.

II.4.8.2.2

Female-to-Male

The goal of treatment in female-to-male transsexuals is
to induce virilization, including a male pattern of
sexual hair and male physical contours, and to stop
menses. The principal hormonal treatment is a testos-
terone preparation. The most commonly used prepara-
tions are testosterone esters in doses of 200–250 mg
intramuscularly every 2 weeks. Recently, transdermal
testosterone gels have become available. Occasionally
menstrual bleeding does not cease with this regimen,
and addition of a progestational agent is necessary. If a
transdermal testosterone preparation is used, addition
of a progestational agent is nearly always necessary.

Consequences

There are a variety of consequences of hormonal
therapy in female-to-male transsexuals:

■ Hair – the development of sexual hair follows
essentially the pattern observed in pubertal boys:
first the upper lip, then chin, then cheeks, etc.
(Giltay and Gooren 2000). The degree of hirsutism
can usually be predicted from the degree and
pattern in male members of the same family. The
same applies to the occurrence of alopecia andro-
genica.

■ Voice – deepening of the voice occurs after
6–10 weeks of androgen administration and is
irreversible. Androgen administration leads to a
reduction of subcutaneous fat but increases
abdominal fat. The increase in lean body mass is
on average 4 kg, and the increase in body weight is
usually greater.

■ Acne – acne occurs in approximately 40%, usually
very pronounced on the back, similar to that
observed in hypogonadal men starting androgen
treatment past the age of normal puberty (Giltay
and Gooren 2000).

■ Clitoral enlargement – clitoral enlargement occurs
in all, but the degree varies. In approximately
5–8%, the size becomes sufficient for vaginal
intercourse.

■ Libido – most subjects will note an increase.
■ Other – ovaries show polycystic changes, and

androgen administration may decrease glandular
activity of the breasts but does not reduce their
size.

After bilateral oophorectomy, androgen therapy must
be continued to maintain virilization and prevent oste-
oporosis (van Kesteren et al. 1998). Suppression of the
serum LH concentration to within the normal range
can be used to indicate the adequacy of androgen ad-
ministration.

II.4.8.3
Side-Effects of Hormonal Sex Reassignment

In a review of 816 male-to-female transsexuals and 293
female-to-male transsexuals (total exposure 10,152 pa-
tient years), mortality was no higher than in a compari-
son group (van Kesteren et al. 1997). However, cross-
sex hormone administration may be associated with
side-effects (Futterweit 1998):

■ Venous thromboembolism – the incidence of these
side-effects was 2–6% in male-to-female transsex-
uals treated with oral ethinyloestradiol. In vitro
studies show that this thrombogenic effect is
typical of oral ethinyloestradiol but not of oral
17 q -oestradiol (Toorians et al. 2003). Because
immobilization is also a risk factor for venous
thromboembolic events, oestrogen administration
should be discontinued 3–4 weeks before elective
surgical interventions. Once subjects are fully
mobilized again, oestrogen therapy may be
resumed.

■ Atherosclerosis – although the considerable sex
difference in the prevalence of cardiovascular
disease between men and women would lead one
to expect an effect of hormonal treatment, the
actual risk remains to be established. The effects of
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oestrogen administration to male-to-female and of
androgens to female-to-male transsexuals on bio-
chemical risk markers have been studied. It ap-
peared that oestrogen administration had more neg-
ative effects on these risk markers than androgens
(Elbers et al. 2003).

■ Lactotroph adenoma – four cases of lactotroph
adenoma (prolactinoma) following high-dose
oestrogen administration have been reported in
subjects who had normal serum prolactin concen-
trations before therapy (van Kesteren et al. 1997).
Though causality has not been established, we
recommend that serum prolactin levels continue to
be monitored in oestrogen-treated male-to-female
transsexuals, also in the long-term.

■ Breast cancer – there are two reports of male-to-
female transsexuals who were found to have breast
carcinomas while they were receiving oestrogen
treatment (van Kesteren et al. 1997). In recent
years no cases have been observed, but self exami-
nation of the breast must be part of the monitoring
of oestrogen administration, following the same
guidelines that exist for other women.

■ Prostate cancer – three cases of prostate cancer in
male-to-female transsexuals taking oestrogen have
been reported (Van Haarst et al. 1998). It is not
clear whether these cancers were oestrogen-sensi-
tive or whether they were present before oestrogen
administration started and progressed to become
hormone-independent.

■ Ovarian cancer – we recently observed two cases of
ovarian carcinoma in a long-term, testosterone-
treated, female-to-male transsexual. Ovaries of
female-to-male transsexuals taking androgens
show similarities with polycystic ovaries, which are
also more likely to develop malignancies. There-
fore, it seems reasonable to remove the ovaries of
androgen-treated female-to-male transsexuals after
a successful transition to the male role.

■ Contraindications – because of the potential side-
effects described above, hormonal treatment is
contraindicated in certain situations. Contraindica-
tions to oestrogen use are a strong family history
of breast cancer or a lactotroph adenoma, and to
androgen-use lipid disorders with cardiovascular
complications. Contraindications against the use of
high doses of either sex steroid are cardiovascular
disease, cerebrovascular disease, thromboembolic
disease, marked obesity, poorly controlled diabetes
mellitus, and active liver disease (Futterweit 1998;
Levy et al. 2003; Moore et al. 2003).

II.4.8.4
Juvenile Gender Dysphoria

Adult transsexuals often recall that their gender dys-
phoria started early in life, well before puberty. Chil-
dren with gender identity problems increasingly come
to the attention of the psychomedical care system. A
reliable estimation indicates that only about 20% will
become transsexuals in adolescence (Cohen-Kettenis
and van Goozen 1998). Homosexuality will be more
often the outcome.

If, in expert opinion, a child’s cross-sex gender iden-
tity will not change during long-term follow-up the in-
dividual may be spared the torment of (full) pubescent
development of the “wrong” secondary sex characteris-
tics (Cohen-Kettenis and van Goozen 1998). Depot
forms of luteinizing hormone releasing hormone
(LHRH) antagonists/agonists, following the regimen in
children with precocious puberty, can be used when
clear signs of sexual maturation are evident in order to
delay pubertal development until an age that a bal-
anced and responsible decision can be made to transi-
tion to the other sex (Gooren and Dellemarre van de
Waal 1996).
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II.4.9 Treatment of Sexual Dysfunction
L.J.G. Gooren

The introduction of the phosphodiesterase type 5
inhibitors (PDE inhibitors) has been a major step
forward in the treatment of erectile dysfunction
(ED). Though efficacious and safe, 50% of men
discontinue treatment, largely because other sexo-
logical issues have not been properly addressed. To
predict onset and duration of action, insight into
the pharmacokinetics of the PDE inhibitors is re-
quired.

■ In men whose testosterone levels are low,
testosterone substitution may booster the effi-
cacy of PDE inhibitors.

■ Before receiving PDE inhibitor the cardiovas-
cular status of a patient must be assessed.

The main action of testosterone is on the central
nervous system. It improves libido and mood.
Levels in the low-normal range suffice.

Hyperprolactinaemia impairs sexual interest
and leads to secondary ED. Dopamine agonists are
the treatment of choice.

Men with paraphilias may be treated with drugs
that lower androgen action if the desire to act out
their paraphilia is high.

Summary

II.4.9.1
Erectile Dysfunction

The availability of a highly efficacious and relatively
safe compound such as the phosphodiesterase type 5
inhibitor sildenafil has had a profound impact on diag-
nosis and treatment of erectile dysfunction (ED). Once
the domain of the urologist attempting to define the
precise aetiology, ED is now largely treated by first-line
physicians, without much of a diagnostic work-up. De-
spite the simplicity and safety of the present therapy of
ED, approximately 50% of patients discontinue treat-
ment. The reasons for discontinuations lie mostly in an
incomplete evaluation of the sexual problem. Hypo-
gonadism, ejaculatory dysfunction, lower urinary tract
symptoms, depression, and last but not least partner is-
sues may all be components of the sexual dysfunction
of the patient, and apparently restoration of erectile

function does not necessarily imply restoration of a
happy sex life (Montorsi and Althof 2004). Neverthe-
less, the introduction of the phosphodiesterase type 5
inhibitors has substantially improved the therapeutic
options for ED.

II.4.9.1.1

Phosphodiesterase Type 5 Inhibitors

The identification of pathways in the physiology of
erection and the discovery of the importance of nitric
oxide (NO) and its downstream effects lie at the basis of
the development of the phosphodiesterase type 5 in-
hibitors (PDE inhibitors). Subsequent to sexual stimu-
lation, NO arising from the nerve endings of non-ad-
renergic non-cholinergic innervation of the corpus ca-
vernosum activates guanylyl cyclase, an enzyme that
catalyses the conversion of GTP to cGMP. At the cellular
level cGMP is broken down to 5-GMP by phosphodies-
terase type 5. Via a molecular cascade cGMP lowers in-
tracellular calcium and vascular smooth muscle of the
corpus cavernosum relaxes, resulting in an increased
penile blood flow thus facilitating the initiation and
maintenance of an erection.

The pharmacological action of PDE inhibitors man-
ifests itself only when a person is sexually aroused,
which distinguishes this class of drugs from intracaver-
nosal injections. This is also important information for
the user (Seftel 2004).

The efficacy and relative safety of PDE inhibitors is
well documented now. They have a common mode of
action, the inhibition of PDE 5. Selectivity and tissue
localization of the PDE inhibitors determine the side-
effect profiles and safety.

There are presently three PDE inhibitors available
for prescription: sildenafil, vardenafil and tadalafil. All
are efficacious, but there are differences in pharmaco-
kinetic profile, interactions with food and drugs, and
possible side-effects. Taking nitrate medications is an
absolute contraindication to the use of PDE inhibitors
since PDE inhibitors increase the potential for exces-
sively low blood pressure. Low blood pressure, though
to a lesser degree, has also been observed with PDE in-
hibitors in men taking alpha adrenoreceptor antago-
nists, such as doxazosin, prazosin, terazosin, alfuzosin
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or tamsulosin, which are used as antihypertensive
agents or for symptomatic relief of lower urinary tract
symptoms (LUTS). The latter is relevant since sexual
dysfunction is not rare in men with LUTS, both signifi-
cantly increasing with age, and possibly sharing aetio-
logical factors (Rosen et al. 2003). Drugs such as eryth-
romycin, ketoconazole and itraconazole, and protease
inhibitors used in HIV treatment such as saquinavir,
indinavir and ritovir may slow liver metabolism of PDE
inhibitors and may increase plasma levels and the effect
of PDE inhibitors. Grapefruit juice may have a similar
effect on liver metabolism. Lower doses must be used in
patients with liver and/or kidney disease.

Sildenafil and vardenafil work best if no (fatty) food
has been taken within the previous 2 h, while tadalafil
can be used without regard to food.

Common adverse effects attributable to vasodilato-
ry effects include headache, flushing, stuffy nose, stom-
ach pain, back pain (tadalafil) and indigestion. Visual
problems (for example, blurred vision, increased sensi-
tivity to light, bluish haze, or temporary difficulty dis-
tinguishing between blue and green) may occur, more
often with sildenafil since the latter is less selective in
inhibiting phosphodiesterase 6 in the retina.

The prescribed tablet strength is swallowed
30–60 min before sexual activity. Tadalafil has a longer
duration of increased sensitivity for developing an
erection (up to 24–36 h) compared with sildenafil and
vardenafil (up to 4–12 h).

There is no convincing evidence that the three avail-
able PDE inhibitors differ significantly in their clinical
efficacy. For sildenafil (50 and 100 mg) and tadalafil
(10 and 20 mg) there is a dose–response relationship,
which is not so much the case for vardenafil (10 and
20 mg) (Carson et al. 2004). In general starting with the
lowest dose of PDE inhibitors is recommended.

The feature that distinguishes the three PDE inhibi-
tors is their pharmacokinetic profile, which impacts on
their clinical use, in terms of the initiation of optimal
pharmacological effect and duration of pharmacologi-
cal action [for review see Porst (2004)]. The time to
maximal plasma concentration (in minutes) is on aver-
age 60 (variation 30–120) for sildenafil, 120 (variation
30–720!) for tadalafil and 60 (variation 30–120) for
vardenafil. These are statistical data and individual pa-
tients may experience a faster onset of action. This in-
formation lets patients plan prospective sexual action.
Another significant pharmacokinetic variable is the
half-life of the drug, which provides an indication of
how long the drug can be expected to be pharmacologi-
cally active after ingestion. The half-life of sildenafil
100 mg is 3–4 h; for tadalafil, 20 mg 17 hours; and for
vardenafil, 3–6 h. This information lets the patient
make reasonable assumptions about how long they can
expect the ingested compound to be pharmacologically
active.

It is not rare for patients to wish to “experiment”
with the available PDE inhibitors to find the drug that
suits them best. Patients do have distinctly different
sexual habits with regard to timing of sexual activity.
Another consideration is the “readiness” of the patients
when sexual activity is initiated by the partner.

The above information on dose–response effects
(sildenafil and tadalafil), the interaction with (particu-
larly fat-rich) food in slowing absorption, and the
pharmacokinetic profiles may provide guidance. Pa-
tients who, in a series of at least four attempts to have
intercourse, do not respond to the maximum dose of
one of the PDE inhibitors are unlikely to respond to the
others.

Naturally, patients starting treatment with a PDE in-
hibitor will experience some anxiety about whether the
new drug will indeed induce an erection. Anxiety may
reduce sexual arousal, which is a necessary condition
for the desired pharmacological action of PDE inhibi-
tors. Therefore, in case the patient recognizes this as a
potential problem, testing the efficacy of the drug first
with masturbation may be recommended.

At least 50% of patients suffering from ED have en-
dothelial dysfunction, and there are early indications
that chronic treatment with PDE inhibitors might im-
prove their vascular function (Jackson 2003; Reffel-
mann and Kloner 2003). At the same time chronic use
would obviate the need to take a PDE inhibitor before
engaging in sexual activity.

II.4.9.1.2

PDE Inhibitors and the Cardiovascular System

When the first PDE inhibitor sildenafil was introduced
there was great concern about the cardiovascular safety
of this class of drugs. In many a patient the aetiology of
ED is (also) based on vascular disease. The availability
of the drug prompted patients to resume sexual activity
after prolonged periods of inactivity. The pharmaco-
logical action of PDE inhibitors is vasodilatory. Fears
arose that these elements would lead to myocardial is-
chaemia or infarction when intercourse was attempted.
Fortunately, these concerns have remained unsubstan-
tiated. Placebo-controlled studies fail to show a higher
cardiovascular morbidity/mortality in patients using
PDE inhibitors (Hutter 2004; Kloner 2004). Naturally,
before starting PDE inhibitors, the cardiovascular risks
of the patient must be assessed. Factors such as hyper-
tension, biochemical risk markers, angina pectoris, ar-
rhythmias, cardiomyopathy, congestive heart failure
and a history of myocardial infarction and the time
elapsed since and whether these conditions are ade-
quately treated must be weighed. The Princeton Con-
sensus Panel has drafted an algorithm for stratification
of cardiac patients as being at low, intermediate or high
risk of using PDE inhibitors for ED (DeBusk et al. 2000;
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Seftel 2004; Seftel et al. 2004). Patients with intermedi-
ate and high risks may benefit from a cardiological
evaluation to optimize their cardiac condition. A rule
of thumb indicator is whether a patient can walk 1 km
in 10 min without cardiac symptoms, an equivalent of
the physical exertion of sexual intercourse.

Patients should be instructed to report use of a PDE
inhibitor in the foregoing 24 h (sildenafil / vardenafil)
or 48 h (tadalafil) when a cardiovascular emergency oc-
curs that might need treatment with nitrates.

II.4.9.1.3

Centrally Acting Oral Agents

Increasing understanding of the physiology of erec-
tions and particularly the role of the central nervous
system has led to the development of apomorphine hy-
drochloride. This compound targets structures in the
central nervous system associated with erectile func-
tion. Apomorphine is a non-specific dopaminergic re-
ceptor agonist that acts at the paraventricular nucleus
of the hypothalamus (Altwein and Keuler 2001; Marti-
nez et al. 2003). Apomorphine is available in a sublin-
gual formulation at doses of 2 and 3 mg. Apomorphine
is a fast acting agent (maximum plasma concentrations
at 15–20 min) that has been shown in various clinical
trials to be more effective at achieving erections firm
enough for intercourse compared to placebo. But its ef-
ficacy is less than that of the PDE inhibitors (Heaton
and Altwein 2001). Side-effects have been reported in
clinical trials. At 6 mg dosages of apomorphine nausea
has been reported in up to 34% of patients (Bukofzer
and Livesey 2001). At the approved dosage of 2 and
3 mg the incidence of nausea decreases to only 7%.
Other significant known side-effects include headache,
dizziness and yawning.

II.4.9.1.4

Intracavernosal Agents

Nowadays before patients resort to intracavernosal
therapy, they have usually tried oral therapy unsuccess-
fully. For intracavernosal injections a patient or his
partner must possess adequate manual dexterity to car-
ry out the penile injections. Patients must receive infor-
mation on the potential adverse effects of the injec-
tions. Side-effects include penile scarring, pain, ecchy-
mosis and prolonged erection. The incidence of these
side-effects depends on the agent injected. The most
common agents used in practice include prostaglandin
E1, papaverine and phentolamine, and the [ -blocker
moxisylyte.

Phentolamine, which is an alpha adrenergic antago-
nist, has a very poor erectile response in humans when
used on its own. It is therefore usually combined with
either papaverine alone (Bimix) or with papaverine

and prostaglandin E1 (Trimix). Papaverine is a non-
specific phosphodiesterase inhibitor that causes an in-
crease in both intracellular cAMP and cGMP. Increases
in these molecules cause a relaxation in penile smooth
muscle and eventual erection.

Prostaglandin E1 modulates adenyl cyclase to in-
crease cAMP concentrations. This in turn leads to a de-
crease in intracellular free calcium and smooth muscle
relaxation in the penis (Porst 1996). Although prosta-
glandin E1 leads to significantly fewer occurrences of
penile fibrosis and priapism, some studies quote a 13%
incidence of penile pain with injection of this medica-
tion. In an effort to reduce the adverse effects of these
medications used alone, combination therapy with a
mixture of phentolamine, papaverine and prostaglan-
din E1 (Trimix) at lower doses often will provide a high-
er efficacy, lower incidence of pain and lower cost per
dose (Bennett et al. 1991).

II.4.9.1.5

Intraurethral Agents

Prostaglandin E1 (PGE1) (trade name MUSE) is the
most common agent used for this purpose, and by de-
livering the active compound into the urethra there is
transportation of the compound into the corpus spon-
giosum and later into the corpora cavernosum where
smooth muscle relaxation occurs.

Efficacy rates are variable: from a 13.6% response to
a 64% response (when a constriction band is used)
(Hellstrom et al. 1996). The most common side-effect
of intraurethral agents is local penile pain which occurs
in more than one-third of patients. Urinary tract infec-
tion, dizziness, penile pain and urethral bleeding are
other known side-effects.

II.4.9.1.6

Non-pharmacologic Treatment

Non-pharmacologic options may be offered as second-
line treatment in lieu of intraurethral or intracaverno-
sal injection for patients who do not respond to or can-
not tolerate oral therapy. Vacuum erection devices in-
crease corporal blood flow, and a constrictor ring is
then used to retain this blood within the penis. Satisfac-
tion is variable (27–74%), and this technique can cause
discomfort and bruising of the penis (Hatzichristou
and Pescatori 2001).

Surgical options exist for patients with ED. Penile ar-
terial bypass surgery is appropriate in only a select
group of patients (men under 35 years of age who have
no generalized vascular disease and in whom an isolat-
ed injury has obstructed blood flow). Penile implants
are available for patients who have not responded to
more conservative treatment. This procedure is inva-
sive, irreversible and subject to complications such as
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infection, erosion and mechanical failure. There is,
however, a high rate of patient and partner satisfaction
(Hatzichristou and Pescatori 2001).

II.4.9.2
Retarded Ejaculation

Retarded ejaculation is not infrequent in the ageing
male. It may be related to a decrease in sexual arousabili-
ty, often associated with ageing. In general, measures to
improve erectile function will also benefit retarded ejac-
ulation. It is also often found in men with lower urinary
tract symptoms and there is some preliminary evidence
that an alpha adrenoreceptor blocker such as alfuzosin
might alleviate the complaint. It may be associated with
the use of psychotropic drugs such as serotonin reuptake
inhibitors and monoamine oxidase inhibitors.

II.4.9.3
Rapid Ejaculation

Rapid or premature ejaculation is difficult to treat
(Waldinger 2004). The complaint may be presented as
ED by patients who are unable to attain sufficient pe-
nile rigidity after rapid ejaculation. Several oral agents,
such as selective serotonin reuptake inhibitors, mono-
amine oxidase inhibitors and tricyclic antidepressants
(e.g. imipramine and clomipramine) or topical anaes-
thetic agents (e.g. lidocaine) have been recommended
(Montague et al. 2004). Of late sildenafil has also been
helpful. Sexual counselling may help the patient to have
better control of the ejaculatory response.

II.4.9.4
Testosterone Treatment

The evidence for testosterone-induced masculinization
of certain aspects of sexual behaviour in men is persua-
sive. Although clinicians have long been impressed
with the influence of androgen replacement on sexual
functioning of androgen-deficient men, scientific proof
that androgen plays a role in human sexuality is a prod-
uct of the 1970s and 1980s (Bancroft 2002).

Most of the information has been collected from an-
drogen withdrawal/replacement studies of hypogonad-
al men. It is now clear that androgens are fundamental
to normal sexual behaviour in men, although they do
not have a simple on/off effect on sexual functions, and
are not the only factor involved in male sexual behav-
iour (Gooren and Kruijver 2002).When androgen pro-
duction is deficient from the foetal/prepubertal stage,
as in hypogonadotrophic hypogonadism and Klinefel-
ter syndrome, the response to androgen replacement
during puberty or later may be manifestly impaired,
expressing itself as relative sexual inertia. The reason
probably is that emotional, cognitive and social learn-

ing are also elements of the manifestations of testoster-
one on adolescent and adult sexuality (Gooren and
Kruijver 2002).

The distinction between sexual interest and erectile
function and its subdivision has helped considerably in
clarifying the role of androgens in male function (Ban-
croft and Wu 1983; Bancroft 2002).

Spontaneous erections, particularly those that occur
during sleep (nocturnal penile tumescence, NPT),
and probably fantasy-induced erections are androgen-
dependent, whereas erections in response to erotic (e.g.
visual or tactile) stimuli are relatively androgen-inde-
pendent (Bancroft and Wu 1983). These early studies
addressed, however, maximum increase in penile cir-
cumference as the only parameter, but more recent
work suggests that androgens affect penile responses to
erotic stimuli with regard to duration of response, de-
gree of rigidity and speed of detumescence (Carani et
al. 1996). In men the principal target of androgens ap-
pears to be sexual interest or appetite (Bancroft and Wu
1983; Bancroft 2002). Androgens may enhance the per-
sistence of attention to eroticism, which, in turn, may
affect sexual behaviour. It has been argued that andro-
gen influences pleasurable awareness during sexual ac-
tivity, possibly by enhancing sensory (genital) func-
tion.

It is not known how the effects of androgens on the
central nervous system are mediated. Preliminary evi-
dence suggests that there may be a noradrenergic me-
diation of sexual arousal, involving both central arousal
and peripheral inhibition of erectile responses (Ban-
croft 1995).

Although it has been convincingly established that
the main effect of androgens on male sexual function-
ing is on the central nervous system, additional evi-
dence now suggests that they also affect nitric oxide
synthase in the corpus cavernosum [nitric oxide in-
duces smooth muscle relaxation of the penile vascula-
ture, essential for penile erection (Morelli et al. 2004)]
and that androgen administration may be helpful in
men who respond poorly to treatment of ED with phos-
phodiesterase inhibitors (Foresta et al. 2004). So there
seems to be a point in treating men with low or low–
normal plasma testosterone, who do not respond well
to phosphodiesterase inhibitors, with testosterone.

In most studies, 60–70% of the reference values of
testosterone were sufficient to maintain sexual func-
tions in adult men (Gooren 1987; Buena et al. 1993).
One study suggested that thresholds for NPT are even
lower than those for normal sexual functioning (Carani
et al. 1996). From this it follows that in men with sexual
dysfunction and normal androgen levels, additional
testosterone is likely to be of no help, although a short-
lived beneficial effect from additional testosterone in
eugonadal men who complained of lack of sexual inter-
est has been found (Anderson et al. 1992) and con-
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firmed in men receiving testosterone in a male contra-
ceptive study (Alexander et al. 1997), but the follow-up
was limited to 6 weeks. There is no evidence that long-
term high testosterone levels enhance male sexual
function. In general it has been difficult to establish a
relationship in men between circulating testosterone
levels (above a certain therapeutic threshold) and levels
of sexual responses (Gooren 1987; Buena et al. 1993).

Information on the timing of onset of behavioural
effects after withdrawal of androgens is limited. With
both naturally occurring and pharmacologically in-
duced hypotestosteronaemia, behavioural effects and a
reduction in seminal emission become clear after
2 weeks and reach a maximum after 4 weeks or later. A
sexually active partner may be a factor in prolongation
of sexual activity (Bancroft 2002). In the majority of
men the ejaculatory capacity is profoundly decreased
after androgen withdrawal, affecting sexual behaviour
in its own right (Bancroft 2002).

Restoration of testosterone effects is probably some-
what quicker, approximately over 1–2 weeks, and there
may be a relationship with the duration of foregoing
androgen deficiency (Bancroft 2002).

Testosterone is currently available in oral, intramus-
cular, subcutaneous and transdermal preparations. Re-
cent advances in testosterone replacement therapy in-
clude testosterone gels, which provide flexibility in dos-
ing and minimal skin irritation resulting in good com-
pliance, and the development of longer acting intra-
muscular preparations (testosterone undecanoate),
which result in more stable testosterone levels with lon-
ger injection intervals up to 12 weeks (Gooren and
Bunck 2004).

In summary, it is certain that androgens are power-
ful modulators of the biochemistry of peripheral struc-
tures related to sexual functioning and the brain, thus
modulating behaviour. Their effects are strongly inter-
twined with idiosyncratic aspects of the person con-
cerned: they enhance sexual motivation in men, be it a
heterosexual, homosexual or paraphilic man. The
blood level of testosterone critical for normal male sex-
ual function varies between individuals. In most males,
60–70% of the reference values was sufficient (Gooren
1987; Buena et al. 1993). In men with sexual dysfunc-
tion and normal androgen levels, additional testoster-
one is likely to be of no help, although a short-lived
beneficial effect from additional testosterone in eugo-
nadal men who complained of lack of sexual interest
has been found.

II.4.9.5
Pubertal Development

Pubertal development is associated with a gradual
though variable increase in sexual interest and activity,
but it has been difficult to relate levels of androgens to

the development of adolescent sexuality, probably be-
cause there is a fair but individually different amount of
socially influenced learning which impacts on this hor-
mone–behaviour relation. Physical pubertal develop-
ment may be a better predictor of sexual interest and
behaviour than free testosterone (Finkelstein et al.
1998; Halpern et al. 1998) but one study was able to
demonstrate a more direct relationship between sali-
vary/plasma testosterone and sexual activity (Udry et
al. 1985).

II.4.9.6
Sexual Function and Ageing

Sexual functions decline with ageing. Ageing as such is
the best predictor of ED, with diabetes mellitus and ath-
erosclerotic cardiovascular diseases further increasing
the risk (Johannes et al. 2000).

Ageing is also associated with a variable decline in
bioavailable testosterone levels, but levels remain well
above minimum testosterone levels for normal sexual
functioning established in younger men. The hypothe-
sis has been advanced that ageing men are less sensitive
to the actions of testosterone (Schiavi and Rehman
1995), but as indicated above testosterone is not the
first-line treatment in elderly men with ED, but it may
be adjuvant treatment when phosphodiesterase inhibi-
tors are not helpful and plasma testosterone is low.

II.4.9.7
Hyperprolactinaemia

The role of prolactin in males is not well understood.
No convincing evidence has emerged that a lower than
normal prolactin level impairs sexual functioning in
humans (Carani et al. 1996). In women the initial
symptom of hyperprolactinaemia is mostly a distur-
bance in reproductive physiology (amenorrhoea, infer-
tility), leading to a relatively early discovery of the con-
dition. Interference with female sexual functioning has
been reported but is less clear-cut than in men. It may
be manifested as a depressive disorder affecting orgas-
mic capacity, which improves upon treatment with do-
pamine agonists.

In men, sexual dysfunction, but more often symp-
toms of a pituitary tumour may lead to the discovery of
hyperprolactinaemia. This condition accounts for less
than 2% of cases of sexual dysfunction in men (Carani
et al. 1996). About 80–90% of men with chronic hyper-
prolactinaemia have complaints such as loss of libido,
erectile weakness (De Rosa et al. 2004) and, frequently,
difficulty ejaculating (Meston and Frohlich 2000). The
mechanism by which hyperprolactinaemia impairs
sexual function is not completely understood. In cases
of associated testosterone deficiency, testosterone sub-
stitution did not reverse the symptoms (Carani et al.
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1996). Dopaminergic drugs restored sexual function
even before testosterone levels had risen to normal
(De Rosa et al. 2004).

Most experts now believe that hyperprolactinaemia
impairs sexual function through a CNS mechanism by
interference with neurotransmitter activity, in particu-
lar dopamine and endogenous opioids (Meston and
Frohlich 2000). In some men with sexual complaints,
serum prolactin levels may be found to be elevated in
the presence of normal gonadotrophin and testoster-
one levels. They may have macroprolactinaemia, and
their sexual problems cannot be ascribed to their spuri-
ous hyperprolactinaemia (Schlechte 2002).

Administration of antipsychotic drugs is not rarely
associated with marked hyperprolactinaemia. And it is
increasingly clear that this drug-induced hyperprolac-
tinaemia may produce galactorrhoea, gynaecomastia,
sexual dysfunction and mood disturbances (Halbreich
et al. 2003). The condition is often not diagnosed since
the psychological effects are viewed as part of the dis-
ease requiring antipsychotic medication. In cases of
clinically relevant hyperprolactinaemia, the dose of the
antipsychotic drug may be lowered or an alternative
drug must be chosen.

II.4.9.8
Paraphilias and their Pharmacologic Treatment

Persons with a paraphilia are compulsively responsive
to and dependent on an unusual and often personally
or socially unacceptable sexual stimulus for sexual
arousal and orgasm. No known correlation between
paraphilic behaviour and an endocrine condition, past
or present, has been detected (Gijs and Gooren 1996).
Paraphilias occur predominantly in men but also may
occur in women. There is no convincing evidence that
circulating testosterone levels are higher in (violent)
sex offenders than controls (Gijs 1996). The socially in-
tolerable paraphilias (such as rape, exhibitionism and
paedophilia) may bring persons into conflict with the
law, and (forensic) medicine may play a part in phar-
macological interventions aimed at helping paraphili-
acs. When dealing with this category it is mandatory to
observe professional neutrality. As in normal persons,
testosterone lowers the threshold of occurrence of ero-
tosexual imagery and sexual activity in paraphiliacs.
However, it has no effect on the contents of the imagery
(Gijs and Gooren 1996). Anti-androgens may be of ben-
efit, particularly for those paraphilias characterized by
intense and frequent sexual desire and arousal. To be
effective, hormonal treatment must be accompanied by
sexologic counselling. The most widely used drug in
the United States is medroxyprogesterone acetate, and
in Canada and Europe cyproterone acetate. Luteinizing
hormone-releasing hormone (LHRH) agonists have al-
so been successfully used (Reilly et al. 2000). Both are

available in injectable form, thus facilitating greater
compliance with the treatment programme. Long-term
androgen deprivation may lead to osteopenia (Grass-
wick and Bradford 2003). Some forms of paraphilia are
not so much characterized by sexual desire but are ob-
sessive-compulsive or impulse control disorders or are
acted out in depressive mood states, and do not re-
spond well to anti-androgenic intervention. These can
be successfully treated with psychotropic drugs such as
modern antidepressants in view of the role of the dopa-
minergic system in motivational processes.
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II.4.10 Therapeutic Options for Benign Prostate
Hyperplasia (BPH) and Prostatic Cancer
S.K.W. Leung, S.A. McNeill

The management of symptomatic benign prostate
hyperplasia (BPH) includes:

■ Watchful waiting – suitable management of
patients with mild symptoms of BPH (Interna-
tional Prostate Symptom Score, IPSS e 7) or
patients with moderate or severe symptoms
(IPSS & 8) but with minimal bother.

■ Medical therapy – suitable management of
patients with moderate or severe symptoms
with bother.

■ Alpha-blockers – alfuzosin, tamsulosin, tera-
zosin and doxazosin are similarly effective and
have quicker onset of action.

■ 5 [ -Reductase inhibitors – finasteride and
dutasteride are suitable for patients with lower
urinary tract symptoms (LUTS) associated
with demonstrable prostatic enlargement
but the onset of action is slower.

■ Combination therapy – combination of alpha-
blocker and a 5 [ -reductase inhibitor suitable
in patients with LUTS associated with demon-
strable prostatic enlargement.

■ Minimally invasive therapy – thermal, radio-
frequency or laser are the energy sources used.
The efficacies of these modalities are not
conclusively proven yet.

■ Surgical therapy – suitable for patients who
have bothersome symptoms and for those who
have developed complications of BPH. This
may be open or endoscopic surgery.

The management of locally advanced prostate can-
cer includes:

■ Active monitoring – suitable for patients with
low volume and well differentiated prostate
cancer with less than 10 years of life expec-
tancy.

■ Radical prostatectomy – suitable for patients
with localized prostate cancer with more than
10 years of life expectancy.

■ Radical radiotherapy – suitable for patients
with localized prostate cancer and the results
are comparable to those for radical prostatec-
tomy.

■ Brachytherapy – suitable for patients with
localized low-grade small volume prostate
cancer.

Summary

The management of locally advanced prostate can-
cer and metastatic disease includes:

■ Surgical castration – the procedure is well
tolerated and is effective at lowering testos-
terone.

■ Oestrogen – decrease dosing decreases the risk
of cardiovascular toxicity but testosterone
levels do not fall to castration levels.

■ Luteinizing hormone releasing hormone
agonist (LHRHa) – as effective as surgical
castration in lowering testosterone levels but
can cause an initial flare in tumour growth and
therefore initiation of therapy should be
covered with 4 weeks of anti-androgen therapy.

■ Non-steroidal anti-androgens – bicalutamide
is currently being evaluated for monotherapy
use in the management of advanced prostate
cancer.

■ Steroidal anti-androgens – cyproterone acetate
causes a decrease in serum androgens and
therefore may reduce libido and sexual
potency.

■ Maximal androgen blockade – patients with
severe symptoms due to local cancer spread or
metastatic disease or very high prostate
specific antigen (PSA) and alkaline phospha-
tase may achieve quicker symptom control.

The management of hormone relapsed prostate
cancer includes:

■ Anti-androgen withdrawal – withdrawal of
anti-androgen may improve clinical symp-
toms.

■ Second-line hormonal therapy – agents such
as oestrogens and steroids may provide a
useful symptomatic response.

■ Cytotoxic chemotherapy – there are a number
of agents evaluated with initial promising
results.

■ Palliative management – bone pain can be alle-
viated with local radiotherapy or intravenous
strontium. Zoledronic acid, a bisphosphonate,
reduces bone pain and delays the onset of skel-
etal complications. Spinal cord compression is
an emergency and is treated with high-dose
steroids, local radiotherapy, surgical decom-
pression or percutaneous vertebroplasty.
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II.4.10.1
Diagnosis

II.4.10.1.1

Symptoms

■ Obstructed symptoms – hesitancy, weak stream,
straining, feeling of incomplete emptying and over-
flow incontinence.

■ Irritative symptoms – urgency, frequency, nocturia
and urge incontinence.

■ International Prostate Symptom Score (IPSS) –
structured questionnaire for the assessment of
lower urinary tract symptoms (LUTS): mild (0–7),
moderate (8–19) and severe (20–35).

The challenge is to establish whether the symptoms are
due to benign prostate hyperplasia (BPH) as there are
many non-prostatic causes of LUTS. Initial evaluation

Table II.4.3. International Prostate Symptom Score (IPSS) questionnaire with quality of life question

Not at all Less than
1 time
in 5

Less than
half the
time

About
half the
time

More
than half
the time

Almost
always

Your
score

1. Incomplete emptying
Over the past month, how often have you had a
sensation of not emptying your bladder
completely after you finish urinating?

0 1 2 3 4 5

2. Frequency
Over the past month, how often have you had to
urinate again less than 2 h after you finish uri-
nating?

0 1 2 3 4 5

3. Intermittency
Over the past month, how often have you found
you stopped and started again several times
when you urinated?

0 1 2 3 4 5

4. Urgency
Over the past month, how often have you found
it difficult to postpone urination?

0 1 2 3 4 5

5. Weak stream
Over the past month, how often have you had a
weak urinary stream?

0 1 2 3 4 5

6. Straining
Over the past month, how often have you had to
push or strain to begin urination?

0 1 2 3 4 5
None 1 time 2 times 3 times 4 times 5 or more

times
7. Nocturia
Over the past month, how many times did you
most typically get up to urinate from the time
you went to bed at night until the time you got
up in the morning?

0 1 2 3 4 5

Total symptom score

Quality of life due to urinary symptoms Delight-
ed

Pleased Mostly
satisfied

Mixed –
equally
satisfied

Mostly
dissatis-
fied

Unhap-
py

Ter-
rible

If you were to spend the rest of your life with
your urinary condition just the way it is now,
how would you feel about it? (Circle number)

0 1 2 3 4 5 6

should start with a general medical history regarding
general health, medical conditions that lead to bladder
dysfunction or excessive urine production, and family
history of prostate disease (BPH and prostate cancer).
A specific urinary tract history should also be taken and
this would focus on BPH symptoms such as hesitancy,
frequency, nocturia, post-micturition dribbling, haema-
turia, urinary tract infection and urinary retention. The
patient’s medication needs to be reviewed for drugs that
may affect bladder function such as anticholinergics
(e.g. chlorpheniramine), which may impair bladder con-
tractility, and [ -sympathomimetics (e.g. pseudoephed-
rine), which may increase outflow resistance.

Several structured symptom questionnaires have
been developed, points being assigned for each answer
and the sum of which comprises the symptom score.
The IPSS (Barry et al. 1992) is the most widely used and
recommended questionnaire for the assessment of
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LUTS associated with BPH (Denis et al. 1998). It con-
sists of seven questions relating to the symptoms of
BPH and one further quality of life question (Ta-
ble II.4.3). By using this system, the symptoms can
be classified as mild (0–7), moderate (8–19) or severe
(20–35). However, the IPSS does not correlate well with
other indices of lower urinary tract dysfunction (e.g.
flow rates) but is a useful tool for obtaining baseline
symptom severity, assessing the response to treatment
and detecting the progression of symptoms in patients
managed by watchful waiting.

II.4.10.1.2

Physical Examination

■ Digital rectal examination (DRE) – simple and
cost-effective method for assessing the prostate
(size, consistency and surface texture are noted).

■ PSA – performed for patients in whom the diag-
nosis of prostate cancer would alter management.
A level of & 4 ng/ml is abnormal but there are age-
specific reference ranges.

■ Uroflowmetry – this is an electronic measurement
of urinary flow and the lower the maximum flow
rate, the higher the probability of bladder outlet
obstruction.

■ Pressure-flow studies – this invasive test differenti-
ates between patients with detrusor failure (e.g.
due to neuropathic disease) and bladder outlet
obstruction.

■ Urethrocystoscopy – invasive test to allow visuali-
zation of the lower urinary tract.

■ Transrectal ultrasound of prostate – allows assess-
ment of size and shape of prostate to plan invasive
treatment and is used to guide needle biopsies of
the prostate.

■ Upper tract imaging – useful to rule out upper
tract pathology if the patient has reported haema-
turia or urea and creatinine are deranged.

The abdomen should be carefully examined to assess
whether a full bladder is palpable and whether there is
evidence of phimosis, which may obstruct urinary flow.
DRE is a simple method for assessing prostate health.
The normal prostate is about the size of a walnut and
has the same rubbery consistency as the tip of the nose.
Symmetrical enlargement with a smooth and elastic
consistency and preservation of the midline sulcus is
consistent with BPH. However, prostate cancer may re-
sult in a nodular prostate that can be stony and asym-
metrical. A tender prostate suggests prostatitis. DRE
tends to underestimate the volume of the prostate espe-
cially in those greater than 30 ml (Roehrborn et al.
1997).

II.4.10.1.3

Investigations

Urinalysis should be performed by dipstick testing or
by microscopic examination to screen for haematuria
or urinary tract infection (UTI). Bladder cancer, carci-
noma in situ of the bladder, UTIs, urethral strictures
and bladder stones can produce LUTS in men. Al-
though pyuria or haematuria is not always present in
these conditions, a normal urinalysis makes these diag-
noses less likely (Messing et al. 1992).

The measurement of serum creatinine has been rec-
ommended in patients with LUTS. This is to rule out re-
nal insufficiency caused by obstructive uropathy (Denis
et al. 1998). It may also be necessary to check the creati-
nine values prior to imaging studies that require intrave-
nous contrast. Also it is well established that patients
with a degree of renal insufficiency have a higher risk of
post-operative complications (Mebust et al. 1989).

Prostate cancer can also occur in patients with BPH.
Measurement of PSA should be performed for patients
for whom the detection of prostate cancer would alter
management. This measurement should not be per-
formed soon after DRE as PSA may be falsely elevated
(Lechevallier et al. 1999). Some physicians consider a
PSA level of greater than 4 ng/ml abnormal whereas
others use age-specific reference ranges which reflect
the fact that prostate size and PSA increase with age.
Age 50–59, 3.5 ng/ml; age 60–69, 4.5 ng/ml; age 70–79,
6.5 ng/ml (Oesterling et al. 1993). However it is the rap-
id increase in PSA with time that is a particularly
alarming and reliable sign of cancer development. Un-
dertaking both PSA and DRE is a relatively sensitive
way to exclude prostate cancer as a diagnosis. Unfortu-
nately, PSA is not a specific test for prostate cancer as
approximately 25% of men with BPH have a serum PSA
greater than 4 ng/ml. Due to this overlap in serum PSA
in men with BPH and clinically localized prostate can-
cer, PSA velocity, free/total PSA ratio, complexed PSA
(cPSA), and PSA density measurements have been de-
veloped in attempts to improve diagnostic specificity
(Mikolajczyk et al. 2002). It is also known that patients
with higher serum PSA have a higher risk of future
growth of the prostate, worsening symptoms, decrease
in flow rate, acute urinary retention and BPH-related
surgery (Roehrborn et al. 1999, 2000, 2001).

II.4.10.1.4

Additional Diagnostic Tests

Patients with a normal initial evaluation and mild symp-
toms that are not bothersome do not usually require fur-
ther investigation or treatment. They may be offered ad-
vice on lifestyle and fluid intake and discharged. Those
with more bothersome symptoms should be assessed
further using the additional tests outlined here.
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II.4.10.1.5

Urinary Flow Rate

This is measured with a flowmeter and is an electronic
measurement of urinary flow throughout the course of
micturition. Modern flowmeters produce not only a flow
trace but also a printout of the important parameters
(Fig. II.4.31). Flow rate measurements on a voided vol-
ume of less than 150 ml may not provide a true indication
of the patient’s flow, as the maximum flow rate increases
with volume up to this point (Drach et al. 1979). The peak
flow (Qmax), measured in millilitres per second, identifies
patients with BPH more specifically than average flow
rate (Qave) (Gleason et al. 1982). Maximum urinary flow
rates have been shown to decrease gradually with age and
a Qmax of between 10 and 15 ml/s may be considered nor-
mal in men aged 70–80 years (Girman et al. 1993). Symp-
toms and symptom score analysis do not correlate
strongly with uroflowmetry measurements and, due to
test and re-test variability, there is not a flow rate “cut off
point” for decision making.

II.4.10.1.6

Post Void Residual

Post void residual (PVR) is defined as the amount of
urine left behind in the bladder after micturition. The

Fig. II.4.31. Uroflowmetry
tracing

Fig. II.4.32. ICS nomogram

PVR is usually measured with transabdominal ultra-
sound but can be measured invasively with catheteriza-
tion. Large variations in measurements of PVR in the
same patient have been documented (Bruskewitz et al.
1982). Most clinical studies have demonstrated that
PVR correlates poorly with other signs and symptoms
of BPH (Abrams and Griffiths 1979) although a PVR
>50 ml has been shown to be associated with a three-
fold increase in the risk of acute urinary retention
(Jacobsen et al. 1997).

II.4.10.1.7

Pressure-Flow Studies

The recording of detrusor pressure during bladder
filling and voiding requires either urethral or supra-
pubic catheterization. Pressure-flow studies or ur-
odynamic studies differentiate between the patients
who have detrusor failure and those who have blad-
der outlet obstruction (BOO). They should be con-
sidered in patients in whom the initial evaluation, ur-
oflowmetry and PVR cannot confirm BOO, particu-
larly when invasive therapy is being considered (De-
nis et al. 1998). Pressure-flow studies are also useful
in patients with neurological disease whose LUTS
may have detrusor failure or in patients who have not
responded to previous treatment. The key measure-
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ment is the pressure generated by the contracting blad-
der muscle at maximum flow corrected for rectal pres-
sure to remove artefact from intra-abdominal pressure.
These measurements are then plotted on the ICS no-
mogram (see Fig. II.4.32), which can then be used to
classify the patient as obstructed, unobstructed or
equivocal.

II.4.10.1.8

Urethrocystoscopy

Urethrocystoscopy is recommended for men who ei-
ther have bothersome symptoms and a history of hae-
maturia, bladder cancer, or previous urethral stricture
or prior to transurethral resection of the prostate
(TURP). It permits direct examination of the lower uri-
nary tract and, when performed under local anaesthe-
sia, can be useful in planning the best invasive (surgi-
cal) therapy. Urethral strictures, bladder stones, high
bladder neck, diverticulae and other bladder patholo-
gies may be identified and subsequent surgical inter-
ventions planned as required. The main side-effects of
this procedure are patient discomfort and, infrequent-
ly, urinary tract infection, bleeding and urinary reten-
tion.

II.4.10.1.9

Transrectal Ultrasound of the Prostate

Transrectal ultrasound examination of the prostate
may be used to assess the size and shape of the pros-
tate, which can be important in selecting patients for
minimally invasive therapies such as transurethral mi-
crowave heat treatments or identifying patients with
very large prostates who would be better served by
open prostatectomy. Anatomical considerations such
as intravesical lobes may impact on the choice of a
TURP or incision of prostate. However, the most com-
mon indication for transrectal ultrasound of the pros-
tate is as a means of guiding systematic prostate biop-
sies. These are performed if there are abnormalities on
DRE and/or the PSA is elevated. To minimize the risk
of sepsis the procedure is covered with oral antibiotics,
usually of the quinolone family, to be taken at least an
hour prior to biopsy and later that evening. Patients
may also experience haemospermia or haematuria for
some days or weeks after the biopsy (Desmond et al.
1993).

II.4.10.1.10

Upper Urinary Tract Imaging

Imaging of the upper urinary tract is recommended in
the patient with a history of urolithiasis, haematuria,
urinary tract infection and renal insufficiency but, be-
cause the diagnostic yield is low, it is not used routinely

in the assessment of BPH. If imaging is indicated, it has
been suggested that ultrasonography and a kidney-
ureter-bladder (KUB) plain radiographic film be per-
formed (Hendrikx et al. 1988).

II.4.10.2
Management of BPH

Open prostatectomy and TURP was the widely accept-
ed treatment for BPH before the advent of medical
treatments in the 1970s (Caine et al. 1976). Currently
TURP is still considered the “gold standard” for the
treatment of symptomatic BPH. However, there are
now many acceptable alternatives to surgical interven-
tion that are less costly per treatment and have less as-
sociated morbidity. As the aim of intervention in the
patient with bothersome symptoms from BPH is to im-
prove the quality of life, the lower morbidity of these
alternative therapies is a very important factor in
patient-driven decisions.

II.4.10.3
Watchful Waiting

Watchful waiting is a policy of careful monitoring for
the progression of symptoms and possible complica-
tions of BPH but there is no active intervention. Pa-
tients should be advised to void completely and to de-
crease their intake of alcohol- and caffeine-containing
beverages late in the day. They should also avoid over-
the-counter cold and allergy medication for the reasons
stated in the introduction. They are advised to report
any changes in symptoms promptly. Patients are usual-
ly re-examined annually and the initial evaluation re-
peated at that time.

II.4.10.4
Pharmacologic Therapy

There are two main classes of medication currently in
use for the treatment of symptomatic BPH: these are
alpha-adrenergic blockers and 5 [ -reductase inhibi-
tors. Phytotherapy describes the use of plant extracts
and is used widely in some parts of the world. The ex-
tract of the American dwarf palm Serenoa repens is the
most commonly used phytotherapy agent for BPH and
the n-hexane liposterolic extract of Serenoa repens,
Permixon (which is manufactured in France), is the
product that has been most rigorously investigated to
date. A meta-analysis of several open, blind, placebo-
controlled and comparative clinical trials of Permixon
showed statistically significant improvement in symp-
toms in men with LUTS compared with placebo and
equivalence with finasteride and the alpha-blocker
tamsulosin with a lower risk of androgen-dependent
unwanted side-effects (Boyle et al. 2004). However, we
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will focus our discussion on the commonly prescribed
medications for symptomatic BPH.

II.4.10.4.1

Alpha-Adrenergic Blockers

The rationale for alpha-adrenergic blocker use in the
treatment of BPH is based on the findings that bladder
outlet obstruction (BOO) from BPH is caused by the
bulk of the prostate adenoma, the static component,
and by the increased prostatic tone mediated by the al-
pha1-adrenoceptors ( [ 1AR) in prostatic smooth muscle
tissue and bladder neck, termed the dynamic compo-
nent (Caine 1986). By blocking the alpha-adrenergic re-
ceptors at the bladder neck and prostate these medica-
tions decrease the prostate tone and decrease the pres-
sure developed in the urethra, which results in dimin-
ished BOO (Shapiro et al. 1992).

Phenoxybenzamine is a non-selective alpha-adren-
ergic blocker which blocks both alpha1 and alpha2-ad-
renoceptors and was used in initial clinical studies. It
was demonstrated that symptoms and urinary flow rate
improved but this was associated with significant car-
diovascular side-effects in 30% of patients (Caine et al.
1978). Selective alpha1-adrenoceptor blockers such as
prazosin, terazosin, doxazosin and the current uro-
selective medications alfuzosin and tamsulosin have
minimal cardiovascular side-effects.

The American Urological Association has conduct-
ed a meta-analysis of alpha-blocker studies which dem-
onstrates that the therapeutic efficacy of all contempo-
rary alpha-blockers appears similar in terms of symp-
tom improvement, quality of life and urinary flow rate

Table II.4.4. Outcome param-
eters with alpha-blockers:
changes in symptom score
and peak urinary flow rate

AUA/IPSS Peak flow rate (Qmax)
Alpha-blockers 3–9

months
10–16
months

>16
months

3–9
months

10–16
months

>16
months

Alfuzosin –4.44 2.05
Doxazosin –5.10 –5.63 3.11 2.98 1.90a

Tamsulosin –4.63 –7.53a 1.85 1.86a

Terazosin –6.22 –5.99 2.51 1.94 2.61a

a These numbers are based
on single-arm analysis –
no RCT data available

Table II.4.5. Outcome parameters with 5 [ -reductase inhibitors (5ARIs): changes in symptom score, urinary flow rate, prostate vol-
ume and risk of AUR and BPH-related surgery (Marberger et al. 2004)

Study Patients Agent Change in
AUA-SI
score

Change in
peak flow
(ml/s)

Change in
prostate
volume (%)

Reduction in
risk of AUR
(%)

Reduction in risk
of BPH-related
surgical interven-
tion (%)

PLESS (McConnell
et al. 1998)

3040 Finasteride 3.3 +1.9 –18 57 55
Placebo 1.3 +0.2 +14

Dutasteride study
(Roehrborn et al. 2002)

4325 Dutasteride 4.5 +2.2 –25.7 57 48
Placebo 2.3 +0.6 +1.7

(Table II.4.4) (American Urological Association 2003).
Alfuzosin and tamsulosin are uroselective and there-
fore do not require titration of dose and, hence, they are
the most widely prescribed in the UK. The alpha-block-
ers have a quick onset of action with rapid symptom
improvement and are associated with a reduction in
rates of surgery in developed countries. The most com-
mon adverse events associated with alpha-blockers are
a 4.4% incidence of dizziness and postural hypotension
(McConnell et al. 2003). However, tamsulosin has
found to have a 5–10% incidence of retrograde or
delayed ejaculation (Schulman et al. 1999).

II.4.10.4.2

5�-Reductase Inhibition

The rationale for the use of 5 [ -reductase inhibition
(5ARI) is based on the observation that the embryonic
development of the prostate depends upon the andro-
gen dihydrotestosterone (DHT) (Peterson et al. 1977).
Testosterone is converted to the more potent DHT by
the enzyme 5 [ -reductase. DHT is a powerful ligand for
the androgen receptor in the epithelial cells of the pros-
tate and removal or suppression of DHT removes stim-
ulus for cell growth and replication. This has been
shown to decrease prostate volume, improve symptom
scoring and urinary flow rate and decrease the risk of
developing acute urinary retention and BPH-related
surgery for both the currently available 5ARIs (Ta-
ble II.4.5) (Roehrborn et al. 1999; Debruyne et al. 2004).
Two 5ARIs are available, finasteride and dutasteride,
and they differ in their inhibition of type 1 and type 2
isoenzymes of 5 [ -reductase. Finasteride is a mono-
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inhibitor of 5AR type 2 whereas dutasteride is a dual in-
hibitor of both isoenzyme types. The side-effects of the
5ARIs are decreased libido, ejaculatory disorder and
impotence affecting 3–5% of patients (Gormley et al.
1992). The results of the Prostate Cancer Prevention
Trial demonstrated that long-term use of finasteride is
associated with a 25% reduction in the prevalence of
prostate cancer but this is balanced by the finding of an
increase by a factor of 1.7 in the risk of high-grade tu-
mour among those in whom cancer develops (Thomp-
son et al. 2003a, 2003b).

II.4.10.4.3

Role of Combination Therapy with Alpha1-Blockers and

5�-Reductase Inhibitors

The publication of the 4-year Medical Therapy of Pros-
tatic Symptoms (MTOPS) study, which randomized
3047 men with BPH to treatment with finasteride, do-
xazosin, a combination of both, or placebo has provid-
ed insight into the relative long-term benefits of the two
different types of medical therapy alone or in combina-
tion. This study confirms that all active treatment arms
were associated with significant improvement in symp-
toms and overall progression. Of the monotherapies,
only treatment with 5 [ -reductase inhibitors demon-
strated significant reductions in the risk of acute uri-
nary retention and the progression to invasive therapy.
Doxazosin monotherapy resulted in an improvement
in symptoms that was significantly greater than with fi-
nasteride monotherapy, but inferior to combination
therapy. Doxazosin was noted to delay the time to pro-
gression of acute urinary retention and the need for in-
vasive therapy but did not significantly reduce the
long-term risk of either event. As combination therapy
and monotherapy with finasteride were associated
with significant reductions in prostate size, whilst there
was no observed change in the prostate size in the do-
xazosin arm, it would appear that 5 [ -reductase inhibi-
tors alter the natural history of BPH by reducing the
size of the prostate (McConnell et al. 2003).

II.4.10.4.4

Summary

BPH is a progressive disease in ageing men and those
who are most likely to progress to acute urinary reten-
tion or surgery have larger prostates. The aims of treat-
ment of BPH are to alleviate symptoms and prevent
progression of the disease. Alpha-blockers have a rela-
tively quick onset of action and should be considered in
patients who are symptomatic, whilst only the 5 [ -
reductase inhibitors have been shown to reduce the
progression of BPH. Consequently, 5 [ -reductase inhib-
itors should be used in combination with alpha-block-
ers in patients with larger prostate volumes of >30 ml.

The 5 [ -reductase inhibitors have a relatively slow onset
of action and the maximum effect is reached at about
6 months. Short-term combination therapy can be use-
ful for patients with enlarged prostates requiring rapid
symptom control whereas longer-term combination
therapy may benefit patients with severe symptoms
with enlarged prostates. The optimum duration of
combination therapy may be as short as 6 months.

II.4.10.5
Minimally Invasive Therapies

II.4.10.5.1

Thermal-Based Treatments

Thermal-based treatments use high temperatures to
produce coagulation necrosis of prostate tissue. Micro-
wave technology has been used to produce heat but
other methods, such as using radiofrequency waves,
hot water, high intensity ultrasound and interstitial la-
ser, have been used to similar effect. Thermotherapy
refers to a temperature above 45°C and causes tissue
necrosis, whereas treatment temperatures of less than
45°C are termed hyperthermia and do not. A multicen-
tre sham-controlled study of technologies using hyper-
thermia found neither the transurethral nor transrectal
treatment to be superior to sham treatments in subjec-
tive or objective criteria (Abbou et al. 1995).

Thermotherapy, or transurethral microwave thera-
py (TUMT), is delivered by the Prostatron. This uses a
combination of heat delivered transurethrally and a
water balloon to lower prostatic temperature, thereby
preventing urethral damage and pain. The efficacy of
TUMT has been assessed in several trials though long-
term, multicentre studies are lacking (Ahmed et al.
1997; D’Ancona et al. 1997). Whilst it is clear that
TUMT is not as effective as TURP in improving the
symptom scores and peak flow rate, the improvement
in symptoms seems to be related to the energy used.
The complications are less than those seen with TURP,
with prolonged catheterization and urinary tract infec-
tion being the most common. It seems that higher ener-
gy devices will be used in the future but continued
long-term studies are required to assess this modality
of treatment fully.

II.4.10.5.2

Transurethral Needle Ablation

Transurethral needle ablation (TUNA) uses radiofre-
quency (RF) waves to heat prostatic tissue. The RF en-
ergy is delivered into the prostatic tissue via two nee-
dles at the tip of the TUNA catheter. A randomized trial
comparing TUNA with TURP demonstrated that the
symptom improvement was similar to that achieved
with TURP but that the improvement in peak urinary

II.4.10 Therapeutic Options for Benign Prostate Hyperplasia (BPH) and Prostatic Cancer 541

II.4



flow rate was not as great. The most commonly re-
ported side-effects were bleeding (32.3%) and urinary
tract infection (7.7%). Sexual dysfunction is noted to
be rare and there have not been any reported cases of
incontinence in any series (Bruskewitz et al. 1998).
Again the long-term efficacy of this treatment has not
been clearly evaluated as there are no large series with
long-term follow-up.

II.4.10.5.3

Laser Treatment

Laser energy can be used to produce coagulation ne-
crosis, vaporization of tissue or resection of tissue.
Urologists at present do not agree on the most effective
means to deliver laser energy. Some techniques pro-
duce tissue coagulation, which causes a delayed slou-
ghing of tissue, whereas other techniques cause imme-
diate vaporization of tissue. Comparisons with TURP
have demonstrated that, in the short-term, symptom
scores and peak flow rate are equivalent to TURP but
the rates of post-operative urinary retention and the
need for unplanned catheterization are greater than for
TURP. Transurethral holmium laser resection/enucle-
ation is a relatively new technique and it has been dem-
onstrated that, in the hands of an experienced surgeon,
the results are comparable to those achieved with open
prostatectomy (Kuntz and Lehrich 2002). Long-term
data are lacking for these techniques and cost con-
straints may limit the widespread usage of this technol-
ogy.

II.4.10.6
Surgical Treatment

II.4.10.6.1

Open Prostatectomy

An open prostatectomy is performed through a lower
abdominal incision which is placed either in the mid-
line or transverse suprapubic, and the prostate adeno-
ma is enucleated either through the bladder (transvesi-
cal prostatectomy) or through the prostate capsule
(Millin’s prostatectomy). This procedure is usually per-
formed in patients with very large prostates (>100 g)
and data have shown that symptoms improve marked-
ly. The procedure is more invasive and requires a longer
hospital stay than TURP.

II.4.10.6.2

Transurethral Resection of the Prostate

TURP is carried out via a resectoscope with a diather-
my loop that removes slivers of prostate tissue. The
procedure involves a hospital stay of 2–3 days and is
performed under general or spinal anaesthesia. The

efficacy of this procedure was evaluated definitively in
the Veterans Cooperative Study, which demonstrated
that 91% of patients had no complications during the
first 30 days after surgery, and that the outcomes of
surgery were best for patients who were most both-
ered by their symptoms. Importantly, the study dem-
onstrated there was no difference between the watch-
ful waiting and surgical treatment groups with respect
to incontinence and impotence (Wasson et al. 1995).
At present, TURP is still considered the “gold stan-
dard” against which all invasive procedures are
judged.

II.4.10.6.3

Transurethral Incision of the Prostate

Transurethral incision of the prostate is suitable for
small prostates with a high bladder neck and no middle
lobe enlargement. An incision is made from below the
ureteric orifice on both sides and taken through the
bladder neck to just proximal to the verumontanum.
The results of this procedure are excellent with the inci-
dence of complications being low (Bruskewitz et al.
1998).

II.4.10.7
Complications of Surgical Treatments

II.4.10.7.1

Primary Haemorrhage

This occurs within 24 h of surgery and is related to the
surgery itself. There is a need for routine cross-match-
ing, because 5–15% require a blood transfusion after
the procedure. Patients who are taking anticoagulants
must be identified and steps taken to stop the medica-
tion prior to surgery. Warfarin, for example, is usually
stopped 5 days preoperatively and anticoagulation cov-
ered with heparin. Aspirin should also be stopped
2 weeks prior to surgery.

II.4.10.7.2

Secondary Haemorrhage

This generally happens 10–14 days postoperatively
and is a common occurrence. The patient is advised to
increase his oral intake of fluid and take appropriate
antibiotics as required. Occasionally, the patient may
experience a clot retention, in which case urgent cathe-
terization is required.

II.4.10.7.3

Urethral Stricture

This can occur in 3–6% of patients and the most affect-
ed sites are the external meatus, the bladder neck and
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the bulbar urethra. Urethral strictures usually present
4–5 months after surgery when the patient experiences
symptoms of outflow obstruction. Depending on the
length and anatomy of the stricture, the treatment may
be bouginage or urethotomy to reconstructive surgery
of the urethra.

II.4.10.7.4

Retrograde Ejaculation

This is the most common sexual dysfunction after
TURP. The incidence is about 70% but only 10% in
transurethral incision of the prostate (TUIP). There-
fore, patients should be counselled regarding this fact
prior to surgery.

II.4.10.8
Therapeutic Options for Prostate Cancer

II.4.10.8.1

Staging of Prostate Cancer

■ TRUS and prostate biopsy – allows visual assess-
ment and histological confirmation of prostate
cancer

■ MRI/CT – assessment of local and metastatic
spread

■ Isotope bone scan – confirms or excludes skeletal
deposits from metastatic prostate cancer

■ Pelvic lymph node dissection – most accurate
method of assessing metastatic spread to lymph
nodes but most clinicians rely on cross-sectional
radiological imaging.

II.4.10.8.2

Transrectal Ultrasound and Prostate Biopsy

The early diagnosis of prostate cancer is suspected if
there are abnormalities in DRE and/or PSA measure-
ment. Histological confirmation is then sought of the
diagnosis by transrectal ultrasound (TRUS) directed
biopsies. The procedure should be covered with two
doses of oral antibiotics, usually of the quinolone
family, to be taken at least an hour prior to biopsy and
later that evening. This is to prevent septic complica-
tions, which may occur in up to 3% of patients. Patients
should also be warned that they may experience
haemospermia or haematuria for some days or weeks
after the biopsy (Desmond et al. 1993).

II.4.10.8.3

Histological Grading System

The most widely used and recognized grading system
for prostate cancer is the Gleason scoring system
(Fig. II.4.33). It is based on the low-powered mic-

Fig. II.4.33. Gleason Pathological Grading System

roscopy description of the cancer architecture and
this has been correlated with the pathological extent
of the disease. Higher Gleason grades (4 or 5), or a
Gleason sum grade of greater than 7 has been shown
to be predictive of a poor prognosis (Stamey et al.
1999).

II.4.10.8.4

Clinical Staging System

TNM classification for clinical staging of prostate
cancer is the most widely used system (see Table II.4.6).
It was updated in 2002. The distinction between intra-
capsular (T1–T2) and extracapsular (T3–T4) disease
has a significant impact on treatment decision
(Table II.4.6).

II.4.10.8.5

Magnetic Resonance Imaging

Magnetic resonance imaging is now of such a high
standard that, with endorectal surface coils, it appears
to be the most accurate non-invasive method in
detecting locally advanced disease (Fig. II.4.34). It
would be appropriate in a selected group of patients
when curative treatment is an option and more precise
staging will affect the treatment offered.

II.4.10.8.6

Computed Tomography Scanning

Computed tomography (CT) is also useful for assessing
local tumour invasion but has the added benefit of
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Table II.4.6. Tumour node metastasis (TNM) classification of
prostate cancer

Classi-
fication

Primary tumour

T
TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
T1 Clinically unapparent tumour not palpable or vis-

ible with imaging
T1a Tumour an incidental finding at TURP involving

5% or less of resected tissue
T1b Tumour an incidental finding at TURP in more

than 5% of resected tissue
T1c Tumour identified by needle biopsy
T2 Tumour confined to the prostate
T2a Tumour involves less than one-half of one lobe
T2b Tumour involves more than one-half of one lobe
T2c Tumour involves both lobes
T3 Tumour extends through prostate capsule
T3a Extracapsular extension (unilateral or bilateral)
T3b Tumour invades seminal vesicle(s)
T4 Tumour is fixed or invades adjacent structures

other than seminal vesicles: bladder neck, exter-
nal sphincter, rectum, levator ani and/or pelvic
wall

N Regional lymph nodes
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

M Distant metastasis
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
M1a Non regional lymph node(s)
M1b Bone(s)
M1c Other site(s)

Fig. II.4.34. MRI of prostate

permitting fine needle aspiration of suspected nodal
involvement. It is also useful in planning for radio-
therapy.

Fig. II.4.35. Normal bone scan on left, metastasis demonstrated
on right

II.4.10.8.7

Bone Isotope Scanning

Bone isotope scanning is the most sensitive method for
detecting the presence of bone metastases (Fig. II.4.35).
They are seldom positive if the PSA measurement is be-
low 20 ng/ml and almost never when the value is less
than 10 ng/ml.

II.4.10.8.8

Pelvic Lymph Node Dissection

Accurate nodal staging is important as the presence of
lymph node metastasis precludes curative therapy. Pel-
vic lymph node dissection remains the most accurate
method of assessing nodal metastasis and may be indi-
cated if there is sufficient suspicion of nodal metastasis
on imaging, serum PSA >20 ng/ml and Gleason grade
8–10 (Sgrignoli et al. 1994); however, it is more com-
mon for surgeons and oncologists to rely on cross-sec-
tional imaging to assess lymph node involvement.

II.4.10.9
Management of Localized Prostate Cancer

II.4.10.9.1

Active Monitoring

Active monitoring describes a treatment strategy of
careful monitoring for progression of the disease with
postponement of treatment until it is required. This
strategy may be appropriate in patients with prostate
cancer that is low volume and well differentiated (i.e.
Gleason score e 4), especially in patients who have less
than 10 years life expectancy and have significant co-
morbid factors (Kirby 1998). The precise strategy of
follow-up for active monitoring varies from centre to
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centre. Most would undertake PSA measurement at 3-
monthly intervals initially, extending this to 6-monthly
assay and then annually in patients with stable PSA.
However, active treatment should be considered if se-
rum PSA is rising. Others follow a more aggressive
strategy with repeat TRUS-guided prostate biopsies an-
nually (Carter et al. 2002).

II.4.10.9.2

Radical Prostatectomy

Radical prostatectomy is the surgical treatment of pros-
tate cancer and involves the removal of the entire pros-
tate gland and both seminal vesicles. The indications
for this treatment are in patients with localized prostate
cancer with a life expectancy of more than 10 years.
Radical prostatectomy was unpopular as there were
concerns of the morbidity associated with the proce-
dure but continence and potency-preserving modifica-
tions of the original technique have resulted in de-
creased complication rates. The retropubic approach is
most commonly used as it allows for simultaneous pel-
vic lymph node assessment to be carried out.

The postoperative complications that patients need
to be made aware of are a 7.7% risk of incontinence that
persists for more than 1 year, a 9.0% risk of urethral
stricture and a 50% risk of erectile dysfunction (Walsh
et al. 1994). Patients require to be carefully selected for
nerve sparing radical prostatectomy as a higher risk of
local recurrence is present if the disease is not truly or-
gan-confined and the surgical margins are positive. If
the surgical margins are clear, the postoperative PSA
reduces to <0.1 ng/ml. Therefore, any detectable PSA
after radical prostatectomy indicates residual or recur-
rence of cancer and further treatment should be con-
sidered, such as radiotherapy or androgen blockade
(Huland et al. 1994). Long-term studies have demon-
strated the 15-year cancer-specific survival rate of 90%
(Han et al. 2001).

II.4.10.9.3

External Beam Radiation Therapy

External beam radiation therapy, for patients with lo-
calized prostate cancer, has been shown to produce
treatment results that are comparable to results
achieved with radical prostatectomy. The long-term
disease-free survival rate is 70–90% (Zietman et al.
1995; Hahn et al. 1996). The adverse side-effects associ-
ated with this treatment are urinary frequency due to
radiation cystitis, bowel upset due to radiation procti-
tis and the risk of erectile dysfunction.

II.4.10.9.4

External Beam Radiation Therapy and Adjuvant Hormonal

Therapy

Adjuvant hormonal ablation therapy with LHRHa prior
to and during external beam radiation has been shown
to offer better outcomes than radiotherapy alone (Bolla
1999). The clinical disease-free survival rate was im-
proved from 40% to 75%. The study noted that hot
flushes occurred in 33% of the combined therapy group
compared to the radiotherapy group. Consequently,
most patients undergoing external radiotherapy for
prostate cancer now receive adjuvant hormone ablation.

II.4.10.9.5

Three-Dimensional Conformal Radiation Therapy

Three-dimensional conformal radiation therapy (3D-
CRT) allows more accurate targeting of radiation at
cancer tissues, thereby increasing the radiation dose to
these sites and sparing normal tissue. This then lowers
the toxicity and morbidity of the treatment. Studies
have demonstrated up to 90% biochemical freedom
from failure (i.e. PSA <0.1 ng/ml) for 5 years (Ander-
son et al. 1998).

II.4.10.9.6

Interstitial Radiotherapy or Brachytherapy

Interstitial radiotherapy describes the technique of
placing a radioactive source within the prostate, allow-
ing the delivery of a high dose of radiation to the pros-
tate and sparing surrounding tissues.

High dose rate (HDR) interstitial radiotherapy in-
volves an operation for the placement of needles within
the prostate and short-term results have demonstrated
comparable results to those of surgery and external
beam radiotherapy (Khan et al. 1992). The incidence of
side-effects such as proctitis seems to be higher and
this may be suitable for patients with advanced rather
than localized disease.

Low dose rate (LDR) interstitial therapy can be ad-
ministered in an outpatient setting and involves place-
ment of radioactive sources within the prostate under
ultrasound guidance. The long-term side-effect profile
is better than that of HDR therapy with <1–2% report-
ing incontinence and 1–2% of patients reporting proc-
titis (Blasko et al. 1996). Results have indicated that at
9 years the biochemical control rate was 83.5% in local-
ized prostate cancer (Blasko et al. 2000).

II.4.10.9.7

Neoadjuvant Therapy Prior to Curative Treatment

This describes therapy given prior to definitive treat-
ment with the modalities outlined above. As prostate
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cancer is an androgen-dependent tumour, neoadjuvant
hormone treatment is an attractive prospect. It has
been shown in vitro that prostate cancer cells undergo
apoptosis, or cell death, when androgens are with-
drawn (Kyprianou et al. 1990).

II.4.10.9.8

Neoadjuvant Therapy Prior to Surgery

In a number of studies, it was demonstrated that there
was a significantly lower number of positive surgical
margins in patients treated with neoadjuvant therapy
(NAT). Unfortunately, follow-up results did not dem-
onstrate a reduced PSA failure rate. When considering
surgical technique, it was noted that surgery was slight-
ly more difficult in patients who had received LHRHa
prior to surgery (Soloway et al. 1995).

II.4.10.9.9

Neoadjuvant Therapy Prior to Radiotherapy

The current studies regarding NAT prior to radiothera-
py have demonstrated that, in the initial 5 years of fol-
low-up, the NHT group had improved local control and
disease progression rates but, unfortunately, an update
could not demonstrate improved overall survival (Pile-
pich et al. 1995).

II.4.10.10
Management of Locally Advanced Prostate
Cancer and Metastatic Disease

Hormonal therapy is indicated in patients with locally
advanced prostate cancer. Hormonal therapy de-
scribes any treatment that reduces the level of testos-
terone. Huggins and Hodges (1941) demonstrated the
androgen dependence of prostate cancer. Whilst hor-
mone-based therapy does not cure prostate cancer, it
can diminish the size of the cancer and slow the growth
and spread of metastasis. It is now generally agreed
that prompt intervention with hormone therapy as
soon as locally advanced or metastatic disease is diag-
nosed will be beneficial in terms of overall survival,
but this must be balanced against the side-effects of
these therapies (The Medical Research Council Pros-
tate Cancer Working Party Investigators Group 1997).
As with all forms of treatment for prostate cancer the
response to treatment with hormone manipulation
may be assessed and monitored by assay of serial se-
rum PSA levels.

II.4.10.10.1

Surgical Castration

Bilateral orchiectomy is the gold standard against
which all other hormone treatments must be com-
pared. The surgical procedure is well tolerated by pa-
tients and can be performed under a short general an-
aesthetic or local anaesthesia. About 80% of patients
have an excellent response to this mode of treatment
with a mean duration of effectiveness of 2.5 years. The
disadvantages of this treatment are the psychological
effect of losing the testes and surgical morbidity. The
main side-effects of testosterone suppression, whether
surgical or chemically induced, are erectile dysfunc-
tion, hot flushes and occasionally breast tenderness.

II.4.10.10.2

Oestrogens

Oestrogens reduce the level of testosterone by acting on
the negative feedback mechanism in the pituitary-
gonadal axis. It blocks the secretion of luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH).
The most commonly used oestrogen is diethylstilboe-
strol (DES), but used at a dose of 5 mg/day, this pro-
duces significant cardiovascular toxicity. This risk is re-
duced with doses of 1 mg/day, particularly when low-
dose aspirin is prescribed in conjunction, but serum
testosterone levels do not fall to the levels seen in cas-
trated patients (Shearer et al. 1973; Garnick 1986). As
yet, further studies are required to elucidate the role of
oestrogens in the treatment of prostate cancer (Iversen
1998).

II.4.10.10.3

LHRH Analogues

Luteinizing hormone releasing hormone analogues
(LHRHa) such as leuprolide, buserelin and goserelin
have been shown to be as effective as surgical castra-
tion in suppressing serum testosterone and do not in-
crease the risk of cardiovascular toxicity. LHRHa are
chemically similar to oestrogens and interfere with the
negative feedback mechanism of the pituitary–gonadal
axis. However, they also cause an initial rise in LH and
FSH release from the pituitary and thereby testosterone
production increases. This is described as the “flare
phenomenon” as this can cause an increase in prostate
tumour growth. Therefore, 4 weeks of adjuvant treat-
ment with an anti-androgen such as bicalutamide
(50 mg once daily), starting 1 week prior to the first in-
jection of LHRHa, is recommended to prevent deleteri-
ous consequences of tumour flare associated with the
brief rise in testosterone levels. LHRHa are given as a
monthly or 3-monthly subcutaneous depot injection.
The major side-effects of hormone treatment are loss of
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libido and impotence. Hot flushes and gynaecomastia
occur to varying degrees.

II.4.10.10.4

Anti-Androgens

Anti-androgens are a group of compounds that inhibit
the action of androgens at the cellular level. They may
be used in conjunction with LHRHa to achieve what is
known as “maximal androgen blockade”, which is dis-
cussed later. Anti-androgens are classified according to
their chemical structure with cyproterone acetate as a
steroidal anti-androgen and nilutamide, flutamide and
bicalutamide as non-steroidal anti-androgens. All of
these compounds compete for androgen receptors but
steroidal anti-androgens also lower LH and testoster-
one levels, which may lead to impotence and loss of li-
bido. The non-steroidal anti-androgens, on the other
hand, tend to increase serum testosterone due to in-
creased gonadotrophin secretion (Soloway and Matz-
kin 1993).

II.4.10.10.5

Non-Steroidal Anti-Androgens

Nilutamide is not recommended for monotherapy and
currently there is no evidence to support its use in this
context. Flutamide has been used as monotherapy for
metastatic prostate cancer but currently its use is rec-
ommended only in combination with either surgical or
medical castration (Decensi et al. 1991). Bicalutamide
has been compared with surgical and medical castra-
tion in several studies and has been found to be less ef-
fective in terms of time to progression and median sur-
vival (Bales and Chodak 1996). The role of bicalutami-
de as monotherapy is currently being investigated in
the largest clinical trial in prostate cancer to date. The
Bicalutamide Early Prostate Cancer Programme has
not matured yet but will provide invaluable insight into
the effect of early hormonal treatment on survival (See
et al. 2001, 2002). A common side-effect of bicalutami-
de therapy is the occurrence of bothersome gynaeco-
mastia, requiring complementary treatment with local
radiotherapy, medical treatment (anti-oestrogens, e.g.
tamoxifen) or surgery (Iversen et al. 2000).

II.4.10.10.6

Steroidal Anti-Androgens

Cyproterone acetate is a potent steroidal anti-androgen
and causes suppression of testosterone and LH secre-
tion. This has been evaluated in a number of earlier
studies showing that, compared to treatment with DES,
there was no difference with respect to cancer progres-
sion or overall survival (Pavone-Macaluso et al. 1986).
The side-effect profiles of this treatment are loss of libi-

do and potency. Abnormal liver function tests have
been observed with long-term use (Schroder et al.
2000).

II.4.10.10.7

Maximal Androgen Blockade

Maximal androgen blockade (MAB) or total androgen
suppression is the simultaneous suppression/blockade
of both testicular and adrenal androgens as first-line
treatment. This modality of treatment has been studied
extensively and results from the majority of studies
demonstrate that the 5-year survival with MAB
amounted to 25.4% versus 23.4% with castration or
LHRHa therapy; this difference did not reach statistical
significance (Prostate Cancer Trialist’ Collaborative
Group 2000). The studies, however, demonstrate that
patients receiving MAB achieved a quicker response to
clinical symptoms and markers. Therefore, there may
be an indication for MAB in patients who have severe
symptoms due to local cancer spread or metastasis and
very high PSA and alkaline phosphatase.

II.4.10.11
Treatment of Hormone Relapsed Prostate
Cancer

Hormone relapsed prostate cancer is defined as cancer
that returns after initial hormone therapy. There are
many different terms for this, such as hormone-re-
sistant or refractory prostate cancer, androgen- or
hormone-independent prostate cancer. Analysis of the
many studies examining the outcomes of treatment for
hormone relapsed prostate cancer demonstrate that
the mean time to progression ranges from 12 to
18 months and the mean time for survival ranges from
2 to 3 years (Eisenberger et al. 1986, 1998; Denis et al.
1993).

II.4.10.11.1

Anti-Androgen Withdrawal

It has been noted that withdrawal of anti-androgen can
result in improved clinical symptoms and a decrease in
PSA (Scher and Kelly 1993). This was initially seen with
flutamide therapy and has been reported with bicaluta-
mide therapy (Small and Carroll 1994). Therefore, in
patients treated with anti-androgens who are diag-
nosed with hormone relapsed prostate cancer by serial
rises in their serum PSA, the initial step should be to
consider discontinuing therapy and to monitor PSA
levels closely before considering the next treatment op-
tion.
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II.4.10.11.2

Second-Line Hormonal Therapy

Several studies have examined this treatment modality
and have concluded that the median duration of re-
sponse ranged between 2 and 4 months. The com-
pounds used have been diethylstilbestrol (DES), keto-
conazole and corticosteroids (Storlie et al. 1995).

II.4.10.11.3

Cytotoxic Chemotherapy

Chemotherapy can be given more safely and is better
tolerated now that supportive care has been improved
with the use of haematological growth factors and an-
ti-emetics. Several combinations of chemotherapy
agents have been assessed and there has been an en-
couraging initial result. A study in 1995 demonstrated
that treatment with mitoxantrone (related to anthra-
cycline) combined with prednisolone resulted in a sig-
nificant improvement in quality of life issues (Tannock
et al. 1996). Treatment with estramustine in combina-
tion with different compounds has also been studied
and results have been promising. Cyclophosphamide
is an alkylating agent and it has been found that an
oral preparation of this agent is less toxic than intrave-
nous treatment and seems to have greater efficacy
(Maulard-Durdux et al. 1996). Recent data regarding
treatment with docetaxel and prednisolone have
shown an improvement in survival compared to mit-
oxantrone and prednisolone therapy (Tannock et al.
2004).

II.4.10.11.4

Palliative Management of Bone Pain and Spinal Cord

Compression

Metastatic prostate cancer frequently involves bone
and one of the most common clinical problems is bone
pain. The focal area should be assessed with plain ra-
diographs and possibly a bone scan to rule out patho-
logical fractures, especially in weight-bearing bones.
Localized radiotherapy has been shown to control focal
bone pain. If the deposits are diffuse, then intravenous
strontium-89 can improve symptoms (Laing et al.
1991). A study demonstrated that zoledronic acid, a
bisphosphonate, has clinical benefit in patients with
advanced disease. It was shown that there was a reduc-
tion in bone pain and a delay of onset of skeletal com-
plications (Saad et al. 2002). Growth of metastatic bone
deposits may also cause spinal cord compression or in-
terfere with haematological function if the bone mar-
row is replaced with cancerous tissue. The incidence of
spinal cord compression is quite high and early recog-
nition and treatment is required to avoid the serious se-
quelae of loss of sphincter control of the bladder and

bowel or complete paraplegia. Emergency treatment
involves high-dose corticosteroids, external beam ra-
diotherapy and possible surgical decompression (So-
rensen et al. 1990). Percutaneous vertebroplasty is a
minimally invasive technique whereby acrylate cement
is injected into the compressed vertebra to relieve pain
and to provide strength (Weill et al. 1996). There is con-
siderable experience in continental Europe but limited
experience in the United Kingdom in this technique
(Hide and Gangi 2004).

II.4.10.11.5

The Future

The management of hormone relapsed prostate cancer
remains a challenge for clinicians due to the fact that no
second-line therapy has been found to be as efficacious
as androgen ablation has been for first-line treatment.
Currently, important advances are being made in the
fields of molecular and cell biology of prostate cancer
and new drugs are being developed, which will increase
our understanding of hormone relapsed prostate can-
cer and help improve care for these patients.

References

Abbou CC, Payan C et al (1995) Transrectal and transurethral hy-
perthermia versus sham treatment in benign prostatic hyper-
plasia: a double-blind randomized multicentre clinical trial.
The French BPH Hyperthermia. Br J Urol 76:619–624

Abrams PH, Griffiths DJ (1979) The assessment of prostatic
obstruction from urodynamic measurements and from re-
sidual urine. Br J Urol 51:129–134

Ahmed M, Bell T et al (1997) Transurethral microwave ther-
motherapy (Prostatron version 2.5) compared with trans-
urethral resection of the prostate for the treatment of benign
prostatic hyperplasia: a randomized, controlled, parallel
study. Br J Urol 79:181–185

American Urological Association (2003) AUA guideline on the
management of benign prostatic hyperplasia. American
Urological Association, New York

Anderson PR, Hanlon AL et al (1998) Perineural invasion and
Gleason 7–10 tumors predict increased failure in prostate
cancer patients with pretreatment PSA <10 ng/ml treated
with conformal external beam radiation therapy. Int J Radi-
at Oncol Biol Phys 41:1087–1092

Bales GT,Chodak GW (1996) A controlled trial of bicalutamide
versus castration in patients with advanced prostate cancer.
Urology 47(1A Suppl):38–43; discussion 48–53

Barry MJ, Fowler FJ Jr et al (1992) The American Urological
Association symptom index for benign prostatic hyperpla-
sia. The Measurement Committee of the American Urologi-
cal Association. J Urol 148:1549–1557; discussion 1564

Blasko JC,Ragde H et al (1996) Should brachytherapy be con-
sidered a therapeutic option in localized prostate cancer?
Urol Clin North Am 23:633–650

Blasko JC, Grimm PD et al (2000) Palladium-103 brachythera-
py for prostate carcinoma. Int J Radiat Oncol Biol Phys 46:
839–850

Bolla M (1999) Adjuvant hormonal treatment with radiotherapy
for locally advanced prostate cancer. Eur Urol 35 (Suppl 1):
23–25; discussion 26

548 II.4 Therapeutic Options

II.4



Boyle P, Robertson C et al (2004) Updated meta-analysis of
clinical trials of Serenoa repens extract in the treatment of
symptomatic benign prostatic hyperplasia. BJU Int 93:
751–756

Bruskewitz RC, Iversen P et al (1982) Value of postvoid residual
urine determination in evaluation of prostatism. Urology
20:602–604

Bruskewitz R, Issa MM et al (1998) A prospective, randomized
1-year clinical trial comparing transurethral needle ablation
to transurethral resection of the prostate for the treatment of
symptomatic benign prostatic hyperplasia. J Urol 159:1588–
1593; discussion 1593–1594

Caine M (1986) The present role of alpha-adrenergic blockers
in the treatment of benign prostatic hypertrophy. J Urol
136:1–4

Caine M,Pfau A et al (1976) The use of alpha-adrenergic block-
ers in benign prostatic obstruction. Br J Urol 48:255–263

Caine M,Perlberg S et al (1978) A placebo-controlled double-
blind study of the effect of phenoxybenzamine in benign
prostatic obstruction. Br J Urol 50:551–554

Carter HB, Walsh PC et al (2002) Expectant management of
nonpalpable prostate cancer with curative intent: prelimi-
nary results. J Urol 167:1231–1234

D’Ancona FC, Francisca EA et al (1997) High energy thermothe-
rapy versus transurethral resection in the treatment of benign
prostatic hyperplasia: results of a prospective randomized
study with 1 year of followup. J Urol 158: 120–125

Debruyne F,Barkin J et al (2004) Efficacy and safety of long-
term treatment with the dual 5alpha-reductase inhibitor du-
tasteride in men with symptomatic benign prostatic hyper-
plasia. Eur Urol 46:488–495

Decensi A,Guarneri D et al (1991) Phase II study of the pure
non-steroidal antiandrogen nilutamide in prostatic cancer.
Italian Prostatic Cancer Project (PONCAP). Eur J Cancer
27:1100–1104

Denis LJ, Carnelro de Moura JL et al (1993) Goserelin acetate
and flutamide versus bilateral orchiectomy: a phase III
EORTC trial (30853). EORTC GU Group and EORTC Data
Center. Urology 42:119–129; discussion 129–130

Denis L,Griffiths K et al (1998) Proceedings of the 4th Interna-
tional Consultation on benign prostatic hyperplasia (BPH).
2–5 July 1997, Plymouth, UK

Desmond PM,Clark J et al (1993) Morbidity with contempo-
rary prostate biopsy. J Urol 150(5 Pt 1):1425–1426

Drach GW, Layton TN et al (1979) Male peak urinary flow rate:
relationships to volume voided and age. J Urol 122: 210–214

Eisenberger MA, O’Dwyer PJ et al (1986) Gonadotropin hor-
mone-releasing hormone analogues: a new therapeutic ap-
proach for prostatic carcinoma. J Clin Oncol 4:414–424

Eisenberger MA, Blumenstein BA et al (1998) Bilateral orchiec-
tomy with or without flutamide for metastatic prostate can-
cer. N Engl J Med 339:1036–1042

Garnick MB (1986) Leuprolide versus diethylstilbestrol for
previously untreated stage D2 prostate cancer. Results of a
prospectively randomized trial. Urology 27(1 Suppl):21–28

Girman CJ, Panser LA et al (1993) Natural history of prosta-
tism: urinary flow rates in a community-based study. J Urol
150:887–892

Gleason DM, Bottaccini MR et al (1982) Urinary flow velocity
as an index of male voiding function. J Urol 128:1363–1367

Gormley GJ, Stoner E et al (1992) The effect of finasteride in
men with benign prostatic hyperplasia. The Finasteride
Study Group. N Engl J Med 327:1185–1191

Hahn P, Baral E et al (1996) Long-term outcome of radical radi-
ation therapy for prostatic carcinoma: 1967–1987. Int J Ra-
diat Oncol Biol Phys 34:41–47

Han M, Partin AW et al (2001) Long-term biochemical disease-
free and cancer-specific survival following anatomic radical

retropubic prostatectomy. The 15-year Johns Hopkins expe-
rience. Urol Clin North Am 28:555–565

Hendrikx AJ,Doesburg WH et al (1988) Effectiveness of ultra-
sound in the preoperative evaluation of patients with pros-
tatism. Prostate 13:199–208

Hide IG, Gangi A (2004) Percutaneous vertebroplasty: history,
technique and current perspectives. Clin Radiol 59:
461–467

Huggins C, Hodges CV (1941) Studies on prostate cancer. I.
The effect of castration, of estrogen and of androgen injec-
tion on serum phosphatase in metastatic cancer of the pros-
tate. Cancer Res 1:293–297

Huland H, Hubner D et al (1994) Systematic biopsies and digi-
tal rectal examination to identify the nerve-sparing side for
radical prostatectomy without risk of positive margin in pa-
tients with clinical stage T2, N0 prostatic carcinoma. Urolo-
gy 44:211–214

Iversen P (1998) Orchidectomy and oestrogen therapy revisit-
ed. Eur Urol 34 (Suppl 3):7–11

Iversen P, Tyrrell CJ et al (2000) Bicalutamide monotherapy
compared with castration in patients with nonmetastatic lo-
cally advanced prostate cancer: 6.3 years of followup. J Urol
164:1579–1582

Jacobsen SJ, Jacobson DJ et al (1997) Natural history of prosta-
tism: risk factors for acute urinary retention. J Urol 158:
481–487

Khan K, Thompson W et al (1992) Transperineal percutaneous
iridium-192 interstitial template implant of the prostate: re-
sults and complications in 321 patients. Int J Radiat Oncol
Biol Phys 22:935–939

Kirby R (1998) Treatment options for early prostate cancer.
Urology 52:948–962

Kuntz RM, Lehrich K (2002) Transurethral holmium laser enu-
cleation versus transvesical open enucleation for prostate
adenoma greater than 100 gm.: a randomized prospective
trial of 120 patients. J Urol 168(4 Pt 1):1465–1469

Kyprianou N, English HF et al (1990) Programmed cell death
during regression of PC-82 human prostate cancer following
androgen ablation. Cancer Res 50:3748–3753

Laing AH, Ackery DM et al (1991) Strontium-89 chloride for
pain palliation in prostatic skeletal malignancy. Br J Radiol
64:816–822

Lechevallier E, Eghazarian C et al (1999) Effect of digital rectal
examination on serum complexed and free prostate-specific
antigen and percentage of free prostate-specific antigen.
Urology 54:857–861

Marberger M, Harkaway R et al (2004) Optimising the medical
management of benign prostatic hyperplasia. Eur Urol
45:411–419

Maulard-Durdux C, Dufour B et al (1996) Phase II study of the
oral cyclophosphamide and oral etoposide combination in
hormone-refractory prostate carcinoma patients. Cancer
77:1144–1148

McConnell JD,Bruskewitz R et al (1998) The effect of finasteri-
de on the risk of acute urinary retention and the need for
surgical treatment among men with benign prostatic hyper-
plasia. Finasteride Long-Term Efficacy and Safety Study
Group. N Engl J Med 338:557–563

McConnell JD, Roehrborn CG et al (2003) The long-term effect
of doxazosin, finasteride, and combination therapy on the
clinical progression of benign prostatic hyperplasia. N Engl
J Med 349:2387–2398

Mebust WK, Holtgrewe HL et al (1989) Transurethral prosta-
tectomy: immediate and postoperative complications. A co-
operative study of 13 participating institutions evaluating
3,885 patients. J Urol 141:243–247

Messing EM, Young TB et al (1992) Home screening for hematu-
ria: results of a multiclinic study. J Urol 148(2 Pt 1):289–292

II.4.10 Therapeutic Options for Benign Prostate Hyperplasia (BPH) and Prostatic Cancer 549

II.4



Mikolajczyk SD, Marks LS et al (2002) Free prostate-specific
antigen in serum is becoming more complex. Urology
59:797–802

Oesterling JE, Jacobsen SJ et al (1993) Serum prostate-specific
antigen in a community-based population of healthy men.
Establishment of age-specific reference ranges. J Am Med
Assoc 270:860–864

Pavone-Macaluso M, de Voogt HJ et al (1986) Comparison of
diethylstilbestrol, cyproterone acetate and medroxyproge-
sterone acetate in the treatment of advanced prostatic can-
cer: final analysis of a randomized phase III trial of the Eu-
ropean Organization for Research on Treatment of Cancer
Urological Group. J Urol 136:624–631

Peterson RE, Imperato-McGinley J et al (1977) Male pseudo-
hermaphroditism due to steroid 5-alpha-reductase deficien-
cy. Am J Med 62:170–191

Pilepich MV, Krall JM et al (1995) Androgen deprivation with
radiation therapy compared with radiation therapy alone
for locally advanced prostatic carcinoma: a randomized
comparative trial of the Radiation Therapy Oncology
Group. Urology 45:616–623

Prostate Cancer Trialist’ Collaborative Group (2000) Maxi-
mum androgen blockade in advanced prostate cancer: an
overview of the randomised trials. Lancet 355:1491–1498

Roehrborn CG, Girman CJ et al (1997) Correlation between
prostate size estimated by digital rectal examination and
measured by transrectal ultrasound. Urology 49:548–557

Roehrborn CG, Boyle P et al (1999) Serum prostate-specific
antigen and prostate volume predict long-term changes in
symptoms and flow rate: results of a four-year, randomized
trial comparing finasteride versus placebo. PLESS Study
Group. Urology 54:662–669

Roehrborn CG, McConnell J et al (2000) Serum prostate specif-
ic antigen is a strong predictor of future prostate growth in
men with benign prostatic hyperplasia. PROSCAR long-
term efficacy and safety study. J Urol 163:13–20

Roehrborn CG,Malice M et al (2001) Clinical predictors of
spontaneous acute urinary retention in men with LUTS and
clinical BPH: a comprehensive analysis of the pooled place-
bo groups of several large clinical trials. Urology 58:
210–216

Roehrborn CG, Boyle P et al (2002) Efficacy and safety of a dual
inhibitor of 5-alpha-reductase types 1 and 2 (dutasteride) in
men with benign prostatic hyperplasia. Urology 60:434–441

Saad F, Gleason DM et al (2002) A randomized, placebo-con-
trolled trial of zoledronic acid in patients with hormone-re-
fractory metastatic prostate carcinoma. J Natl Cancer Inst
94:1458–1468

Scher HI, Kelly WK (1993) Flutamide withdrawal syndrome:
its impact on clinical trials in hormone-refractory prostate
cancer. J Clin Oncol 11:1566–1572

Schroder FH, Collette L et al (2000) Prostate cancer treated by
anti-androgens: is sexual function preserved? EORTC Geni-
tourinary Group. European Organization for Research and
Treatment of Cancer. Br J Cancer 82:283–290

Schulman CC, Cortvriend J et al (1999) Tamsulosin: 3-year
long-term efficacy and safety in patients with lower urinary
tract symptoms suggestive of benign prostatic obstruction:
analysis of a European, multinational, multicenter, open-
label study. European Tamsulosin Study Group. Eur Urol
36:609–620

See WA, McLeod D et al (2001) The bicalutamide Early Prostate
Cancer Program. Demography 6:43–47

See WA,Wirth MP et al (2002) Bicalutamide as immediate ther-
apy either alone or as adjuvant to standard care of patients
with localized or locally advanced prostate cancer: first

analysis of the early prostate cancer program. J Urol 168:
429–435

Sgrignoli AR, Walsh PC et al (1994) Prognostic factors in men
with stage D1 prostate cancer: identification of patients less
likely to have prolonged survival after radical prostatecto-
my. J Urol 152:1077–1081

Shapiro E, Hartanto V et al (1992) The response to alpha block-
ade in benign prostatic hyperplasia is related to the percent
area density of prostate smooth muscle. Prostate 21:297–307

Shearer RJ, Hendry WF et al (1973) Plasma testosterone: an ac-
curate monitor of hormone treatment in prostatic cancer. Br
J Urol 45:668–677

Small EJ, Carroll PR (1994) Prostate-specific antigen decline
after casodex withdrawal: evidence for an antiandrogen
withdrawal syndrome. Urology 43:408–410

Soloway MS, Matzkin H (1993) Antiandrogenic agents as
monotherapy in advanced prostatic carcinoma. Cancer 71
(Suppl 3):1083–1088

Soloway MS, Sharifi R et al (1995) Randomized prospective
study comparing radical prostatectomy alone versus radical
prostatectomy preceded by androgen blockade in clinical
stage B2 (T2bNxM0) prostate cancer. The Lupron Depot Ne-
oadjuvant Prostate Cancer Study Group. J Urol 154(2 Pt 1):
424–428

Sorensen PS, Borgensen SE et al (1990) Metastatic epidural spi-
nal cord compression: results of treatment and survival.
Cancer 65:1502–1510

Stamey TA, McNeal JE et al (1999) Biological determinants of
cancer progression in men with prostate cancer. J Am Med
Assoc 281:1395–1400

Storlie JA, Buckner JC et al (1995) Prostate specific antigen lev-
els and clinical response to low dose dexamethasone for hor-
mone-refractory metastatic prostate carcinoma. Cancer
76:96–100

Tannock IF, Osoba D et al (1996) Chemotherapy with mitoxan-
trone plus prednisone or prednisone alone for symptomatic
hormone-resistant prostate cancer: a Canadian randomized
trial with palliative end points. J Clin Oncol 14:1756–1764

Tannock IF, de Wit R et al (2004) Docetaxel plus prednisone or
mitoxantrone plus prednisone for advanced prostate cancer.
N Engl J Med 351:1502–1512

The Medical Research Council Prostate Cancer Working Party
Investigators Group (1997) Immediate versus deferred treat-
ment for advanced prostatic cancer: initial results of the
Medical Research Council Trial. Br J Urol 79:235–246

Thompson IM, Goodman PJ et al (2003a) The influence of fina-
steride on the development of prostate cancer. N Engl J Med
349:215–224

Thompson IM, Klein EA et al (2003b) Prevention of prostate
cancer with finasteride: US/European perspective. Eur Urol
44:650–655

Walsh PC, Partin AW et al (1994) Cancer control and quality of
life following anatomical radical retropubic prostatectomy:
results at 10 years. J Urol 152(5 Pt 2):1831–1836

Wasson JH, Reda DJ et al (1995) A comparison of transurethral
surgery with watchful waiting for moderate symptoms of
benign prostatic hyperplasia. The Veterans Affairs Coopera-
tive Study Group on Transurethral Resection of the Prostate.
N Engl J Med 332:75–79

Weill A, Chiras J et al (1996) Spinal metastases: indications for
and results of percutaneous injection of acrylic surgical ce-
ment. Radiology 199:241–247

Zietman AL, Coen JJ et al (1995) The treatment of prostate can-
cer by conventional radiation therapy: an analysis of long-
term outcome. Int J Radiat Oncol Biol Phys 32:287–292

550 II.4 Therapeutic Options

II.4



II.4.11 Partial Androgen Deficiency of the Ageing Male
(PADAM) and Testosterone Supplementation:
Use, Misuse or Abuse?
D. Vanderschueren

■ Testosterone (T) supplementation is only indi-
cated in elderly men with well-defined under-
lying testicular, pituitary or hypothalamic
disease.

■ T supplementation in elderly men without
well-defined underlying testicular, pituitary or
hypothalamic disease and with T concentra-
tions below or just below the young reference
range is still in an experimental stage.

■ The threshold for T for different symptoms
and complaints and/or tissue dysfunctions is
still poorly defined. This threshold may show
interindividual variation.

■ Supraphysiological T supplementation should
be avoided in the elderly. If T treatment is to
be considered, replacement should be physio-
logical.

■ Monitoring of prostatic disease and haema-
tocrit during T therapy is of utmost impor-
tance.

■ New treatment modalities should avoid stimu-
lating the prostate but should maintain the
benefits of androgen receptor stimulation in
other organs (mood, sexual function, bone).

Summary

II.4.11.1
Introduction

The benefits of testosterone (T) replacement are well
defined in hypogonadal men. Hypogonadal men in-
deed gain bone and muscle and lose fat following T
substitution. Moreover, they also report increased en-
ergy and improved sexual function during T treatment.
For this reason, T substitution is essential for the quali-
ty of life of hypogonadal men (Morley and Perry 2003).

However, many of the symptoms of hypogonadism,
such as diminished libido, depression, less energy,
muscle wasting, visceral fat accumulation and osteopo-
rosis, are also reminiscent of ageing. Ageing is associat-
ed with hormonal changes, therefore it is tempting to
speculate that some of these age-related symptoms are
explained by hormonal changes such as a decrease of
total and bioavailable T (Table II.4.7). Thus, it is no sur-
prise that T supplementation is also promoted in elder-
ly men with age-related partial androgen deficiency
(PADAM). In accordance, the use of T has increased

Table II.4.7. Most relevant age-related changes in sex steroid
concentrations in men

Testosterone ↓

Sex hormone binding globulin ↑

Bioavailable testosterone ↓↓

5 [ -Dihydrotestosterone ↔
17 q -Oestradiol ↔
Bioavailable 17 q -oestradiol ↓

Dehydroepiandrosterone sulphate ↓↓

↓ = decreased; ↑ = increased; ↔ = no change

beyond the well established indication of male hypogo-
nadism (Hayes 2000). Still, potential indiscriminate use
of T in elderly men may carry risks. Consequently, it is
of utmost importance to clearly define the benefits ver-
sus the risks of T treatment in elderly men. The aim of
this chapter is to evaluate to what extent the available
scientific literature is already able to answer the follow-
ing critical questions:

■ Who in the elderly population is to benefit from T
replacement?

■ What is the expected benefit of T replacement in
elderly men?

■ What are the risks/side-effects of T replacement?
■ What type of T replacement should be used in

elderly men?
■ How long should we administer T in the elderly?

During ageing, T levels decrease 1–2%/year but the de-
crease is greater for bioavailable T because of an age-
related increase in the levels of sex hormone binding
globulin. Although serum oestradiol concentrations
remain constant, the levels of bioavailable oestradiol
also tend to decrease. About 20% of men older than 60
may experience T levels lower than the young normal
range. Most of these elderly men with partial androgen
deficiency have, however, only mildly decreased T con-
centrations.

II.4.11.2
Who is to Benefit from T Replacement?
What is the Target Population?

According to a meta analysis, there are no data avail-
able to support the unlimited use of T in every man
older than 60 regardless of symptoms and/or com-
plaints or T levels (Gruenewald and Matsumoto 2003).
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The only randomized controlled trial in asymptomatic
eugonadal elderly men evaluated the effects of a mod-
est oral dose of T undecanoate (80 mg) during
8 months. Unfortunately, this trial was designed only to
evaluate the safety of T [effect on prostate volume (in-
crease), urinary symptoms (no change) and prostate
specific antigen (PSA) levels (no change)] and not to
show benefit (Holmang et al. 1993). Therefore, all ma-
jor reviews published on this issue show general agree-
ment with respect to their conclusion that the practice
of T supplementation in elderly men is still in an exper-
imental stage (Tenover 1999; Vermeulen 2001; Gooren
2003; Gruenewald and Matsumoto 2003; Swerdloff and
Wang 2004).

The first and most relevant challenge concerning T
supplementation is to define the target population in
the ageing male population. A first approach is to tar-
get those elderly men with hypogonadal symptoms or
complaints. Unfortunately, these symptoms are not
specific for the elderly population. Indeed, question-
naires such as the ADAM score (androgen deficiency in
the ageing male) have been designed to detect undiag-
nosed hypogonadal men in the population (Morley et
al. 2000). Many men with a positive ADAM score are,
however, not hypogonadal but often depressed (Del-
hez et al. 2003). Therefore, at present, no reliable clini-
cal method allows the clinician to make an accurate
distinction between hypogonadal symptoms and com-
plaints related to depression, other chronic illness or
simply age-related dysfunction. Some authors have
used low bone density as a surrogate marker of frac-
ture risk in order to select elderly men who may bene-
fit from androgen replacement. Bone density is indeed
a useful marker for follow-up of androgenicity in hy-
pogonadal men (Vanderschueren et al. 2004). Still, in
elderly men bone density may be determined more by
genetic background, calcium intake, physical activity,
concomitant diseases and vitamin D status than by an-
drogen levels. Hence, another approach is to screen el-
derly men for hypogonadism regardless of symptoms
or complaints in order to detect those men who have
serum T levels below a certain threshold. Again, such
an approach creates the problem of defining a thresh-
old, if it exists. A threshold is an absolute serum level of
T below which certain symptoms/complaints occur or
the function of androgen target tissues becomes prob-
lematic. Such a threshold for T may differ according to
selected symptoms and/or tissues. For instance, bone
may have a lower threshold for T than more androgen-
sensitive tissues such as the prostate. Indeed, in aged
orchiectomized male rats, low doses of T that only
minimally stimulate the prostate or seminal vesicles
are able to maintain both bone density and lean body
mass (Vanderschueren et al. 2000). Whether such a tis-
sue-specific threshold also exists in older men is still
unknown. Probably 20% of all men older than 60 will

have a serum T level below 2 SD of the mean concen-
trations of young healthy men. Most of these men have
T concentrations only mildly below this young normal
range, but still far above the castrate range. The ques-
tion therefore remains as to whether this relatively lim-
ited lowering of T levels below the young normal limit
may induce symptoms and/or tissue dysfunction. For
instance, many elderly men with a T level below 2 SD
for young men still report normal sexual function.
Sexual dysfunction becomes a typical and constant
complaint only when T decreases into the low castrate
range, most often in the context of testicular or pitui-
tary disease. These clinical observations suggest that T
levels below the normal range in young men may be
sufficient to maintain at least some, if not most, andro-
gen-related functions in the elderly. An alternative and
opposite point of view is that some elderly men with T
levels within the normal range of young men may still
have significantly less T than they had say 20 years pre-
viously. At present we cannot rule out that such men,
even when their T concentrations are within normal
limits, may also benefit from T substitution. The
threshold for T may therefore not only be tissue or
symptom specific but also different from one individu-
al to another (Kelleher et al. 2004). Men with a specific
genetic constitution may also be more vulnerable than
others to the effects of androgen deficiency. Population
studies looking at relevant genetic polymorphisms for
androgen metabolism with respect to symptoms of an-
drogen deficiency and/or the response to androgen re-
placement are still lacking and therefore needed in this
context.

In conclusion, the target population of elderly men
who may benefit from T replacement is yet to be de-
fined. There is no agreement on whether we should use
symptoms, surrogate markers of risk, questionnaires
or simply T levels (with or without genetic markers in
the future) in order to decide whether to start T supple-
mentation in older men. Therefore, it is no surprise
that every randomized trial published thus far has used
different inclusion criteria. As a result, no two studies
are comparable, making it impossible to define any tar-
get population for T supplementation at present.
Therefore, the elderly men who should receive T re-
placement are those with a well-defined testicular, pitu-
itary or hypothalamic disease that induces clear-cut
hypogonadism and related symptoms.

II.4.11.3
What is the Expected Benefit of T Replacement
in Elderly Men?

Patients and clinicians both expect an improvement of
relevant clinical endpoints. Ideally, in the context of T
supplementation, older men should therefore have im-
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Table II.4.8. Effects of testosterone (T) supplementation on clinical and subclinical endpoints in the elderly. In many circum-
stances both an increase and no change or a decrease and no change have been reported. For more detailed information, please
read the excellent review of Gruenewald and Matsumoto (2003)

Endpoint:
Insufficient data ↔ ↔/↓ ↓ ↑/↔ ↑

Prostate cancer Urinary symp-
toms

– – PSA level Prostate size? (beware subclini-
cal prostate cancer)

Fractures – – – Bone density –

Cardiovascular
events

HDL cholesterol LDL cholesterol/
angina pectoris
frequency

– – Short-term vasodilatation/
improvement in ECG in angina
pectoris

– – – – Cognitive tests,
mood

Subjective perception of energy

– Sleep apnoea – – Sexual function –

– – – Fat mass Muscle strength Lean mass

– – – – – Haemoglobin (beware poly-
cythaemia)

↓ = decreased; ↑ = increased; ↔ = no change

proved mood, energy, sexual and cognitive function,
no more prostate cancer and fewer cardiovascular
events and fractures. Again, however, there are no firm
data with respect to T supplementation in elderly men
and cardiovascular events, prostate cancer, fractures or
cognitive function (Table II.4.8). Except for reports of a
subjective improvement of strength and energy, insuf-
ficient information about other clinical benefits of T
supplementation in the elderly is available.

In the absence of firm data on clinical benefit, sub-
clinical endpoints may to the same extent serve as sur-
rogate markers of relevant clinical improvement (Ta-
ble II.4.8). In accordance with its action on body com-
position in hypogonadal men, T substitution increases
muscle mass and decreases fat in older men. Whether
insulin resistance and the cardiovascular risk profile
improve in line with these potential beneficial changes
in body composition remains uncertain. It is also not
clear if muscle strength improves and whether such im-
provement is clinically relevant.

T replacement may improve bone density, however
probably only in those elderly men with very low T lev-
els. In one study even, the effect of T was not signifi-
cantly better than calcium supplementation. Whether
an improvement of bone density also translates into a
clinically relevant decrease of fracture risk is not yet
known (for extended reading see Vanderschueren et al.
2004). Unfortunately, areal bone mineral density also
remains a poorly validated marker of osteoporosis risk
in elderly men.

Short-term administration of T may increase coro-
nary blood flow, reduce ECG changes during exercise
testing in angina patients and even mildly decrease
low-density lipoprotein (LDL). It remains unsolved
whether T (especially long-term supplementation) in

terms of cardiovascular risk assessment is safe and
beneficial (Wu and von Eckardstein 2003).

T may increase prostate volume and PSA, however
within normal limits and without a significant increase
of clinical urinary symptoms. To date, there are no
alarming data with respect to T supplementation on the
progression or development of prostate disease and/or
symptoms. Two major concerns remain. The first con-
cern is that the duration of T supplementation and the
number of subjects included are still limited. There-
fore, the statistical power is not sufficient to exclude the
possibility that T supplementation in elderly men will
increase the incidence of prostate disease. A second
major concern in this context is the high frequency of
silent subclinical prostate cancer, especially in the very
elderly. Subclinical prostate cancer is by definition not
detectable at the start of T supplementation and may
grow at a faster rate than expected.

II.4.11.4
What are the Risks/Side-Effects
of T Replacement?

The most well documented and easily detectable side-
effect of T replacement is polycythaemia. Other poten-
tial risks such as gynaecomastia and sleep apnoea do
not represent a clinical problem. In addition, no nega-
tive effects of T on lipoproteins are reported in the el-
derly population (Table II.4.8). The major concern
therefore remains the prostate. Although data on pros-
tate size, urinary symptoms, PSA level and prostate
cancer have been not alarming thus far, information is
still limited in the background of the high prevalence of
subclinical prostate cancer in the elderly.
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II.4.11.5
What Type of T Replacement Should be Used
in Elderly Men?

Multiple T preparations (injectable, oral or transder-
mal) are available for the treatment of elderly men (Ta-
ble II.4.9). These forms of treatment can differ in their
risk profile. The available data suggest that administra-
tion of supraphysiological doses of T should be avoided
in order to limit side-effects that may be more apparent
in the elderly. The most well documented side-effect in
this context is polycythaemia, which may occur in
6–12% of the elderly population following T treat-
ment. Restoration of the often modest anaemia ob-
served during hypogonadism by T replacement is of
course beneficial but polycythaemia should be avoided
especially in the elderly (Table II.4.8). Supraphysiologi-
cal concentrations often result from intramuscular ad-
ministration (Table II.4.9), which is still the most com-
mon mode of T treatment.

Table II.4.9. Most common types of T replacement in elderly men

Preparation Mode of
administration

Dose/frequency

Testosterone
enanthate

Intramuscular 100–200 mg every
2 weeks

Testosterone
undecanoate

Oral 120–160 mg daily

Testosterone gel
or patch

Transdermal 5–10 mg daily

II.4.11.6
How Long Should we Administer T in the
Elderly?

Clearly, the goal of T supplementation, if it works,
should be to treat men older than 60 for the rest of their
life in order to increase their quality of life. However,
there are no studies on T supplementation of longer
than 3 years. Many side-effect and/or benefits may oc-
cur after a longer duration of T treatment. Results from
the Women’s Health Initiative Study have shown that
some risks of hormone replacement in postmenopaus-
al women, such as breast cancer, may become evident
only after 5 years. Therefore, long-term T supplementa-
tion studies are needed to assess the benefits and risks.

II.4.11.7
Conclusions and Research Agenda

Many questions remain unresolved with respect to T
supplementation in the elderly. It is unlikely, in the ab-
sence of clinically relevant testicular, pituitary or hypo-
thalamic disease, that a list of symptoms or complaints
and/or a T level below a certain threshold will inform us

as to who should receive T supplementation. Moreover,
the benefits of T treatment will probably be less evident
than in the frankly hypogonadal and mainly subclinical
men. In such a context, side-effects should be clearly
limited. It is evident that some of the risks are related to
supraphysiological T treatment which therefore should
be avoided in the elderly. The main issue of concern
during T supplementation will remain the prostate as
long as we use T that is converted into dihydrotestoste-
rone and therefore will stimulate prostate growth. Al-
though not alarming, available data are insufficiently
reassuring with respect to the risks of therapy, especial-
ly for prostate cancer. Large-scale studies of long(er)
duration will be needed if T replacement is to be used in
the elderly. An alternative challenge for the pharmaceu-
tical industry is to develop selective androgen receptor
modulators, analogous to selective oestrogen receptor
modulators, which do not stimulate prostate tissue.
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II.4.12 Abuse of Androgens
H.-C. Schuppe, A. Jung, W.-B. Schill

The attraction of anabolic-androgenic steroids for
both professional and recreational athletes is to
improve muscle mass, strength and endurance.
Moreover, an increasing number of men take ana-
bolic-androgenic steroids primarily as lifestyle
drugs in an effort to enhance their appearance and
sense of well-being. Most frequently misused com-
pounds are 17 q -hydroxyl esters of testosterone,
19-nortestosterone, methenolone, and the hepato-
toxic 17 [ -alkylated derivatives stanozolol and
methandienone. A typical administration regimen
includes combinations of various anabolic-andro-
genic steroids taken intermittently at doses that
exceed those required for androgen replacement
therapy in male hypogonadism up to 100-fold.
Among the well-known side-effects, suppression
of the hypothalamic-pituitary-gonadal axis result-
ing in inhibition of spermatogenesis, testicular
atrophy and disturbed sexual function as well as
gynaecomastia are most important in clinical an-
drology. Hormonal dysregulation and changes in
semen parameters are considered to be reversible
after drug withdrawal; however, recovery of sper-
matogenesis can require more than 12 months or
may even be absent after long-term abuse. Consid-
ering that anabolic-androgenic steroids represent
a major health risk in the general population, in-
cluding adolescents, increasing efforts for preven-
tion of abuse are needed. Prescription of anabolic-
androgenic steroids to healthy men by physicians
is ethically and medico-legally unacceptable.

Summary

II.4.12.1
Introduction

Androgens are required for prenatal sexual differentia-
tion and pubertal development of the male phenotype.
In the adult male, testosterone plays a key role in main-
taining specific reproductive tissues including sper-
matogenesis at the testicular level. Moreover, andro-
gens significantly stimulate sexual function and behav-
iour. It is well known that testosterone replacement
therapy in hypogonadal men increases nitrogen reten-
tion, lean body mass and body weight (Bagatell and
Bremner 1996). Reversal of androgen deficiency is as-
sociated with beneficial effects on muscle strength,
bone mineral density, erythropoiesis and mood. In
contrast, it has been a matter of debate whether andro-
gens can improve muscle strength and performance in
healthy, eugonadal men (Wilson 1988; Elashoff et al.

1991; Bagatell and Bremner 1996). More recent studies,
however, indicate that testosterone has direct anabolic
effects on skeletal muscles reflected by an increase in
muscle mass due to muscle fibre hypertrophy (Bhasin
et al. 2001, 2004). Notably, administration of supra-
physiological doses of testosterone in healthy men, es-
pecially when combined with strength training, in-
creases fat-free mass as well as muscle size and maxi-
mal voluntary strength (Bhasin et al. 1996).

The observation that testosterone and other andro-
gens exert anabolic effects has led to their use as perfor-
mance-enhancing drugs among athletes since the
1950s. Today, abuse of anabolic-androgenic steroids
(AAS) is no longer restricted to competitive sports but
represents a major health risk in the general population
including adolescents.

II.4.12.2
Anabolic-Androgenic Steroids

Since it is rapidly metabolized in the liver, testosterone
is virtually inactive when taken orally. The search for
clinically useful testosterone preparations in the past
60 years has yielded a wide range of synthetic deriva-
tives (Kochakian 1976; Bagatell and Bremner 1996;
Mottram and George 2000; Fig. II.4.36). Common mod-
ifications of testosterone suitable for intramuscular in-
jection in oily vehicles are 17 q -hydroxyl esters, whereas
alkylation at position 17 [ renders the molecule orally
active. Further modifications comprise 19-nortestos-
terone (nandrolone) and its derivatives as well as 1 [ -
alkylated compounds. With regard to possible clinical
indications beyond androgen-replacement therapy in
males, many attempts have been made to develop ste-
roids with predominant nitrogen-retaining, anabolic
and less androgenic properties. As yet, however, there
are no pure anabolic steroids available. Nevertheless,
AAS represent the most prevalent performance-en-
hancing drugs illicitly used in competitive and non-
competitive sports (Mottram and George 2000; Verro-
ken 2000; Dawson 2001). Apart from the testosterone
esters, the most frequently administered compounds
are nandrolone, methenolone, and the 17 [ -alkylated
derivatives methandienone, stanozolol, and methyltes-
tosterone (see Fig. II.4.36). Moreover, new “designer
steroids” have to be considered as illustrated by the re-
cent identification of tetrahydrogestrinone (THG; Cat-
lin et al. 2004; Noakes 2004). This compound, which
proved to be a highly potent androgen in a yeast-based
in vitro bioassay system, had been distributed without
any prior biological or toxicological evaluation (Death
et al. 2004).
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Fig. II.4.36. Structure of anabolic-androgenic steroids frequent-
ly detected in international doping tests. Figure taken from
Schänzer W (1998) Abuse of androgens and detection of illegal
use. In: Nieschlag E, Behre HM (eds) Testosterone – action, de-
ficiency, substitution, 2nd edn. Springer, Berlin Heidelberg
New York, pp 545–565

II.4.12.2.1

Are There Clinical Indications for Anabolic-Androgenic

Steroids?

The efficacy and safety of testosterone preparations for
treatment of male hypogonadism are well established
(Nieschlag et al. 2004; see Chap. II.4.13). Androgenic
steroids, however, were initially recognized for their
anabolic effects and have been widely used in clinical
medicine. Before bone marrow transplantation and re-
combinant erythropoietin became available, AAS
played an important role in the treatment of haemato-
logic disorders such as various types of anaemias (Ba-
gatell and Bremner 1996; Basaria et al. 2001). Further-
more, the beneficial effects of these compounds have
been observed in patients suffering from cachexia as-

sociated with severe burns as well as chronic diseases
such as renal and hepatic failure, cancer, or pulmonary
disease (Basaria et al. 2001; Liu and Handelsman 2004).
Recent studies suggest that AAS can be used for the
treatment of wasting associated with human immuno-
deficiency virus/acquired immunodeficiency syn-
drome. Compounds such as danazol are important
therapeutic options in the management of hereditary
angioedema.

II.4.12.2.2

Historical and Epidemiological Aspects of Abuse

The use of performance-enhancing medicinal products
by athletes can be traced back to the ancient Olympic
Games (Verroken 2000). In the 1950s, weightlifters
were probably the first to take testosterone derivatives
without any medical indication in order to increase
muscle mass and strength. Since then, the abuse of AAS
rapidly spread to other disciplines of competitive
sports in spite of early warnings concerning serious ad-
verse effects (Wade 1972; Wilson 1988; Verroken 2000;
Dawson 2001). In some countries, such as the former
German Democratic Republic, athletes were even sys-
tematically subjected to unethical and secret program-
mes of hormonal doping by the government (Franke
and Berendonk 1997).

In 1968, the International Olympic Committee
(IOC) released the first anti-doping rules. The list of il-
licit compounds, however, included only stimulants
and narcotics. Synthetic AAS were prohibited in 1974
when the first methods to detect abuse of these com-
pounds became available (Verroken 2000; Schänzer
2004). Notably, testosterone itself was not banned until
1984. Later definitions of doping are more general and
comprise a wide range of different performance-en-
hancing drugs and methods (IOC 1999; Verroken
2000): “Doping is (1) the use of an expedient (substance
or method) that is potentially harmful to athletes’
health and/or capable of enhancing their performance,
or (2) the presence in the athletes’ body of a prohibited
substance or evidence of the use thereof or evidence of
the use of a prohibited method”.

With regard to different disciplines, the highest
prevalence of abuse is found among bodybuilders and
weightlifters, followed by track-and-field athletes, cy-
clists and swimmers (Wilson 1988; Schänzer 1998). The
overall statistics of doping tests performed by laborato-
ries accredited by the IOC and World Anti-Doping
Agency during competition and training revealed ap-
proximately 1% of samples positive for AAS over the
last decade (Verroken 2000; Schänzer 2004). On the
other hand, enquiries after the Seoul Olympics of 1988
provided suggestive evidence that more than 50% of
the athletes had been illicitly using performance-
enhancing drugs (Dawson 2001).
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The inappropriate use of AAS, however, is not re-
stricted to high level competitive sports. It has been as-
sumed that more than 25% of men attending gyms take
AAS and other performance-enhancing drugs, and a
prevalence of up to 80% was reported for male amateur
bodybuilders (Johnson 1990; Boos et al. 1998). More-
over, occupational users such as doormen, police and
prison warders have to be considered (Dawson 2001).
Several surveys concerning adolescents between the
ages of 11 and 18 showed that 3–12% of boys and
1–2% of girls had used or were using AAS (Buckley et
al. 1988; Handelsman and Gupta 1997; Bahrke et al.
2000). According to data from the UK, AAS are the third
most common drugs behind cannabis and amphet-
amines offered to schoolchildren (Dawson 2001). Al-
though concise epidemiological data are lacking, the
available pieces of information indicate that abuse of
AAS is dramatically increasing among the general pop-
ulation. AAS have become lifestyle drugs and abuse is
often associated with that of other compounds such as
narcotics as well as alcohol consumption and smoking
(Durant et al. 1993; Boos et al. 1998; Bahrke et al. 2000).

II.4.12.2.3

Aims and Psychopathology of Abuse

The attraction of AAS for both professional and recrea-
tional athletes is to increase muscle mass – and thus
strength, sprinting speed and endurance – beyond the
level achievable by any training regimen or complex
non-pharmaceutical interventions including special di-
ets (Dawson 2001; Noakes 2004). Occupational users
such as security personnel have the objective that they
must increase their strength both to threaten and pro-
tect others. An increasing number of men, however,
take AAS primarily in an effort to enhance their appear-
ance and sense of well-being (Pope et al. 2000; Dawson
2001). Notably, men have reported a great desire for
larger, more muscular bodies. Although highly muscu-
lar, these men are often dissatisfied with their body im-
age and perceive themselves as underweight (Drenow-
ski and Yee 1987; Pope et al. 2000). Several studies re-
vealed that bodybuilders, as compared to other athletes,
display an increased preoccupation with their body ap-
pearance, similar to that observed among patients with
eating disorders such as anorexia nervosa, but with a
“reversed” focus of gaining muscle (Blouin and Gold-
field 1995; Mangweth et al. 2001). Thus, abuse of AAS
and obsessive exercising associated with body image
dissatisfaction may reflect a body dysmorphic disorder
according to DSM-IV (American Psychiatric Associa-
tion 1994, Diagnostic and statistical manual of mental
disorders). The pathological belief of not having
enough musculature found among weightlifters and
bodybuilders has been coined “biggerexia” or “muscle
dysmorphia” (Pope et al. 2000; Choi et al. 2002).

II.4.12.3
Patterns of Abuse

Athletes and recreational bodybuilders who abuse AAS
believe that higher doses of these compounds produce
greater effects on the muscle than lower doses (Wilson
1988; Knuth et al. 1989; Bagatell and Bremner 1996;
Boos et al. 1998; Mottram and George 2000; Dawson
2001). Therefore, typical administration regimens dif-
fer markedly from those applied clinically, as illustrat-
ed by respective “recommendations” available from
publications such as the “Underground steroid hand-
book” (Duchaine 1989), magazines for bodybuilders,
or via the internet. Various combinations of both intra-
muscular and oral AAS including 17 [ -alkylated com-
pounds are taken intermittently and in progressively
increasing doses (“stacking”; compounds frequently
used are shown in Fig. II.4.36). Treatment cycles of
4–18 weeks are followed by variable drug-free intervals
lasting as long as a year. The doses of AAS administered
exceed those required for androgen replacement thera-
py in male hypogonadism up to 100-fold. For maximal
effect, AAS are used in combination with other hor-
mones such as insulin, growth hormone, insulin-like
growth factor, or thyroid hormones (Mottram and Ge-
orge 2000; Dawson 2001; Noakes 2004). In order to
“prevent” untoward effects of AAS, human chorionic
gonadotrophin (hCG), anti-oestrogens such as tamoxi-
fen, or diuretics are administered.

The exact magnitude of benefit from the above-
mentioned regimens combining various AAS or con-
comitant use of other compounds is unknown (Noakes
2004). Due to the secrecy that surrounds the use of per-
formance-enhancing drugs, objective data are scarce.
Whether or not steroids with strong anabolic proper-
ties are more effective than testosterone preparations
in increasing muscle mass, strength and endurance re-
mains to be elucidated. Controlled prospective investi-
gations under appropriate conditions, however, remain
prohibited for ethical reasons.

Although several AAS such as 17 [ -alkylated com-
pounds are no longer used in clinical medicine and
have been officially withdrawn because of severe ad-
verse effects, they are still available on the black market
or may be ordered via the internet. Moreover, prepara-
tions approved only for veterinary use are adminis-
tered. In particular, the unknown quality of illegally
produced AAS is a matter of concern. On the other
hand, it has been estimated that in 15% of cases AAS
are prescribed by physicians or released by pharmacists
(Boos et al. 1998).

Pro-hormones of testosterone as well as derivatives
of dihydrotestosterone and nortestosterone have been
marketed as nutritional supplements and are adver-
tised to be as effective as testosterone (Schänzer 2004).
However, only high doses of such compounds given
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orally may result in significant increases in serum tes-
tosterone. Other nutritional supplements, which are of-
fered as drug-free alternatives for performance im-
provement, have been shown to contain substantial
concentrations of non-labelled AAS (Geyer et al. 2004).
Unintentional use of such preparations by athletes may
result in positive doping tests.

II.4.12.3.1

Adverse Effects of Anabolic-Androgenic Steroids

The untoward effects of AAS depend on both the type
and dose administered (Bagatell and Bremner 1996). In
general, replacement doses and the administration of
testosterone esters are associated with fewer complica-
tions than is the use of 17 [ -alkylated derivatives, par-
ticularly at excessive doses. Both androgenic and oe-
strogenic as well as non-hormonal toxic effects of the
original compounds and their metabolites have to be
considered. Available studies in this field, however, may
not sufficiently reflect the sequelae of long-term abuse,
especially considering the non-standardized doses and
combinations of AAS administered. Moreover, there is
no reporting of side-effects to a central body (Dawson
2001).

The most common adverse effects of AAS encoun-
tered among athletes, bodybuilders and other male
abusers are compiled in Table II.4.10. The top ten com-
plaints self-reported by men calling an anti-doping
hot-line in Sweden were aggressiveness, depression, ac-
ne, gynaecomastia, anxiousness, potency problems,
testicular atrophy, sleep disorders, fluid retention and
mood disturbances (Eklof et al. 2003).

Table II.4.10. Adverse effects of anabolic-androgenic steroids in malesa

Hypothalamic-pitui-
tary-gonadal axis

Suppression of gonadotrophin secretion
Testicular atrophy
Oligo- or azoospermia, infertility
Testosterone deficiency
Decreased libido

Breast Gynaecomastia

Haematopoiesis Polycythaemia
Thrombo-embolic complications

Cardiovascular system Cardiomyopathy, sudden cardiac death

Liverb Hepatocellular and intrahepatic cholestasis
Peliosis hepatis (haemorrhagic liver cysts)
Hepatocellular adenoma/carcinoma

Metabolism Reduction in plasma HDL cholesterol levels, increase in LDL cholesterol level
Hyperinsulinaemia

Bone Premature closure of epiphyses (in adolescents)

Skin Acne
Androgenetic alopecia

Psychological disorders Mood disturbances, depression, psychotic symptoms (withdrawal syndromes), increased
aggression (?)

a Adapted from Jockenhövel (2002) b Especially after administration of 17 [ -alkylated derivatives

For the clinical andrologist, suppression of the hy-
pothalamic–pituitary–gonadal axis and subsequent in-
fertility are of major importance: based on the negative
feedback mechanism, secretion of gonadotrophins and
endogenous testosterone is impaired, resulting in inhi-
bition of spermatogenesis with oligo- or azoospermia
(Schürmeyer et al. 1984). Moreover, percentages of mo-
tile and morphologically normal spermatozoa may be
significantly reduced (Knuth et al. 1989; Torres-Calleja
et al. 2001). Recent observations suggest that concomi-
tant abuse of hCG may further impair spermatogenesis
and thus sperm morphology (Karila et al. 2004). Testic-
ular atrophy and disturbed sexual function with loss of
libido and erectile dysfunction are also frequent signs
and symptoms of AAS-induced hypogonadism (Wilson
1988).

AAS-induced hormonal dysregulation and changes
in semen parameters are considered to be reversible af-
ter drug withdrawal (Schürmeyer et al. 1984; Knuth et
al. 1989). The recovery of spermatogenesis, however,
can require more than 12 months (Gazvani et al. 1997).
Other case reports indicate that hypogonadotrophic
hypogonadism may even be irreversible (Van Breda et
al. 2003; Jung et al. 2003). In this context, the multifac-
torial aetiology of male infertility and the impact of
pre-existing or concomitant disorders of reproductive
functions should be noted (see Chaps. I.3).

With regard to therapy, clomiphene citrate has been
used to reverse hypogonadism (Tan and Vasudevan
2003). Men with primary infertility due to persistent
azoospermia after abuse of AAS were successfully
treated with hCG either alone or in combination with
human menopausal gonadotrophin (hMG), in one case
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assisted reproductive techniques were required to
achieve a pregnancy (Turek et al. 1995; Jung et al. 2003;
Menon 2003).

Gynaecomastia is one of the most common adverse
effects of AAS, especially when compounds undergoing
aromatization to oestrogens are administered (Eklof et
al. 2003). Breast changes often persist after withdrawal
of AAS and may require mastectomy. The hallmark of
skin-related adverse reactions of AAS is acne vulgaris
including severe forms such as acne fulminans with its
deleterious sequelae (Assmann et al. 1999). Hepatotox-
icity is related mainly to high doses of 17 [ -alkylated
compounds (Bagatell and Bremner 1996). Hepatocellu-
lar and intrahepatic cholestasis may result in severe
jaundice and hepatic failure; moreover, peliosis hepatis
as well as the development of hepatocellular adenoma
or carcinoma have been reported (Soe et al. 1992). Fur-
thermore, administration of high doses of AAS causes
unfavourable changes in lipid metabolism leading to an
increased atherogenic lipid profile (Hartgens et al.
2004). It is a matter of debate, however, whether long-
term abuse of AAS is associated with a significantly in-
creased risk of cardiovascular disease, thrombogenici-
ty and embolic complications. On the other hand,
stroke, myocardial infarction and sudden deaths due to
cardiomyopathy have been reported in young men
abusing AAS (Bagatell and Bremner 1996). Studies in
power athletes indicate that the abuse of AAS is associ-
ated with myocardial hypertrophy in a dose-dependent
manner (Karila et al. 2003). The changes in left ventric-
ular mass were potentiated by concomitant use of
growth hormone. It should be noted that AAS also af-
fect psyche and behaviour (Pope and Katz 1994; Brower
2002). Apart from mood disturbances, increments of
aggressive behaviour, dependence as well as withdraw-
al syndromes with depression, hypomania or psychotic
features have been observed. Whether these symptoms
result from AAS abuse or reflect an underlying psycho-
pathology of the patient is unclear (see above).

II.4.12.3.2

Detection of Abuse

Doping control in competition sports is organized by
national and international sport federations, the IOC
and the World Anti-Doping Agency including “out-of-
competition testing programmes” (Schänzer 2004).
Test samples have to be processed in accredited labora-
tories according to standardized protocols. Concerning
the identification of AAS, analysis of urine samples by
gas chromatography and high resolution mass spec-
trometry after appropriate sample preparation repre-
sent the main analytical tools (Saugy et al. 2000; Schän-
zer 2004). In order to increase the accuracy of analyti-
cal results, derivatization methods and selected ion
monitoring profiles are employed. Moreover, the highly

complex metabolism of AAS as well as the pharmacoki-
netics of parent compounds and their excreted metabo-
lites have to be considered. Detection of more than 20
metabolites after administration of one single AAS is
not unusual (Schänzer 2004). With regard to the abuse
of endogenously produced AAS, e.g. testosterone, the
ratio of testosterone to epitestosterone excreted in
urine is determined and appears significantly in-
creased after administration of exogenous testoster-
one. Respective results, however, require further con-
firmation by additional methods such as gas chroma-
tography-combustion-isotype ratio mass spectrome-
try. In the future, bioassays may become important
tools, especially to detect novel designer steroids (Han-
delsman 2004).
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II.4.13 Exotic Hormones
F. Comhaire, A. Mahmoud

During male ageing important changes occur in the
neuroendocrine environment. The most remark-
able are the decreased secretion of melatonin,
growth hormone, dehydroepiandrosterone (DHEA)
and testosterone. Hormone replacement therapy
(HRT) with each of these substances has been pro-
posed, but few data are available on the long-term
effects.

Today, HRT with testosterone seems to offer the
most promising prospect. New delivery systems
are under development that can restore physiologi-
cal testosterone levels in blood, including day–
night variability. However, melatonin and DHEA
may be of benefit in particular circumstances.

■ Regular exercise and reduced nutritional
calorie intake are important elements of the
“healthy lifestyle” of ageing persons.

■ Hormone replacement therapy with growth
hormone needs further studies, and should
not be recommended as yet.

■ Androgen replacement therapy may be benefi-
cial for ageing men with clear-cut hypoandro-
genism.

■ There are hardly any arguments to recommend
delivery of DHEA to ageing or elderly men.

Summary

II.4.13.1
Introduction

Thanks to better hygiene and up-to-date medicine few-
er people die at an early age. However, those who sur-
vive do not live longer than in the past. The increased
“average life expectancy” observed over recent decades
does not imply that mankind really lives longer (Calla-
han 2000). In the USA, and probably in Europe as well,
the median number of remaining years of life for all
80 year olds is approximately 7.0 years; for 85 year olds,
it is 5.0 years. So, clearly, in order to live until a very old
age, one must reach an old age first. This truism high-
lights the need for systems and strategies to maintain a
reasonable health condition until old age.

There are several theories attempting to explain the
ageing phenomenon.

Programmed deterioration of the neuroendocrine
and/or the immune systems may be related to the finite
capacity of cells to divide and thus “renew” the systems.
The reasons for the finiteness of cell replication are not
well known, but there are arguments that progressive
shortening of the telomeres, which are situated at the

extremity of the chromosomes, is involved (review see
Klapper et al. 2001).

Wear and tear of tissues and cells are, among other
factors, related to damage caused by reactive oxygen
species to both the cell membrane and its contents, par-
ticularly the mitochondria (Calabrese et al. 2001),
which generate energy, and DNA.

A reasonable strategy that aims to delay the epiphe-
nomena of ageing should maintain or restore a “nor-
mal” hormonal equilibrium, and counteract the mech-
anisms causing wear and tear (Chap. II.4.14).

II.4.13.2
Hormonal Changes in Ageing Men

In men, age-related changes occur in serum hormone
levels, as shown in Table II.4.11.

II.4.13.2.1

Melatonin

The pineal gland secretes melatonin, which regulates
the biological clock in seasonal breeders, and in hu-
mans. Melatonin is present in children and may exert a
suppressive effect on pituitary gonadotrophin secre-
tion during pre-puberty. In adults, the nocturnal secre-
tion of melatonin also seems to depend on the pineal
gland, while the “background” secretion of this hor-
mone during the day originates instead from the gas-
trointestinal tract (Messner et al. 2001; Bubenik 2002).

Melatonin plays a role in the night-time regulation
of metabolism that is slowed down during sleep. The
increase in body temperature that occurs during vigor-
ous exercise is counteracted by the anti-pyretic action
of melatonin.

Table II.4.11. Age-related changes in serum hormones in men.
(ACTH Adrenocorticotrophin, DHEA dehydroepiandrostero-
ne, FSH follicle-stimulating hormone, LH luteinizing hor-
mone, T3 triiodothyronine, T4 thyroxine, TSH thyroid-stimu-
lating hormone)

Hormone Change

Melatonin ↓

Growth hormone = N
Insulin-like growth factor I (somatomedin C) ↓

ACTH and cortisol = N
DHEA ↓

TSH and T4 = N
T3 ↓

LH = N
FSH ↑

Total and free testosterone ↓

Inhibin B ↓
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II.4.13.2.2

Growth Hormone

Growth hormone (GH) is secreted by the pituitary
gland, under stimulation of growth hormone releasing
hormone (GHRH) produced by the hypothalamus.
Growth hormone circulates in blood and is converted
in the liver and in other tissues to what was previously
called somatomedin C, but is now referred to as insu-
lin-like growth factor 1 (IGF 1). It is IGF 1 that stimu-
lates cell proliferation and protein synthesis. In syner-
gism with thyroid hormones, GH stimulates skeletal
growth and tissue growth through IGF 1. Growth hor-
mone in synergism with cortisol increases lipolysis of
fat tissue, and has a “diabetogenic” effect by increasing
blood sugar levels (Lo et al. 2001).

In ageing men the levels of GH decrease, because of
a decreased responsiveness of the pituitary to stimula-
tion by GHRH. In physiological circumstances the re-
lease of GH is stronger during sleep. Since sleep is often
fragmented in the elderly, nocturnal GH secretion is re-
duced. Both testosterone and oestradiol stimulate GH
secretion. In ageing men and women, the secretion of
sex hormones decreases, reducing the GH secretion. A
strong natural stimulus of GH secretion is exercise.
Since many ageing persons reduce their exercising, this
equally decreases GH secretion.

In fact, the GH level in blood decreases by an average
of 14% per decade of life. This results in lower lipolytic
action and increased body fat, as well as decreased pro-
tein synthesis with decreasing lean body mass.

II.4.13.2.3

Adrenal Hormones

The secretion of adrenocorticotrophin (ACTH) and
cortisol changes little with age. It has been reported
that stress and depression cause a longer-lasting in-
crease of cortisolemia in ageing persons than in the
young. This is attributed to mitigated counterregulati-
on mechanisms reducing ACTH at the hypothalamic
level. The longer-lasting cortisol response to stress and
depression may accelerate ageing and may precipitate
degeneration of neurons of the central nervous system
(Newcomer et al. 1994). In view of their exaggerated
susceptibility to stress, efforts should be made to avoid
submitting ageing persons to stressful circumstances.
Also, depressive mood changes (weariness of life) must
be diagnosed and treated appropriately.

Another important adrenal hormone is dehydroepi-
androsterone (DHEA). Aside from being a direct pre-
cursor hormone of oestradiol and of testosterone in
target tissues (Labrie et al. 2001), DHEA has central
nervous effects and is metabolized in the limbic system
and hippocampal–hypothalamic region (Hunt et al.
2000). It has been suggested that persons who attain a

very high age in a relatively healthy condition tend to
have a higher DHEA (sulphate) level in blood. Indeed,
during ageing the concentration of DHEA(S) decreases
(Montanini et al. 1988), but the rate of decline is differ-
ent from one person to another. It is impossible to as-
sess whether the higher DHEA level in the “fit” elderly
is the cause or rather the result of their good physical
condition (Hinson et al. 2003).

II.4.13.2.4

Testicular Function

Testicular function dramatically decreases during age-
ing. This item is covered in extenso by Kaufman
(Chap. I.11.1) and by Vanderschueren (Chap. II.4.11).

II.4.13.3
Treatment Options

The diagnosis of hormone deficiency must always be
based on the measurement of the hormone levels in
blood before hormone replacement therapy is intro-
duced. Measurement of melatonin is not part of routine
evaluation, because it requires multiple sampling dur-
ing the night. In addition, there are few consequences
of decreased melatonin levels that need treatment.

The assessment of GH and IGF 1, of DHEA-sulphate
and of total and free testosterone should be performed
on blood taken in the morning, in view of the signifi-
cant day–night variability. Interpretation of the results
requires good insight into the endocrine mechanisms
involved in ageing, and must be related to the signs and
symptoms.

Melatonin was proven to “reset” the sleep pattern of
blind persons (who cannot perceive light) (Sack et al.
2000) and has been advocated for the readjustment of
the sleep pattern caused by “jet-lag”. Melatonin has
been marketed as a natural sleeping pill at a dose of
3–10 mg, and it seems to be safe for this indication.
However, the evening administration of melatonin to
hypertensive patients treated with calcium channel
blockers may increase blood pressure and heart rate
throughout a 24-h period (Lusardi et al. 2000).

Much higher doses, up to 100 mg per day, seem to
exert antioxidant effects. Also, these pharmacological
doses have been reported to sometimes act beneficially
as adjuvant therapy in patients with untreatable can-
cers. However, the latter is based on uncontrolled ob-
servations (Lissoni et al. 1994; Lissoni 1998).

The best method to “rejuvenate” the growth hor-
mone–IGF 1 axis is to encourage exercise and to control
body weight. Particular amino acids (such as arginine)
have been advocated to stimulate GH secretion, but this
effect has not yet been objectively proven. Substitution
of sex hormones and of DHEA will also increase GH se-
cretion (Genazzani et al. 2001).
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Treatment by injections of GH has been shown to in-
crease lean body mass and muscle force in hypopitu-
itary adults (Weaver et al. 1995) and in obese men (Jo-
hannsson et al. 1997). The results of studies supporting
this claim need confirmation. However, GH may be dia-
betogenic, particularly in the elderly, who have a de-
creased secretory reserve capacity of Langerhans’
island beta cells. Hence, physiological doses of GH,
which would not promote diabetes in young persons,
may do so in ageing men. In addition it is documented
that patients suffering from acromegaly, caused by ex-
cessive GH secretion, run a higher risk of cancer in gen-
eral (Higuchi et al. 2000; Baris et al. 2002), and of colon
cancer in particular (Orme et al. 1998). Whether long-
term hormone replacement therapy with GH increases
the cancer risk is not known. Growth hormone substi-
tution in ageing men remains controversial.

Hormone replacement therapy using DHEA has
been reported to improve mood and to reduce fatigue
when it is given to patients with Addison’s disease, who
– by virtue of their adrenal insufficiency – have an ex-
tremely low DHEA(S) concentration in blood (Hunt et
al. 2000). A similar effect was observed in healthy elder-
ly women, but not in elderly men (Wolf et al. 1997).
HRT with DHEA was shown to exert a positive influ-
ence on bone metabolism and to maintain, or to some
extent restore, mineral bone density (Villareal et al.
2000). The latter is probably related to the DHEA being
converted to oestrogen (Legrain et al. 2000; Labrie et al.
1997, 2001; Weill-Engerer et al. 2003). As far as DHEA
supplementation to ageing men is concerned, it should
be remembered that metabolism of this steroid gener-
ates both oestrogen and androgen (Genazzani et al.
2001). Ageing men have a relatively excessive oestro-
gen/testosterone ratio in blood, and it remains to be as-
sessed whether DHEA substitution is beneficial or con-
stitutes a risk for coronary heart disease (Hautanen et
al. 1994; Khaw 1996; Arlt et al. 1999; Porsova-Dutoit et
al. 2000; Thijs et al. 2003; Tchernof and Labrie 2004).

Before DHEA is administered, a thorough clinical
investigation is mandatory. Women with oestrogen-
sensitive cancers should not receive this substance. Ac-
tivation of their tumour may occur in men suffering
from overt or hidden prostate cancer when DHEA is
given (Schiller et al. 1991; Koh et al. 2001). Careful fol-
low-up during DHEA supplementation is mandatory,
and it can be questioned whether DHEA is useful in
ageing persons with a normal DHEA(S) level in serum
(Nippoldt and Nair 1998).

II.4.13.4
Conclusion

From the (neuro)-endocrine viewpoint, several strate-
gies can be adopted to counteract ageing. Lifestyle fac-
tors include encouragement of exercise and adaptation

of nutrition, among other things, in order to avoid obe-
sity. Possible hormone replacement therapy may be
part of a more general approach to ageing which should
probably include some form of nutritional supplemen-
tation as well.

Hormone replacement therapy with GH, GHRH or
IGF 1 needs further study. The possible side-effects of
GH call for prudence.

Optimal hormone replacement therapy using tes-
tosterone may have the potential of offering long-term
benefit to the ageing male. Among other things, it may
prevent osteoporosis, vascular disease, mental degen-
eration and muscle wastage. Hormone replacement
therapy is unlikely to induce prostate hyperplasia or in-
vasive prostate cancer (Comhaire and Mahmoud 2004).
It may improve the quality of life, though long-term
studies are needed to sustain these expectations.

There may be arguments in favour of using DHEA,
though it seems preferable to apply this hormone in the
ageing female rather than the ageing male.

In no way can any hormone treatment be considered
a panacea that would be suitable for everybody. Hor-
mone replacement therapy needs careful medical indi-
cation and follow-up, and should not be made available
as an over-the-counter product.

Finally, it must be clear that hormone replacement
therapy will probably not increase the life span of men.
It is justified to presume that it may improve their qual-
ity of life and, perhaps, reduce the risk of particular
life-threatening diseases.
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II.4.14 Anti-Ageing Nutrition and Food Supplements
F. Comhaire, A. Mahmoud

In addition to adopting a healthy lifestyle, ageing
men can promote their good physical and mental
condition by using particular food supplements.
The maximum lifespan seems to be genetically de-
termined for each individual person, whereas the
quality of life of elderly people can probably be influ-
enced by external factors. The prevention and cor-
rection of obesity, regular engagement in moderate
physical activities and the early identification and
treatment of “diseases of the elderly”, such as hyper-
tension, diabetes and certain forms of cancer, are of
essential importance. Correction of specific hor-
mone deficiencies may be indicated.

In addition, certain nutritional supplements
may be used to counter “wear and tear” phenome-
na by reversing the cellular damage resulting from
environmental toxins and oxidative overload. To do
this, “nutriceuticals” are used. These formulations
consist of vitamins, minerals and judiciously se-
lected and prepared non-toxic plant extracts. They
are taken in quantities that do not exceed the rec-
ommended daily dosage, to avoid toxicity. The si-
multaneous implementation of well-selected agents
results in synergistic effects.

In addition to a healthy lifestyle, ageing men can
promote their good physical and mental condition
by using particular food supplements.

Nutriceuticals aim to prevent or delay the oc-
currence of common diseases, maintain optimal
organ function and counteract the “wear and tear”
caused by reactive oxygen species.

The judicious combination of vitamins, miner-
als and plant extracts helps maintain adequate
brain function and bone strength, and may protect
against common vascular and prostate diseases.

Since a large proportion of the ageing popula-
tion lives in an environment that is highly polluted
by agents that accelerate the ageing processes, it
may be useful to start nutriceutical intake rather
early in life (between 40 and 50 years of age).

Summary

II.4.14.1
Introduction

There are several phenomena that are held responsible
for the signs and symptoms of ageing, such as changed
neuroendocrine status, immunological processes and
“wear and tear”, a kind of cellular wearing out as a re-
sult of oxidative damage, among other things. The last
is related to the continuous production of oxygen radi-

cals, which are derivatives of oxygen that can harm the
cell membrane, the mitochondria and the DNA. This
changes the composition of the phospholipids of the
cell membrane, which becomes less fluid. Both the en-
zyme functions and the receptor activity, which are
linked to the cell membrane, decrease. The production
of ATP in the mitochondria becomes less efficient,
whereby the energy available for cells reduces. Redox
imbalance is also involved in the impairment of the im-
mune system seen in the elderly (Daynes et al. 2003).
Oxidative damage to DNA causes genetic changes that
can be mutagenic and, in some circumstances, promote
the occurrence of cancer (Jakobisiak et al. 2003; Marti-
nez et al. 2003; Ohshima et al. 2003).

On the one hand, the average life expectancy of the
elderly has increased over the last few decades; on the
other hand, all sorts of “diseases of old age” are occur-
ring ever more often – even at relatively young ages – as
a result of changed lifestyles and of environmental fac-
tors. Typical examples are the diseases related to obesi-
ty and sedentary lifestyle such as diabetes, arterioscle-
rosis, and all sorts of forms of cancer. The phenomenal
increase of cancer is attributed to continual exposure to
ever-larger amounts of numerous chemical agents in
the environment and in our food.

Adaptation of lifestyle, the encouragement of physi-
cal movement (Westerlind 2003) and appropriate nu-
trition, and the early detection and treatment of “dis-
eases of old age” benefit the quality of life and extend an
individual’s life expectancy. Unfortunately, it will be
several decades before exposure to harmful environ-
mental factors is substantially reduced. In the mean-
time, we must strive to limit or counter their influence
and that of the already mentioned oxidative cellular
damage.

II.4.14.2
Components of Nutriceuticals

By way of example, here is the composition of some nu-
triceuticals that are presently available on the market as
OTC or “over-the-counter” products (AndroCell®, Bio-
dynamics, Oostende, Belgium; Androxir®, Nutriphyt,
Oostkamp, Belgium).

II.4.14.2.1

Plant Extracts

Vinca minor (Common Periwinkle)

Extract of Vinca minor, from which the toxic alkaloids
have been removed, has long been used because of its
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favourable effect on the brain’s blood circulation (Had-
jiev and Yancheva 1976; Karpati and Szporny 1976; Sol-
ti et al. 1976). The vinca extract also stimulates glucose
metabolism in the brain cells (Tesseris et al. 1975; Va-
mosi et al. 1976; Matkovics et al. 1991). Animal experi-
ments have demonstrated these effects, and a favour-
able effect on memory in humans has also been docu-
mented.

For Men: Serenoa repens (Saw Palmetto)

The lipido-sterolic extract from Serenoa repens is used
because of its favourable effect on the prostate gland.
The extract changes the phospholipid composition of
the nuclear membrane whereby the reductase activity
is inhibited and the conversion of testosterone into 5 [ -
dihydrotestosterone (which is 10 times more androgen
active than testosterone itself) is decreased (Weisser et
al. 1996, 1997). This effect is lower than that of the phar-
maceutical 5 [ -reductase inhibitors finasteride and du-
tasteride. Still, the therapeutic result of treatment with
serenoa extract on lower urinary tract symptoms
(LUTS) or “prostatic complaints” is comparable with
that of both finasteride (Wilt et al. 2000) and the [ 1-
blocker tamsulosin (for references and review article
see Comhaire and Mahmoud 2004).

Serenoa extract reduces the prostate volume (Ro-
mics et al. 1993; Kondas et al. 1996; Stepanov et al. 1999;
Bayne et al. 2000; Boyle et al. 2000; Vacherot et al. 2000)
albeit to a lesser degree than the reductase inhibitors,
and it induces apoptosis, reduces the proliferation of
stroma cells and neutralizes the inflammatory leukotri-
ene B4. Serenoa extract is used in the treatment of be-
nign prostate hyperplasia (BPH) and, in contrast to the
pharmaceutical 5 [ -reductase inhibitors, does not re-
duce the libido. The serum concentration of prostate
specific antigen (PSA) is not decreased by serenoa ex-
tract, while the pharmaceutical reductase inhibitors
approximately halve the PSA value in blood. This com-
plicates the monitoring of the PSA value in the context
of preventing prostate carcinoma.

It thus seems logical to use serenoa extract to pre-
vent prostate hyperplasia (Cristoni et al. 2000), but
there have been no controlled studies in this regard.

An extract of the pumpkin pit (Cucurbita pepo) is
sometimes added to the serenoa extract with the inten-
tion of enhancing the effect on prostatic complaints by
additional inhibition of 5 [ -reductase and aromatase.

Linum

Linum is obtained from linseed oil. It contains lignans,
which are converted by the intestinal flora into entero-
diol and enterolactone (Denis et al. 1999). Both sub-
stances have discrete phytoestrogenic effects. The ent-
erolactone, however, is primarily an inhibitor of aro-

matase. Administration of linum results in a reduced
total oestrogenic effect because the production of the
very active oestrogens (primarily oestrone and oestra-
diol) is inhibited. In women, the supplementary ad-
ministration of lignans increases the urinary 2:16 al-
pha-hydroxyoestrone ratio (see below) (Haggans et al.
1999, 2000; Brooks et al. 2004), which is associated with
a decreased risk of invasive breast cancer (Muti et al.
2000). Indeed, epidemiological studies show a link be-
tween a high level of enterolactone in the blood and a
reduced chance of breast cancer (Adlercreutz 1988).

In the ageing man, the testosterone concentration
declines more than the oestradiol concentration. More-
over, aromatase activity increases as a result of in-
creased tissue fat, which leads to increased disturbance
of the equilibrium between oestrogens and androgens.
The relative hyperoestrogenism of the older man is as-
sociated with a higher risk of coronary problems and
prostate pathology. Inhibition of aromatase activity
with the aid of linum can restore the oestrogen–andro-
gen balance. In epidemiological studies, it has been es-
tablished that men with a high enterolactone level in
the blood do, indeed, run less risk of a heart attack than
those with a low level.

Soya Isoflavones

The primary soya isoflavones, daidzein and genistein,
are often used in nutritional supplements for both men
and women for the prevention of, respectively, prostate
cancer and breast cancer. These isoflavones are weak
oestrogens. They bond more strongly on the beta than
on the alpha oestrogen receptor. They generate inter-
esting effects and work as a relative anti-oestrogen in
women during the reproductive phase of their lives.
They also cause a shift in oestrogen metabolism from
the 16-hydroxy oestrogens, which are rather oncogenic,
to the 2-hydroxy oestrogens, which are said to have a
protective effect against breast cancer. The isoflavones
inhibit tyrosine kinase, which plays an important role
during invasive cell migration upon metastasis.

Less prostate and breast cancer is observed in people
who, during their entire lives, have taken in many soya
isoflavones in their diet. However, administering soya
isoflavones to older men does not appear to be appro-
priate in view of the relative hyperoestrogenism that is
present in many of them. Indeed, the amount of circu-
lating oestrogen will even increase, which, among oth-
er things, results in an increase of the concentration of
sex hormone binding globulin (SHBG). This leads to a
relatively large reduction of the content of free testos-
terone in the blood. The oestrogen–androgen equilib-
rium would be even more disturbed, which could in-
crease the risk of cardiovascular disease.

A similar argument applies to Ginseng extracts,
which also have significant oestrogenic activity.
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Finally, a higher concentration of daidzein and geni-
stein was measured in the blood of patients with pros-
tate cancer than in a control group of men without this
disease (Akaza et al. 2002).

II.4.14.2.2

Minerals

Zinc (Chelate)

Zinc, together with vitamin B6, plays an important role
in the conversion of the essential omega-3 short-chain
fatty acids – such as the 18:3 K 3 (alpha linolenic acid) in
long-chain polyunsaturated fatty acids, in particular ei-
cosapentaenoic acid (EPA) and the docosahexaenoic
acid or cervonic acid (DHA; 22:3 K 3). The anti-inflam-
matory properties of the latter have been repeatedly
demonstrated in patients with rheumatoid arthritis
and other conditions (Adam 2003). Zinc and vitamin B6

are necessary for the elongase and desaturase processes
that are active in this conversion. For postmenopausal
women, the administration of zinc can be combined
with supplementary intake of linseed oil, which is an
important source of alpha linolenic acid. The supple-
mentary administration of linseed oil is not recom-
mended for the older man.

Selenium (Methionine)

Selenium has a strong antioxidant effect that protects
against oxidative DNA damage. Several studies point to
the connection between a low selenium content in the
blood and an increased risk of dying as a result of can-
cer (Kornitzer et al. 2004). Prospective research has al-
so demonstrated a protective effect of selenium against
prostate cancer (Combs 2004; Dagnelie et al. 2004; Li et
al. 2004).

II.4.14.2.3

Vitamins and Lipoic Acid

Antioxidant Vitamins

Vitamin C, vitamin E and lipoic acid repair the equilib-
rium between oxidative overload and the anti-oxidative
capacity of the body. The oxidative overload can result
from tobacco use, from intercurrent inflammatory or
infectious conditions, from exposure to toxic environ-
mental factors (including pesticides) and heavy metals,
and from hypertension or diabetes. The oxidative over-
load causes an accelerated conversion of LDL cholester-
ol to oxidated LDL cholesterol, which, in the vascular
wall, is phagocytosed by macrophages, which are
themselves converted to foam cells. This promotes the
development of arteriosclerosis. A correctly dosed
composition of antioxidants retards the conversion of

the LDL cholesterol to its oxidated form (Bernard et al.
2003), which could inhibit the occurrence of arterio-
sclerosis. Vitamin C also reduces the stress-induced
constriction of the coronary arteries, and improves en-
dothelial function.

The results of various prospective studies concern-
ing an anti-arteriosclerosis effect of vitamin C and vita-
min E are contradictory, so meta-analysis could not
show a positive effect. However, this conclusion must
be qualified since, in the various studies, highly diver-
gent doses of vitamins E and C were used. In addition,
use was often made of synthetic vitamin E, which dif-
fers significantly from the natural tocopherols in bio-
logical activity.

Natural “vegetable” vitamin E consists of various
isomers whereby the ratio between the alpha and gam-
ma forms is apparently important for an optimal anti-
oxidative effect. The natural tocopherols are up to
8 times more active than the synthetic alpha-d-tocoph-
erol. In addition, a high concentration of the latter re-
duces the concentration of gamma tocopherol (Cooney
et al. 1993; Freeman et al. 2000; Giovannucci 2000; Helz-
lsouer et al. 2000). Administration of nutritional sup-
plements with a high dose of synthetic alpha-d-tocoph-
erol can result in a paradoxically unfavourable effect,
for example, as far as preventing certain forms of can-
cer is concerned (Behrens and Madere 1987; Handel-
man et al. 1994). In contrast, administration of natural
vitamin E, with the correct proportion of gamma to-
copherol, manifested a protective effect, particularly in
the prevention of prostate cancer. It has also been dem-
onstrated that administration of vitamin E reduces the
concentration of mutagenic oxidated DNA (8-OH-2-
deoxyguanosine) in cells (Comhaire et al. 2000).

Particularly important is the dosage of vitamin C
that is administered: more is not always better! Indeed,
high doses of vitamin C can cause a pro-oxidative effect
by increasing the content of free Fe2+, which, via the Ha-
ber-Weiss and Fenton reactions, generates free oxygen
radicals. It has been shown that cyclooxygenase-2
(COX2) is involved in the induction of DNA damage
and that vitamin C promotes it (Blair 2004). On the oth-
er hand, the administration of a balanced combination
of antioxidants increases the serum concentration of
ferritin whereby the free Fe2+ is more strongly bonded
and so can have less of a pro-oxidative effect
(Fig. II.4.37).

Vitamin E is fat-soluble and is regenerated by the
water-soluble vitamin C. Lipoic acid is both fat- and
water-soluble and has a high “buffering” capacity, i.e. it
can take up many oxygen radicals.

Prospective cohort and intervention studies have
shown that the combined administration of vitamins E
and C significantly reduces the risk of Alzheimer’s dis-
ease (Zandi et al. 2004). Vitamin E also increases the
immunological resistance of the elderly (Lesourd
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Fig. II.4.37. Mechanism of
iron-induced oxidative
stress. When red blood cells
(RBC) are disintegrated, the
complex haemoglobin-iron
(Hbg-Fe++) ist released into
the circulation. In serum,
this complex is bound to
haptoglobin. Iron can escape
from the haemoglobin-hap-
toglobin-iron complex and
circulates as free iron++
(Fe++) and as iron bound to
ferritin (ferritin-iron com-
plex). The free iron++ stim-
ulates the Haber-Weiss and
Fenton reactions that gener-
ate highly active oxygen rad-
icals. The free iron++ in se-
rum is in equilibrium with

the inactive iron+++ (Fe++). The latter equilibrium is shifted towards more iron++ under the influence of high dose vitamin C
administration. Hence, the Haber-Weiss and Fenton reactions are stimulated, generating excess free oxygen radicals. On the
other hand, adequate anti-oxidant treatment increases the ferritin concentration in serum, enhancing the proportion of
bound iron++ and decreasing the level of free iron++. This results in lower production of free radicals. The latter is probably
one of the mechanisms by which anti-oxidants can exert their tissue-protective effects

2004) and of patients with HIV infection (Fawzi et al.
2004).

Vitamin A and retinol are not contained in the for-
mulations presented here. Indeed, these substances are
used in large quantities in cattle raising and for food
preservation. Through these routes, they are sufficient-
ly present in our diet (Kornitzer and Bara 1989). Large
quantities of them have a hepatotoxic effect. Moreover,
the addition of vitamin A turned out to nullify the pro-
tection provided by vitamins E and C in AIDS patients
(Fawzi et al. 2004).

Vitamins B6, B9 (Folic Acid) and B12

Vitamin B6 plays an important role in the elongation
and desaturation of the unsaturated short-chain fatty
acids (see above). The combination of the three B vita-
mins reduces the concentration of homocysteine in the
blood (Clarke and Armitage 2000). A high homocyste-
ine level is an independent risk factor not only for arte-
riosclerosis and cardiovascular disease (Nygard et al.
1997; Klerk et al. 2002) but also for osteoporotic bone
fractures. The prevalence of bone fractures is 4 times
higher in men in the highest homocysteine quartile
than in those in the lowest quartile (McLean et al. 2004;
van Meurs et al. 2004).

Interventions that reduce the homocysteine level in
persons with a high basal blood value, particularly ad-
ministering a combination of vitamins B6, B9 and B12,
could reduce the risk of fractures in the elderly and also
have a protective effect against coronary illness (Ver-
meulen et al. 2000; Thambyrajah et al. 2001; Schnyder
et al. 2002; Dinckal et al. 2003).

Ubiquinone Q10 Oxidoreductase

The oxido-reductase ubiquinone Q10 plays an impor-
tant role in the production of adenosine triphosphate
(ATP). Q10 promotes muscle function and is necessary
for the proper operation of the heart muscle. A defi-
ciency of Q10 or inhibition of its enzymatic functioning
can cause heart failure. The apolar polychlorinated bi-
phenyls (PCBs) inhibit the oxido-reductive operation
of Q10. PCBs have been present in our diet for decades
and accumulate in the body, and they are possibly in-
volved in the increased prevalence of heart failure in
the population. The supplementary administration of
Q10 can compensate for the deficient muscle contrac-
tility and thus combat the occurrence of heart failure
due to environmental contamination thanks to its posi-
tive inotropic effect.

The statins develop their cholesterol-reducing effect
by the inhibition of hydroxy-3-methyl-3-glutaryl-co-
enzymA-reductase (HMG-Co-A-reductase). However,
this enzyme is necessary for the synthesis of Q10, and
the administration of primarily fat-soluble statins
(atorvastatin, fluvastatin and simvastatin) significantly
reduces the amount of Q10 in the cells (Lankin et al.
2003; Passi et al. 2003). This decreases the production
of ATP, which explains the muscle complaints (Bolego
et al. 2002; Farmer 2003; Schaefer et al. 2004) and the
feeling of fatigue which are quite often mentioned by
patients during treatment with statins. In addition, a
higher degree of myocardial stunning has been ob-
served after short coronary ischaemia was induced in
dogs that had been pre-treated with fat-soluble statins
(Ichihara et al. 1999; Satoh and Ichihara 2000). It is not
clear whether such a phenomenon also occurs in hu-
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mans. The administration of a nutritional supplement
with Q10 can prevent ATP deficiency in the heart mus-
cle cells (Oranje et al. 2001) and thus protect or improve
the pumping function of the heart during treatment
with statins.

Vitamin D

In elderly people admitted to a care institution, the risk
of fall incidents could be reduced significantly by the
administration of a vitamin D supplement (Bischoff-
Ferrari et al. 2004). This is ascribed to improved muscle
strength rather than to any effect on the bones.

II.4.14.2.4

Other Substances

The substances enumerated below are not included in
the “basic formulation”, but can be applied to prevent
functional deficiency among the elderly.

Chondroitin Sulphate and Glucosamine Sulphate

These compounds are administered to inhibit the evo-
lution of arthrosis (Richy et al. 2003). Their beneficial
effect is indeed statistically demonstrated in prospec-
tive clinical studies, but their influence on arthrosis
complaints varies (McAlindon et al. 2000). Whether the
early administration of these compounds in the form of
a nutritional supplement can prevent, retard, or inhibit
the generation of arthrosis has not been unequivocally
demonstrated.

Carnitines support the transport of long-chain fatty
acids from the cytoplasm to the mitochondria, which
can enhance energy production in the cells and will
combat fatigue.

With the extracts of Crataegus (hawthorn) (De Smet
2002) and Scilla maritima (sea onion) (Rötter 1958;
Dias et al. 2000) a positive inotropic effect has been
demonstrated.

Extracts from the bark of the Salix (willow) and of
the Pinus maritima (French maritime pine) develop an
anti-inflammatory effect.

Extract from Peumus boldus (boldo) protects liver
cells against toxic damage (Speisky and Cassels 1994;
Kringstein and Cederbaum 1995; Zhao et al. 2002;
Schmeda-Hirschmann et al. 2003).

Extract from Lespedeza bicolor supports kidney
function and was actually used in the past in the treat-
ment of patients with kidney insufficiency.

A favourable effect of Cordyceps sinensis extract on
the efficiency of insulin has been demonstrated (Balon
et al. 2002; Zhao et al. 2002), as have an increase of physi-
cal performance capacity (Koh et al. 2003) and a slight
stimulation of testosterone production in male laborato-
ry animals (Huang et al. 2001a, b, 2004; Hsu 2003).

It is important to point out that the substances cited
above have no demonstrable toxic side-effects, at least
not when correctly extracted products are used that are
not contaminated with pesticides or other environ-
mental contaminants and when undesirable alkaloids
have been removed during their preparation.

II.4.14.2.5

Discussion

A “healthy lifestyle” with sufficient physical movement,
a balanced diet, a controlled caloric intake to combat
obesity and the early detection and treatment of “dis-
eases of the elderly” are the cornerstones of a strategy
that can improve the well-being and the quality of life of
elderly people.

Living in a strongly polluted environment, people
are protractedly exposed to numerous agents, many of
which are carcinogenic and/or disturb the hormones
and which, in any case, can upset the proper operation
of cells and organs. This takes its toll on health at an ad-
vanced age.

There is strong, albeit indirect, evidence that the use
of certain nutritional supplements can counter the un-
favourable influence of this exposure, at least to some
degree. In addition, serious scientific research has
shown that complementing the diet with a balanced
supplement cannot prevent the occurrence of certain
phenomena and diseases of ageing, but can delay or
slow them down.
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II.4.15 Nutriceuticals and Food Supplements in the
Treatment of the Infertile Man
F. Comhaire, A. Mahmoud

■ Male infertility commonly results from syner-
gistic negative influences of several groups of
factors.

■ External factors related to lifestyle and envi-
ronmental exposure reinforce the effects of
congenital or acquired testicular damage
through direct toxicity, hormone disruption
and overload of reactive oxygen species.

■ Combating obesity, correcting inappropriate diet
and cutting out tobacco and alcohol use are part
of the holistic approach to the infertile male.

■ Nutriceuticals are judiciously formulated food
supplements containing particular vitamins,
antioxidants, minerals and plant extracts.

■ There is strong evidence that complementary
treatment with an appropriate nutriceutical
improves the fertilizing potential of subfertile
patients.

Summary

II.4.15.1
Introduction

The introduction of assisted reproductive technology
(ART), namely in vitro fertilization (IVF; Steptoe and
Edwards 1978) and intracytoplasmic sperm injection
(ICSI; Palermo et al. 1992) caused a true revolution in
reproductive medicine, while also revealing the magni-
tude of the “male factor” contributing to couple infer-
tility. Conventional treatment of the infertile male was
considered outdated by some, but others have contin-
ued unravelling the mechanisms involved in men’s de-
fective reproductive capacity. Concerns have repeated-
ly been raised about economical and ethical aspects
(Comhaire 2000; Katz et al. 2002) as well as the side-ef-
fects of ART (Lambert 2002; Schieve et al. 2004). IVF
and ICSI were found to be associated with an increased
prevalence of genetic defects (Edwards and Ludwig
2003), major congenital malformations (Kent-First et
al. 1996; van der Ven et al. 1998; Sutcliffe et al. 1999;
Koudstaal et al. 2000; Wennerholm et al. 2000; Hansen
et al. 2002; Green 2004), impaired development (Strom-
berg et al. 2002; Pinborg et al. 2004) and increased risk
of retinoblastoma (Moll et al. 2003) as well as other ma-
lignant tumours (DeBaun et al. 2003; Maher et al. 2003)
in the offspring. Today, it seems that the wheel has
turned a full circle, and that clinical andrology has re-
captured its well-deserved place in the armamentari-
um for the treatment of couple infertility.

II.4.15.2
Role of Lifestyle and Nutritional Factors

Similar to other diseases, male infertility is a disease
that develops as a result of multiple pathogenic factors
(Chap. I.3). Thereby, four major groups of factors seem
to act in synergy: genetic defects or constitution, life-
style factors, professional and/or environmental expo-
sure and diseases of the urethro-genital region or endo-
crine system.

The field of genetics is rapidly expanding and in-
cludes numerical and structural abnormalities of the
chromosomal make-up, as well as microdeletions of
the Y chromosome (Tiepolo and Zuffardi 1976; Ma et
al. 1992). Certain genetic microdeletions may cause in-
fertility, depending on the coincidental presence of un-
favourable lifestyle factors or exposure to toxic sub-
stances or hormone disrupters (Chap. II.2.2). These,
and the genital diseases, have been shown to increase
the load of reactive oxygen species (ROS) to the ejacu-
late and the spermatozoa, resulting in increased chro-
mosome fractionation (Hughes et al. 1998; Irvine et al.
2000) and excessive production of oxidized DNA (8-hy-
droxy 2-deoxyguanosine) (Fraga et al. 1991). The latter
induces transition mutagenesis.

The membrane of spermatozoa of fertile men con-
tains a high concentration of docosahexaenoic acid
(DHA, also called: cervonic acid, 22:6 K 3) that renders
fluidity to the membrane. Fluidity is necessary for the
acrosome reaction to occur and for membrane fusion
of the sperm head and the oocyte. The sperm mem-
brane of infertile men contains less DHA, reducing the
fluidity and fusogenic capacity. On the other hand,
DHA has a strong oxidative potential because of its
large number of double bonds. The serum of infertile
men presents an imbalance between oxidative overload
and decreased antioxidative capacity, as demonstrated
by the higher oxidative sensitivity of LDL cholesterol in
infertile compared to fertile men. Oxidative overload
changes the phospholipid composition of the sperm
membrane (Zalata et al. 1998), reducing its DHA con-
tent and fluidity, and resulting in reduced fusogenic ca-
pacity as well as acrosome reactivity.

Inappropriate nutrition, abuse of alcohol, tobacco or
recreational drugs, tight clothing and hot baths have
been incriminated among lifestyle factors. Also, a high-
er proportion of men with infertile as opposed to fertile
semen were found to have a body mass index in excess
of the optimal value of 25 kg/m2, and are overweight or
obese. They consume fewer K -3 fatty acids than fertile
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men, and the ratio of K -3 over K -6 fatty acids common-
ly is suboptimal. A significant positive correlation was
established between the consumption of [ -linolenic ac-
id (18:3 K 3) on the one hand, and sperm concentration
and type (a) motility on the other hand (Christophe et
al. 1998). In contrast, there was a negative correlation
between these sperm characteristics and the consump-
tion of highly polyunsaturated fatty acids (including
DHA). This suggests that the oxidative stress existing in
infertile men can induce the oxidative cascade when
there is a high intake of the latter fatty acids, which are
more vulnerable than the shorter chain and less unsat-
urated fatty acids, such as [ -linolenic acid. Finally, it
was demonstrated that testicular tissue, Sertoli cells in
particular, contain more desaturase (Saether et al.
2003) and elongase (Cinti et al. 1992) than other body
tissues – enzymes that convert [ -linolenic acid into the
long-chain polyunsaturated fatty acids (Hurtado de
Catalfo and de Gomez Dumm 2002; Tran et al. 2003).
This process generates higher concentrations of DHA
locally.

Exposure to professional toxicants was proven to
impair sperm quality, including heavy metals such as
lead (Bonde et al. 2002), and carbon disulphide (Van-
hoorne et al. 1994). However, it is exposure to environ-
mental agents with hormone-disrupting effects, mainly
pseudo- or xeno-oestrogens and anti-androgens, that
has caused most concern recently (Chap. II.2.2). The
obvious, though regional, deterioration both of sperm
variables and fertility, and the parallel increase in the
prevalence of testicular cancer have been linked to an
increased internal exposure to synthetic chemical sub-
stances that mimic or enhance the effects of oestrogens
by binding to the human oestrogen receptor or by influ-
encing oestrogen metabolism (for review see: Sharpe
2003; Skakkebaek 2004).

II.4.15.3
Pivotal Role of Inhibin B

Inhibin B is a secretion product of Sertoli cells which
plays an important role in both endocrine feedback, in-
hibiting the pituitary secretion of follicle-stimulating
hormone (FSH), and the local regulation of spermato-
genesis (Chap. II.1.3). Whereas the serum inhibin B
concentration is significantly related to sperm concen-
tration (for review see Meachem et al. 2001), there is ev-
idence for a direct suppressive effect of inhibin B on
spermatogenesis (van Dissel-Emiliani et al. 1989). Both
in vitro tests (Depuydt et al. 1999) and in vivo data
(Mahmoud et al. 1998, 2000) indicate that oestrogens
and certain heavy metals, such as lead, may inappropri-
ately stimulate the secretion of inhibin B by Sertoli
cells. This results in decreased sperm production, in
the presence of normal serum concentrations of inhib-
in B and FSH.

During treatment with the strong antioxidant asta-
xanthin, which reduces the concentration of reactive
oxygen species, the serum concentration of inhibin B
was reduced although the sperm concentration did not
change (Comhaire and Mahmoud 2004). This suggests
that ROS stimulates inhibin B secretion by Sertoli cells,
similar to the effect of oestrogens.

Decreasing the secretion of inhibin B by reducing
the oestrogen load and the exposure to ROS may be a
target of medical treatment.

II.4.15.4
Food Supplementation

II.4.15.4.1

Fatty Acids

Since there is a positive correlation between the intake
of [ -linolenic acid (ALA) and sperm concentration and
motility, and since the food intake of essential fatty ac-
ids of the K -3 group was found to be suboptimal among
subfertile men, it seems logical to supplement these pa-
tients with ALA, namely by giving them linseed oil, also
called flaxseed oil. In association with the co-factors
zinc and vitamin B6, which enhance the activity of en-
zymes elongase and desaturase, ALA will be converted
in situ into the long-chain, highly unsaturated K -fatty
acids, namely eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA). The fluidity of the sperm mem-
brane will improve and the acrosome reaction and fu-
sogenic capacity of the spermatozoa will increase
(Comhaire et al. 2000).

Alternatively, supplementation with fish oil can be
considered a source of the highly unsaturated long-
chain fatty acids EPA and DHA. These fatty acids are,
however, highly susceptible to oxidative damage initi-
ating an undesirable chain reaction of lipo-oxidation. If
fish oil is given as food supplementation, it is mandato-
ry to ascertain a favourable internal antioxidant envi-
ronment.

II.4.15.4.2

Antioxidants

Subfertile patients were found to present an imbalance
between excessive oxidative stress as compared to a re-
duced antioxidant capacity (Christophe et al. 1998).
Food supplementation with antioxidants significantly
and persistently improves the balance between oxida-
tive overload and antioxidant defense (Bernard et al.
2003). Also, treatment with either acetylcysteine
(600 mg per day orally) or an antioxidant mixture sig-
nificantly reduces the level of reactive oxygen species
(ROS) in semen (Comhaire et al. 2000). In combination
with fish oil, antioxidant treatment increases sperm
concentration and significantly reduces the concentra-
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tion of oxidized DNA (8-hydroxy 2-deoxyguanosine) in
spermatozoa of subfertile men. The fatty acid composi-
tion of the phospholipids of the sperm membrane is
shifted toward EPA and DHA, enhancing membrane
fluidity, which results in increased induced, but not
spontaneous, acrosome reactivity. This treatment in-
creases the spontaneous conception rate, particularly
in couples where the subfertile men are smokers. Also,
vitamin E supplementation improves the in vitro func-
tion of spermatozoa as assessed in the zona-free ham-
ster oocyte test (Kessopoulou et al. 1995).

Supplementation with vitamin C to smokers with
abnormal sperm quality was reported to improve se-
men quality (Dawson et al. 1992), whereas no such ef-
fect was seen in another trial using high-dose vitamin C
(Rolf et al. 1999). The latter may be related to the known
pro-oxidative effect of high-dose vitamin C (Fraga et al.
1991), particularly in men with haptoglobin type 1–2
or 2–2 (Bernard et al. 2003).

When added in vitro, or given orally (Lewin and La-
von 1997), the oxido-reductase ubiquinone Q10 in-
creased sperm motility in cases with asthenozoosper-
mia. Also other antioxidants such as selenium (Scott et
al. 1998) and glutathione (Lenzi et al. 1993) were found
to improve sperm motility in subgroups of patients.

Astaxanthin is a lipophilic carotenoid produced by
the algae Haematococcus pluvialis, and has a strong an-
tioxidant capacity (Iwamoto et al. 2000; Goto et al.
2001). In a pilot double-blind randomized trial, natural
astaxanthin (AstaReal®, Gustavsberg, Sweden) was giv-
en to the male partners of infertile couples, whose se-
men characteristics were below the WHO recommend-
ed reference values. The food supplement resulted in a
significant reduction of seminal ROS and serum inhib-
in B concentration among treated cases, while no
changes occurred in the placebo controls. Rapid linear
progressive motility significantly increased and sperm
morphology showed a non-significant improvement in
the astaxanthin group. In the treated group the total
and monthly pregnancy rates were 54.5% and 23.1%
respectively, as compared to 11.1% and 3.6% in the pla-
cebo group (Comhaire et al. 2005).

II.4.15.4.3

Carnitine

L-Carnitine plays a pivotal role in the transport mecha-
nisms that are necessary for the passage of long-chain
fatty acids from the cellular cytosol into the mitochon-
drial matrix, where they are oxidized, generating ener-
gy (Wildman and Medeiros 2000) and stimulating the
respiratory chain complexes (Ruiz-Pesini et al. 2001).
Free carnitine and acetyl-L-carnitine play an important
role in the post-gonadal maturation of mammalian
spermatozoa (Jeulin and Lewin 1996), and the ratio of
acetyl-carnitine/carnitine was different in extract of

sperm with good or poor motility (Golan et al. 1984;
Bartellini et al. 1987). Acetyl-L-carnitine is the promi-
nent carnitine in spermatozoa and its concentration
was lower in semen of infertile men (Kohengkul et al.
1977; Soufir et al. 1984). The free carnitine concentra-
tion in seminal plasma was significantly correlated
with sperm concentration and motility (Menchini-Fa-
bris et al. 1984), and sperm motility could be stimulat-
ed by the addition of acetyl-carnitine in vitro (Tanphai-
chitr 1977).

Treatment with a food supplement containing a
combination of L-carnitine (2 g per day) and acetyl-L-
carnitine (1 g per day) together with fructose and citric
acid (Proxeed®, Sigma-tau Health Science, Rome, Italy)
was reported to increase sperm concentration and for-
ward progressive motility in both open-label trials
(Moncada et al. 1992; Costa et al. 1994; Vitali et al. 1995)
and a double-blind cross-over trial (Lenzi et al. 2003).
In one open-label trial a total spontaneous pregnancy
rate of 6.7% in 3 months was registered (Voliani et al.
2001). The monthly conception rate calculated in a
meta-analysis of published trials was 2.3% (Comhaire
and Mahmoud 2004). In a double-blind trial, the com-
plementary intake of Proxeed® did not influence the
outcome of conventional treatment, neither in terms of
improving sperm characteristics, nor regarding the
pregnancy rate (Comhaire et al. unpublished).

II.4.15.4.4

Folic Acid and Zinc

Folic acid and zinc have been given orally, both to men
with normal sperm quality and to patients with moder-
ate oligozoospermia during a placebo-controlled trial
(Wong et al. 2002). This combination was found to sig-
nificantly increase sperm concentration (by an average
of 60%) and morphology in the subfertile men.
Changes occurred though the blood levels of the sub-
stances were not deficient before treatment. It remains,
however, to be established whether the administration
of the combination of folic acid and zinc will improve
fertility.

II.4.15.4.5

Seed Oil and Lignans

Aside from [ -linolenic acid (see above), linseed (or
flaxseed) oil contains several lignans that are converted
in the intestine into enterodiol and enterolactone.
These are phytoestrogens with a very weak oestrogenic
effect, but enterolactone has moderate aromatase in-
hibitory activity, reducing the conversion of androgens
(androstenedione and testosterone) into the potent oe-
strogens oestrone and oestradiol (Adlercreutz et al.
1993; Wang et al. 1994). As a result, food supplementa-
tion with linseed oil or lignans decreases the body bur-
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den of oestrogens. Men combining oligozoospermia
with normal serum concentrations of FSH and inhibin
B were found to commonly present relative hyper-
oestrogenism, possibly connected to being overweight
(Mahmoud et al. 1998), which can be corrected by lig-
nans.

II.4.15.4.6

Plant Extracts

Using immunohistochemical techniques, Mayerhofer
et al. (2002) demonstrated that the cyclooxygenase iso-
enzyme 2 (COX2), which converts arachidonic acid
(20:4 K 6) into the inflammatory prostaglandin E2, is
present in the testicular interstitial tissue of patients
with idiopathic oligozoospermia, but not in men with
normal spermatogenesis. Extract of the bark of Pinus
maritima (Pycnogenol®) contains substances that in-
hibit the COX enzyme (Baumann et al. 1980; Rohde-
wald 2002), reduce mRNA levels for the inflammatory
cytokine interleukin 1 q (Cho et al. 2001) and protect
the effects of vitamin E on endothelial cells (Virgili et
al. 1998). In an open-label trial, oral administration of
200 mg per day of this extract improved sperm mor-
phology by an average of 99% (Roseff and Gulati 1999).

The extract of Lepidium meyenii (also called Maca),
a plant growing in the central Andean region of Peru,
increases sexual function of male mice and rats (Zheng
et al. 2000), and invigorates spermatogenesis at the mi-
totic stages (Gonzales et al. 2001a). When given to men
with normal spermatogenesis, the extract significantly
increased sperm production (+ 85%) and motility (+
15%) without interfering with endocrine regulation
(Gonzales et al. 2001b).

Evidently, extracts of particular plants display inter-
esting effects that may show promise for the future.

Fig. II.4.38. Proposed mechanism of effect of nutri-
ceuticals in improving spermatogenesis among sub-
fertile men

II.4.15.4.7

Arginine and Kallikrein

For several years arginine (De Aloysio et al. 1982; Aydin
et al. 1995) and kallikrein (Schill 1979; Schill et al. 1979)
have been promoted for the treatment of men with oli-
gozoospermia. The alleged favourable effects of these
supplements for the routine treatment of patients with
idiopathic oligozoospermia have been questioned in
other trials (Pryor et al. 1978; Comhaire and Vermeulen
1983; Glezerman et al.1993; Keck et al. 1994).

II.4.15.5
Conclusions

Several controlled and well-validated trials provide ev-
idence that food supplementation with particular sub-
stances can improve the semen quality and function of
subfertile men. These include the antioxidants astaxan-
thin, tocopherol and ubiquinone Q10, essential fatty
acids of the K -3 group, zinc and folic acid. There is sug-
gestive evidence that certain plant extracts and lignans
may equally exert beneficial effects. Supplementation
with a nutriceutical (Qualisperm®, Nutriphyt, Oost-
kamp, Belgium) containing these substances increases
the probability of spontaneous conception and success-
ful pregnancy. Although the exact mechanisms of ac-
tion of these supplements on spermatogenesis and
sperm function remain to be unravelled, a direct effect
on Sertoli cells (Fig. II.4.38) and an effect via epididy-
mal function seem conceivable. Nutriceutical food sup-
plementation should also be considered before IVF and
ICSI, in order to reduce the oxidative damage to sperm
DNA.
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II.4.16 Assisted Reproductive Techniques
W. Ombelet

There is good evidence in the literature in favour of
intrauterine insemination (IUI) as the best first-
line treatment and most cost-effective procedure
in cases of mild and moderate male factor subfer-
tility before starting more invasive and expensive
techniques such as in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI). On the
other hand, it seems very difficult to isolate indi-
vidual semen parameters predicting the likelihood
of pregnancy after IUI. A review of the literature
confirmed that sperm morphology using strict cri-
teria and the inseminating motile sperm count
(IMC) are the most important sperm parameters
for assessing the real impact of semen quality on
IUI outcome. A universal threshold level above
which IUI can be performed with acceptable preg-
nancy rates has not been determined yet, although
IUI success seems to be impaired with fewer than
5% normal spermatozoa using strict criteria and
with an IMC of less than one million.

In cases of severe male subfertility, it is not only
the number of motile spermatozoa recovered after
washing but also the number of oocytes retrieved
that will guide the laboratory as to which proce-
dure (IVF or ICSI) will be chosen. Only absolute
immotility of spermatozoa seems to reduce the fer-
tilization rate after ICSI.

Epididymal aspiration of sperm and/or testicu-
lar sperm extraction can successfully be applied in
most cases of azoospermia. These techniques revo-
lutionized the treatment of azoospermic patients.
For obstructive azoospermia, fertilization and
pregnancy rates are comparable with those
achieved with ejaculated sperm. The results with

Summary

frozen testicular sperm are comparable to those
obtained with fresh testicular sperm. In men with
non-obstructive azoospermia, ICSI seems to be
less successful.

Approximately 10–15% of women will receive
infertility treatment during their lifetime and in
more than one-third of cases male infertility is in-
volved. Of all subfertile couples, only 1–2% will
undergo treatment with assisted reproductive
technologies (ART). The increasing availability of
ART during the past 20 years has received a lot of
public attention, not least because of the ethical
implications, the high costs associated with these
treatments, the impact of age and multiple births
on costs, the inequities in access to infertility ser-
vices in many countries and the issue of safety. On
the other hand, the true value of treatment modali-
ties of infertility is poorly understood because
there are many different measures of quality and
effectiveness. Success of infertility treatment is
generally described as “cumulative pregnancy
rate” (andrological surgery, varicocele treatment,
etc.) or pregnancy rate per treatment cycle (IVF,
ICSI, IUI). For ART it is important to be aware of
the complex weave of secondary issues to consider
such as neonatal outcome, short- and long-term
infant morbidity and maternal complications, all
of which are closely linked to the higher incidence
of multiple pregnancies. Consequently, ART (espe-
cially IVF and ICSI) account for 0.4–0.8% of the
total health care costs in the USA.
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II.4.16.1
IUI and Male Infertility

When male infertility is found in couples with long-
standing infertility, expectant treatment seems to be
disappointing, with a spontaneous conception rate of
less than 2% per cycle (Collins et al. 1995). From a the-
oretical point of view, increasing the number of motile
spermatozoa at the site of fertilization, especially when
sperm quality is suboptimal, should increase the prob-
ability of conception. Cohlen et al. (2000) showed that
in cases of male subfertility IUI is an effective treat-
ment option as compared to controls. A meta-analysis
of six studies showed a statistically significant improve-
ment of conception rates favouring IUI, although the
pregnancy rate per completed IUI cycle varied from
0% to 8.7%. In another meta-analysis, the results were
also significantly better for IUI when mild ovarian
stimulation had been used (Cohlen et al. 2000). Accord-
ing to Cohlen (2005), IUI should only be applied in cou-
ples who have a reasonable probability of achieving an
ongoing pregnancy after IUI, and couples should make
the decision themselves in dialogue with their physi-
cians.

II.4.16.2
Male Infertility: IUI Versus IVF/ICSI

Whereas ICSI is the most successful treatment option
per cycle in most cases of moderate and severe male in-
fertility, simpler methods of assisted reproduction such
as IUI have to be weighed against ICSI, taking into ac-
count not only the immediate success rate but also the
cost-effectiveness of the different strategies. IUI is less
invasive, less stressful, less expensive and more cost-
effective compared to IVF/ICSI. A number of studies
have been performed focusing on the cost-effective-
ness of IUI when compared to IVF (Peterson et al. 1994;
Zayed et al. 1997; Van Voorhis et al. 1997, 2001; Goverde
et al. 2000; Philips et al. 2000). In all studies, three cycles
of IUI were as successful as, but much cheaper than one
IVF/ICSI cycle.

In a prospective randomized controlled trial, Gover-
de et al. (2000) observed that three cycles of IUI offered
the same likelihood of a successful pregnancy as IVF.
According to their results, IUI is a more cost-effective
approach for moderate male factor infertility when
compared to IVF. This important message was con-
firmed by another study performed in the UK (Philips
et al. 2000). In the latter study the authors complement-
ed existing clinical guidelines by including cost-effec-
tiveness of different treatment options for infertility in
the UK. A series of decision-analytical models was de-
veloped to reflect current diagnostic and treatment
pathways for the different causes of infertility. They al-
so concluded that IUI during stimulated cycles is a cost-

effective approach for the treatment of couples with un-
explained and/or moderate male factor infertility.

The effectiveness of IUI was also reported in a large
retrospective analysis of almost 10,000 IUI cycles in
which male factor infertility was associated with a high
pregnancy rate of 8.2% per cycle in a population with
an average female age of 39 years (Stone et al. 2002).

Most studies reported a significant decline in suc-
cess rate per cycle after the third or fourth IUI cycle
(Comhaire et al.1994; Plosker et al. 1994; Ombelet et al.
1996; Khalil et al. 2001). The unsuccessful couples seem
not to benefit from this method of treatment and
should be advised to start with other treatment options
such as IVF and/or ICSI. A Cochrane review also
showed that performing two intrauterine insemina-
tions on subsequent days yielded no benefit over single
intrauterine insemination (Cantineau et al. 2003).

In selecting couples with male factor infertility to be
treated with IUI or IVF/ICSI, it would be of interest to
establish cut-off values of semen parameters above
which IUI is an effective alternative to IVF/ICSI.

We previously demonstrated that in a selected group
of patients with normal ovarian response to clomi-
phene (CC) stimulation, individual sperm parameters,
including inseminating motile count (IMC or number
of motile spermatozoa after the washing procedure)
and sperm morphology, turned out to be of little prog-
nostic value in predicting success for the group as a
whole (Ombelet et al. 1997). However, sperm morphol-
ogy becomes a very useful predictive tool in a subgroup
of patients with an IMC of less than one million. In
terms of therapeutic strategy, this implies that above
the cut-off value of one million motile spermatozoa re-
covered after washing, CC-IUI can be promoted as a
first-line therapy with a cumulative ongoing pregnancy
rate (OPR) of 24% after three cycles. On the other hand,
in cases with fewer than one million motile spermato-
zoa, CC-IUI remains important as a first-line option
provided the sperm morphology score is 4% or more
(cumulative OPR of 21.9% after three IUI cycles). A
proposed algorithm for couples with male infertility
and without tubal factor is shown in Fig. II.4.39.

In order to investigate the threshold levels of sperm
parameters above which the pregnancy rate after IUI is
significantly better, we performed a Medline literature
search for the period from 1983 until 2002 (Ombelet et
al. 2003).

According to this review, IMC and sperm morpholo-
gy are the most valuable sperm parameters for predict-
ing IUI outcome. A trend towards increasing concep-
tion rates with increasing IMC was found. However, the
cut-off value above which IUI seems to be successful
ranges from 0.3 to 20 million. This finding highlights
the importance of confounding factors influencing the
success rate such as female age, duration of subfertility,
etc.
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Male factor subfertility 
Teratozoospermia

Oligozoospermia 

Asthenozoospermia 

No tubal factor

Washing procedure

IMC < 1 million

Morphology < 4 % 

IMC < 1 million 

Morphology  >= 4 % 

IMC > 1 million

IUI 3-4 X 

IVF

IVF & ICSI

ICSI

< 30 % or no fertilization 

Fig. II.4.39. Proposed algorithm
of male subfertility treatment at
the Genk Institute for Fertility
Technology. (IMC Inseminating
motile count or the number of
motile spermatozoa after wash-
ing procedure)

Our analysis also confirmed the results of a previ-
ously reported meta-analysis showing a significant im-
provement in pregnancy rates above the 4% normal
morphology threshold using strict criteria (Van Waart
et al. 2001). According to our Medline search, the cut-
off level for total progressive sperm motility before
sperm preparation ranged between 30% and 50%. Two
other parameters influencing the pregnancy rate after
IUI were the hypo-osmotic swelling (HOS) test (thresh-
old: >50%) and sperm DNA fragmentation (threshold:
<12%). The sperm chromatin structure assay (SCSA)
also seems to provide an objective assessment of sperm
chromatin integrity and may become an important
marker in IUI in the near future.

There is a widespread belief among fertility special-
ists that an increased use of artificial insemination with
controlled ovarian hyperstimulation (COH) will lead to
an uncontrolled increase in multiple pregnancies. To
investigate the impact of controlled ovarian stimula-
tion with IUI on the number of multiple pregnancies in

Flanders, we used the data from the “Studiecentrum
voor perinatale Epidemiologie” (SPE). The SPE collects
data on the medical and obstetric history, and on peri-
natal events of each hospital delivery in Flanders of
more than 21 weeks of gestational age or & 500 g at
birth.

A retrospective analysis of 363,187 deliveries be-
tween 1997 and 2002 showed that infertility treatment
with ovarian stimulation, including IVF and non-IVF
procedures, was responsible for 3.9% of all registered
deliveries. Of all multiple pregnancies following ovari-
an stimulation, IVF/ICSI was performed in 66.7%,
COH with timed coitus (COH-TC) in 23.7% and COH-
IUI in 9.6% of cases (Fig. II.4.40a). The low figure for
COH-IUI can be explained by the fact that most centres
in Flanders use clomiphene citrate rather than gonado-
trophins in IUI cycles (Ombelet et al. 2003; unpub-
lished data, questionnaire for the Flemish Society of
Obstetrics and Gynaecology). Concerning the different
treatment procedures, the multiple birth rate was
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Fig. II.4.40a, b. a SPE data on 363,187 deliveries in Flanders be-
tween 1997 and 2002: incidence of multiple pregnancy rate af-
ter IVF/ICSI, COH + TC, COH + AI. (AI Artificial insemina-
tion, COH controlled ovarian hyperstimulation, ICSI intracy-
toplasmic sperm injection, IVF in vitro fertilization, SPE Study
Center for Perinatal Epidemiology, TC timed coitus). b SPE da-
ta on 13,120 deliveries following hormonal treatment in Flan-
ders between 1997 and 2002: relative contribution of different
methods of infertility treatment in the “multiple pregnancy
population”

27.2% for IVF, 25.7% for ICSI, 13.7% for COH-IUI and
9.7% for COH-TC respectively (Fig. II.4.40b). These da-
ta show that the criticism mentioned in some reports
about the high risk of multiple pregnancies following
non-IVF assisted reproduction can easily be overcome
by using low-dose hormonal stimulation. According to
our data, IVF and ICSI remain the most important con-
tributors to the high incidence of multiple gestation fol-
lowing ART.

II.4.16.3
IVF and ICSI

The first observation showing that IVF could success-
fully be applied to treat male factor infertility was re-
ported by Fishel and Edwards (1982). This was con-
firmed by a series of reports indicating the value of
IVF in such cases. Conventional IVF refers to incu-
bation of the oocyte–cumulus complex in a washed
sperm suspension of approximately 200,000 motile
spermatozoa. The number of motile spermatozoa re-
covered after washing as well as the number of oocytes
retrieved will indicate to the laboratory which proce-
dure (IVF or ICSI) should be chosen for each specific
couple. In order to achieve increased rates of concep-
tion, conventional IVF has been modified and refined.
For cases with severe teratozoospermia (fewer than
5% normal forms using strict criteria), a higher in-

semination concentration of more than 400,000 sper-
matozoa per oocyte might improve the fertilization
rate significantly (Oehninger et al.1988), although the
pregnancy rate was not improved in that particular
study. Another option, in cases of severe oligozoosper-
mia, is the use of microdrop IVF. This technique is
usually applied when the volume of sperm available
for insemination is very low, but the sperm quality is
acceptable. A possible adverse effect of both tech-
niques might be the exposure of the oocytes and de-
veloping embryos to relatively high concentrations of
reactive oxygen species (ROS) generated by increased
numbers of immotile and morphologically abnormal
spermatozoa.

Even with the skilled use of IVF, severe male infertil-
ity was considered to be untreatable in most cases
before the introduction of ICSI, i.e. the injection of one
spermatozoon into each single oocyte (Palermo et al.
1992). The first results indicated the same success rate
for moderate versus severe male infertility when ICSI
was used. Comparable results were reported for ICSI in
severe cases of oligo-astheno-teratozoospemia (OAT)
when compared to conventional IVF in couples with-
out male factor infertility. Thanks to ICSI, treating cou-
ples with severe male infertility has become possible
not only using ejaculated spermatozoa, but also using
sperm recovered from the epididymis, the testis or
even from the seminiferous tubules. In the view of
some clinicians, the detection of the underlying pa-
thology responsible for deficient spermatogenesis has
become irrelevant since they consider that this does
not affect the choice of treatment at least in the majori-
ty of cases. Nowadays it seems that only absolute im-
motility of spermatozoa reduces the fertilization rate
after ICSI, and this is probably not caused by the im-
motility itself, but rather the non-viability of sperma-
tozoa.

Another important advantage of ICSI is the possibil-
ity of freezing semen samples before a patient under-
goes chemotherapy and/or radiation for cancer. If
sperm quality is poor at that moment, ICSI will be the
method of choice later on. Subsequently, there is no de-
lay in cancer treatment and future fertility is pre-
served.

II.4.16.4
Azoospermia: MESA, PESA, TESE and TESA

The first successful attempt at ICSI using epididymal
sperm (MESA or microsurgical epididymal sperm as-
piration) was reported by Silber et al. (1994) and Tour-
naye et al. (1994). It seems that the results in terms of
probability of conception are significantly better with
MESA than after vaso-epididymostomy in the case of
obstructive azoospermia. Furthermore, many reports
have shown that the cause of obstruction is not impor-
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Table II.4.12. Sperm retrieval in obstructive azoospermia: Pros
and cons of microsurgical epididymal sperm aspiration (ME-
SA) and percutaneous epididymal sperm aspiration (PESA)

MESA PESA

More sperm Fewer sperm
Easier to freeze More difficult to process
Easier to schedule Difficult to schedule
Single procedure Repeated procedures

possible
More invasive Less invasive
More costly Less costly
Operating room (microscope) Office procedure
Microsurgical skills needed No microsurgical skills

needed

tant when considering the success rate with MESA. An
alternative method for epididymal aspiration of sperm
is PESA (percutaneous epididymal sperm aspiration),
being less invasive and less costly than MESA. The pros
and cons of MESA and PESA are summarized in Ta-
ble II.4.12.

Despite the good results with MESA and PESA,
many studies have shown that ICSI with testicular
spermatozoa retrieved by TESE (testicular sperm ex-
traction) could also be successfully applied in almost
all cases of azoospermia. This technique really revolu-
tionized the treatment of azoospermic patients. The
most popular methods of sperm retrieval are conven-
tional “open biospy” retrieval (TESE), FNA (fine nee-
dle aspiration) or TESA (testicular sperm aspiration).
In patients with normal spermatogenesis it seems that
FNA and TESE give comparable results (Tournaye
1997).

Another breakthrough was the finding that epididy-
mal and testicular sperm could be frozen, stored and
subsequently used in future ICSI cycles.

For obstructive azoospermia, fertilization and preg-
nancy rates are comparable with those using ejaculated
spermatozoa, and results with frozen sperm are com-
parable to those obtained with fresh testicular sperm.
However, ICSI seems to be less successful in men with
non-obstructive azoospermia. In the majority of cases
of patients with testicular failure, such as Sertoli cell
only syndrome, cryptorchidism, maturation arrest and
azoospermia post-chemotherapy, only a small but still
sufficient number of spermatozoa can be extracted and
utilized for ICSI, with satisfactory albeit lower results
compared to obstructive azoospermia cases. Reports
comparing ICSI with fresh and with frozen testicular
sperm from non-obstructive azoospermia are very
scarce. Success may depend on the strategy of the cen-
tre to allocate patients to ICSI with frozen sperm (very
restrictive versus poorly restrictive). Compared to the
use of fresh TESE spermatozoa, there seems to be an in-
creased risk of post-thaw loss of sperm motility causing
fertilization failure.

The use of testicular sperm for ICSI is also a treat-
ment option that can be offered to azoospermic males
with hypogonadotrophic hypogonadism who do not
respond or are reluctant to continue long-term hor-
monal treatment. A recently reported systematic re-
view showed that even in non-mosaic and mosaic Kli-
nefelter patients, chromosomally normal sperm cells
can be extracted from testicular tissue and used for IC-
SI. Therefore, the application of ART to Klinefelter pa-
tients may be offered as a possible method of achieving
reproduction with a limited risk of transmitting a chro-
mosomal abnormality to the offspring (Denschlag et al.
2004). Nonetheless, the success rate of ICSI in cases
with Klinefelter syndrome is low, and patients must be
informed about this. Also, amniocentesis should be
recommended in case a pregnancy is attained.

It is generally accepted that genetic testing is man-
datory in all cases of azoospermia and severe oligozoo-
spermia (<5 million per ml). Deletions in the azoo-
spermia factor (AZF) locus on the long arm of the Y
chromosome (region q11.23) are observed in about
15% of men with azoospermia and in 10% of men with
severe oligozoospermia (Reijo et al. 1996). Microdele-
tion of the entire AZFa or AZFb regions of the Y chro-
mosome portends an exceptionally poor prognosis for
sperm retrieval, whereas the majority of men with
AZFc deletion have spermatozoa within their semen or
in the testes available for use in IVF/ICSI. Patients with
AZFc microdeletions seem to have IVF/ICSI outcomes

Table II.4.13. Most important genetic abnormalities associated
with male sub(in)fertility

Gene abnormalities
Syndrome/
condition

Genotype/inheritance Frequency

Cystic fibrosis Autosomal recessive CFTR
gene

1/2500

Chromosome 7q31.2

Immotile cilia
(Kartagener)

Autosomal recessive 1/30,000
Chromosome 1q35.1

Kallmann X-linked recessive KAL-locus 1/30,000
Chromosome Xp22.3

Myotonic
dystrophy

Autosomal dominant/variable
penetrance

1/8000

Chromosome 19q13.3

Numerical and structural abnormalities
Syndrome/
condition

Genotype Frequency

Klinefelter 47,XXY or mosaic 1/1000
47,XXY/46,XY

Noonan Autosomal dominant 1/2000
Mosaicism 46,XY/XO and

chromosome 12q22ter

Y deletions Deletion AZF locus 1/8000
Yq11.21
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comparable to those of controls with normal Y chro-
mosomes (Hopps et al. 2003). A list of the most fre-
quent genetic abnormalities associated with male sub-
or infertility is shown in Table II.4.13. However, coun-
selling of the couple is mandatory since a possible male
offspring will carry the genetic abnormality, and there-
fore be infertile as well when Y deletions are involved.

II.4.16.5
Art: Prevention of Multiple Pregnancies

The aim of infertility treatment is not just to achieve a
successful conception, but to offer the parents a healthy
and normal child. The major complication of ART is
the high incidence of multiple pregnancies. For IVF
and ICSI, transferring multiple embryos into the uterus
maximizes pregnancy rates, at the expense however of
an unacceptably high multiple pregnancy rate. The
most important causal factor is undoubtedly the num-
ber of embryos transferred. After the transfer of three,
four and five embryos the incidence of triplet pregnan-
cies is respectively 8%, 11% and 15% (Cohen 2003).
Nowadays, the policy of elective single embryo transfer
(eSET) in stimulated cycles is becoming more popular
and is the most efficacious measure to reduce the inci-
dence of twin pregnancies (Wolner-Hanssen and Ryd-
hstroem 1998; Gerris et al. 1999; Van Royen et al. 1999;
Tiitinen et al. 2001; De Sutter et al. 2003). In a large ret-
rospective study it was shown that with the implemen-
tation of eSET multiple pregnancy delivery rates could
drop from 25% to 5% (Tiitinen et al. 2003).

Accessibility to IVF/ICSI services remains another
important problem and, to a large extent, this can be
explained by the high cost of a single IVF cycle in most
countries (Fauser et al. 2002). The use of ART is more
common in countries that subsidize expenses, and in
many countries basic fertility services are provided
through public funding, but IVF provision is limited or
absent (Hughes and Giacomini 2001). Furthermore, in-
surance coverage for IVF services seems to be associat-
ed with increased utilization of IVF and with a decreas-
ing number of embryos transferred (Reynolds et al.
2003). On 1 July, 2003, the Belgian government started
reimbursing the laboratory expenses for IVF-ICSI in
couples with a female age of less than 43 years and for a
maximum of six treatment cycles in a lifetime. This
strategy was only acceptable and affordable by the gov-
ernment if the number of embryos transferred was lim-
ited, subsequently leading to a decrease in perinatal
costs associated with multiple pregnancies. This pro-
ject tried to meet the needs of most infertile couples
without additional costs and it is a good example of
cost-efficient health care through responsibilization
(Ombelet et al. 2005).

Unfortunately, a high multiple pregnancy rate is as-
sociated not only with IVF and ICSI, but also with non-

IVF procedures, such as ovarian hyperstimulation with
or without artificial insemination. Because IUI is a suc-
cessful, simpler, less invasive and cheaper first-line
treatment compared to IVF, it is nowadays the most fre-
quently used treatment option worldwide. However,
because of the widespread use of gonadotrophins, in-
duction of ovulation, with or without IUI, has become
the main cause of multiple pregnancies related to infer-
tility treatment in the USA (Gleicher et al. 2000; Evans
et al. 2001; Tur et al. 2001).

Ovulation induction can be achieved with clomi-
phene citrate (CC), a good first-line option since ovula-
tion can be induced in about 50–70% of cases, with a
multiple pregnancy rate of 6–8% (Ombelet et al. 1996,
1997; Sovino et al. 2002). Gonadotrophins are neces-
sary in clomiphene-resistant cases and yield better
pregnancy rates compared to CC, but at the expense of
a higher multiple pregnancy rate of more than 15% in
most studies. Low dosage gonadotrophin protocols are
being tested and seem to result in a lower multiple birth
rate without influencing the ongoing pregnancy rate
too much (Dhaliwal et al. 2002; Alsina et al. 2003).

Another elegant option is to start ovarian stimula-
tion on cycle day 6 or even later. In a prospective ran-
domized study, Hohmann et al. (2001) showed that
when follicle-stimulating hormone (FSH) injections
were started on cycle day 7, monofollicular growth was
observed more often compared to patients with FSH
given from day 3 or day 5 on. It seems that the proper
timing of initiation of exogenous FSH may be an im-
portant tool for optimizing ovarian stimulation and for
selecting the best moment for insemination in IUI.

II.4.16.6
Conclusion

IUI should be promoted as the best first-line treatment
in almost all cases of mild and moderate male infertili-
ty provided at least one tube is patent and a motile
sperm count of more than 0.3 to 1 million can be ob-
tained after sperm preparation. After three or four un-
successful attempts, IVF or ICSI should be advised. The
decision of whether to perform regular IVF or ICSI de-
pends on the number of oocytes retrieved, the number
of motile spermatozoa after washing and sperm mor-
phology.

Most cases of azoospermia can be treated with ICSI
using spermatozoa obtained after MESA or TESE. Oth-
erwise, insemination with donor semen remains an al-
ternative treatment option. Genetic testing is advisable
in all cases of severe OAT and/or azoospermia.
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II.4.17 Cryopreservation of Spermatozoa and Testicular
Tissue Including Autotransplantation of Germinal
Epithelium
F.-M. Köhn

Assisted reproduction techniques have widened
the indications for human sperm cryopreserva-
tion, because semen quality is no longer a limiting
factor. Therefore, cryopreservation can now be
used more often than in the past by cancer patients
for the purpose of fertility protection.

Since the fertilizing capacity of cryopreserved
testicular and epididymal spermatozoa is compa-
rable to that of ejaculated spermatozoa, the most
evident advantage of cryopreservation techniques
is that active spermatogenesis can be identified
before the female partner undergoes any stimula-
tion protocol.

■ Cryopreservation of human ejaculates is a
well-established medical procedure to main-
tain the fertilizing potential of spermatozoa
during storage in liquid nitrogen.

■ Pregnancies have been achieved with semen
samples cryopreserved for more than 15 years.

■ There is no doubt that pre-therapy storage of
semen from cancer patients is an important
medical task, all the more since the prognosis and
life expectancy of those with Hodgkin’s disease
and testicular tumours is very good today.

■ Since intracytoplasmic sperm injection (ICSI)
requires only one living spermatozoon per

Summary

oocyte, cut-off values of standard semen pa-
rameters prior to cryopreservation of samples
are no longer necessary.

■ There is no marker available to predict the freez-
ability of individual semen samples; in general,
however, the survival rate 1 h after thawing of
frozen semen is between 50 and 60%.

■ Cryopreservation of ejaculated, epididymal
and testicular spermatozoa does not affect
ICSI results in terms of fertilization and preg-
nancy rates; however, the data about testicular
spermatozoa are contradictory because single
studies have reported reduced fertilizing
capacity of testicular spermatozoa with no
decrease in pregnancy rates.

■ A major problem of cancer patients is that
50% of them may have a disease-intrinsic
suppression of spermatogenesis.

■ Sperm cryopreservation should also be recom-
mended to oncological patients younger than
15 years, if they are able to produce a semen
sample.

■ Protection of fertility in childhood cancer
patients by later autotransplantation of cryo-
preserved testicular stem cells will probably be
a future option for this patient group.
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capacity of testicular spermatozoa with no
decrease in pregnancy rates.

■ A major problem of cancer patients is that
50% of them may have a disease-intrinsic
suppression of spermatogenesis.

■ Sperm cryopreservation should also be recom-
mended to oncological patients younger than
15 years, if they are able to produce a semen
sample.

■ Protection of fertility in childhood cancer
patients by later autotransplantation of cryo-
preserved testicular stem cells will probably be
a future option for this patient group.
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II.4.17.1
Introduction

Cryopreservation of human ejaculates is a well-estab-
lished medical procedure to maintain the fertilizing po-
tential of spermatozoa during storage in liquid nitro-
gen (–196°C). Pregnancies have been achieved with se-
men samples cryopreserved for more than 15 years.
Modern trends in assisted reproduction technologies
(ART) have influenced the indications for human
sperm cryobanking. In addition to cryopreservation of
donor spermatozoa for artificial insemination or cryo-
banking of ejaculates from cancer patients, new indica-
tions include the storage of epididymal or testicular
spermatozoa prior to intracytoplasmic sperm injection
(ICSI). The most important benefits of cryopreserva-
tion in combination with ART are:

■ Biological material can be stored and is available
for more than one microinjection without repeated
surgery.

■ Surgery to achieve testicular or epididymal sper-
matozoa and oocyte retrieval do not have to be
performed at the same time.

The different aspects of cryobanking of human semen
have been described in detail by Sherman (1986), Schill
and Bollmann (1986), Brotherton (1990), Quinn (1993),
Van der Elst et al. (1997), Agca and Critser (2002), Ho-
vatta (2003) and Anger et al. (2003). Cryobanking of se-
men has received greatest promotion through the emer-
gence of acquired immunodeficiency syndrome (AIDS),
for which the use of fresh semen for donor insemination
is no longer acceptable. It has been shown that transmis-
sion of HIV to recipients of donor semen in artificial in-
semination is possible (Stewart et al. 1985). To avoid any
transmission of HIV, donor semen should be held in
quarantine for at least 3 months before testing of donor’s
blood shows that it is negative for HIV antibodies. Thus,
frozen semen in artificial insemination by donor has to
be used in order to meet the standards of cryobanking
as established by the American Association of Tissue
Banks (Linden and Centola 1997) and the British An-
drology Society (1999), although Payne and Lamb
(2004) recommended a revision of these guidelines to
allow the use of fresh semen by informed recipients
based on their cost-effectiveness analysis comparing the
use of frozen semen with the use of fresh semen from the
same donors without a second antibody test.

Many other organisms have been reported to sur-
vive the freezing/thawing procedure such as Neisseria
gonorrhoeae, Treponema pallidum, Chlamydia tracho-
matis, Ureaplasma urealyticum, Mycoplasma hominis,
streptococci, cytomegalovirus, hepatitis viruses, her-
pesvirus, adenovirus, papillomavirus, Trichomonas va-
ginalis, Aspergillus species and Candida albicans.
Therefore, contamination of the liquid nitrogen and

cross-contamination of other samples during semen
cryopreservation are possible hazards, especially be-
cause some cryovials absorb liquid nitrogen (Clarke
1999). It is recommended that straws and ampoules
should be sealed and free from external contamination
(British Andrology Society 1999).

There is no doubt that pre-therapy storage of semen
from cancer patients is an important medical task, all
the more since the prognosis and life expectancy of
those with Hodgkin’s disease and testicular tumours is
very good today (Köhn and Schill 1988). As ICSI re-
quires only one living spermatozoon per oocyte, cut-
off values of standard semen parameters prior to cryo-
preservation of semen samples are no longer necessary.
Even ejaculates of poorest quality can now be stored in
liquid nitrogen (Schill and Köhn 1997).

II.4.17.2
Basic Principles of Cryobiology

During the freezing of cells, ice formation of the medi-
um does not occur uniformly. Even at –30 to –40°C
there are liquid compartments in which the electrolytes
concentrate. As a consequence of this osmotic gradient,
water escapes from the cell, which results in shrinkage.
Because of their low amount of cytoplasm and small
volume, spermatozoa have an advantage over larger
cells. The speed of freezing is decisive. Too high or too
low a cooling rate results in intracellular ice crystal for-
mation. Ice crystal formation has also been observed
during long-term storage of semen samples below
–70°C. Thus, cell damage during freezing and thawing
is caused both by osmotic factors and mechanical stim-
uli during ice crystallization.

II.4.17.3
Indications for Human Sperm Cryopreservation

Clinical applications for cryopreservation can be sum-
marized as follows:

1. Possibility of timed multiple inseminations of do-
nor semen or husband’s semen, including microbi-
ological testing of semen or blood prior to insemi-
nation to exclude sexually transmitted diseases.

2. Preservation of semen before surgical, chemical or
radiological cancer therapy leading to subsequent
sterility.

3. Storage of semen in the temporary or permanent
absence of the donor or husband.

4. Storage of semen before vasectomy.
5. Use of cryobanking in reproductive medicine

(microsurgical epididymal sperm aspiration,
MESA; testicular sperm extraction, TESE).

New indications may also include testicular cryopreser-
vation in boys prior to chemotherapy or radiation ther-
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apy. However, this technique still presents practical and
ethical dilemmas (Bahadur et al. 2000).

II.4.17.4
Sperm Preparation Techniques Before
Cryopreservation

To minimize cryoinjury in human spermatozoa, suffi-
cient concentrations of cryoprotectants to control the
rise in salt concentration and to increase the unfrozen
volume during cooling are necessary (Hammerstedt et
al. 1990; Gilmore et al. 1997). After initial studies with
dimethyl sulphoxide (DMSO) as the cryoprotectant
medium, glycerol at 5–7% per volume is now used al-
most universally (Critser et al. 1988; Brotherton 1990).
To store semen, containers for deep freezing are screw-
cap plastic ampoules and plastic straws (French: pail-
lettes) containing 0.25 or 0.5 ml semen mixture.

In contrast to caffeine and kallikrein, which were
used in the past to stimulate sperm motility and the
fertilizing capacity of cryostored human spermatozoa
(Schill et al. 1979), the phosphodiesterase inhibitor
pentoxifylline has received considerable attention
(Bell et al. 1993; Mbizvo et al. 1993; Brennan and Hold-
en 1995; Sharma et al. 1996). The drug is used for sys-
temic treatment of patients with cardiovascular dis-
eases (Trental® or Torental®) and has a higher water
solubility than caffeine, which increases its usability
(Tournaye et al. 1995). Treatment of spermatozoa with
pentoxifylline after thawing has significantly better ef-
fects on sperm motility than incubation with pentoxi-
fylline before freezing, but there are no convincing da-
ta on its possible influence on pregnancy rates after in-
semination (Stanic et al. 2002). Apart from the effects
on sperm motility, pentoxifylline is also reported to
augment the acrosome reaction (Tesarik et al. 1992).
Nassar et al. (1998) demonstrated that this induction is
not due to a Ca2+ influx into the sperm cell, which is
thought to stimulate the acrosome reaction (Black-
more et al. 1991). The intracellular concentration
([Ca2+]i) even decreased following the pentoxifylline
treatment. Since cyclic adenosine monophosphate
(cAMP) is intimately involved as a second messenger
in the induction of the acrosome reaction (De Jonge et
al. 1991), non-specific inhibition of phosphodiester-
ases by this methylxanthine will increase the intracel-
lular cAMP levels and therefore induce the acrosome
reaction. Pentoxifylline also enhances the capacity of
spermatozoa to bind to the zona pellucida (Yogev et al.
1995; Paul et al. 1996), although this improvement may
be more likely the result of increased progressive
sperm motility, as indicated by straight line velocity
(VSL) and average path velocity (VAP). These sperma-
tozoa are from a sperm population that did not initiate
the acrosome reaction with its characteristic change

in movement before treatment with pentoxifylline
(Yogev et al. 2000).

The conflicting results on the effectiveness of pento-
xifylline treatment raised questions about the embryo-
toxicity of this substance, especially since possible pen-
toxifylline-induced adverse effects on spermatozoa
(Centola et al. 1995) and mouse embryo development
(Tournaye et al. 1993a, b) have been reported. In con-
trast, Lacham-Kaplan and Trounson (1993) did not ob-
serve any such negative effects on embryonic develop-
ment after insemination of the oocytes with spermato-
zoa incubated in 3 mM pentoxifylline. Finally, short-
term incubation of spermatozoa with subsequent
washing of the male germ cells did not produce such
adverse effects in intrauterine insemination (IUI) or
ICSI (Terriou et al. 2000). An alternative approach to
increase sperm motility or the number of motile sper-
matozoa was to administer the drug orally over a peri-
od of 3–6 months (Schill 1986). In a placebo-controlled
study including 47 normogonadotrophic men with idi-
opathic asthenozoospermia, Merino et al. (1997)
showed a significant increase in progressive motility in
men who received 1200 mg of pentoxifylline per day
over 6 months. Clinical data about fertilization and
pregnancy, however, are not yet available.

Another important point that must not be underes-
timated in explaining the controversial effects of pen-
toxifylline is the fact that this drug is a non-specific
phosphodiesterase (PDE) inhibitor. Considering that
11 different families of this enzyme have been de-
scribed (O’Donnell 2000) – of which PDE-1 and PDE-4
are present in human spermatozoa and stimulate dif-
ferent sperm functions, i.e. acrosome reaction and
motility, (Fisch et al. 1998) – non-specific inhibition of
the PDEs will obviously result in both stimulation of
motility and the acrosome reaction. Depending on the
conditions and most importantly on the time of stimu-
lation and the concentration of pentoxifylline in the
medium, overstimulation will definitely result in pre-
mature acrosome reaction. Hence, overstimulated
spermatozoa for an IUI or IVF treatment will not fer-
tilize oocytes because they are no longer able to bind to
the zona pellucida. This problem might be overcome
by the use of a non-embryotoxic PDE-4 inhibitor to
stimulate sperm motility only. Unfortunately, to our
knowledge, no further progress has been made in this
regard.

Another possibility to increase the percentage of liv-
ing spermatozoa after cryopreservation was thought to
be separation of motile spermatozoa before freezing
(Kaneko et al. 1990; Bongso et al. 1993; Pérez-Sánchez
et al. 1994).

Pre-freezing selection of motile spermatozoa by
preparation techniques such as glass wool filtration,
sedimentation migration or underlay does not improve
the recovery rate after thawing. Concentration of sper-
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matozoa by centrifugation results in slightly higher
numbers of motile spermatozoa per microlitre after
thawing. However, more samples do not show any mo-
tility (Köhn et al. 1997). Selection of motile spermato-
zoa by swim-up prior to the freezing procedure result-
ed in higher post-thaw progression, velocity and per-
centages of spermatozoa with intact acrosomes (Este-
ves et al. 2000). These effects seem to be due to lower ni-
tric oxide production in semen samples that have been
prepared by swim-up (Chan et al. 2004).

In cases of severe oligozoospermia or non-obstruc-
tive azoospermia only few ejaculated or testicular sper-
matozoa are available. Since it may be difficult to recov-
er these spermatozoa after freezing and thawing, zonae
pellucidae or cryoloops can be used as vehicles for their
cryopreservation (Hsieh et al. 2000; Schuster et al.
2003).

II.4.17.5
Effects of Freezing on Sperm Quality

Cryopreservation of human semen has been associated
with decreased acrosin activity (Schill 1975; Mack and
Zaneveld 1987; Cross and Hanks 1991), impaired chro-
matin structure (Hammadeh et al. 2001b), reduced
morphological quality of spermatozoa (Donnelly et al.
2001, Hammadeh et al. 2001b), increased acrosomal
damage (Hammadeh et al. 2001a), post-freeze reduc-
tion of motility (Schill et al. 1986; McLaughlin et al.
1992), reduced DNA integrity (Donnelly et al. 2001;
Chohan et al. 2004), reduced mitochondrial functions
(O’Connell et al. 2002) and impaired ability of sperma-
tozoa to penetrate cervical mucus. On the other hand,
fresh and frozen-thawed human spermatozoa bind in a
similar pattern to the zona pellucida in the hemizona
assay (Gamzu et al. 1992). Nevertheless, swelling of the
plasma membrane, acrosomal leakage and breakdown
as well as lesions in the midpiece and the flagellum may
lead to a substantial reduction of sperm function. Re-
markably, programmed stage freezing using the cryo-
preservative glycerol is far superior to DMSO, yielding
the best chances of penetrating zona-free hamster ova
(Serafini et al. 1986).

There is no marker available to predict the freezabi-
lity of individual semen samples (Centola et al. 1992).
Delay of the freezing process for more than 1 h after se-
men production has a deleterious effect on the freeza-
bility of sperm (Yavetz et al. 1991). Seminal plasma and
intracellular sperm Ca2+ concentrations were negative-
ly correlated with post-thaw recovery of sperm motility
(Meseguer et al. 2004). Studies using the hypoosmotic
swelling test failed to show any correlation with the
post-thaw motility or the survival rate of spermatozoa
after cryopreservation (Chan et al. 1990). However, the
hypoosmotic swelling test has been found suitable for
assessing the viability of cryopreserved spermatozoa,

which is of great importance for the identification of
immotile, but still viable spermatozoa for successful
ICSI (Esteves et al. 1996).

Clinical experience has demonstrated that the sper-
matozoa of some individuals have virtually no loss of
motility and vitality, while others show such a tre-
mendous cryoinjury that the application of cryopres-
ervation in these cases was more than questionable
before the ICSI era. In general, however, the survival
rate 1 h after thawing of frozen semen is between 50
and 60%; 4 h after thawing the survival rate decreases
further to 35–40%, whereas the motility loss of fresh
semen within the same observation period is only
10–15%.

II.4.17.6
Fertilization Rates with Cryopreserved
Spermatozoa

Using cryopreserved donor spermatozoa within in vi-
tro fertilization programmes, Trounson and Conti
(1982) and Mahadevan et al. (1983) demonstrated that
these spermatozoa yielded fertilization rates compara-
ble to those achieved with fresh semen. The most pre-
dictive variable for pregnancy is the post-thaw motility
(Mayaux et al. 1985). Using ICSI, only a few vital sper-
matozoa are needed after freezing and thawing for suc-
cessful fertilization of oocytes. Thus, in contrast to the
past, no minimal criteria for cryostorage of semen
samples exist nowadays as long as at least some viable
spermatozoa are present after thawing. Cryopreserva-
tion of ejaculated, epididymal and testicular spermato-
zoa does not affect ICSI results in terms of fertilization
and pregnancy rates (Rubio et al. 1996; Ben Rhouma et
al. 2003; Wood et al. 2003). However, the data about tes-
ticular spermatozoa are contradictory because single
studies have reported a reduced fertilizing capacity of
testicular spermatozoa with no decrease in pregnancy
rates (Wood et al. 2002).

II.4.17.7
Cryobanking of Semen for Fertility Protection
from Radiation or Cytotoxic Treatment

Testicular cancer is the most frequent cancer in men
aged between 25 and 34 years. Other malignant dis-
eases with high prevalence at a younger age are Hod-
gkin’s disease and leukaemia. Most of these patients
have not fathered children at the time of diagnosis
(Köhn and Schill 1988).

Even though better surgical techniques and chemo-
therapeutic agents and regimens for the treatment of
these diseases are available to maintain male fertility, it
is not yet possible to predict accurately which of these
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men will regain spermatogenic function. Chemothera-
peutic agents may cause azoospermia in up to
90–100% of adult men. Recovery of spermatogenesis
depends on the regimen and dosage of chemotherapy
with 15–30% of cancer patients having a complete loss
of fertility. After completion of treatment for testicular
cancer, recovery of spermatogenic function may take
2–3 years, sometimes more than 5–10 years. This is the
reason why cryopreservation of semen from patients
with malignant diseases before specific chemotherapy,
radiation or surgical therapy is a realistic option to pre-
serve fertility (Khalifa et al. 1992). In addition, for
many young patients the availability of a sperm cryo-
bank and the possibility of storing semen before che-
motherapy is a great psychological relief. Interestingly,
only a few patients (no more than 5–15%) will later call
for their spermatozoa to be used for either IUI or in vi-
tro fertilization (IVF) (Holland-Moritz and Krause
1990; Keck and Nieschlag 1993; Chung et al. 2004). For
example, of 112 patients whose semen had been stored
at the Munich sperm bank during 1974 and 1986, only
15 requested that for their spermatozoa be used for IUI
or IVF (Köhn and Schill 1988). More than 55% of pa-
tients achieve pregnancies after assisted reproductive
technologies (ART) with their frozen/thawed sperma-
tozoa. The type of cancer has no effect on ART outcome
(Agarwal et al. 2004). Hallak et al. (1998) reported why
cancer patients stop storing their semen in a sperm
bank programme. Only a minority of patients did not
plan to have children. Most reasons included patient
death or restored fertility.

A major problem of cancer patients is that 50% of
them may have disease-intrinsic suppression of sper-
matogenesis (Lampe et al. 1997). There are no criteria
available to predict the quality of cryopreserved sper-
matozoa from cancer patients (Krause and Brake 1994;
Agarwal et al. 1996; Padron et al. 1997). However, dete-
rioration in sperm function after cryopreservation of
semen among patients with different malignancies and
normal donors appears to be similar, indicating that
the type of cancer is not related to the cryopreservation
results. Sperm cryopreservation should also be recom-
mended to oncological patients younger than 15 years,
if they are able to produce a semen sample, because the
freezability of these ejaculates is comparable to that of
adult men ejaculates (Kamischke et al. 2004).

Through the introduction of ICSI, cryobanking of
semen from cancer patients has to be completely recon-
sidered. In these cases, fertility should be protected and
semen samples of any quality and even from testicular
tissue have to be frozen and kept in liquid nitrogen
(–196°C) to be later available for ART.

In cases of non-obstructive azoospermia after che-
motherapy testicular sperm extraction (TESE) is suc-
cessful in more than 40% (Meseguer et al. 2003, Schra-
der et al. 2003). Cryopreservation of testicular tissue

and TESE should also be considered in patients with bi-
lateral testicular tumours and azoospermia, if frozen
semen samples are not available (Köhn et al. 2001).

II.4.17.8
Autotransplantation of Germinal Epithelium

Prevention of fertility in childhood cancer patients by
later autotransplantation of cryopreserved testicular
stem cells will probably be a future option for this pa-
tient group. Although the clinical effectiveness of this
procedure has not yet been proven in humans, it is al-
ready under discussion (Tournaye et al. 2004). There-
fore, cryopreservation of testicular tissue from prepu-
bertal boys with malignancies may be considered prior
to radiation or chemotherapy.

Initiation of spermatogenesis was observed when tes-
ticular stem cells had been transplanted into the testes of
mice with Sertoli cell only syndrome (Brinster and Avar-
bock 1994). The outcome of ICSI seems to be similar to
that for controls in these mouse models (Goossens et al.
2003). Live births have also been reported after trans-
plantation of spermatogonia from Long Evans rats to the
seminiferous tubules of Sprague-Dawley rats after treat-
ment with ciclosporin (Zhang et al. 2003).

However, the results of these experiments cannot
simply be transferred to humans for a variety of as-
pects: influence of testicular damage after radiation or
chemotherapy on autotransplantation; identification
and isolation of human testicular stem cells; freezing
protocols for testicular stem cells; transfer technique in
humans; best age for autotransplantation in humans;
safety aspects of autotransplantation (Brougham et al.
2003; Tournaye et al. 2004). Concerning the cryoprotec-
tants and the optimal freezing protocol of testicular
stem cells data are still contradictory (Tournaye et al.
2004). Frederickx et al. (2004) demonstrated reduced
functional capacity in testicular stem cells after cryo-
preservation, whereas the survival rates were better.

The alternatives to autotransplantation of frozen/
thawed testicular stem cells may be xenotransplantati-
on into other species or in vitro maturation (Nordhoff
and Schlatt 2003). However, the entry of germ cells into
meiosis is one of the experimental problems that has to
be addressed before clinical application of this method.
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II.4.18 Current Research and Future Prospects
for Gene Therapy in Andrology
Y. Kojima, S. Sasaki, K. Kohri

■ Clinical and basic research are in progress to
develop gene-based interventions for the treat-
ment of andrological disease including pros-
tate cancer, male infertility and erectile
dysfunction.

■ Generally, gene transfer vectors can be roughly
divided into two groups: viral and non-viral
vectors.

■ Prostate cancer is a particularly suitable target
of research to study and use in gene therapy
trials because the organ is expendable, the
primary tumour is accessible and a circulating
marker of response is readily available.

■ Therapeutic strategies in prostate cancer can
be subdivided into five categories: (1) induc-
tion of the immune response (immuno-
therapy), (2) correction of genetic alterations
(corrective gene therapy), (3) enhancement of
apoptosis, (4) suicide gene therapy and
(5) viral-mediated oncolysis.

■ Since testicular cells play a significant role in
creating life and personality, safety precautions
are very important and the expression of
transferred genes must be well controlled.

Summary

■ Adenoviral- and lentiviral-mediated gene
transfer may be effective in transfecting testic-
ular somatic cells, Sertoli and Leydig cells, and
applicable to in vivo gene therapy for male
infertility in the future.

■ Molecules and enzymes that influence the
signal-transduction pathway of corporeal
smooth muscle relaxation represent potential
targets for erectile dysfunction gene therapy.

■ There are two problems with erectile dysfunc-
tion gene therapy: one is the relatively short
duration of the physiological effect, and the
other is the possibility of priapism through
overexpression of the gene product.

II.4.18.1
Introduction

Gene transfer in vivo is a powerful tool for studying ba-
sic biological mechanisms and has many potential ap-
plications in medicine (Baum et al. 2003; Ratko et al.
2003). The use of gene transfer technology in develop-
ing novel therapies for disorders that currently lack ef-
fective treatment has markedly increased in the last de-
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cade. Clinical application of gene therapy was initially
targeted to the treatment of inherited monogenetic dis-
orders and cancers that were refractory to conventional
treatment (Aguilar and Aguilar-Cordova 2003; Lund-
strom and Boulikas 2003). Today, however, they are be-
ing developed for most tissues and for non-inherited
multiple disorders. As of 2002, more than 400 clinical
gene therapy protocols have been approved in the Unit-
ed States, about 75% of all protocols approved world-
wide (Baum et al. 2003). Clinical and basic research are
in progress to develop gene-based interventions for the
treatment of andrological disease including prostate
cancer, male infertility and erectile dysfunction (ED).
This section summarizes the latest achievements and
controversies in preclinical studies and clinical trials in
this field of gene therapy.

II.4.18.2
Ethical Issues in Gene Therapy

There are several limitations, including ethical aspects,
regarding research on genetic manipulation in human
subjects. The ethical concept and principle for gene ther-
apy vary from country to country. Basic common con-
sensus throughout the world is to apply somatic gene
therapy to a wide range of disorders, including inherited
diseases and cancer (Smith 2003). Ethical issues on so-
matic gene therapy are primarily those concerned with
the risk of this procedure, such as vector toxicity and on-
cogenesis. On the other hand, germline gene therapy is
theoretically possible, but is rejected on the grounds that
there is the possibility of disturbing the future generation
without a precise understanding of the mechanism and
control of gene expression (Spink 2004).

II.4.18.3
Gene Transfer Vectors

Of great importance in the gene therapy strategy is the
vehicle used to carry and deliver the therapeutic gene.
Many methods and techniques for in vivo gene transfer
have been developed, and some of them have already
been applied in clinical trials (Aguilar and Aguilar-
Cordova 2003; Lundstrom and Boulikas 2003).

Generally, these can be roughly divided into two
groups: viral and non-viral vectors (Table II.4.14). Viral
vectors provide more efficient gene transfer and have a
greater safety risk compared to use of non-viral vec-
tors. They cover a wide range of viral species with dif-
ferent types of nucleic acid composition and character-
istic features related to host cell specificity, expression
pattern and duration as well as cytotoxicity. The intro-
duction of viral vectors into several organs of various
animals have been reported to elicit cytotoxicity, non-
specific inflammatory responses and antivector cellular
immunity (Crystal 1995). For example, adenovirus-

Table II.4.14. Properties of the main gene transfer vector sys-
tems

Viral vectors
ds DNA: adenovirus, adeno-associated virus, herpesvirus,
baculovirus
ds RNA: retrovirus, lentivirus, poxvirus
ss RNA: alphavirus

Non-viral vectors
Naked DNA: injection, gene gun, electroporation, ultra-
sound, hydrodynamic pressure
Liposomes: cationic liposomes, neutral/zwitterionic
Polymers
Peptide–DNA complexes

mediated gene transfer is the most widely used because
of its high efficiency, but it is a high-risk biohazard. Ob-
viously, application of viral vectors for clinical trials in
humans requires serious consideration of safety as-
pects related to their use.

By contrast, non-viral delivery of DNA in vivo has a
much reduced biosafety risk by nature, but its weak-
ness is the short-term and low level of expression. The
simplest approach is the injection of naked DNA into
the target organ. A more sophisticated approach is the
use of physical techniques including electroporation,
gene gun, ultrasound or hydrodynamic pressure to im-
prove the efficiency of naked gene transfer. Electropo-
ration is a well-established laboratory technique, and
one of the most efficient non-viral methods of intro-
ducing exogenous molecules into cells by high-voltage
electric pulses. Various chemical approaches such as
the lipid-mediated system and polymer system have al-
so been used to increase gene transfer efficiency and
cell specificity.

It is essential to find a rational balance between fea-
sibility, safety and efficacy when deciding on the clini-
cal uses of these vectors, as well as when devising suit-
able regulations and guidelines. Gene transfer can take
place in vivo or ex vivo. In vivo gene transfer is accom-
plished directly in the animal model or in the patient.
For ex vivo gene transfer, cells from the experimental
animal or patient are removed, gene transfer is accom-
plished in the laboratory and transduced cells are re-
turned to the host (Baum et al. 2003).

II.4.18.4
Gene Therapy for Prostate Cancer

Radical prostatectomy and radiotherapy are the most
common therapeutic modalities for localized prostate
cancer. However, up to one-third of patients with pros-
tate cancer with localized disease, who have undergone
treatments with a curative intent, will experience dis-
ease recurrence and metastasis. Moreover, nearly 20%
of newly diagnosed patients present with metastatic
prostate cancer. Although androgen ablation therapy
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has been utilized in the treatment of advanced, recur-
rent or metastatic prostate cancer, the efficacy of this
approach is limited by the development of hormone-
refractory prostate cancer. Another novel treatment
approach, such as gene therapy, for advanced and re-
current prostate cancer is needed to achieve long-term
local control and particularly to develop effective sys-
temic therapy for metastatic prostate cancer. Gene
therapy is emerging as a promising adjuvant to conven-
tional strategies, and several clinical trials have been
performed (Steiner and Gingrich 2000; Mabjeesh et al.
2002; Collins et al. 2003; Foley et al. 2004; Mazhar and
Waxman 2004).

Prostate cancer is a particularly suitable target of re-
search to study and use in gene therapy trials because
the organ is expendable, the primary tumour is accessi-
ble and a circulating marker of response is readily
available. Many researchers around the world have
tried gene therapy for prostate cancer by several meth-
ods. The adenoviral vector dominates as the vector of
choice. The vast majority of trials employ intratumou-
ral injection, while intravenous injection, which re-
quires target bone metastases, is used only in a minor
proportion (Maitland et al. 2004).

Therapeutic strategies in prostate cancer can be sub-
divided into five categories (Steiner and Gingrich 2000;
Mabjeesh et al. 2002; Mazhar and Waxman 2004):
(1) induction of the immune response (immunothera-
py), (2) correction of genetic alterations (corrective
gene therapy), (3) enhancement of apoptosis, (4) sui-
cide gene therapy and (5) viral-mediated oncolysis.

II.4.18.4.1

Immunotherapy

The most popular clinical trial of prostate cancer gene
therapy strategies is immunotherapy (Maitland et al.
2004). Application of immunotherapy may be most
suitable for minimal residual disease settings rather
than a large bulky tumour. Granulocyte-macrophage
colony stimulating factor (GM-CSF), interleukin-2
(IL-2), IL-12, tumour necrosis factor-alpha (TNF- [ )
and interferon-gamma (IFN- * ) have emerged as cyto-
kine genes with significant efficacy in inducing an anti-
tumour immune response (Steiner and Gingrich 2000;
Mabjeesh et al. 2002; Collins et al. 2003; Mazhar and
Waxman 2004). Immunotherapy is divided into three
approaches: direct intratumoural injection of cytokine
genes, gene vaccine therapy and adoptive immunother-
apy. Ex vivo treated tumour cells may be used for sub-
cutaneous vaccination or treated effector cells may be
infused intravenously as adoptive immunotherapy.
There are a few promising results from immunotherapy
in phase I trials with GM-CSF and IL-2 (Maitland et al.
2004). For example, the phase I trial of IL-2 gene thera-
py reported the safety of intraprostatic injection, with

transient PSA-based responses seen in 16 of 24 patients
with high-risk localized prostate cancer after therapy
(Belldegrun et al. 2001).

II.4.18.4.2

Corrective Gene Therapy

Functional loss of tumour suppressor and cell cycle
regulatory genes (p53, nm23, PTEN, MMAC1, retino-
blastoma gene, KAI1, p16, p27) and overexpression of
several oncogenes (c-myc, bcl-2, ras and her2/neu) have
been implicated in prostate cancer oncogenesis or pro-
gression (Steiner and Gingrich 2000; Mabjeesh et al.
2002; Mazhar and Waxman 2004). Several gene-based
approaches to replenish the genetic deficit or to sup-
press the activated oncogenic pathway have disrupted
tumour growth in animal tumour models. Most correc-
tive gene therapy strategies involve retroviral or adeno-
viral vectors administered by intratumoural injection.

II.4.18.4.3

Enhancing Apoptosis

The goal of this approach is to force the cancer cells ir-
reversibly to programmed cell death by activating the
apoptotic pathway (Garrison and Kyprianou 2004). In-
tratumoural injection of the adenoviral vector contain-
ing p53, fas ligand and caspase-7, which are critical
modulators of apoptosis, significantly suppressed tu-
mour growth due to enhanced programmed cell death.
Adenoviral hammerhead ribozyme-mediated disrup-
tion of bcl-2, an oncogene with anti-apoptotic activity,
has been reported to enhance apoptosis of prostate
cancer cells. Other apoptosis-associated genes, includ-
ing c-cam, TRAIL and bax, have been reported to in-
duce apoptosis of prostate cancer by gene transfer
(Maitland et al. 2004).

II.4.18.4.4

Suicide Gene Therapy

This approach relies on the conversion of an inactive
prodrug into a toxic drug using an enzyme vectored
only to target tumour cells. In this way, the active drug
is limited to the transduced cells and adjacent sur-
rounding cells, allowing higher drug concentrations
with no increase in normal tissue toxicity. Two of the
most widely utilized enzyme/prodrug systems are her-
pes simplex virus (HSV), thymidine kinase (tk), gan-
ciclovir (GCV) and cytosine deaminase (CD)/5-fluoro-
cytosine (5-FC). The tumour is destroyed by necrosis
and apoptosis. Both systems are currently being evalu-
ated in clinical trials for prostate cancer. In an extended
phase I/II study, 36 prostate cancer patients with local
recurrence after radiotherapy received adenoviral vec-
tor-mediated HSV-tk/GCV in situ gene therapy and
showed a significant prolongation of the mean serum
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PSA-doubling time (PSADT) from 15.9 to 42.5 months
and in 28 of the injected patients (77.8%) there was a
mean PSA reduction (PSAR) of 28% (Miles et al. 2001).
Another group reported the results of a phase I trial of
adenoviral vector mediated HSV-tk/CD in situ gene
therapy, and 7 out of 16 (44%) patients demonstrated a
more than 25% decrease in serum PSA, and 3 out of 16
(19%) patients demonstrated a more than 50% de-
crease in serum PSA (Freytag et al. 2002).

II.4.18.4.5

Virus-Mediated Oncolysis

Several viruses have, as part of their normal life cycle, a
lytic phase that is lethal to the host cell, and are used as
oncolytic viruses. The use of oncolytic herpes simplex
virus and adenovirus for the treatment of prostate can-
cer cells has recently been developed (Nakamori et al.
2004). Replication of the adenovirus can be regulated
by placing E1A and/or E1B under the control of a tis-
sue-specific promoter, thereby restricting replication
of the virus to those cells which make proteins that spe-
cifically bind promoter elements. The adenovirus vec-
tor with the E1A gene placed under control of a PSA
minimal promoter enhancer, CG7060 (CN706), demon-
strated potent PSA-selective cytotoxic activity in pre-
clinical testing and a clinical trial (Nakamori et al.
2004). This strategy is still a relatively new develop-
ment, although the PSA-controlled CG7060 was also
well tolerated and achieved at least a 50% reduction in
PSA levels in all treated patients (De Weese et al. 2001).

II.4.18.5
Gene Therapy for Male Infertility

There are two major problems concerning gene transfer
to the testis for application in clinical trials. First, the
possibility exists that gene transfer to the testis may af-
fect not only the patient but also the patient’s offspring,
because the target cells are both somatic cells and germ
cells. Second, there are still many points not yet clari-
fied as to the mechanism of spermatogenesis, and the
unambiguous identification of specific genetic defects

Table II.4.15. Characteristics
of several vectors of the tes-
ticular gene transfer system

Viral vector Non-viral vector
Adenovirus Lentivirus Lipofection Electroporation

Transgene expression cell
Sertoli cell + + – +
Leydig cell + + – +
Germ cell – – – +
Sperm – – + +

Efficiency ++ ++ + +
Cytotoxicity + + + ++
Inflammatory response + + + ++
Cellular immunity + + + ++
Expression periods >2 months >2 months <1 week <1 month

has not been achieved (De Jonge and Barratt 2002).
Male infertility may be related to genetic abnormalities
or defects suspected to be the causes of male infertility
in a substantial proportion of cases (Hargreave 2000;
Cram et al. 2001). However, with few exceptions, the
precise nature of the genetic lesions remains unclear.
There are some problems that need to be solved before
we can apply gene transfer to a clinical trial. The main
purpose of gene transfer to testicular cells and sperm in
animals has been to generate transgenic mice easily
without microinjection, and to clarify the molecular
mechanism of spermatogenesis. Clinically, however,
testicular gene therapy may be useful for treatment of
male infertility in the future. Since testicular cells play
a significant role in creating life and personality, safety
precautions are very important and the expression of
transferred genes must be well controlled.

Some researchers reported gene transfer to animal
testis by various methods (Table II.4.15, Fig. II.4.41).
The liposome-mediated gene transfer results in trans-
gene expression in sperm (Sato et al. 2002). Gene trans-
fer by electroporation resulted in transfection of not
only Sertoli cells and Leydig cells, but also spermato-
cytes (Umemoto et al. 2005). On the other hand, no evi-
dence of spermatogenic cell transduction was observed
with the adenoviral vector or lentiviral vector by either
histological or mating experiments, and it was possible
to transfect the Sertoli and Leydig cells (Ikawa et al.
2002; Kanatsu-Shinohara 2002; Kojima et al. 2003). In
contrast, the retroviral vector could transduce male
germ cells in vitro, and some of the offspring carried
the transgene (Nagano et al. 2001). These results are
particularly interesting from the viewpoint of gene
therapy in the future. At present it is not possible to in-
troduce a foreign gene accurately into a specific chro-
mosomal locus. If a foreign gene is introduced into the
spermatogenic cells, abnormal sperm would be
formed. This would lower the fertilization rate and
pregnancy rate, and increase the rate of anomalies.
However, when the adenoviral vector and lentiviral
vector are used, such problems can be avoided because
of the biological characteristic that genes are not intro-
duced into the spermatogenic cells. Although the slight
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a b

Fig. II.4.41. Light micrographs of testis after transfection by two methods. Transgene ( q -galactosidase gene) expression showed
blue staining. a Adenoviral vector, b Electroporation

spermatogenic damage and inflammatory response
caused by these methods may present problems, ade-
noviral- and lentiviral-mediated gene transfer may be
effective for transfecting testicular somatic cells, Serto-
li and Leydig cells, and applicable to in vivo gene thera-
py for male infertility in the future.

There are a few reports about gene transfer to infer-
tile mouse testis and restoration of spermatogenesis.
Transfer of the Steel (Sl) gene into Sertoli cells by elec-
troporation, adenoviral vector and lentiviral vector re-
stored spermatogenesis in infertile Sl/Sl mutant mouse
testes (Ikawa et al. 2002; Kanatsu-Shinohara 2002; Yo-
mogida et al. 2002).

Several researchers have predicted that deletion and
mutations in not only the Y chromosome (including
azoospermia factors such as DAZ and RBM1), but also
in both X-linked and autosomal testis-specific genes
are significant causes of male infertility (Cram et al.
2001). Gene therapy to replenish these genetic deficits
may be developed as a treatment for male infertility in
the future. Based on the present ethical consensus,
however, it would not be acceptable to let offspring be
born in cases where paternity was obtained after genet-
ic correction of a Y-chromosome microdeletion.

Compared with other organs, gene transfer into the
testis requires careful consideration particularly for
ethical reasons. We must clarify the mechanism of sper-
matogenesis, and develop a technique for safer and
more efficient gene transfer.

II.4.18.6
Gene Transfer for Treatment of Erectile
Dysfunction

To our knowledge, no gene therapy trials for patients
with erectile dysfunction (ED) have been reported.

Several researchers performed gene transfer to the pe-
nis using ED animal models including aged rats and di-
abetic rats (Schenk et al. 2001; Christ 2003; Gonzalez-
Cadavid and Rajfer 2004). Most of the vectors used for
gene transfer are viral vectors, such as adenovirus and
adeno-associated virus.

Penile erection is induced by an increase in arterial
inflow and a decrease in venous outflow from the penis,
caused by relaxation of the penile corpus cavernosum.
Therefore, molecules and enzymes that influence the
signal-transduction pathway of corporeal smooth mus-
cle relaxation represent potential targets for ED gene
therapy (Table II.4.16).

The nitric oxide (NO)/guanylate cyclase/cGMP sys-
tem plays a most critical role in the normal erectile pro-
cess, and it seems a logical molecular target for gene

Table II.4.16. Gene therapy strategies for erectile dysfunction.
(BDNF Brain-derived neurotrophic factor, CGRP calcitonin
gene-related peptide, eNOS epithelial nitric oxide synthase,
iNOS inducible NOS, nNOS neuronal NOS, pNOS probe NOS,
PDE phosphodiesterase, SOD superoxide dismutase, VEGF
vascular endothelial-derived growth factor)

In vivo gene therapy
1. NOS

iNOS, eNOS, nNOS (pNOS)
2. Other genes related to cavernosal relaxation

Maxi K+ channels: hSlo
CGRP
VEGF
BDNF
SOD
Rho kinase
PDE V

Ex vivo gene therapy
Myoblast cell-mediated gene therapy
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therapy. NO, the hydrolysis product of L-arginine by
NO synthase (NOS), is the principal neurotransmitter
mediating the relaxation of cavernous smooth muscle
and penile erection. Therefore, several researchers test-
ed NOS gene transfer in the animal ED model. There
are three NOS isoforms: endothelial NOS (eNOS), neu-
ronal NOS (nNOS) and inducible NOS (iNOS, specifi-
cally the PnNOS variant cloned from rat and human pe-
nis). Of the three isoforms, iNOS has often been select-
ed for gene transfer to the penis, because it is not nor-
mally expressed in the penis, and is easily induced in
penile smooth muscle cells. By injecting a plasmid con-
taining iNOS cDNA in a liposomal preparation, the de-
fective erectile response of the aged rat was corrected
without side-effects (Garban 1997). Similar observa-
tions have been made utilizing an adenoviral construct
of other isoforms of NOS, eNOS and nNOS, which is re-
sponsible for normal penile erection (Champion et al.
1999; Bivalacqua 2000; Magee et al. 2002; Bivalacqua et
al. 2003). Also, the efficacy of gene therapy to amelio-
rate ED has been extended to other genes related to ca-
vernosal relaxation (Christ et al. 1998; Champion et al.
1999; Bivalacqua et al. 2001; Christ 2002; Gholami et al.
2003; Seftel 2003). The ex vivo transfection of cell cul-
tures with the desired gene construct, which are trans-
planted into the corpora cavernosa, have been recently
established as more efficient methods. Myoblast cell-
mediated gene therapy was suggested to be superior to
plasmid or adenoviral injection, and forms the basis of
future experiments to prepare for human trials (Tirney
et al. 2001; Chancellor et al. 2003).

There are two problems with gene therapy: one is
the relatively short duration of the physiological effect,
another is the possibility of priapism by overexpression
of the gene product. If these problems are solved, gene
therapy shows promise as a potential cure for patients
with ED.

II.4.18.7
Conclusions

Gene therapy is now evolving rapidly and gaining sig-
nificant momentum as a therapeutic strategy for appli-
cation in the near future. Many methods and tech-
niques for gene transfer have been developed and some
have already been applied in clinical trials. However,
several problems and limitations have been pointed
out. Additional clinical and basic research is needed to
determine the future role of gene therapy.
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II.4.19 Behavioural Therapy and Counselling
E.A. Jannini, A. Lenzi, G. Wagner

Some clinical aspects important for the diagnosis
and therapy of andrological diseases have a deep
behavioural impact, which are of particular practi-
cal interest to the clinical andrologist. It should be
remembered that the diagnosis and therapy of an-
drological diseases interact with two biological
functions – fertility and sexuality – that are more
sensitive to psychological, educational, cultural,
religious and social factors than any other body
function. The clinical andrologist must take these
aspects into account as an integral part of the path-
ophysiological mechanism and the entire process
of diagnosis and therapy. Fertility, sexual, genetic
and neoplastic andrological disorders require the
clinician to give scientific information in the fun-
damental phase of counselling.

Summary

II.4.19.1
Fertility Problem Counselling

It is well known that infertility involves many psycho-
logical difficulties, both individual and marital. For this
reason, andrological counselling is essential for infer-
tile men. To provide methodologically correct counsel-
ling it is important to discriminate among the psycho-

logical factors involved in infertility: (1) psychosomat-
ic factors as a cause of infertility; (2) the impact of in-
fertility on psychological functioning (somatopsychic),
both individual and marital; (3) strategies for coping
with infertility conditions; and (4) the psychological
impact of infertility diagnosis and treatments (De Gen-
naro et al. 2003).

The negative relationship between various stress
conditions and female fertility has been amply de-
scribed. In particular, psychological stress (high levels
of depression or anxiety) is related to a lower pregnan-
cy rate and in vitro fertilization (IVF) success rate. In
fact, differences in stress conditions may significantly
influence the outcome of IVF and intracytoplasmic
sperm injection (ICSI) procedures.

The effect of stress on human semen quality is less
clear. This phenomenon is especially important when
counselling particular workers who, due to a physically
or psychologically stressful job, may have a relatively
great risk of infertility (Figà-Talamanca et al.
1996).When diagnosing and treating male infertility,
such factors should be carefully considered as co-fac-
tors together with other (organic) pathologies or cir-
cumstances (Lenzi 1995).

The diagnosis of female infertility may have a large
impact on men as they are becoming more involved in
the diagnosis and treatment of infertility (Burns and
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1996).When diagnosing and treating male infertility,
such factors should be carefully considered as co-fac-
tors together with other (organic) pathologies or cir-
cumstances (Lenzi 1995).

The diagnosis of female infertility may have a large
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Covington 1999). However, their stress levels are great-
er in cases of male infertility, which may actually be
more stressful for both partners than a diagnosis of fe-
male infertility. The male may feel completely excluded
from the fertility decisional process: this should be
avoided during counselling. The andrologist should
appreciate the gender differences when counselling in-
fertile couples and encourage them to share each oth-
er’s feelings, which may help them to cope with any
communication problems they experience. Also to be
avoided is the situation in which the male patient feels
himself an involuntary instrument of the reproductive
process (“breeding bull” syndrome), or even a victim
excluded from any participation. In these cases, both
infertility itself and its evaluation and treatment are
stressful experiences.

An ESHRE Guideline for Infertility Counselling em-
phasizes the importance of the psychological aspects of
infertile couples, and especially of infertile men (Boivin
and Kentenich 2002). Diagnosis and treatment of male
infertility, together with the frequently extreme social
pressure to become parents, can have a profound im-
pact on psychological functioning and several male
sexual dysfunctions often result. Reduced sexual activi-
ty, hypoactive sexual desire, erectile dysfunction and
premature or retarded ejaculation can be encountered
by clinical andrologists treating infertile patients (Len-
zi et al. 2003). The requirement to produce a semen
sample can itself cause difficulty or inability to ejacu-
late. These patients often state that they have no such
problems under normal conditions.

Erectile dysfunctions are also common in both pro-
grammed intercourse during hormone-induced ovula-
tion, and when semen collection is required for use in
an assisted reproduction programme. In predisposed
patients, the problem is caused by the necessity for an
erection on demand. This can significantly interfere
with the success of such therapies and should be dis-
cussed openly with the patient. To partially overcome
these sexual symptoms, a type-V phosphodiesterase
(PDE-5) inhibitor may be prescribed to patients col-
lecting semen for artificial insemination and to male
partners of couples before post-coital testing (Jannini
et al. 2003a).

When fertility becomes the major issue for men with
impotentia ejaculationis of any cause, ejaculation can
be induced by penile vibratory stimulation for self- or
intrauterine insemination or assisted conception (Jan-
nini et al. 2002b). During the use of penile vibratory
stimulation, contraction of abdominal muscles, spas-
ticity below the level of spinal cord injury, knee and hip
flexion and abduction of the thighs are common. This
should be acknowledged during andrological counsel-
ling.

Another important role as counsellor regards the
andrologist’s explanation of the issue of timing. Cou-

ples must be informed of the duration of involuntary
infertility they should undergo before seeking medical
help, the adequate number of unprotected sexual acts
per month and the correct timing of coitus during the
female cycle. During infertility counselling the clinical
andrologist must also address the psychological and
sexual aspects for male infertile patients and, together
with the other specialists (endocrinologist, gynaecolo-
gist, urologist, psychologist, etc.) responsible for the in-
fertile couple’s management, must decide whether and
when to stop treatment of male infertility and opt for
assisted reproduction techniques, taking care that they
have fully explored all diagnostic and therapeutic an-
drological options, but not blindly continuing ineffec-
tive and stressful therapy (Lenzi 2003). However, in all
cases, the andrologist should ensure not to take away
hope from couples seeking fertility treatment.

II.4.19.2
Sexual Dysfunction

The availability of the first efficacious oral treatment
for erectile dysfunction (see for review Jannini et al.
2003b) has led to a significant increase in numbers of
men seeking andrological diagnosis and treatment.
However, the apparently easy treatment approach has
induced some clinicians to neglect counselling and the
relational–interpersonal and psychological impact of
sexual dysfunction and its diagnosis and treatment
(McDowell et al. 2001).

II.4.19.2.1

Sexual Counselling

The objectives of counselling for male sexual dysfunc-
tion are summarized in Table II.4.17. Counselling ef-
fected in this way is an essential part of the therapeutic
process, and in some patients is successful without any
other intervention.

Male Counselling

A brief explanation of sexual physiology in dysfunc-
tional men is no less essential than giving information
on food intake to diabetic patients. Men’s expectations
of performance and genital size are frequently unrealis-
tic and based on unscientific sources. This is dramati-
cally evident in countries (such as Italy, Pinchera et al.
2003) where sexual education is still totally absent in all
educational programmes. In addition, lack of counsel-
ling and explanations has been considered to be a prin-
cipal cause of impotence in drug drop-outs (Jiann et al.
2004).
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Table II.4.17. The clinical andrologist’s sexual counselling decalogue

1. Giving time Recent sexual anamnesis can be obtained using a simple questionnaire (Rosen et al. 1997) or a
semi-structured interview (Petrone et al. 2003). Alternatively, it can be explored asking questions
on the frequency of sex and on libido, erection (morning, masturbation, sexual), ejaculation and
orgasm. The patient should also give his opinion of the couple’s general life. Information (never
sufficient for diagnosis) must be obtained on the timing and modalities of the sexual dysfunction.
The simplest way to obtain critical information is to ask: “tell me about your last sexual experi-
ence” (Perelman 2003)

2. Explain sexual
physiology

Many patients do not have a correct sexual culture. Some dysfunctions are due to ignorance or un-
realistic expectations. In complicated cases, a professional cognitive restructuring technique is sug-
gested (Rosen 2001)

3. Talk to the partner The partner’s point of view is fundamental in the assessment of a dysfunctional patient. In most
cases, her information will be different to that obtained from the patient (onset and course of dys-
function, quality of couple’s relationship, partner’s role in the dysfunction). Ask the partner what
would make her sex life better (Dunn 2004)

4. Avoid the psycho-
genic/organic dichoto-
my (Sachs 2000, 2003)

Patients should never feel their problem is “all in the mind”. They are asking a medical doctor for a
complete medical treatment

5. Medicalization Medicalization is currently regarded as a bad term when applied to a function such as sex, com-
monly considered natural and instinctive. However, if a patient talks about sex with his physicians,
he is consciously or unconsciously asking for the medicalization of his sexuality. The doctor should
explain that sexual life is an essential part of quality of life (Wagner et al. 2000) and general health
and that sexual dysfunction is a medical symptom with a medical therapy

6. Diagnosing Never consider sexual dysfunction as a disease, but as a symptom of a disease that needs to be dis-
covered. One of the major reasons for PDE5 inhibitor drop-out (up to 40–50%) is the lack of medi-
cal diagnostic efforts before its prescription. The first question (open or not) the patient has for the
clinical andrologist is: “Doctor, why am I impotent/a premature ejaculator/do I have hypoactive de-
sire?” In some patients, diagnosis is in itself therapeutic. Do not prescribe any medications before a
check of blood chemistry, hormones and possibly vascular status

7. Identify risk factors For a list of the numerous risk factors affecting male potency see Feldman et al. (1994). Prescrip-
tion drug intake should be considered. Psycho-relational risk factors may also be identified (stress,
fatigue, relationship problems, lack of stimulation)

8. Change lifestyle After identification of risk factors, a change in lifestyle is prescribed (Derby et al. 2000). This
should be considered by the patient as the price to be paid to obtain effective medical treatment

9. Personalize therapy Using the information obtained, the therapy should be personalized. For example, a single, young
impotent subject may benefit from a short-acting PDE5 inhibitor, while a middle-aged man in a
stable relationship and with a history of smoking may be prescribed a long-acting inhibitor. Pre-
scription information must be accurate to optimize therapeutic output (Jiann et al. 2004). Never
use sentences like “let’s try this drug” (a medical treatment is prescribed, not “tried”). Never use
medication as a diagnostic probe (ex juvantibus criterion). In both cases the patient’s mistrust will
lower the pharmacological effect. When possible, dose vasoactive drugs to the vascular status

10. Follow-up The patients must understand that pharmacological treatment for his sexual dysfunction is no dif-
ferent to other medical therapies. A scheduled follow-up, with frequent dose adjustments, and eval-
uation of the impact on the couple is needed

Marital Counselling

Counselling may uncover and resolve hidden conflicts
(anger and grief). The clinician, who should try to fa-
cilitate communication between partners, may explore
relationship issues. The physician’s understanding
strongly helps the couple seeking professional marital
therapy in complicated cases. Clinical experience helps
in recognizing couples (the majority, unfortunately, in
many cultural environments) where sharing the pro-
posal of an oral therapy for male sexual dysfunction
could be harmful and dangerous, due to the widespread
female opinion of the unnaturalness of pharmacologi-
cal therapies. Only in some selected cases will counsel-

ling change this, allowing the ideal situation of the
partner’s participation in the therapy. The need of such
a sharing in all couples, frequently stated as necessary
in psycho-sexological literature, is unrealistic, perhaps
hypocritical, and sometimes responsible for new mari-
tal problems, therapeutic failures and withdrawals.

II.4.19.2.2

Behavioural Therapy

Sex therapy is a collective term which indicates many
behavioural models for short-term treatment of human
sexual dysfunctions. The common aim of these thera-
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pies is to modify dysfunctional behaviour as directly as
possible, taking into account the role of childhood con-
flicts, self-defeating attitudes and the quality of the
partners’ relationship. The groundbreaking work of
Masters and Johnson (1970) is at the origin of behavio-
ural therapies, which have been modernized with the
so-called new sexual therapy of Kaplan (1974), who of-
fered a psychodynamic, or transactional, account of the
psychological causes of sexual dysfunction. While be-
havioural therapies were the first effective treatment of
sexual symptoms (at least in some patients), they need
further research and validation (Wagner and Green
1981).

The behavioural treatment of sexual disorders uses
the theories of learning (Dengrove 1967). Sexological
therapy starts from the approach that it is the couple,
not the individual, who is dysfunctional. Involving the
partner in this process can dispel misperceptions
about the symptoms, decrease stress, enhance intima-
cy and the ability to talk about sex, and increase the
chances of a successful outcome. Counselling sessions
are also helpful in uncovering conflicts in the relation-
ship, psychiatric problems and alcohol or drug misuse.
For this reason, sexual homework assignments are of-
ten prescribed to the couple, such as the “sensate fo-
cus” in which partners take turns in giving and receiv-
ing stimulation in non-genital body areas. Basically,
the method, developed as a therapy for impotence and
then applied to other sexual disturbances, continues
with non-demanding genital stimulation, which may
proceed to erection. To specifically cure premature
ejaculation, Masters and Johnson suggested the
“squeeze” technique (squeeze the glans for about 20 s,
immediately before ejaculation) and Kaplan the alter-
native stop–start method (when a man feels he is close
to ejaculation, he stops and withdraws from the part-
ner, and only restarts when he feels he has regained
control) (see Jannini et al. 2002a, and references there-
in).

The major contribution of behavioural approaches
to sexual dysfunction therapy has been the concept of
patient non-liability. The therapist is responsible for
the success of the treatment, so that the “spectator syn-
drome” and performance anxiety, very frequently pre-
sent in sexual dysfunction, can be overcome. The clini-
cal andrologist dealing with male sexual dysfunction
should do the same, taking full responsibility for diag-
nosis and treatment.

In the last 30 years the only real novelty in the man-
agement of sexual diseases has been their medical
treatment. In fact, behavioural therapies (Barnes 1999)
are still used without substantial modification of the
original definitions and format (Shover and Leiblum
1994). Although a success rate of 60–95% has been
claimed for behavioural approaches to sexual dysfunc-
tion (Seftel and Althof 1997), the field of psycho-sexol-

ogy has only later taken seriously the task of scientifi-
cally demonstrating the efficacy of sex therapies (Ban-
croft 1999). Following this path, talking therapies will
continue to play a pivotal role in sexology, not as an al-
ternative to but probably in conjunction with medical
treatments in complicated cases. However, some points
need to be addressed by a new research effort. The suc-
cess rate of behavioural therapies has also been difficult
to duplicate and verify in controlled studies (McCarthy
1989). This suggests three possible scenarios for the fu-
ture: (1) the decline of sexual therapists without medi-
cal training, (2) the development of new roles for sex
therapists and medical sexologists and (3) integration
of the diagnostic and therapeutic roles of medical and
non-medical practitioners. To obtain the last possibili-
ty, a renewed effort must be made to validate psycho-
sexological therapies.

II.4.19.2.3

Finding the Clinical Andrologist’s Therapeutic Path

After Master and Johnson’s work (1970) the field of sex-
ology was heavily dominated by psychologists. Impo-
tence and ejaculatory dysfunctions were considered al-
most incurable diseases and physicians were not really
interested in them. Later, when Helen Singer Kaplan
and Gorm Wagner wrote the first book on sexual medi-
cine (Wagner and Kaplan 1993), it was realized that
most sexual problems were related to ordinary medical
disorders or various surgical and pharmacological in-
terventions and therefore should clearly be primarily
diagnosed by, referred to and/or treated by a physician.

There are many men with sexual dysfunctions, and
their number is expected to grow, as will awareness of
the possibility of seeking help. It is clear that the best
therapeutic results are obtained when the psycho-rela-
tional impact of diagnosis and therapy is taken into ac-
count (Leiblum and Rosen 2000). For this reason, an in-
tegrated model has been proposed, with responsibility
for the management of dysfunctional patients shared
between the doctor (exclusion of physical diseases and
prescription of medicines) and the psychologist (tak-
ing care of the mind). There are several elements in fa-
vour of this model, but also several against, making it
problematic. Any sexual dysfunction, even if caused by
the most organic of causes, dramatically affects the
couple’s psychology, behaviour and relationship, with
profound echoes in their life. Re-establishing erectile
function or ejaculatory control and re-establishing sat-
isfactory sexual interaction with the partner are totally
different objectives, and when the latter is not achieved,
men may re-present with treatment failure, or with-
draw from treatment altogether. The risk with medical
and surgical therapies is in fact their focus on the penis
as the central dysfunctional element, failing to appreci-
ate the couple as the real dysfunctional element. Fur-
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thermore, since sexology and sexual medicine are not
taught in medical schools (Pinchera et al. 2003), physi-
cians do not feel comfortable in the management of
sexual health, and sentimental and sexual life appears
as a dark room, complicated and time consuming.
Psycho-sexology manuals try to demonstrate the diffi-
culty of the setting of a patient with desire, erectile, or
ejaculatory dysfunction. These are the main reasons
why many specialists, such as diabetologists, cardiolo-
gists and neurologists, avoid tackling sexual health
problems. Some urologists too consider their surgical
culture inadequate to treat such symptoms. The help of
a psycho-sexologist thus seems necessary.

Against the sometimes utopian integrated model are
the problems of a lack of guarantee of its therapeutic
outcome, the high cost of a talking therapy, and the fact
that few psychologists are really able to achieve a good,
effective relationship with their patients and a good
partnership with the andrologists. The Global Study of
Sexual Attitudes and Behaviours (GSSAB) survey dem-
onstrated that, around the world, only 5.5% of men
with a sexual dysfunction talked to a psychiatrist, psy-
chologist or marriage counsellor about their sexual
problems (Moreira et al. 2003). In addition, the distinc-
tion between body and mind is cultural and artificial,
and frequently not appreciated by patients. Integrated
medical and psycho-sexological sex therapy [“shared
care” (Barnes 1999; Wagner et al. 2002)] requires mutu-
al understanding and respect for the different disci-
plines involved in sexology (Jannini and Lenzi 2003).
This is not always possible, due to both medical and
psychological reductionisms.

For a practical use of behavioural therapies, the clin-
ical andrologist must take diagnostic and therapeutic

Table II.4.18. Common indi-
cations for genetic counsel-
ling. Created with modifica-
tions from the text of Phadke
(2004)

Directly involving the andrologist Indirectly involving the andrologist

Genetic diseases (thalassaemia, Wilson’s disease,
haemophilia, mucopolysaccharidosis)

Management of Down’s syndrome and
other chromosomal disorders

Male chromosomal disorders (Robertsonian
translocation, centrosomal inversion, Y chromo-
some microdeletion)

Presence of congenital malformations

Maternal age (risk of Down’s syndrome and
other chromosomal disorders)

Mental retardation, development delay,
facial dysmorphism, neurological deficits

Exposure to known or suspected teratogens Neurodegenerative diseases (focal neuro-
logical deficit, ataxia, spasticity, hypoto-
nia, epilepsy)

Familial diseases and cancer (e.g. medullary
thyroid carcinoma)

Acutely sick neonate

Consanguineous marriage Ambiguous genitalia

Relatives of an individual with chromosome
rearrangement

Short stature

Previous unexplained miscarriages and
stillbirths

Childhood deafness

Abnormalities of sexual development

DNA studies for paternity

responsibility for all male patients with sexual prob-
lems, recognizing those who need more profound psy-
chological help. Only in these selected cases, and only if
very expert, skilful and honest therapists are available,
should the patient and/or the couple be referred to a
psycho-sexologist. In all other cases, the simple rules in
Table II.4.17 should be followed. Marian Dunn, Direc-
tor of the Center of Human Sexuality at the State Uni-
versity of NY, stated that “physicians must remember
that they do not need to be expert sexologists, have per-
fect sexual relationship with their own partner, or share
the values and attitudes of their patients to make them
more comfortable discussing sexual matter; they need
to be good interviewers, which requires a different skill
set entirely” (Dunn 2004).

II.4.19.3
Genetic Counselling

According to the 1975 definition of the American Socie-
ty of Genetics, genetic counselling is a complex process
of communicating the medical aspects of a genetic dis-
order and their impact (Baker et al. 1998). It is a delicate
matter, since many aspects are probabilistic, regarding
risk (rarely certainty) or occurrence as disease recur-
rence in the family, thus involving the patient(s)’ pre-
ventive options. The pivotal concept in genetic counsel-
ling is thus the estimation of the probability of occur-
rence of unbalanced progeny at birth and other unfavo-
urable outcomes of pregnancy (miscarriages, still-
births and early death).

There are various indications for genetic counselling
(Table II.4.18). Some regard the clinical andrologist di-
rectly, but all may be a reason for andrological counsel-
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ling. The setting of genetic counselling is of paramount
importance: a quiet and comfortable room is useful, as
are allowing adequate time and fully respecting priva-
cy. In the case of genetic counselling, possibly in con-
trast with other forms of counselling, both partners
must be present. They usually pass from the initial
phase of shock and denial, to a phase of anger and or/
guilt. Before the final phase of acceptance and adjust-
ment, many subjects experience anxiety and depres-
sion. The andrologist aware of these possibilities will
understand overt and mute queries, minimizing the
natural tension within the family (Michie et al. 1997).

The clinical andrologist may be involved in two
kinds of genetic counselling: preventive counselling to-
gether with the gynaecologist, before pregnancy, and,
with the geneticist and paediatrician, after the appear-
ance of a genetic disease in a newborn child. In both
cases, genetic counselling is an integral part of the
management of genetic disorders, where clinicians can
take over the responsibility of providing correct scien-
tific information.

The role of the clinical andrologist in the psycho-
educational process centred on genetic information is
to facilitate the patient’s ability to use counselling in a
personal meaningful way. This is to minimize psycho-
logical distress and maximize personal control, allow-
ing the couple to cope with the genetic disorder and
reach an often dramatic reproductive decision (Phadke
2004). The andrologist’s responsibility is to provide
proper non-directive, non-coercive and non-judge-
mental counselling (Kessler 1997) to enable the couple
to reach an informed decision. This is in fact the con-
sultant’s responsibility and right. For this reason, even
if requested (“what would you do in similar situa-
tion?”), it is better not to give the client a personal opin-
ion, although empathy and human participation
should not be excluded.

After the decision, the consultant’s follow-up is also
important. Some andrologists believe that their duty is
finished once the decision has been made. However, the
couple should never be made to feel alone and their de-
cision should be respected and supported, indepen-
dently of the outcome and the counsellor’s personal
opinions.

There are some particular problems related to ge-
netic counselling. Men with microdeletion of the Y
chromosome, likely to be encountered in a fertility
clinic, are requested with their partners to make a deci-
sion about their reproductive future. They need to un-
derstand that parental factors can be transferred to the
male offspring. Similar problems may arise from cystic
fibrosis transmembrane conductance regulator (CFTR)
gene carriers (Dohle et al. 2002). The andrologist
should explore the three possibilities: (1) ICSI, (2) in-
semination with donor semen and (3) no treatment. It
has been demonstrated that most couples choose ICSI

and that a minority prefer an alternative. Each androlo-
gist should be aware of this and should try to counsel in
an objective and optimal way, so that the couples can
make well-informed choices about their reproductive
future (Nap et al. 1999).

II.4.19.4
Cancer Counselling

Neoplastic diseases and their treatment alter the body
image, leading to emotions that can profoundly disturb
the patient and/or his partner. Sexual dysfunction is a
common, sometimes enduring consequence of cancer
treatment (Andersen 1990). A mental health profes-
sional can be presented to the patient as a functional
and integral part of the oncology team. Patients may
benefit from brief psychosexual interventions includ-
ing education, counselling and support. However, since
this coaching (Table II.4.19) is best performed in com-
bination with symptom management, the andrologist
should also be involved. It has been demonstrated that
patients receiving careful counselling or behavioural
therapy increase their compliance with chemotherapy
treatments (Given et al. 2004).

Unfortunately, dealing with sexuality may disturb
some andro-oncologists, despite the evidence that it is
considered essential to the quality of life. Andrological
cancers such as testicular, penile and prostatic neopla-
sia may have a particularly dramatic effect on sexuality.
Anatomical mutilation of external genitalia (testicular
and penile cancers), amputation of nervi erigentes
(prostatic cancer), hormonal treatments affecting the
libido directly and erection indirectly (prostatic can-
cer), together with radio- and chemotherapies (de-
creased libido, erectile and ejaculatory dysfunction,
dyspareunia, infertility) frequently destroy the pa-
tient’s idea that he is a sexually active subject (Stotts
2004). For this reason, to obtain both maximum thera-
peutic compliance and maximum life hope, cancer
treatment has to include careful counselling. The clini-
cian must know which cancers or therapies may cause
sexual and reproductive dysfunctions.

In the counselling phase, the andrologist should be
able to frankly discuss with the couple, if there is agree-
ment, or with the patient alone, the possibility that the
disease and its treatment may (not “will”) cause serious
damage to sexuality and fertility. A short explanation
of the three phases of sexuality [desire, excitation (erec-
tion/lubrication), orgasm] is useful, as is an explana-
tion of how cancer and its treatment may affect them. It
is helpful to disclose the large individual variability. For
example, only some chemically castrated men experi-
ence hypoactive sexual desire, and only some of them
will have erectile dysfunction. Even more than other
patients, the subject with cancer needs hope – at all
ages. It is thus fundamental to discuss immediately
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Table II.4.19. Coaching cancer patients about sexuality and fertility

1. Setting Create privacy and confidentiality, be aware of cultural differences, be non-judge-
mental and respectful, avoid jargon (Sundquist 2003)

2. Education on the impact of serious
systemic diseases on sexuality

The patient should be aware that any important disease might affect sexuality.
This is an adaptive mechanism, but it is a good prognostic sign to resume sexual
activity

3. Education on the impact of cancer on
sexuality

The patient should be aware that the disease process (weight loss, muscle loss,
anaemia, pain, fatigue, incontinence, neurological impairment, ascites, loss of sen-
sation, depression) might affect sexual life, so that he can face it in the best way

4. Education on the impact of cancer
treatments on sexuality

The patient must know a therapy’s impact on sexual performance beforehand.
However, he should also be informed that there is great variability in this

5. Education on the impact of cancer
treatments on fertility

In patients with both good and bad prognosis, preservations of gametes before
chemotherapy, radiotherapy and surgery should be discussed in counselling

6. Suggestions on improving intimate
communication

Sex should be regarded as part of an intimate relationship, particularly important
when facing cancer

7. Suggestions on resuming sex comfort-
ably and how to mitigate sexual handicap

This is of particular importance in patients whose treatment has caused or will
cause mutilation. In some cases, the importance of non-penetrative sex should be
stressed

8. Self-help strategies to overcome specif-
ic sexual problems

A minority of patients may need specialized, intensive psychological treatment

9. Use of pro-sexual drugs as antidotes to
anticancer therapy’s side-effects

The use, when indicated, of hormones, PDE5 inhibitors, prostaglandins, even
prostheses should be encouraged

10. Follow-up For most patients, discussion of their quality of life and sexual issues after treat-
ment is particularly important (Aass et al. 1993)

possible treatments for sexual dysfunction (hormones,
oral treatment for impotence, prostheses). They must
not be proposed as options, but as an important part of
the treatment, alongside surgery or oncolytic drugs.
Furthermore, the possibility of natural recovery should
always be raised, as it has been demonstrated that sexu-
al function has an excellent chance of rehabilitation
(Von Eschembach and Schover 1984). In fact, while the
highest incidence of sexual dysfunction in treated tes-
ticular cancer occurs within 6 months of therapy, most
patients recover within the following 3 years and only
15% have long-term sexual dysfunction (Heidenreich
and Hofmann 1999).

From a practical point of view, the clinical androlo-
gist may introduce the evidence that many cancer pa-
tients experience some difficulties in their sexual life,
asking if this has been the case for the patient. S/he can
then ask if the patient feels any differences in himself or
his body, and if the cancer (or its treatment) has
changed his sexual functioning and the quality of his
intimate relationship. His partner’s reactions to the dis-
ease can also be explored (Sundquist 2003).

Andrological expertise should be involved in the
management of male patients treated for any potential-
ly curable cancer (Giwercman 2003). As chemotherapy
and radiotherapy may lead to impairment of testicular
function, cryopreservation of sperm must be consid-
ered as a part of the disease’s treatment. While this is al-
ways true for potentially curable cancers, it is also im-
portant to consider sperm cryopreservation in diseases

with a bad prognosis. In this case, the andrologist is
considering the patient’s desire to live on through his
own semen.

There are particular issues regarding counselling in
andrological cancers. Testicular cancer and Hodgkin’s
disease represent two of the most frequent pathologies
in young adult males. Given that the incidence of these
cancers is highest in the 20 to 35 age group, that prog-
nosis has improved over recent years, and that antineo-
plastic treatment may induce minor or major alter-
ations in spermatogenesis, including possible transito-
ry or irreversible azoospermia, specific counselling fol-
lowed by semen cryopreservation is essential (Gandini
et al. 2003).

Prostatectomy is a frequent cause of impotence in
the elderly. There are many treatment options, some
well established (radical prostatectomy, external radia-
tion therapy) and others experimental (cryosurgery,
implant radiation or adjuvant hormonal therapy), with
a multitude of opinions readily provided by the various
physicians involved, friends, relatives and the media.
The andrologist should give balanced information to
allow the patient to participate in this often difficult de-
cision (Montie 1994), but should also stress the possi-
bility of sexual rehabilitation following traditional
therapies with various medical and surgical ap-
proaches.
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II.4.19.5
Gender Dysphoria

Macro and micro-anatomical differences in the bed nu-
cleus of the stria terminalis (BSTc) and its sex reversal
in the transsexual brain clearly support the paradigm
that in transsexuals sexual differentiation of the brain
and genitals may go into opposite directions and point
to a neurobiological basis of gender identity disorder
(Kruijver et al. 2000). This agrees with the evidence that
gender dysphoria begins relatively early in life (around
5–6 years old).

The clinical andrologist plays a pivotal role in gender
dysphoria disorder counselling. His sexological, medical
and surgical expertise is essential for patients seeking
help for this condition. After a tragic period of psycho-
environmental reductionism, when psychoanalysis and
psychotherapy were recommended in an attempt to in-
duce the patient to accept his/her biological gender
(Meyer 1979), the treatment of choice for true gender
dysphoria is now hormonal, surgical and legal gender
reassignment. However, differential diagnosis, although
not easy, is essential before any treatment to distinguish
between true (“primary”) gender dysphoria (where the
patient sexually and generally thinks of him/herself as a
member of the opposite sex) and the “secondary” form,
paraphilic behaviour (transvestic fetishism and autogy-
naephilia) where the subject is sexually aroused by
cross-dressing and acting as a member of the opposite
sex. Most of these cases require psychiatric aid, also for
the reason that major psychiatric disturbances must be
excluded before therapy. The andrologist may have a
role as counsellor for male-to-female transsexuals un-
dergoing female hormone treatment before final surgi-
cal gender reassignment (Table II.4.20). In this case, the

Table II.4.20. The 10 tasks of the counsellor in gender dyspho-
ria. (From Henry Benjamin International Gender Dysphoria
Association 1998)

1. Diagnose gender dysphoria
2. Recognize co-morbid psychiatric disorders and seek

professional help
3. Discuss the range of treatment options and their impli-

cations
4. Advise inclusion of psychotherapy, not to accept the

biological gender, but to support the patient in his/her
difficulties in gender reassignment

5. Ascertain eligibility and readiness for hormonal and
surgical therapy

6. Make formal recommendations for medical and surgi-
cal therapy

7. Document the patient’s relevant history in a letter of
recommendation

8. Collaborate with a team of professionals with interest
in gender identity disorders

9. Educate family members, employers and institutions
about gender identity disorders

10. Follow-up medical and surgical therapies

clinicians should carefully anticipate the obstacles the
patients may encounter. Many problems (drop-out, de-
pression, suicide) can in fact be avoided when the pa-
tient’s expectations are realistic (Carroll 2000).

Even if the large majority of adults with primary
gender dysphoria cannot, or will not, accept their given
biological gender through use of psychotherapy, sup-
portive psychological help is almost always needed
during the long journey to match the patient’s body, so-
cial role and sexuality to his/her identity (Brown 1990).

Transsexuals often form support groups, magazines,
newsletters, websites, forums and chat rooms: many of
them are well informed and share information, but
have a constant desire to be personally counselled and
guided. The counsellor must be knowledgeable about
the current DSM diagnosis of gender identity disorder
(American Psychiatric Association 1996), and the most
recent standards of care developed by the Harry Benja-
min International Gender Dysphoria Association
(1988). The andrologist should be able to counsel on
dangerous behaviours (alcohol, drugs, prostitution)
with a humanistic perspective, supporting the patient’s
empowerment of self-identification. Furthermore, the
andrologist should educate family, relatives and friends
about the patient’s condition, also influencing public
opinion where possible. Prejudices, homophobia and
morbidness are still widely present even in the most
civilized societies. The andrologist should fight against
the common misconception that people who want to
change sex are sexual deviants. Patients, who have of-
ten waited years before seeking medical help, are usual-
ly anxious for surgery as quickly as possible. The role of
the andrologist as ounsellor is to give the patient an as-
sessment period lasting between a year and 18 months,
to give them experience (“real life” experience) of the
sex they wish to become. Patients change their name,
all their documentation and how they dress and con-
duct themselves with family and friends. During coun-
selling, it should be made evident that the novelty of a
relative’s transsexualism may be a great shock for his/
her family, but, with scientific, authoritative and em-
pathic counselling, many adapt. The patient’s children
are also offered counselling and often accept the “new”
parent.
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II.4.20 Donor Insemination, Egg and Embryo Donation
G.T. Kovacs, A. Trounson, K. Dawson

■ Donor insemination (DI) has been practised
using fresh sperm for many decades.

■ Before intracytoplasmic sperm injection
(ICSI), donor insemination was the only
option for men with severe oligospermia.

■ The technique of cryobanking was adapted
from experience with bovine artificial insemi-
nation.

■ The development of sperm freezing and cryo-
banking enabled the separation of donation
and treatment and improved donor screening,
selection and matching.

■ With the emergence of acquired immunodefi-
ciency syndrome only cryostored, quarantined
sperm from screened donors should be used.

■ Screening for egg donors has a less logical basis.
■ There is a steady move worldwide to “open

donation” rather than “secretive”.
■ Using in vitro fertilization (IVF) technology,

egg donation is equivalent to donor insemina-
tion in treating women with ovarian failure.

■ Egg donation is widely accepted and practised
worldwide.

■ The use of embryo donation can be equated to
“prenatal adoption”.

■ The use of embryo donation is a very resource-
effective way of helping couples form families,
especially if there is both a sperm and an
oocyte problem.

■ Counselling should be an integral part of all
donor programmes.

Summary II.4.20.1
Introduction

The use of donor sperm has provided a realistic option
for “fathering” a family when a man lacks sufficient
sperm to achieve fertilization, or is at risk of passing on
a severe genetic condition to an offspring.

Egg donation is a similar solution for women with
no fertile oocytes, or carrying a genetic risk.

Embryo donation is a new treatment that has be-
come possible because of the availability of excess em-
bryos that couples have in storage after in vitro fertil-
ization (IVF) treatment, at a time when they have com-
pleted their family. Whilst many of these are destroyed,
some couples do donate their embryos to other women.

This chapter provides an overview of the use of do-
nor sperm, donor eggs and donor embryos (Fig.
II.4.42). It concludes by considering the possibility of
manufacturing gametes from embryonic stem cells, a
process that could make gamete donation obsolete.

II.4.20.2
Donor Insemination

II.4.20.2.1

History of Sperm Donation

The first pregnancy from donor sperm in artificial in-
semination (DI) was reputed to occur during the battle
of Waterloo, involving the sperm of a dead soldier (Je-
quier 2000). However, the use of DI did not start to be
formalized until 1954 (Kleegman 1954), when the treat-
ment of women using fresh donor semen was described
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Fig. II.4.42. Donor insemination (DI), embryo donation and intracytoplasmic sperm injection (ICSI)

and the broad area of donor sperm use was considered,
including indications for treatment, criteria for patient
selection, choice of donor used, technique of insemina-
tion and relevant religious and legal considerations.
Several series of DI were reported in the medical litera-
ture during the 1970s (Hill 1970; Warner 1974; Dixon
and Buttram 1976; Leeton and Backwell 1976; Penning-
ton and Naik 1977). The use of DI became more wide-
spread with the development of sperm cryopreserva-
tion, or freezing, which allowed for both thorough
screening of the donor sperm to be used and better
matching of the donors and recipients (Bunge et al.
1954; Trounson et al. 1981).

II.4.20.2.2

Human Sperm Cryopreservation

A method of human sperm cryopreservation was origi-
nally described by Sherman (1962) as a “simple, effi-
cient, reproducible combined freezing and storage
method”, where sperm were mixed with glycerol, fro-
zen in nitrogen vapour at a rate of –16°C to –25°C per
minute and then stored in liquid nitrogen.

Semen freezing was progressively improved (Maha-
devan and Trounson 1980) and refined by optimization
of the media used for dilution and freezing (Mahade-
van and Trounson 1983) and more accurate determina-

tion of cooling and warming rates for freezing and
thawing (Mahadevan and Trounson 1984). These meth-
ods, based on slow cooling in glycerol, were adopted
widely for semen banking for IVF and for DI (Mahade-
van et al. 1983). With minor modifications, these meth-
ods have been adopted for sperm cryopreservation
around the world.

II.4.20.2.3

Screening of Semen Donors and Quarantine Period

With the reported spread of human immunodeficiency
virus (HIV) through the use of donor sperm (Stewart et
al. 1985; Wortley et al. 1998), it became apparent that
semen needed to be frozen and quarantined to allow
for the “window period” for antibody expression of the
virus.

The guidelines operating in Australia (Reproductive
Technology Accreditation Committee, Fertility Society
of Australia) recommend a quarantine period of
6 months, in accordance with Britain (British Fertility
Society) and the USA (American Society for Reproduc-
tive Medicine 2004).

The extent of screening for sexually transmitted dis-
eases (STDs) varies internationally. All sperm donors
are screened for HIV, hepatitis B and C, syphilis and go-
norrhoea. Some centres also screen for chlamydia,
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ureaplasma, mycoplasma, trichomonas and cytomega-
lovirus (Olatunbosun et al. 1998). The potential recipi-
ents of donor sperm also undergo this screening.

II.4.20.2.4

Pre-Treatment Counselling of Recipient Couples

It is important that couples are properly informed
about all aspects of DI before undergoing the proce-
dure. The screening and selection of donors, the timing
and technique of insemination, legal aspects of the
treatment and psychosocial considerations for any
child born need to be understood by the recipient cou-
ples. In some countries these aspects of DI are dis-
cussed between couples and the clinicians (Thompson
and Boyle 1982). In other jurisdictions, such as the Aus-
tralian State of Victoria, it is mandatory that this infor-
mation be provided by a counsellor approved by the
legislation that regulates Assisted Reproductive Tech-
nology (Infertility Treatment Act 1995).

II.4.20.2.5

Timing and Methods of Insemination

The initial timing of DI used simple biophysical charac-
teristics such as mucus changes that correlate with
sperm penetration capacity (Kremer 1965; Jequier
2000) and a temperature chart to confirm the occur-
rence of ovulation (Kovacs and Lording 1980). The use
of mucus changes to predict ovulation had previously
been used in family planning (Billings 1972). With the
development of rapid serum and urinary luteinizing
hormone (LH) assays (Stenman et al. 1985), the use of
daily LH measurement was incorporated into DI to in-
crease the efficiency of conception and to conserve se-
men supplies. With the availability of simple dipstick
urinary LH assays that had been assessed as accurate
for detecting ovulation (Elkind-Hirsch et al. 1986), the
possibility of home monitoring became a reality, mini-
mizing patient inconvenience. The woman would sim-
ply ring the clinic when the mid-cycle LH rise occurred,
and insemination would be undertaken on the day of
predicted ovulation, the day following the LH rise
(Baker et al. 1986). Another option is to control the tim-
ing of ovulation by administering human chorionic
gonadotrophin (hCG) when a pre-ovulatory follicle
( & 16 mm) is detected by ultrasound, thereby eliminat-
ing the need for monitoring for inseminating at the ex-
pected time of ovulation (Edwards and Steptoe 1975).

II.4.20.2.6

Method of Insemination

The primary requirement for insemination is that suffi-
cient numbers of motile sperm reach the cervix and
there are several methods for achieving this. The sim-

plest way is to use a modified syringe to deposit sperm
into the exocervix (Kovacs and Lording 1980). Other
workers have reported the use of washed sperm resus-
pended in culture medium and intrauterine insemina-
tion, although this has not been shown to significantly
improve results and is technically more demanding
(Van Weert et al. 2004).

II.4.20.2.7

Results of Donor Insemination

Early reports of the outcome for DI were described as
“overall success rates”, the percentage of women who
achieved a pregnancy. For example, in an initial series
of 24 inseminated women, a mean success rate of 61%
was reported (Behrman 1959). However, this makes no
allowance for the number of cycles of insemination
each woman has undergone to achieve pregnancy or to
fail to become pregnant. More meaningful data are
“per-cycle” pregnancy rates, but this measure again
does not allow for the number of cycles of insemination
that each woman may have had.

The best method of assessing success is by “life-table
analysis”. This type of analysis adjusts for patients who
drop out, who may be resting, and takes into consider-
ation what may have happened to these women if they
had continued therapy. The first report of DI results us-
ing this method was in 1980 (Leeton et al. 1980) and a
computer programme for constructing such a life table
was also published (O’Connor and Trounson 1980).
The life table pregnancy rates of two populations of pa-
tients can then be compared by the log rank test (Peto
et al. 1977).

Pregnancy rates per cycle of between 10 and 20%
have been reported for DI overall, with the most signifi-
cant variable being the characteristics of the recipient
(Hoy et al. 1999). It was shown by a large multicentre
Australian study that the wives of azoospermic men
had a higher pregnancy rate than the wives whose hus-
bands had oligospermy, thereby proving the existence
of a definite female infertility factor (Kovacs et al.
1982). It was also shown that women who had been
pregnant once with DI had a higher pregnancy rate per
cycle of treatment the second time around (Kovacs et
al. 1983).

In a series of couples undergoing more than 1000 DI
treatments in Victoria, Australia, it was found that
about 75% of couples conceived within 24 DI treat-
ments (Kovacs et al. 1988).

II.4.20.2.8

Treatment After Failed Donor Insemination

If several cycles of DI have not resulted in pregnancy,
despite the woman having a laparoscopically diag-
nosed normal pelvis, the situation is similar to “unex-
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plained subfertility”. During the late 1980s Gamete In-
traFallopian Transfer (GIFT) using donor sperm was a
popular treatment for these patients, with a high rate of
success (Kovacs and King 1994). GIFT is a treatment
that involves laparoscopy and ultrasound guidance of a
fine catheter to place both sperm and eggs into a wom-
an’s Fallopian tubes to allow fertilization to occur (Asch
et al. 1986).

By analysis of the life table conception rates after DI
treatment it was shown that it was probably cost-effec-
tive to change to treatment by IVF after six failed cycles
of DI (Kovacs et al. 1988). With the improved outcomes
of IVF and the relative invasiveness of GIFT, IVF with
donor sperm is now the treatment of choice after failed
DI (Kovacs et al. 1989).

II.4.20.2.9

Psychosocial Aspects of Donor Insemination

The technical aspects of DI are fairly simple (Kovacs et
al. 1988), but when sperm banking and widespread in-
semination commenced in the late 1970s, there was
concern about the psychosocial effects of DI for the
couples treated. Studies at various stages of the treat-
ment, however, provided reassurance that the use of DI
had little effect on the recipient couples (Clayton and
Kovacs 1980). The question that remained was whether
children born from DI were detrimentally affected in
any way. Studies of the DI children were needed.

The first of these studies involved the use of fresh
and frozen sperm in Japan (Mochimaru et al. 1980).
The study reported on the physical development of 133
children and the mental development of 40 children
born following DI. They found no difference in physical
development, but found that the mental development
of DI children was superior to those conceived natural-
ly. Studies of the children born from DI at 3 years of age
found no difference in physical or mental development
from children conceived naturally (Clayton and Kovacs
1982). Furthermore, the first controlled study of DI off-
spring compared with adoptees and naturally con-
ceived children, using a quantitative Achenbach ques-
tionnaire to measure social adjustment, found that
there was no difference between these three groups
(Kovacs et al. 1993).

Golombok et al. (2002) reported a prospective study
of the quality of parenting and psychological adjust-
ment of DI children at the age of 12 years. They com-
pared 37 DI families, 49 adoptive families, and 91 fami-
lies with a naturally conceived child by standardized in-
terview and questionnaire measures administered to
mothers, fathers, children and teachers. The differ-
ences between DI families and the other family types
reflected greater expressive warmth of DI mothers to-
ward their children and less involvement in the disci-
pline of their children by DI fathers. The DI children

were well adjusted in terms of their social and emotion-
al development. This study further confirmed the find-
ings that DI children are no different from naturally
conceived children with regard to psychosocial func-
tioning. This well-adjusted characteristic of DI chil-
dren was also found in children parented by either les-
bian or heterosexual couples (Chan et al. 1998). We are
currently surveying our families with children between
6 and 14 years on a family wellness study. Preliminary
findings are that only 10 out of 114 couples have sepa-
rated.

DI has been used widely to treat male subfertility
and couples with unexplained subfertility (deKretser et
al. 1986) before the availability of IVF and intracyto-
plasmic sperm injection (ICSI). These techniques have
largely replaced DI for these indications.

II.4.20.2.10

Assisted Reproductive Technology (ART)

and Male Factor Fertility

DI is still used today, but to a lesser extent. With the
continued development of ART and the availability of
ICSI (Palermo et al. 1992), together with the surgical re-
covery of sperm from the testicles of patients in cases of
obstructive azoospermia and some cases of testicular
malfunction (American Society for Reproductive Med-
icine 2004), the potential number of couples requiring
DI has been significantly decreased. DI is now restrict-
ed to men where no sperm is available even by surgical
retrieval, or for those couples who could attempt IVF
but choose to use DI as an easier and cheaper option
than ICSI (Fig. II.4.42).

II.4.20.3
Oocyte Donation

The concept is almost as simple as sperm donation: a
woman undergoes controlled ovarian hyperstimula-
tion, the oocytes are collected, but insemination is then
undertaken using the recipient’s partner’s sperm. Once
embryos are produced they can be transferred fresh or
frozen. This requires that the endometrium of the re-
cipient is synchronized to the donor.

To aid this, the endometrium of the recipient is pre-
pared using hormone replacement therapy (HRT) with
oestrogen and a progestogen.

II.4.20.3.1

History of Oocyte Donation

Whilst the concept of sperm donation has existed for a
long time, egg donation only became possible with the
development of IVF.

The first pregnancy from the donation of human oo-
cytes was reported by the Monash group in 1983 (Tro-
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unson et al. 1983). In this case, a woman going through
the Monash IVF programme donated one of her five
eggs to a 38-year-old friend, with an 18-year history of
subfertility and an infertile husband. Despite 15 at-
tempts at donor insemination, and 4 tries at IVF she
had failed to conceive. The donated egg was fertilized in
vitro, and the embryo formed transferred into the re-
cipient, resulting in a pregnancy, which then aborted at
9 weeks (Leeton 1992).

The first successful human birth was also reported
from the Monash IVF team in 1984 (Lutjen et al. 1984).

Following this report oocyte donation was still a rel-
ative rare event, with only 90 pregnancies reported in
Australia by 1989. In 1989 Serhal and Craft reported on
61 patients treated with donor eggs in the UK (Serhal
and Craft 1989), and Rosenwaks et al. (1986), Navot et
al. (1986) Asche et al. (1987) pioneered the technique
in the USA, and Feichtinger and Kemeter (1985) in
Europe.

A world survey in 1991 (King and Kovacs 1992) of 11
centres in Australia, Europe, USA, South America and
Israel reported on 220 donor egg pregnancies. Fresh
embryo transfers were twice as common as frozen
transfers and the respective pregnancy rate per transfer
was 26.7% compared to 14.7%.

II.4.20.3.2

Type of Oocyte Donors

The type of donor can broadly be classified as “anony-
mous” or “known”. Anonymous donors are women
who altruistically donate to an “oocyte bank” where the
oocytes are used by someone not known to them,
whereas “known donors” donate for someone they
know – a friend or a relative. All types of known dona-
tions have been reported, sister:sister, mother :daugh-
ter, daughter :mother. It is of course important to ex-
clude consanguinity by not using a relation of the male
partner.

Another type of egg donation is what is now called
“egg sharing”, where a woman in an IVF treatment cy-
cle shares her eggs with a recipient. This could be
“obligatory” where the number of oocytes that can be
inseminated is limited (in Monash in the 1980s) the rea-
son being to restrict the number of embryos frozen, or
“voluntary” where a woman decides to share with an-
other. In some countries this “egg sharing” is financial-
ly compensated, so that a woman donating her eggs
would be given a significant discount from her treat-
ment cycle.

II.4.20.3.3

Screening of Oocyte Donors

Oocyte donation is completely different to sperm do-
nation. The oocyte is collected, isolated from the follic-

ular fluid, inseminated and cultured in vitro, with only
the embryo produced being subsequently transferred.
This is in contrast to DI where the ejaculate containing
seminal plasma and white blood cells is injected into
the recipient’s body. Yet the routine of screening for oo-
cyte donors has evolved to be virtually identical to that
for sperm donors.

The reason for this is that oocyte donation was just
evolving when the prospect of blood-borne infections
became recognized, so it seemed reasonable to use the
screening that evolved for sperm donors. This is not en-
tirely logical, but has become accepted historically.

There have even been suggestions to freeze embryos
from donated eggs, and not transfer them for at least
6 months, to allow for the “window period”. However,
as freezing and thawing would lose 30–40% of suitable
embryos, and there is no evidence to show that HIV can
be transmitted through egg donation, such suggestions
have not been followed up.

II.4.20.3.4

Reasons for Oocyte Donation

The reason for the need for oocyte donation includes
congenital absence of the ovaries (e.g. Turner’s syn-
drome), premature ovarian failure (natural premature
menopause or induced by chemotherapy and/or radio-
therapy), surgical removal of the ovaries, or simply
having ovaries that do not respond appropriately to
stimulation for IVF. Women over 40 have a poor chance
of conceiving with IVF with their own eggs, and for
over a decade this has been increased to 30–50% with
donor eggs (Serhal and Craft 1989). Another possible
reason for egg donation is when the female carries an
inherited condition.

II.4.20.3.5

Pre-treatment Counselling of Donors and Recipients

This was again modelled very much on pre donor in-
semination counselling. The counselling of oocyte do-
nors of course is more involved, because, apart from
discussion about social and legal factors, the risks of
undergoing a stimulated IVF cycle, as well as the risks
of oocyte collection and long-term medical consider-
ations also have to be considered.

II.4.20.3.6

Timing and Methods of Transfer of Embryos Derived

from Donated Oocytes

As most women receiving oocyte donation do not have
ovarian function, the embryos produced are replaced
in hormone replacement cycles. The endometrium is
first stimulated by the administration of oral oestro-
gen, and the progesterone is administered to produce a
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secretory change. The embryos created are then trans-
ferred on the appropriate day after commencing pro-
gesterone, depending on their age.

In the rare situation where the recipient still has
ovarian function, downregulation prior to using HRT
is required.

II.4.20.3.7

Results of Oocyte Donation

The outcome of oocyte donation appears to relate to
the age of the woman who donated the oocytes. Success
rates approximate the best results obtained in IVF
treatment. The age of the recipient does not seem to af-
fect outcome, once the endometrium is prepared with
HRT.

II.4.20.4
Embryo Donation

II.4.20.4.1

Historical/Source of Embryos

Following the successful cryopreservation of human
embryos (Trounson and Mohr 1983), embryo freezing
and the storage of frozen embryos by couples (cryoban-
king) became an integral part of IVF programmes. At
the end of 2002, there were 92,541 frozen embryos in
storage in Australia (Bryant et al. 2004). As a conse-
quence, there are now many couples who have complet-
ed their families and still have embryos stored frozen.
The options available to these couples include: discard-
ing these embryos; donating the embryos for research;
or donating the embryos to another couple. From a re-
cipient couple’s point of view, accepting these embryos
is akin to “prenatal adoption”. In the Australian State of
Victoria, the Infertility Treatment Act 1995, which stip-
ulates the provisions to be met by IVF clinics, clini-
cians, scientists and patients, specifies that frozen em-
bryos must be discarded after 5 years in storage, if not
used by the couple who produced them, or not donated
to another couple. If a couple wishes to donate their fro-
zen embryos for research, the IVF scientists and clini-
cians involved are required to obtain a licence for the
proposed research from the National Health and Medi-
cal Research Council of Australia’s Licensing Commit-
tee, a body established by federal and state legislation
to monitor adherence to the relevant Acts.

The first report of embryo donation came from the
Monash IVF Clinic in 1983 (Trounson et al. 1983). Re-
ports from Brussels (Devroey et al. 1989) and Singapo-
re (Chan et al. 1996) soon followed. There is, however,
relatively little in the literature about embryo donation.
A Pub Med search on embryo donation from 1983 to
2004 yielded 1023 references, with nearly 300 being edi-
torial comments, nearly 100 being news columns, 229

discussing the ethics of embryo donation and 161 con-
sidering the international laws and other legal aspects.

Our initial experience with embryo donation was
that only 10% of couples chose to donate embryos (Ko-
vacs et al. 2003) and a survey in another clinic found
that in their cohort of patients only 6% of couples chose
embryo donation (Cattoli et al. 2004). A retrospective
audit of 11.5 years of data (1991–2002), regarding the
choices of couples relinquishing frozen embryos and
the outcomes of embryo donation at Monash IVF in
2003 (at this time, the option of donating to research
was not available in Victoria), found that of 1246 cou-
ples relinquishing frozen embryos, 1116 (89.5%) opted
to discard rather than donate their embryos (Kovacs et
al. 2003). Sixty-six percent of donated embryos sur-
vived thawing. From donated-embryo transfers to 50
women in 92 cycles, a 17.4% pregnancy rate per trans-
fer cycle was achieved and 10 women delivered 11
healthy babies at term.

Lee and Yap (2003) reviewed the implications of em-
bryo donation and the procedure used, from both the
donor’s and the recipient’s viewpoint. They concluded
that embryo donation might indeed be the answer to
many infertile couples who would otherwise have as
their only options childlessness or adoption. They re-
ported that success rates of both fresh and freeze-
thawed embryo transfers have been encouraging and
there did not seem to be any long-term clinical implica-
tions for the offspring. There still remain, however,
many legal and psychosocial issues associated with em-
bryo donation that have yet to be fully analysed.

II.4.20.4.2

Techniques of Embryo Transfer

The technique of embryo transfer of thawed-frozen
embryos is identical to frozen embryo transfers for
couples using their own embryos.

Natural Cycles

For women with regular cycles, the use of natural cycles
with monitoring of the spontaneous LH rise is the
treatment of choice (Sathanandan et al. 1991).

■ Embryos are thawed and transferred on the appro-
priate day.

■ Ovulation is confirmed by a serum progesterone
assay, and no hormonal supplements are necessary
if progesterone is >0.31 ng/ ml, which indicates
good follicular recruitment (Huang et al. 1996).

Hormone Replacement Cycles

For women with irregular cycles, HRT with or without
downregulation, e.g. leuprolide acetate, should be used.
Downregulation acts by suppressing gonadotrophin
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releasing hormone and hence gonadotrophin signals
from the pituitary gland to the ovary, thereby allowing
the cycle of oocyte development to be completely con-
trolled by exogenous fertility drugs (Randall et al. 1996;
Fabregues et al. 1998).

The methods used for frozen embryo transfers are
identical to frozen embryo transfers of the couple’s own
embryos.

II.4.20.4.3

Success Rates

Published reports on the outcomes of embryo donation
are limited, and most series have been small. For in-
stance two US reports involved eight couples (Van
Voorhis et al. 1999) and eight donated embryos (Lind-
heim and Sauer 1999). In one Finnish study involving
24 couples undertaking 54 treatment cycles, pregnancy
rates ranged from 23% to 57% per cycle (Soderstrom-
Anttila et al. 2001).

II.4.20.4.4

Psychosocial Aspects of Embryo Donation

There have been a number of publications about cou-
ples’ attitudes to donating embryos. Newton et al.
(2003) studied 51 couples who had embryos stored af-
ter IVF for longer than 3 years in Ontario, Canada. They
found that patients were supportive of donor screening
procedures, but less comfortable sharing non-identify-
ing information. Comfort levels declined as informa-
tion became increasingly personal. Willingness to do-
nate was associated with greater comfort about disclos-
ing personal information, a desire to know the outcome
of donation and willingness to have future contact with
a child, but not with current family size. They conclud-
ed that comfort in sharing information with a recipient
couple is more important than acceptance of screening
procedures, or attainment of family size.

Bangsboll et al. (2004) in Denmark, as well as Burton
and Saunders (2004) in Perth, Australia, surveyed 235
couples who had embryos in storage that had been
cryopreserved between 1 January 2000 and 30 June
2002. The response rate was 57%, and 29% of respon-
dents (36/126) reported they would donate their em-
bryos to research that would improve IVF techniques
and 27% (34/126) reported they would donate their
embryos to stem-cell research, but only 15% (19/126)
would donate their embryos to another infertile couple.

Therefore, if the community wishes to make use of the
valuable resource of stored embryos to help infertile cou-
ples, an education programme encouraging donation by
those couples who have embryos in storage to complete
their families is required. Such a programme has been
implemented at Monash IVF, with a significant increase
in the number of embryos available for donation.

II.4.20.5
Informing the Children of Their Origin

The use of DI, donor oocytes and donated embryos has
been surrounded by two major issues since the 1990s:
whether the donor involved should be anonymous or
identified and whether the parents will tell the child
about their origin.

The opinions of disclosure of their origin to the child
born from the use of donor gametes range as follows:
that it is a matter best left for the parents to decide (Pa-
trizio et al. 2001; Shenfield and Steele 1997); that chil-
dren born from the use of donor gametes should be told
of their origin as soon as they can understand repro-
duction in general (McGee et al. 2001); that providing
this information is in accord with international decla-
rations on the rights of the child and is fundamental to
the life-long well-being of that child (McWhinnie 1998,
2001); that imparting identifying information about
the donor should only be considered when research
provides proof that non-identifying information is in-
sufficient for the well-being of donor children (Fortes-
cue 2003).

In a random survey of the parents of DI children at
Monash IVF, only 22 out of 74 couples had told their
children of their origins, despite receiving counselling
about the desirability of “openness”. A study by Cook et
al. (1995) also found that, in contrast to parents of
adopted children and IVF children, no parents of DI
children had disclosed information about their concep-
tion to the child. Problems inhibiting this disclosure
were the father’s infertility, how and when to tell the
child and the lack of genetic information about the do-
nor to provide to the child. A later study by Durna et al.
(1997) found that most parents of DI children did not
plan to tell their child of their origins. Unfortunately
these parents had told others about the birth of their
child from the use of donor gametes and may have set
up the future possibility of accidental disclosure occur-
ring. Some legislation, such as the Infertility Treatment
Act 1995, aims to provide the storage of records that
will enable a child born from the use of donor gametes
or a donated embryo to trace their birth once they have
reached maturity. The difficulty with this provision is
that it only becomes useful when the parents are suffi-
ciently informed to espouse complete openness with
their child about its origins. To ensure such coopera-
tion would require much education, understanding
and rethinking of motivations in some cases. It is not
something that will happen overnight or without re-
sponsible and responsive planning.
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II.4.20.6
Looking to the Future

Gamete and embryo donation will probably remain op-
tions for patients with significant infertility and for pe-
rimenopausal and menopausal women who wish to
have children. In the future, it may be possible to con-
struct the equivalent of sperm and ova by the directed
differentiation of embryonic stem cells into germ stem
cells and gametes. In fact, this has already been re-
ported in mice with the production of haploid sper-
matocyte-like cells (Geijsen et al. 2004), spermatozoa-
like cells (Toyooka et al. 2003) and oocyte-like cells
(Hubner et al. 2003). It is therefore feasible that similar
pathways of differentiation will be found in the human
and by using nuclear transfer techniques, it will be pos-
sible to produce embryonic stem cells from the pa-
tient’s own somatic cells (Trounson 2001, 2005). These
techniques have been established (Fig. II.4.43), al-
though the normality of sperm- and oocyte-like cells
has not been established as yet in mice. If these tech-
niques are developed in the future, there may be little
need for DI or embryo donation, although the addi-
tional costs of deriving the patient’s own genetic ga-
metes may be prohibitive for some patients. However,
the desire to use one’s own gametes for conception is
extremely high and the stem cell technique will be
sought by many patients.

Fig. II.4.43. Future use of stem cells to re-establish gametes in sterile patients
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II.4.21 Aesthetic Andrology: Surgical Interventions
R. Ponchietti

Surgery on the external male genitalia has devel-
oped for the management of congenital (hypospa-
dias, epispadias) and acquired (Peyronie’s disease,
penile injuries and neoplasms) diseases of the pe-
nis; its main purpose is the achievement of func-
tional and aesthetic results.

In the past 10 years penile lengthening and
augmentation have been proposed as a cosmetic
procedure for the normal penis and great interest
in these procedures has been generated in the me-
dia.

■ Penile size varies with ethnicity and this has to
be remembered when evaluating a man with
concerns about penile adequacy.

■ Most men have a misconception about normal
penile size and many patients interested in
surgical penile augmentation have a penis
within the normal size range.

■ Surgical procedures aimed at increasing penile
size are not standardized. Various complica-
tions have been reported. The most common
procedures to lengthen the penis improve only
its visual aspect because the length of penile
structures remains unchanged.

■ Men seeking penile augmentation surgery
should be offered full counselling on the reli-
ability and outcome of these procedures to
avoid unrealistic expectations and post
surgical disappointment.

Phalloplasty:

■ Surgical reconstruction of the penis is a major
challenge because of the functional and
aesthetic targets that have to be addressed.

■ Surgical procedures have to be tailored to the
aetiology and entity of the mutilation.

■ Flap transfer and subsequent penile prosthesis
placement offer the best results in patients who
have undergone partial or total penectomy for
cancer.

Testicular prosthesis:

■ The placement of a testicular prosthesis is not
considered a merely aesthetic issue.

■ The absence or the loss of a testis is a trau-
matic experience at any age and the restora-
tion of the normal scrotal silhouette may
prevent the psychological consequences of
having an empty scrotum.

Summary

■ Testicular prostheses have an excellent record
of safety and efficacy and a low rate of post
operative adverse effects.

■ Because testicular cancer has become one of
the most curable solid neoplasms, the place-
ment of a testicular prosthesis represents an
important step in counselling men undergoing
surgery for testicular cancer.

Scrotal skin redundancy:

■ The visual aspect of a normal penis may be
affected by congenital or acquired abnormali-
ties of the penile shaft and prepubic fat pad
resulting in a hidden or concealed penis. This
situation causes hygiene problems, predispo-
sing to urinary infections and, in the adult,
affecting vaginal penetration.

■ Surgical correction of these situations has to
be considered as a rehabilitative rather than a
cosmetic procedure.

II.4.21.1
Normal Size Measurements of the Penis

Personal appearance and physical beauty are becoming
very important in our societies and, as a consequence,
both men and women are increasingly seeking cosmet-
ic enhancement. Apart from purely aesthetic reasons,
other motivations to have operations to achieve a more
harmonious appearance or to treat the external signs of
ageing include the desire to increase professional op-
portunities, to better adapt to the social environment
and to improve affective relations.

The increasing interest in male genital aesthetics
means that elective penile lengthening and girth en-
hancement have been proposed as a cosmetic proce-
dure for the normal penis and an increasing number of
men explore the possibility of this surgery.

Penile length is defined as the linear distance along
the dorsal side of the penis extending from the pubo-
penile skin junction to the tip of the glans. Indeed the
true physiological length of the penis is the erect
length, but it is not easy or feasible to make extensive
observations, furthermore there are ethical problems
associated with inducing erection especially in children
and adolescents. The fully stretched, but still flaccid,
penile length has been documented to provide reliable
estimations of the potential maximal elongation in
erection and may obviate the use of intracavernous
drug injection, audiovisual aids or manual stimulation
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Table II.4.21. Penile dimensions, according to ethnicity, in young adult males (n.a. not available)

Author No.
subjects

Age
(years)

Ethnic group Flaccid
length (cm)

Stretched
length (cm)

Erect
length (cm)

Flaccid circum-
ference (cm)

Schonfeld and Beebe
(1942)

123 18–25 Caucasian n.a 13.6 n.a 8.61

Ajamani et al. (1985) 320 17–23 Nigerian 8.2 ± 0.9 n.a. n.a. 8.8 ± 0.02

Ponchietti et al.
(2001)

3300 17–19 Caucasian 8.8 ± 1.88 12.6 ± 2.3 n.a. 9.8 ± 0.8

Schneider et al.
(2001)

111 18–19 Caucasian 8.6 n.a. 14.4 n.a.

Son et al. (2003) 123 19–27 Korean 6.9 ± 0.8 9.6 ± 0.8 n.a. 8.5 ± 1.1

for estimating penile length during erection (Chen et
al. 2000; Sengezer et al. 2002).

The development of male external genitalia is a phe-
nomenon of pubescence and the adult stages are
reached at the age 18–20 years in over 90% of individu-
als; therefore, the data recorded from young males of
this age group may be assumed to be the normal size of
male genitalia (Table II.4.21).

These selected, homogeneous data on penile sizes in
young adult males confirm that ethnic variations exist
and have to be kept in mind when evaluating for short
penis.

II.4.21.2
Indications and Contraindications for Penis
Enlargement Surgery

In clinical practice we observe that concerns over pe-
nile size are not unusual in the male population; indeed
most men have a misconception about the normal size
of the penis and often misperceive their own normal
penile size. As a matter of fact many patients with sub-
jective feelings of penile inadequacy and who are inter-
ested in having surgical elongation procedures have a
penis within the normal size range (Mondaini et al.
2002).

Penile augmentation surgery is not contraindicated
in patients with a normal penile size, as it is a kind of
aesthetic surgery; nevertheless, in some patients penile
augmentation surgery may be motivated by a psycho-
logical difficulty rather than by a physical distress.
Careful selection and proper counselling of candidates
for penile augmentation surgery are strongly advised
to avoid unrealistic expectations.

Penile elongation surgery has grown in popularity
owing to the widespread advertising and media atten-
tion; however, it is claimed that these procedures are
still experimental and many complications have been
reported (Wessells et al.1996).

II.4.21.3
Preferred Techniques of Penis Enlargement
Surgery

The widely used techniques are based on the advance-
ment of the penis by releasing the suspensory ligament
of the penis and advancing the infrapubic skin accord-
ing to V-Y plasty or double Z plasty (Fig. II.4.44). Nev-
ertheless these procedures to lengthen the penis im-
prove only the visual aspect of the penis when flaccid,
because the length of penile structures remains un-
changed.

An aggressive approach has been described to en-
able genuine penile lengthening by means the inserting
rib cartilage between the tip of the corpora cavernosa
and glans cap (Perovic and Djordjevic 2000). Autolo-
gous fat injections into the tunica dartos have been
used for penile thickening, but with poor results and a
large number of aesthetic and functional deformities
(Adler 1997). Alloderm grafts and saphenous grafts
have been used with better results, but these techniques
are still under evaluation (Austoni et al. 1999). Glans
penis augmentation using injections of hyaluronic acid
gel has been reported (Kim et al. 2003).

a b

Fig. II.4.44. V-Y plasty for penile elongation
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II.4.21.4
Phalloplasty

Penile amputation is an uncommon lesion resulting
from accidental trauma, gunshot wounds, mutilation
and surgery for penile cancer. The surgical reconstruc-
tion of the penis is a major challenge because of the
functional and cosmetic targets that must be ad-
dressed, but at present there is no single gold standard
technique for this procedure.

The development of techniques for phalloplasty has
paralleled the evolution of flap transfer in reconstruc-
tive surgery. The improvement of these surgical proce-
dures is mainly related to the increasing number of fe-
male transsexuals desiring the construction of a
completely functional and aesthetically appealing pe-
nis at the time of female-to-male genital reassignment
(Hage et al. 1993).
The aims of reconstructive surgery of the penis are:

■ Creation of a competent neo-urethra to allow
voiding while standing.

■ Restoration of a phallus with both tactile and erog-
enous sensibility and enough bulk for implantation
of a penile prosthesis.

■ Aesthetic appearance of the neophallus.

In partial or total traumatic penile amputations the
surgical replantation is the favoured approach; current
replantation techniques rely on microsurgical approxi-
mation of the dorsal structures and cavernosal arteries
with a high degree of success and restoration of sexual
function. Tissue cold ischaemia times greater than 18 h
are not unreasonable, allowing the patient to be trans-
ported to a centre where microvascular replantation
can be performed (Lowe et al. 1991).

The reconstruction of a penile stump resulting
from partial penectony for cancer can be managed by
means of a (scrotal, abdominal or myocutaneous) flap
transfer, the replacement of distal corpora cavernosa
using a sleeve of Dacron or Gore-Tex and subsequent
penile inflatable prosthesis placement (Mazza and
Cheliz 2001).

For patients with severe penile injuries or penile
cancer requiring total penectomy the type of phallic re-
construction should accommodate the patient’s wish.
Pedicle flaps still remain a valuable option if the patient
desires a partial aspect of an aesthetic and functional
penis. For total phallic reconstruction the microvascu-
lar forearm flap transfer, with its various modifica-
tions, and subsequent prosthetic placement offer the
best aesthetic and functional results (Chang and
Hwang 1984; Jordan 1999).

II.4.21.5
Testicular Prosthesis

Fantasies, beliefs, myths and cultural values emphasiz-
ing the importance of the testes are part of many cul-
tures since Ancient times, so the emotional reactions
related to the absence or loss of a testis deserve consid-
erable attention at any age. The placement of a testicu-
lar prosthesis may be considered to restore the normal
scrotal silhouette and prevent the potential psychologi-
cal consequences of having an empty scrotum.

Boys with a solitary testis experience considerable
ridicule and embarrassment about their genitalia and
tend to avoid collective sport, public bathing and show-
ering with mates, resulting in social isolation. More-
over for boys and adolescents, having two testes in the
scrotum plays an important role in the development of
sexual male identity.

The loss of a testis in an adult male represents a ma-
jor traumatic experience: the patient’s body image and
self-esteem are impaired and he may feel genitally de-
fective and develop serious behavioural disturbances.

Testicular cancer, although relatively rare, is the
most common malignancy in men in the 15 to 35 age
group. The dramatic improvement in survival resulting
from the combination of effective diagnostic tech-
niques, improved multidrug chemotherapeutic regi-
mens and modification of surgical techniques has led
to a decrease in patient mortality to less 5%. Orchiecto-
my is a curative treatment for testicular cancer, but
these patients report more sexual dysfunction (erectile
dysfunction, premature ejaculation) than do men in an
age-matched group with other forms of neoplasm (Jon-
ker-Pool et al. 1995). Because testicular cancer has be-
come one of the most curable solid neoplasms, it is
worth paying attention to the emotional distress
caused by semicastration. Studies on patients receiving
testicular prostheses after orchiectomy reported im-
proved body image, less embarrassment at being naked
with other men, a low frequency of sexual problems
and a high rate of satisfaction (Lynch and Prior 1992;
Incrocci et al. 1999).

The timing of performing a testicular implant is still
under discussion, but indication for this procedure is
not merely an aesthetic issue rather it represents an im-
portant step in counselling men undergoing surgery
for testicular cancer (Adshead et al. 2001).

The main target in the management of patients with
advanced prostate cancer is the suppression of circulat-
ing testosterone, and surgical castration has often been
the gold standard of endocrine therapy. Although it is a
curative treatment, bilateral orchiectomy is a severe as-
sault to body image and sense of masculinity and may
be unacceptable to some patients. In 1942 Riba intro-
duced the subcapsular orchiectomy as a surgical proce-
dure that is both effective at removing the testicular
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source of testosterone and also may overcome the cos-
metic disadvantage of the empty scrotum. Surgical as
well as medical castration produce the same effects in
terms of lowering levels of plasma testosterone. Never-
theless, patients who underwent surgery reported
more sexual dysfunction than those who did not have
surgery, a difference that may be accounted for by psy-
chological factors associated with the surgery. Medical
hormone ablation is symbolically less drastic com-
pared to surgical castration and therefore preferred by
many patients with advanced prostate cancer (Fossa et
al. 1994). If castration is planned, bilateral implantation
of testicular prostheses might be considered to pre-
serve the intact body image and concomitantly im-
prove the quality of life of these patients.

Testicular prostheses are widely used to replace
missing or removed testes with an excellent record of
safety and efficacy and a low rate of postoperative ad-
verse effects. Available gel-filled or silicone elastomer
testicular implants approximate the shape, weight and
softness of the normal testis. For patients with con-
cerns about the safety of silicone prosthetics, the new
saline-filled implants for testicular replacements may
be used (Turek et al. 2004).

II.4.21.6
Scrotal Skin Redundancy

Several congenital or acquired deformities may cause
an unpleasant appearance of the normal male external
genitalia. This phenomenon, known as hidden penis or
concealed penis, describes a spectrum of disorders
from peno-scrotal webbing to a completely buried pe-
nis. The concealed penis occurs commonly in children
and obese adolescents and in the most severe form the
penis can disappear into the surrounding tissue, result-
ing in hygiene problems and predisposing to urinary
tract infections.

Concealed penis in children is the result of a combi-
nation of factors affecting the visual aspect of a normal
penis: occasionally the scrotal skin encroaches on the
shaft of the penis producing a midline web extending
often to the tip. The webbed penis can easily be correct-
ed by a VY type of rearrangement of the scrotal skin
with good aesthetic and functional results (Fig. II.4.45).
The buried penis is often observed in obese infants or
boys and refers to a penile shaft that is buried below the
surface of the skin because of an abnormally prominent
suprapubic fat pad and dense fibrous bands retracting
and tethering the penis. Avoidance of circumcision is
imperative in neonates and infants with a buried penis
because it can worsen this condition resulting in a
trapped penis which is cosmetically more devastating
and more difficult to correct.

The pathophysiology of the buried penis in the adult
differs from that in children and includes scar of the pe-

a b

Fig. II.4.45. V-Y plasty for webbed penis

nile shaft, trauma, inguinal surgery, obesity and volu-
minous intrascrotal mass. The buried penis in adults is
particularly debilitating, resulting in the inability to
void while standing and affecting vaginal penetration.

Surgical correction of these situations is aimed at
freeing the penis and restoring the normal aspect of ex-
ternal genitalia, and has to be tailored to their aetiology
(Donatucci and Ritter 1998; Herndon et al. 2003). Such
procedures have to be considered rehabilitative rather
than purely cosmetic in nature.
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II.4.22 Aesthetic Andrology: Skin Care for Men –
Male Cosmetics and Cosmetic Dermatologic Procedures
C. Müller, W.-B. Schill

At present, there is a steady increase in medical-
aesthetic procedures performed in men. The trend
for well-groomed men will continue as men are in-
terested in improving their outward appearance.
Within the scope of aesthetic andrology, a variety
of surgical, non-surgical and skin care techniques
are used to achieve a vital, attractive and youthful
appearance, resulting in increased self-confidence
for professional, social and emotional competence.
A self-confident appearance generally means more
success in both one’s job and private life.

Summary

II.4.22.1
Trends in Male Skin Care

As women have known for a long time, cosmetics con-
stitute a weapon in the daily struggle for appreciation,
esteem and success. It is now statistically proven that
well-groomed men too have better career prospects
and success with women. Long gone are the days when
the use of toilet water and creams was regarded as un-
manly. Inhibitions about buying special cosmetic prod-
ucts for men and going to a beauty parlour have recent-
ly diminished. Things that were coyly asked for some
years ago are an expression of male emancipation to-
day. According to a study commissioned by the Society

for Rational Psychology in Munich, the “new man” is
health conscious, pays attention to fitness, seeks a rela-
tionship based on partnership and regularly spends
money on both scents and cosmetic care products.

The man of the new millennium is “metrosexual”,
giving way to his feminine side without being homo-
sexual. He cares about his appearance to be different
from people in the crowd or out of a self-confident atti-
tude to his own body aesthetics.

The different composition of male skin and men’s
preference for tangy scents mean that special lines of
cosmetic products are recommended. Men want easy-
to-use products that are non-greasy, easy to spread and
only lightly perfumed. As men are very practical, they
like multi-functional products, e.g. a balm that can be
used for both care after shaving and sun protection and
additionally has an anti-ageing effect. Men also differ
significantly from women in terms of personal hygiene.
To men this means primarily body cleansing and shav-
ing. Regular skin care with creams and lotions is gener-
ally not performed until concrete problems occur.
However, there seems to be a gradual change in this
purposeful behaviour, and the market has recognized
the mood of the times.
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II.4.22.2
Basic Concepts of Male Skin Science

II.4.22.2.1

Differences: Male – Female Skin

The distinction between male and female skin becomes
apparent with the onset of puberty (Black et al. 1970;
Shuster et al. 1970; Burton et al. 1972). Increased andro-
gen production is responsible for a variety of differ-
ences. Testosterone, the main male hormone, is 95%
produced by testicular Leydig cells and to a small extent
in the adrenal cortex. It is converted to a biologically
active form by the enzyme 5 [ -reductase. In the skin,
hair follicles, prostate, liver and mammalian fat cells it
is aromatized to 17 q -oestradiol. Further metabolites
are dihydrotestosterone and, to a lesser extent, oestra-
diol (Fritz 2003).

In the skin, testosterone can impair the epidermal
barrier function. Intrauterinally, male fetuses demon-
strated slower barrier development than did female fe-
tuses. A greater epidermal barrier and faster barrier re-
covery were observed to occur during a testosterone-
deficient state (Kao et al. 2001). In men, the surface of
keratinocytes is statistically significantly lower than in
premenopausal women, approximating that of post-
menopausal women without hormonal substitution
(Fluhr et al. 2001). However, there is no relationship be-
tween the keratinocyte surface and different functional
skin parameters such as transepidermal water loss. On-
ly skin resistance is affected by the surface.

Being approximately 25% thicker than female skin,
male skin has a higher water binding capacity and is vi-
sually different, with greater roughness because of its
thicker stratum corneum. The epidermis is better de-
veloped (by 12–24%) and strongly anchored in the co-
rium. Epidermal thickness does not only depend on
sex, but also on age. Based on radiographic measure-
ments it was shown that the epidermis has a thickness
of 1–1.7 mm in men under 65 years age, compared to
0.9–1.4 mm in women. This difference equalizes with
advancing age: in men over 65 years it is still
0.7–1.2 mm, in women 0.6–1.2 mm. The corium of
male skin contains a higher number of smooth muscle
fibres compared to women, giving increased skin firm-
ness. Likewise, the composition of the sebum is differ-
ent. Throughout a man’s life, sebum production (main-
ly stimulated by androgens) is significantly higher than
that in women (Kavallunas et al. 1985). The increased
lipid film on the skin surface of men delays cell desqua-
mation. In contrast, women with advancing age are
more prone to develop dry skin, as both ovarian and
adrenal cortical androgen production gradually de-
crease after menopause.

Men perspire more rapidly and more strongly than
women. The skin loses humidity, for which male skin
requires increased hydration. These physiological dif-

ferences are amplified by the lack of protection from
weather influences through creams and make-up, and
worsened by shaving and microtraumas.

Special Care for Male Skin?

The answer to this question is affirmative, as there are
sex-specific variations. Comparing the skin of men
with that of women, the following differences are found
(Black et al. 1970; Shuster et al. 1975):

■ Generally thicker skin
■ Higher number of cell layers in the stratum

corneum
■ 15–24% stronger epidermis and better anchoring

in the corium
■ More smooth muscle fibres in the corium, resulting

in greater firmness
■ More hair follicles
■ Increased sebaceous secretion with higher sebum

production (androgen-dependent)
■ Stable hydrolipid film with higher water binding

capacity, moist skin
■ Better circulation
■ Skin pH ~ 5.4
■ Higher initial collagen content, consecutively

delayed skin ageing, but more marked wrinkle
formation

■ Less developed subcutaneous fatty tissue
■ Lower sensitivity to external stimuli such as touch

or temperature changes.

II.4.22.2.2

Male Skin Types

In men and women, skin types are generally distin-
guished as normal, oily (seborrhoeic), dry (sebostatic)
and sensitive. The skin type may be subject to seasonal
variations and depends on hormone levels, age and
current state of health.

The predominant skin type in men is marked by in-
creased sebum production. Men tend to have seborrho-
eic skin with enlarged pores and blackheads and early
onset of longer persisting and more severe acne.

Oily (seborrhoeic) Skin and Acne

Seborrhoea results from increased sebaceous secretion
by excessive development of the lipophilic part of the
hydrolipid film. Another pathophysiological cause of
acne is androgen-dependent hyperkeratosis of the hair
follicles and ducts of sebaceous glands as well as coloni-
zation by propionic bacteria. The stratum corneum of
oily skin is relatively thick. Therefore, the skin appears
poorly supplied with blood and pale. The shiny skin
tends to large pores, blackheads and pustules. On the
other hand, oily skin remains smooth, wrinkles devel-
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op later than in individuals with dry skin, and it is less
sensitive to environmental influences.

Care comprises morning and evening cleansing with
synthetic detergents (syndets) or lotions that mildly
decrease the sebum output and prevent or delay new
formation. Fat-free, non-irritating care products can
be adjunctively applied. Suitable for acne are keratoly-
tic agents (e.g. vitamin A acid derivatives, glycolic ac-
id), antiseborrhoeic (benzoyl peroxide) and/or anti-
bacterial additives. Supportively, glycolic acid peelings
with astringent masks can be performed at regular in-
tervals. Furthermore, regular manual acne treatment
by a cosmetician will improve the skin appearance.

As seborrhoeic skin is the predominant male skin
type, most care products for men on the market are de-
signed for slightly oily skin.

Dry Skin

Dry skin is lipid-deficient. Loss of epidermal and seba-
ceous lipids leads to an altered composition of hydro-
lipid film and barrier lipids. There is a lack of natural
humectants, particularly urea and essential fatty acids.
The barrier function is weakened and transepidermal
water loss increases. The skin appears dull and is tense,
especially after washing. It is dry, rough and scaly and
tends to premature wrinkle formation.

Care should be performed with moisturizing prepa-
rations that substitute the lacking skin lipids (e.g. cera-
mides) or stimulate their production. Only mild cleans-
ers should be used and alcohol-containing facial tonics
should be avoided.

Sensitive Skin

A survey in England in 2003 revealed that 30% of all
men stated they had sensitive skin, and even more than
50% of women. The term “sensitive skin” is not clearly
defined. It describes a skin condition that has a de-
creased stimulus threshold for irritative noxae which
are influenced by both individual and environmental
factors. The condition of the protective acid mantle and
hydrolipid film as well as the barrier function are high-
ly important for skin sensitivity. Increased transepider-
mal water loss is significant in the development of im-
paired barrier function. Typical signs of sensitive skin
are redness, swelling, scaling, prickling, burning, itch-
ing and tension. Care of sensitive skin should be aimed
at rehydration and restoration of a healthy skin barrier.
Prevention of exogenous damage to the skin is decisive.
Mild syndets instead of soaps should be used for
cleansing. Suitable care products are well tolerated ma-
terials in base formulations. In addition, regular use of
fragrance- and preservative-free creams is recom-
mended, which contain natural humectants (“natural
moisturizer”) such as urea, lactic acid, ammonium lac-

tate and alpha-hydroxy-acids at low concentrations.
The number of different products used should be low
because of the higher risk of irritation with varying in-
gredients and, thus, increased risk of allergic reactions
(type IV hypersensitivity).

II.4.22.2.3

Ageing Skin – Extrinsic and Intrinsic Ageing

Ageing is a complex process. The skin is the organ that
is most obviously affected by the ageing process. Closer
examination reveals premature ageing in human skin
areas that are exposed to external environmental influ-
ences, such as face and hands. Among the current theo-
ries of ageing, there is every reason to believe that accu-
mulation of cell damage leads to what is perceived as
ageing. During normal cell breathing, electrons are
continuously lost, which results in the production of
highly reactive molecules, reactive oxygen species
(ROS). Skin ageing is a combination of intrinsic (genet-
ically programmed, chronological) and extrinsic age-
ing determined by exogenous noxae. UV rays (photo-
ageing), nicotine consumption, stress and unhealthy
habits are responsible for premature skin ageing. The
main mechanism of extrinsic skin ageing is the produc-
tion of ROS, which cause the oxidation of DNA, pro-
teins and membrane lipids (Beckmann and Ames
1997). For their protection the cells are equipped with a
network of different repair systems and antioxidative
mechanisms. However, overstrain of these protective
systems can result in permanent cell damage and DNA
impairment. Furthermore, UV radiation causes ex-
pression of metalloproteinases and, consequently, deg-
radation of collagenous and elastic fibres. This results
in loss of elasticity and consecutive formation of lines
and wrinkles.

The processes of ageing differ in male and female
skin. Visible skin ageing is observed earlier in women,
but progresses more slowly. In men, the first signs of
skin ageing occur around the age of 40 and are more ve-
hement than in women. Initially fine lines rapidly de-
velop to wrinkles and furrows. The skin gradually
slackens because of increased elastosis. These clinical
features of ageing are closely related to the total skin
collagen content.

The higher initial skin collagen content is the reason
why men seem to age later than women (Black et al.
1970; Shuster et al. 1970; Burton et al. 1972). Due to the
influence of androgen, skin collagen fibres are more
densely packed in men than in women. Likewise, the
arrangement of dermal fibrils depends on age and sex.
Thus, androgen production is primarily responsible for
the sex-specific different skin collagen content (Shuster
et al. 1975).

The development of innovative ingredients and op-
timized galenics have improved the therapeutic op-
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tions in aesthetic dermatology for both the prevention
and treatment of ageing. There is a steadily increasing
demand for medical and sound cosmetic counselling
for men with skin diseases, sensitive skin or who wish
for purely prophylactic measures. Competent advice
helps patients find their way in the vast market of dif-
ferent cosmetic products. This results in better compli-
ance and endurance. Counselling should include a rec-
ommendation about especially well-tolerated cosmet-
ics that are adapted to the individual skin to achieve op-
timization and maintenance of treatment results, par-
ticularly with regard to products that prevent ageing.

Apart from the simple prevention of harmful envi-
ronmental influences on the skin, effective cosmetics
can be used for additional prophylaxis against ageing.
These enhance the skin’s protective mechanisms and ac-
tivate regenerative mechanisms. The therapy, or better
prevention, of skin ageing thus represents an innovative
concept of aesthetic dermatology. Particularly after
minimally invasive methods such as chemical peeling
and laser peeling it is most important to recommend a
plan for behaviour and further treatment. Carefully se-
lected products for follow-up therapy will contribute to
an optimal, long-lasting result. Individualized light pro-
tection with skin-type-specific products is an absolute
must which should be strongly advised to the patient.

II.4.22.2.4

Men’s Beard

Male skin is significantly more hairy than female skin.
In the lower third of the face, the beard area, there are
between 5000 and 25,000 hairs. Because of the andro-
gen influence, beard hair in men is markedly thicker
and grows by 0.3–0.4 mm daily, i.e. almost 14 cm per
year. A man spends about 3000 h or 140 days of his life
shaving. This means stress to the skin. Daily shaving
can be equated with intensive peeling, as outer skin
particles with the protective hydrolipid film are also re-
moved. Therefore, skin in this facial region is often irri-
tated and particularly sensitive so that modern men
use face care products after shaving. Especially in the
case of dry skin electric shaving is better tolerated after
pretreatment with shaving care products. A calming,
alcohol-free lotion should be applied to skin with a ten-
dency to erythema and irritations, to prevent further
drying and irritation. Alcohol-containing aftershave
products are suitable for very oily skin. Many men tend
to develop folliculitis with inflammation and pustules
in the beard area, caused by spreading of bacteria dur-
ing shaving.

Dry shaving should be preferred to wet shaving in
cases of acne and skin infections. A preshave tonic pri-
or to shaving puts the hair into an upright position.

Wet shaving is generally more gentle and more thor-
ough. It peels the skin, removing dead, dried skin parti-

cles. The face should first be washed with warm water
and cleansing cream. Thereafter, shaving cream or
foam is massaged into the skin and allowed to take ef-
fect for some minutes so that the stubble becomes soft
and can be better cut. Foam remnants are first removed
with warm, then with cold water. Aftershave tonic
should only be used if the perfume ingredients are well
tolerated by the skin. Otherwise, aftershave lotion, gel
or balm are preferable as they are less irritative and give
moisture to the skin.

II.4.22.3
Cosmetic Dermatologic Procedures

II.4.22.3.1

“Cosmeceuticals” – Anti-Ageing Products

For long-term treatment within the framework of skin
ageing, various care products, so-called anti-ageing
products, are available. Because of their high tolerabili-
ty and specific adaptation to dermatologic needs, these
stand out from common perfumery and drugstore cos-
metics. “Cosmeceuticals” is a relatively new term from
the USA (Gerny 2004). These products contain sub-
stances that lie between classic cosmetics and drugs.
According to diagnosis, cosmeceuticals are applied on
a skin-type-specific basis. The following agents should
also be contained in anti-ageing creams for men:
Anti-ageing preparations

■ Vitamin A and derivatives
■ Alpha-hydroxy acids (AHA)
■ Antioxidants

– Stabilized vitamin C (ascorbic acid)
– Vitamin E (alpha-tocopherol)
– Coenzyme Q 10
– Polyphenols

■ DNA repair enzymes
■ UV protective filter (UV-A and UV-B spectrum)

Vitamin A and Derivatives

Apart from vitamin A (retinol), vitamin A acid
(tretinoin) and the aldehyde retinal (retinaldehyde)
have an effect on the nuclear receptor and thus on gene
expression. Both dermal and epidermal effects have
been demonstrated. The activity of collagen (type I and
III) and elastin-degrading collagenases is inhibited. In
addition, there is collagen neosynthesis and reorgani-
zation of damaged collagen and elastin fibres (Vahl-
quist et al. 1982; Griffith et al. 1993; Fisher et al. 1996).

Alpha-Hydroxy Acids (AHAs)

Some AHAs are natural agents, of which glycolic acid is
the simplest one. Their spectrum extends from kerato-
lysis to exfoliation, hydration and bleaching. Further-
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more, they serve as vehicles for other agents. AHAs en-
hance cell proliferation, which results in thickening of
the epidermis. By increased cell division the stratum
granulosum becomes more prominent. This causes a
reduction of transepidermal water loss, resulting in in-
creased skin moisture. The collagen production is ele-
vated by greater glycosaminoglycans (GAG) formation
(Klein 2000).

Antioxidants

Antioxidants are agents that inhibit the harmful effects
of ROS, thus protecting the skin from oxidative stress
and resultant cell and tissue damage. Imbalance in the
antioxidative and prooxidative systems causes damage
to lipids, proteins and nucleic acids. The antioxidants
include vitamins such as vitamin C and E, q -carotene
and polyphenols (botanic antioxidants, “phytochemi-
cals”) such as flavonoids, green tea phenols, quercetin,
resveratrol and silymarin (Elmets et al. 2001; Afaq and
Mukthar 2002).

Stabilized Vitamin C (Ascorbic Acid)

The hydrophilic vitamin C influences skin differentia-
tion and stimulates connective tissue metabolism by
collagen-synthesizing enzymes and inhibition of colla-
genases (Nusgens et al. 2001). Furthermore, there is in-
creased differentiation of epidermal ceramides (Ga-
linski et al. 1985).

Vitamin E (Alpha-Tocopherol)

As a lipophilic antioxidant, vitamin E is able to quench
free radicals. It also inhibits collagen- and elastin-de-
grading collagenases. It protects collagen biosynthesis
and prevents GAG synthesis stimulated by ROS (Tana-
ka et al. 1993; Ricciarelli et al. 1999). Moreover, vitamin
E influences cellular signal transduction by inhibiting
protein kinase C activity. Oxidative stress and inhibi-
tion of collagenase activity are also reduced by other
antioxidative agents, such as coenzyme Q 10 and flavo-
noids, which have an additional photoprotective effect
(Hoppe et al. 1999; Elmets et al. 2001; Krutmann and
Hansen 2001).

DNA Repair Enzymes

Typical skin lesions are induced by UVB, i.e. DNA dam-
age with the development of adverse photo products
such as cyclobutane pyrimidine dimers. Dimerization
can be stopped by photolyase-containing liposomes to
enhance rapid repair of DNA damage. This process is
called photoreactivation. Furthermore, the expression
of matrix metalloproteinases is inhibited and immuno-
suppression is prevented (Krutmann and Hansen 2001).

Vitamin A acid and vitamin C preparations should
be principally used in the evening. Other radical
quenchers can also be applied every morning together
with UV protective moisture care to attenuate light-in-
duced skin ageing. Information on appropriate sun be-
haviour and use of adequate sun protection (UVA and
UVB spectrum) should always take precedence over all
care recommendations in terms of skin ageing.

Concluding Remarks

Fitness, freshness, naturalness and, to a certain extent,
grooming are the key ideas in mediating the message
“skin care for men”. Traditionally, cosmetics for men
and women are different with regard to their founda-
tion and marketing strategy. Consequently, the re-
sponse to these products varies: men strive for well-be-
ing and healthiness, while women attach importance to
beauty and youthful appearance. The majority of men
treat their skin in accordance with the necessity of
shaving and body cleansing. However, the “modern
man” is increasingly interested in presenting an attrac-
tive image to his environment, which fits in with his
profession and lifestyle. This results in an increase of
surgical and non-surgical aesthetic procedures on the
one hand, and in the daily use of skin and body care
products for well-being and delay of the ageing process
on the other.

The products should be uncoloured, non-greasy,
easy to apply and easy to spread. They should be rapid-
ly absorbed, discreetly perfumed and have a fresh
scent. Most popular with men are “easy-to-use” prod-
ucts, which are increasingly being marketed.

II.4.22.3.2

Minimally Invasive Aesthetic Procedures

In the twenty-first century world, men pay more and
more attention to their appearance and health. In Ger-
many, too, an increasing number of men decide to have
medical-aesthetic treatments. About 15–20% of all
men are interested in this subject. This follows a trend
from the USA where no fewer than 30% of all beauty-
aware patients are male. On the labour market the ex-
ternal appearance is also important for men, so that
medical-aesthetic procedures are often requested for
professional reasons. Well-groomed, good-looking
men earn 25% more and find jobs more easily than
their “untreated” colleagues.

According to statistics from the American Society
for Aesthetic Plastic Surgery (ASAPS 2003), there was a
34% increase (2002–2003) in the total number of non-
surgical procedures, such as injection of botulinum
toxin or fillers like collagen, hyaluronic acid and poly-
lactic acid, laser epilation, microdermabrasion and
chemical peeling. Among these procedures, botulinum
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toxin treatment is the most popular. Therefore, the cos-
metic uses of botulinum toxin are described in more
detail in the following section.

Botulinum Toxin

To date, nearly all studies on the aesthetic use of botuli-
num toxin have been performed in women, as they are
the main clientele. Recently, however, an increasing
number of men have wanted treatment with botulinum
toxin to reduce the signs of ageing. When applying bot-
ulinum toxin in practice, sex-specific differences in
skin composition and musculature have to be consid-
ered. According to a pertinent study, at least twice the
dose that is used in women is required for men to effec-
tively treat glabellar lines (Carruthers, 61st Annual
American Academy of Dermatology, San Francisco,
2003). This is explained by the fact that men have deep-
er wrinkles because of their thicker epidermis, lower
amount of subcutaneous fatty tissue and, in particular,
stronger muscle tone and larger muscle mass. Despite
the higher doses, no additional side-effects or compli-
cations have been observed.

Basis and Effect of Botulinum Toxin A

Mimic wrinkles develop by contraction of the under-
lying musculature. With advancing age these wrin-
kles become increasingly visible because of elastosis
and photoageing of the skin. Since 2000, the use of
botulinum toxin A has gained increasing popularity,
after a Canadian ophthalmologist discovered that the
toxin, when used to treat muscular spasm, also had a
“smoothing effect” on facial expression. The first
publication about botulinum toxin A in cosmetic
dermatology appeared in 1990. The American couple
Carruthers, an ophthalmologist and a dermatologist,
described how to correct glabellar lines by use of
botulinum toxin A (Carruthers and Carruthers
1990).

Botulinum toxin induces chemical denervation of
smooth muscles by cleaving proteins that inhibit the re-
lease of acetylcholine at the neuromuscular connec-
tion, consecutively causing temporary reversible paral-
ysis of the injected muscles (Simpson 1981). Botulinum
toxin A is an exotoxin produced by Clostridium botuli-
num in an anaerobic environment. It is a protein of
147 kDa with two subunits connected by disulphide
bridges. The heavy chain (approx. 100 kDa) binds rap-
idly and irreversibly to presynaptically located recep-
tors (sialoglycoproteins) at cholinergic nerve endings.
This induces pinocytotic absorption of the whole mole-
cule into the motor end-plate. The light chain is cleaved
intracellularly, acting as a specific metalloprotease
which specifically cleaves the synaptic target protein
SNAP-25 (synaptosomal-associated protein of 25 kDa)

(Binz et al. 1994). This protein activation is followed by
irreversible blockage of acetylcholine release.

The clinical effect is observed after 24–72 h, reach-
ing its maximum after 1–2 weeks and lasting for about
3–6 months. Thereafter, the muscles gradually regain
their function by sprouting new nerve endings from the
adjacent regions. Muscle biopsy samples from patients
who had repeatedly received toxin injections did not
show any signs of permanent degeneration in terms of
atrophy.

There are seven serologically different, but structur-
ally similar types of botulinum toxin (A to G), of which
subtype A is the most effective and longest lasting
(Hambleton 1992).

Three botulinum A products are currently available
on the German market:

■ Botox® (Allergan)
■ Dysport® (Ipsen)
■ Xeomin® (Merz)

which differ in their components, storability, shelf life
and dosage. One unit of Botox®/Xeomin® corresponds
to 3–4 units of Dysport®.

Conditions of Use

Thorough anatomic knowledge of the mimic muscula-
ture is a prerequisite for safe injection (Fig. II.4.46).
Some special features of the facial musculature have to
be considered. Most parts of the mimic musculature are
not surrounded by a fascia. Depending on the region, it
may be very difficult to distinguish between the individ-
ual muscle groups. Parts of the fibres merge into each
other and run differently. Thus it is not possible to de-
fine particular injection points, but rather these should
be considered as approximate points. Paresis of one
muscle group may extend to an adjacent one. Depend-
ing on the dilution of the botulinum toxin A solution,
the toxin diffuses to a varying degree, the effect gradu-
ally decreasing with a larger diffusion radius. Thus, it is
the injected area rather than a specific point that is of
prime importance for the effect of botulinum toxin A. A
muscular agonist–antagonist system should be consid-
ered and observed while treatment is carried out.

Apart from the explanations mentioned before, the
patient should be informed that use of botulinum toxin
A for the indication of wrinkle treatment has not yet
been approved and therefore must be declared as a
healing trial. Thorough information should include a
detailed listing of possible side-effects, alternative aes-
thetic methods and pretreatments. The patient should
also be questioned for neurological and rheologic dis-
eases, allergies and drug intake. Neuromuscular dis-
eases, pregnancy and lactation period are considered
contraindications; intake of anticoagulants is thought
to be a relative contraindication. Asymmetries and
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Fig. II.4.46. Muscles of facial
expression – anterior view.
Anatomic drawing of mimic
musculature

neurological disturbances such as peripheral facial pa-
resis should always be examined before treatment. Stig-
matizing facial asymmetries can be equalized by tar-
geted injections of side-adapted doses, higher doses
per injection area being needed in male patients com-
pared with female patients. Ideal candidates for botuli-
num toxin treatment are young and middle-aged men
whose skin does not yet show severe sun damage (pho-
toageing) and senile elastosis but who feel their facial
wrinkles are disturbing.

Application of Botulinum Toxin A

Botulinum toxin A treatment is exemplarily demon-
strated in four regions: glabella, forehead, periorbital
area with chemical brow lift, corner of the mouth.

Selected locations of mimic wrinkles and suitability
for botulinum toxin A:

■ Glabellar region (“brow furrow”)
■ Forehead area
■ Periorbital area (“crow’s feet “,“laugh wrinkles”)

with chemical brow lift

■ Sagging of the corner of the mouth (“marionette
lines”)

Glabellar Wrinkles (“Brow Furrow”)

Men often feel attractive and vital except for the deep
furrow between their eyebrows. These vertical lines
near the glabellar area indicate anger, trouble, stress
and sometimes anxiety, i.e. negative emotions.
Glabellar wrinkles are the main indication for botu-
linum toxin A injection in men.

Wrinkle development is caused by continuous trac-
tion of the mimic musculature, which in many cases be-
comes hypertrophic. This is because of frequent and
strenuous activities that are required in modern civi-
lized society.

Recently, many botulinum toxin A users have re-
ported striking improvement of complaints such as
tension headache and migraine. To date, there is no sci-
entific reason for this phenomenon. It is noticeable that
most injection points in the glabellar area correspond
to acupuncture points (Sommer and Sattler 1999).

Glabellar wrinkles are caused by traction of several
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a b

Fig. II.4.47a, b. Injection scheme for glabellar wrinkle. Glabellar wrinkle in tension 2 weeks before (a) and after injection (b)

muscles (Carruthers and Carruthers 1992, 1998a, b;
Forster and Wulc 1998; Grablowitz 1999; Rzarny and
Feller 2000). The corrugator muscle draws the eyebrow
mediocaudally and the orbicularis oculi muscle medi-
ally. Caudally the eyebrow is drawn by the procerus
muscle and the depressor supercilii muscle. As there
are frequently variations in muscle anatomy, the indi-
vidual eyebrow position should always be assessed pri-
or to therapy. The dosage is determined by muscle
mass; in men it is mostly twice or three times higher
than in women. Various injection techniques have been
reported in the literature. In general, the schemes de-
scribe two points of injection into the corrugator mus-
cle. Another one or two points are placed into the pro-
cerus muscle. Further injection points are the lower
part of the occipitofrontalis muscle, the lateral part of
the corrugator muscle and the cranial of the orbicular
muscle. The injection is made vertically (90%) to the
skin surface (Fig. II.4.47).

A possible side-effect is lid ptosis, which has been
reported to occur in between 0% and 15% of patients
(Ascher et al. 1995; Garcia and Fulton 1996; Ahn et al.
2000).

Treatment of Glabellar Area

■ Three to seven injection points
■ Intramuscularly
■ Bilaterally 0.5–1 cm above the cranial, medial

orbital rim
■ 1 cm laterally above the aforementioned point
■ Never laterally to the mid-pupillary line
■ Risk of lid ptosis increases with closer distance

between lateral points and orbital cavity

Forehead Wrinkles

Transverse or longitudinal wrinkles across the fore-
head lead to a picture of “lofty brow”, but may also

express sorrow and scepticism. The younger the
patient and the tighter the skin, the better is the treat-
ment result. Older patients often use the lateral part of
the occipitofrontalis muscle to even out an existing
brow ptosis. Injection points and dosage are deter-
mined by eyebrow position and muscle thickness. The
number of points depends on the forehead size. In
general, 4–8 points are placed at a distance of 1–2 cm
in 1–3 horizontal lines. Care should be taken above the
orbit and laterally to the midpupil. Caution must be
exercised in older patients who use their forehead
muscle to lift the brow, and those whose eyebrows are
located below or at the level of the orbital rim, as altered
facial expression by deeper situated brows and possible
lid ptosis may result for a period of at least 3–8 weeks
(Carruthers et al. 1996; Sommer and Sattler 2000;
Becker-Wegerich et al. 2001). Increased elevation of the
lateral brows, which may occur because of hyperfunc-
tion of the lateral muscle and gives the patient a ques-
tioning facial expression (“Mephisto effect”), can be
corrected at a later time by placement of one or two
injection points along the forehead hair border or one
injection point directly above the wrinkle.

Treatment of Forehead Wrinkles

■ Four to eight injection points
■ Individually dependent on brow position
■ Distance of 1–2 cm in one to three lines
■ Caution in the case of injections directly above the

orbit or lateral to the midpupillary line because of
lid ptosis

Chemical Brow Lift

The shape and curvature of the eyebrows are clearly
different in men and women. Typically, masculine
brows are strong and straight, while female brows are
finer and curved upwards. In men, the distance
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between the lid and the brow is smaller. Brows that ap-
pear too straight or are sagging can be gently lifted by
botulinum toxin A injections. This technique is called
chemical brow lift (Huang et al. 2000). The toxin is in-
jected into the lateral upper part of the orbicularis oculi
muscle, the point being placed near the orbital rim and
1–2 cm above the lateral angle of the eye. Slight levati-
on of the lateral brows occurs by counter-traction of the
occipitofrontalis muscle. Ahn et al. (2000) observed an
average brow elevation of 1.02 mm from the midpupil
and of 4.83 mm from the lateral canthus. Brow lifting
can also be achieved by widening of the eye. Tension of
the orbicular muscle may lead to a mischievous or
strained facial expression. This can be modified by bot-
ulinum toxin A injections into partial areas of the or-
bicular muscle so that the eye appears larger and wider
and the patient’s facial expression becomes open and
beaming.

Periorbital Wrinkles, Lateral Canthal Rhytides

(“Crow’s Feet”, “Laugh Wrinkles”)

With increasing actinic elastosis over the course of the
years, laugh wrinkles develop to crow’s feet. The
sphincter-like orbicularis oculi muscle, which runs cir-
cularly around the eye, is responsible for screwing up
the eyes. The injection area is approximately 1 cm later-
ally to the orbital rim, with two to four points being
placed at each side in a crescent-shaped manner. Injec-
tions are made at a 45° angle to the skin surface from
the canthus outwards (Fig. II.4.48). Laterally to the or-
bital cavity there is a venous plexus consisting of
branches of the superficial temporal vein. The patient
should be informed that injury may result in the forma-
tion of haematoma.

In the case of marked lower lid wrinkles, a small
amount of botulinum toxin A may be injected at one
point each just below the lower lid in the midpupillary
line and 0.5 cm laterally.

a b

Fig. II.4.48a, b. Injection scheme for periorbital wrinkles. Periorbital wrinkles in tension 2 weeks before (a) and after injection (b)

Treatment of Periorbital Wrinkles

■ Two to four points
■ Subcutaneously
■ Crescent-shaped, approximately 1 cm laterally to

the bony orbital rim
■ Injection technique at 45° angle to skin surface
■ Keep needle away from the eye!

Melomental Folds (Marionette Lines – Sagging of the

Corner of the Mouth)

These vertical grooves at the lateral corners of the mouth
give an impression of fixed disapproval or sadness. They
appear in the early 40 s and may be more pronounced in
those who have smoked. Men can disguise them with a
beard. The depressor anguli oris muscle pulls the mouth
corners down, opposing the elevation of the zygoma-
ticus major and minor muscles. With selective chemo-
denervation of the depressor anguli oris, the zygoma-
ticus becomes unopposed as an elevator of the corner of
the mouth. The injection is made directly into the
muscle, approximately 7 mm laterally and 8–10 mm
caudally to the corner of the mouth (Grablowitz 1999;
Sommer and Sattler 2000; Heckmann and Rzany 2002).
If doses are too high or injections are placed too far
medially, the depressor labii can be involved, which will
cause flattening of the lower lip contour. Asymmetry
may temporarily lead to severe functional loss,
impairing eating, laughing and swallowing. In case of
deep wrinkles, additional elevation can be achieved by
augmentation with fillers 10–14 days later.

Treatment of Sagging Mouth Corners

■ One point each per mouth corner
■ Intramuscularly
■ Always palpate depressor anguli oris muscle
■ Approximately 7 mm laterally and 10 mm caudally

to the mouth corner
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Combination Procedures with Botulinum Toxin A

Botulinum toxin A as a monotherapy has been particu-
larly successful in younger patients. As for mimic wrin-
kles in the upper facial third, the result in most cases
corresponds to patient’s and doctor’s expectations.
Concerning the glabellar area and crow’s feet, further
augmentation with fillers is generally not required after
botulinum toxin A injection, except for glabellar wrin-
kles which cannot be completely eliminated. These
cases can be treated with injectable fillers or solid im-
plants. About 30 different injectables are currently on
the market; most frequently used are resorbable fillers
such as collagen and hyaluronic acid as well as autolo-
gous fat. After 3–8 months, these rapidly resorbable
materials are no longer histologically demonstrable in
the dermis (Alster 1998). Dislocation of the implanted
substance does not occur because of diminished mimic
muscle tension.

UV light and smoking (extrinsic ageing) or genetic
factors (intrinsic ageing) intensify skin elastosis and
accentuate mimic wrinkles so that the impression of
skin ageing is even worse. To achieve an optimal result
to the patient’s satisfaction, botulinum A toxin should
be combined with other methods of facial rejuvenation.
Particularly in the lower facial third and perioral region
as well as in cases of age-related skin changes and loss
of substance in deeper tissue structures, the success of
monotherapy is limited. Combination options include
the filling substances mentioned before or other proce-
dures for wrinkle treatment, such as skin resurfacing,
lasering, chemical peel methods, dermabrasion and
plastic surgery. The result of combined treatment can
be markedly superior to that of monotherapy (Klein et
al. 1997; Carruthers and Carruthers 1998a, b). Pretreat-
ment with botulinum toxin A is a useful complement,
which improves the long-term effect of filling materials
or skin resurfacing methods. In general, it should be
performed 10–14 days prior to the planned procedure.
After this period, the maximal effect of botulinum tox-
in A on mimic musculature has been reached and the
overlying skin has relaxed. Because of decreased mimic
muscle traction, degradation of the filling materials is
reduced and, thus, the long-term results are improved.
In the case of resurfacing procedures, a positive effect
by pretreatment with botulinum toxin A is gained in
that collagen neosynthesis is unhindered. The new col-
lagen bundles and elastic fibres do not follow the previ-
ous wrinkle pattern but can develop parallel to the skin
surface. Thus, pretreatment with botulinum toxin A
improves both the immediate and the long-term effect.

Chemical Peeling

In addition to improving the texture of the skin and re-
ducing hyperpigmentation and mild wrinkling, peels

are also useful in the treatment of acne and melasma.
Chemical peels are categorized based on the depth of
the procedure: superficial, medium or deep. Currently,
superficial and medium-depth peels are the most fre-
quently performed procedures. They do not signifi-
cantly improve deep wrinkles or sagging skin, but can
improve the colour and texture of the skin, thereby
yielding a more youthful appearance. The deeper-
depth peels that cause necrosis as far as the stratum re-
ticulare are increasingly being supplanted by laser re-
surfacing, showing superior results with fewer compli-
cations.

Superficial peels induce necrosis of all parts of the
epidermis, from the stratum granulosum to the basal
cell layer (~0.06 mm). There is a wide variety of agents,
including alpha hydroxy acids (AHAs), modified Jes-
sners solution (resorcin, acid salicyl, acid lactic, etha-
nol 95%) and trichloroacetic acid (TCA) 10–15%. The
ingredients are often used in combination. All of these
solutions remove the superficial layer of the stratum
corneum, yielding skin that is smoother in texture and
more evenly pigmented.

The most commonly used AHA peeling is glycolic
acid, known as “lunchtime peel”, as the patients can re-
turn to work without any telltale signs after the proce-
dure performed at lunch time. It has been reported that
AHA-containing formulations exert profound influ-
ence on epidermal keratinization. Ditre et al. (1996)
demonstrated that application of AHAs resulted in a
25% increase of skin thickness, improved quality of the
elastic fibres, increased density of collagen and in-
creased mucopolysaccharides in the dermis, as shown
by histology. Kim et al. (1998) found that glycolic acid
treatments enhanced both fibroblast proliferation and
collagen production in vitro. This results in two major
effects: quickening of the cell cycle, which is slowed in
aged skin, and smoothening of the stratum corneum.

Medium-depth peels (trichloroacetic acid at 35–
40% as standard solution) cause necrosis of the epider-
mis and part of the papillary dermis. Patients need to
allow a recovery time of at least 10 days. On the first
2 days the skin appears slightly pink, and on the next
2 days it darkens. Peeling of the skin begins at day 5 and
will be completed by day 10. The indications are the
same as for superficial peelings, therefore severe acne
scars, photoageing and wrinkles may respond better.
Contraindications include patients with darker skin
types, hyperpigmentation and scarring in the history
and those who have been treated with isotretinoin or
topical radiation.

For all peeling patients it is essential to avoid the sun
and strictly use sun blockers because of postinflamma-
tory hyperpigmentation. Furthermore, hydrochinone
formulations should be used in patients with darker
skin types after the peeling.
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Soft Tissue Augmentation

There is a long history of soft tissue augmentation in
cosmetic surgery. Fillers are natural or synthetic sub-
stances that are injected into the skin to correct de-
pressed lesions or slight blemishes, such as wrinkles,
scars, atrophic areas and small lips. The ideal fillers
must have characteristics compatible with the tissues
in which they are installed, they must not provoke re-
jection, reactions of inflammatory or immune types
and finally they must yield an acceptable and persistent
correction. It should be easy to obtain, implant and
store, should be inexpensive, non-toxic, non-carcino-
genic and long lasting. None of the available materials
can yet meet all of these criteria. The panorama of the
fillers is primarily composed of fillers of biological ori-
gin (autologous or heterologous) or of synthetic origin.
As concerns the induced persistence and correction,
these may be permanent or non-permanent. The fillers
are injected under the skin to reduce irregularities such
as wrinkles, pits and scars. The resorbable substances
used for injection are primarily collagen, hyaluronic
acid, polylactic acid, self-donated body fat and plasma
gel.

Collagen

Injectable bovine collagen-containing products (e.g.
Zyderm® I, II®, Zyplast® – Collagen Aesthetics) have
been used for a long time and more frequently than any
other material. There are differently concentrated col-
lagens and are crosslinked, for example with glutaral-
dehyde, for deeper wrinkles and furrows. The applica-
tion is to a superficial to medium dermal depth. The re-
sulting correction is temporary because host collage-
nases displace collagen from the injection place in the
dermis within 3–6 months after the procedure. Bovine
collagen implants are expensive, must be refrigerated
and pose the risk of allergy. Therefore, two allergy tests
have to be performed 6 and 2 weeks prior to treatment.
Indications include superficial wrinkles, horizontal
forehead lines, glabellar lines, crow’s feet, fine perioral
lines and scars. Zyplast® is better suited for complete
correction of deeper wrinkles and furrows, such as na-
solabial folds, marionette grooves and deep scars. As an
advantage, the collagen implants contain small
amounts of lidocaine, which partially and temporarily
numbs the treatment area.

Hyaluronic Acid

Hyaluronic acid is a glycosaminoglycan composed of
repeating dimeric units of D-glucuronic acid and N-
acetyl-glucosamine, for long-lasting effect the polymer
is chemically modified. Hyaluronic acid products are
injected into the dermis. There are different types of

hyaluronic acid products, one type derived from ani-
mals (cockscomb, (Hylaform® – Medicis/Inamed), the
others from bacterial cultures (Restylane® – Q-Med,
Uppsala). Hyaluronic acid products are less expensive
than collagen products, can be stored at room tempera-
ture, are easy to apply and no allergy tested is required.
Adverse reactions include transient erythema, inflam-
mation, bruising and tenderness at the treated area.

Poly-L-Lactic Acid (PLA)

Poly-L-lactic acid (PLA) Sculptra® (Sanofi Aventis) is
one of the latest implants commercialized among bio-
resorbable fillers. This synthetic polymer is biocom-
patible, biodegradable, immunologically inert and free
from toxicity. All these necessary properties provide
theoretical safety. It is provided as freeze-dried materi-
al and can be stored at room temperature. After recon-
stitution with water Sculptra® has to be injected deeply
into the dermis or into the subcutaneous tissue using a
26-gauge needle, stimulating the patient’s own collagen
synthesis. Therefore, the main indications of Sculptra®

are the correction of significant wrinkles and furrows
on the face. It has been used for the correction of naso-
labial folds, marionette lines, mid and lower facial vol-
ume loss, jaw line laxity and other signs of facial ageing.
Furthermore, Sculptra® is used especially for spread
tissue augmentation for “face modelling”, as for cheek
lipoatrophies in HIV patients receiving antiprotease
treatment. After two or three sessions, results are ap-
preciable and equivalent to those achieved with other
resorbable fillers, but seem to last longer (18–
24 months). Sculptra® treatment provides a minimally
invasive and effective facial enhancement correction
with a low frequency of side-effects and no need for al-
lergy testing. The clinical results using poly-L-lactic ac-
id for soft tissue augmentation are comparable to autol-
ogous fat grafting (Woerle et al. 2004). Superficial in-
jections should be avoided. They may increase the risk
of persistent granulomas, which will be difficult to
manage (Vochelle 2004).

Laser Epilation

Laser treatment for the removal of unwanted body hair
is one of the hottest grooming trends, also for men. It
has been proved to be effective and is commonplace
throughout the world today. There are numerous lasers
and light sources available for hair epilation. Compared
to electrolysis as the only other proven method for per-
manent hair removal, laser epilation is expensive but
much faster, with the result of permanent hair reduc-
tion up to 90–95% requiring multiple treatment ses-
sions. It is much more comfortable especially for men,
if used to remove hair from large areas such as the back
or chest.
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There are different types of laser systems for hair re-
moval with different wavelengths. The optimal wave-
length, pulse duration and fluence are essential to pro-
vide safe and permanent long-term hair removal.

Laser-assisted hair removal is based on the theory of
selective photothermolysis. Thermal injury will be re-
stricted to the hair follicle if the target chromophore –
melanin – absorbs the laser energy in an amount of
time (pulse width) that is equal to or less than the ther-
mal relaxation time of melanin. The hair follicle is heat-
ed and destroyed while other structures are left un-
harmed. Light-skinned persons with dark hair are ideal
for laser-assisted hair removal. Those with darker-skin
types more often have negative side-effects from the
procedure. Several treatments will be required for per-
manent hair reduction at certain time intervals. After
the treatment consequent sun protection is necessary
to prevent permanent pigment changes. Darker-
skinned patients have the highest risk of developing
pigmentation changes, besides crusting, blistering and
scarring.

Outlook

At present, there is a steady increase in medical-aes-
thetic procedures performed in men. The trend for
well-groomed men will continue as men are interested
in improving their outward appearance. Within the
scope of aesthetic andrology, a variety of surgical, non-
surgical and skin care techniques are used to achieve a
vital, attractive and youthful appearance, resulting in
increased self-confidence for professional, social and
emotional competence. A self-confident appearance
generally means more success in both one’s job and pri-
vate life. Long gone are the years when men proudly
presented their weather-beaten skin and furrows. Thus,
men constitute about 10–15% botulinum toxin A us-
ers. Botulinum toxin seems to be an acceptable alterna-
tive to invasive cosmetic surgery. Injection of botuli-
num toxin A is a rapid, safe, effective and almost atrau-
matic method to correct mimic wrinkles for a period of
3–6 months.
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– infection 129
– pneumoniae 330
– trachomatis 45, 328, 330, 403, 406
cholestasis 559
chondroitin sulphate 569
chordee 208
– tissue 94
chromatid 274
chromatin 330, 398
– stability 45
chromogranin A (CGA) 418
chromosomal abnormality 63, 463
chronic pain syndrome 171, 177, 495
chronic pelvic pain syndrome 218
[ -chymotrypsin 46

Cialis 88
circumcision 203
– in adults 489
– neonatal 204
– psychological consequences 209
– ritual 207
– sexual 209
– wound infection 207
cirrhosis 238
CIS, see carcinoma in situ
cisplatin 186
CK, see creatine phosphokinase
C-KIT 369
clomiphene 579
– citrate (CC) 558, 583
clonal selection 364
clostridium botulinum 626
CMV, see cytomegalovirus
c-myc gene 367
coaxial catheter 510
COH, see controlled ovarian hyper-

stimulation
coitus interruptus 123, 383
colchicine 54
collagen 631
Collins knife 221
colony forming unit (CFU) 388
complete androgen insensitivity syn-

drome (CAIS) 310

complex regional pain syndrome 172
compulsive sexual behaviour (CSB)

109
computer-assisted semen analysis

(CASA) 389
concealed penis 620
congenital
– adrenal hyperplasia (CAH) 23
– – salt-wasting form 24
– anorchia 410
– bilateral absence of the vas deferens

(CBAVD) 83, 433, 470
contact thermography 448, 451
continuous wave Doppler (CW) 437
contraception
– condoms 123
– periodic abstinence 123
– traditional methods 122
– withdrawal 123
controlled ovarian hyperstimulation

(COH) 580
cord
– denervation 175
– hydrocele 181
– torsion 344
cordyceps sinensis 569
corpora 491
– cavernosa 264, 265
corpus spongiosum 264, 265
corticosteroid 548
– therapy 50
cortisol 562
corynebacterium spp. 403
cosmeceutical 624
cost-effectiveness 7
counting chamber 388
Cowper’s gland 264, 382
COX2, see cyclooxygenase-2
craniopharyngioma 76
crataegus 569
crater defect syndrome 399
creatine phosphokinase (CK) 392
cremasteric
– artery 260
– reflex 141, 142
– spasm 136
Crohn’s disease 217
crow’s feet 629
cryobanking 586
cryobiology 586
cryoinjury 587
cryopreservation 406, 585
cryostorage 588
cryptorchidism 55, 78, 150, 154, 187,

267, 297, 311, 343, 427, 428, 458, 472
cryptozoospermia 31
– idiopathic 77
CSB, see compulsive sexual behaviour
Cushing’s disease 412
CVD, see cardiovascular disease
CW, see continuous wave Doppler
cycle of spermatogenesis 279
cyclic adenosine monophosphate

(cAMP) 587
cyclooxygenase-2 (COX2) 567
cyclophosphamide 548
cyproterone acetate 21, 533, 547
cystic fibrosis 59, 64, 470, 471, 475
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– transmembrane conductance regula-
tor (CFTR) 33, 83, 465, 470, 603

cytochrome P450C17 309
cytokine 153, 294, 323
cytomegalovirus (CMV) 404
cytosine methylation 473
cytoskeleton 473

daidzein 566
dartos pouch fixation 148
DAX-1, see DSS-ACH critical region on

the X chromosome
DAZ gene 467
DBCP, see dibromochloropropane
DDT, see dichlorodiphenyltrichloroe-

thane
decapitated spermatozoa 399
deferent duct 433
degloving incision 165
dehydroepiandrosterone (DHEA)

243, 562, 563
Denys-Drash syndrome 268, 307
deoxyribonucleic acid (DNA) 302,

462
– methylation 473
– mutations 465
– quality 30
– repair enzymes 625
– content 463
– proviral 332
depression 252
dermatofibroma 235
dermatovenereology 1
DES, see diethylstilbestrol
detorsion 153
detumescence 165, 167
DHA, see docosahexaenoic
DHEA, see dehydroepiandrosterone
DHEAS, see DHEA-sulphate
DHEA-sulphate (DHEAS) 243
DHT, see dihydrotestosterone
DI, see donor insemination
diabetes mellitus 60, 75
diakinesis 274
diathermy 486
dibromochloropropane (DBCP) 351
dichlorodiphenyltrichloroethane

(DDT) 316, 354
diethylstilbestrol (DES) 548
diff-quick 395
digital rectal examination (DRE) 213,

416, 537
dihydrotestosterone (DHT) 242, 270,

411, 540, 557
dioxin 252
direct MAR test 386
disomy 464
– of chromosome 21 475
DNA, see deoxyribonucleic acid
docosahexaenoic acid (DHA), see also

cervonic acid 572, 573
donor
– gamete 613
– insemination (DI) 607, 608
– – life-table analysis 609
– – pregnancy rates 609
– sperm 607
dopamine 287

– agonist 315
doping 556
– control 559
Doppler technique 437
dosage-sensitive sex reversal (DSS)

269, 308
Down’s syndrome 463, 475
doxazosin 541
doxycycline 73
DRE, see digital rectal examination
drosophila
– arizonae 472
– mojavensis 472
dry skin 623
DSS, see dosage-sensitive sex reversal
DSS-ACH critical region on the X chro-

mosome (DAX-1) 269
ductal carcinoma 238
ductus deferens 262
Dupuytren’s contracture 93, 94
Düsseldorf classification 396
dysplasia 269
dysuria 72, 142, 329

EAA, see European Academy of Andro-
logy

EAO, see experimental autoimmune or-
chitis

E-cadherin 367
echography 69
EDF, see European Dermatology Forum
EDO, see ejaculatory duct obstruction
EDV, see end diastolic velocity
efferent duct 260
egg
– donation 12, 611
– sharing 611
eicosapentaenoic acid (EPA) 573
ejaculate volume 100
ejaculation 285
– delayed 99
– ejection 286
– emission 286
– medications 360
– painful 100
– premature 99, 360, 374, 531
– rapid 531
– retarded 531
– retrograde 100, 359
– – neurogenic 101
ejaculatory duct obstruction (EDO)

37, 82
ejaculatory dysfunction 31, 99, 359
elective single embryo transfer

(eSET) 583
electroejaculation 37, 39, 103
electromagnetic radiation 350
ELISA, see enzyme-linked immunosor-

bent assay
embolization
– varicocele 510
embryo
– donation 612, 614
– – psychosocial aspects 613
– manipulation 13
– research 12
– transfer 612
embryonic stem cell 614

end diastolic velocity (EDV) 439
endocrine disorder 408
endorphin 176
endothelin 340
endotoxaemia 221
enterobacteriaceae spp. 403
enterococcus (E.) spp. 403
entrapment neuropathy 171
enzyme-linked immunosorbent assay

(ELISA) 49, 409
EPA, see eicosapentaenoic acid
epididymal
– cyst 429, 487
– – excision 488
– – ultrasound 445
– tumour 445
epididymectomy 174, 175, 488
epididymis 45, 66, 72, 74, 120, 260,

297, 373, 406
– adenomatoid tumour 181
– cyst 181
– neoplasm 181
– obstruction 432
– tuberculosis 182
epididymo-orchitis 66, 67, 139, 144,

170, 174, 329
epididymovasostomy 501
epispadia 35, 64, 361
erectile
– deficiency 36
– deformity 65, 93
– – minor degrees of lateral devia-

tion 95
– – severe deformity 95
– dysfunction (ED), see also

impotence 1, 167, 168, 252, 254,
284, 339, 438, 528

– – drugs 85
– – endocrine 86
– – gene transfer 596
– – neurogenic 86
– – psychogenic problems 87
– – vascular disease 92
– – vasculogenic 86
– function 360
– rigidity 375
erection, neuropharmacology 282
erection, bent 375
erotic stimulus 282
erythroplasia de Queyrat 370
Escherichia coli 126, 205, 218, 221,

378
eSET, see elective single embryo transfer
ethical issue 9
European Academy of Andrology

(EAA) 2
European Dermatology Forum

(EDF) 2
exhibitionism 111, 112
exocytosis 301
EXONS 462
experimental autoimmune orchitis

(EAO) 296
external beam radiation therapy 545

fallopian tube obstruction 119
Family Health International (FHI) 498
fas gene 369
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fatty acid 78, 573
FBC, see female breast cancer
fecundability 40
female
– breast cancer (FBC) 229
– fertility
– – stress conditions 598
– genital mutilation (FGM) 210
– infertility 598
– sterilization 499
female-to-male transsexual
– hormonal treatment 526
fertility 40
– of the male 5
fetishism 111
[ -fetoprotein (AFP) 184, 418

FGM, see female genital mutilation
FHI, see Family Health International
fibroma pendulans 233
fibromuscular stroma 262
fibrosis 87
finasteride 222, 230
fine needle aspiration (FNA) 230, 582
Finlay-Marks syndrome 236
fixed drug eruption 197
flagellum 275
fluoroquinolone 222
5-fluorouracil 202
flutamide 547
FNA, see fine needle aspiration
folic acid 568, 574
follicle-stimulating hormone (FSH)

27, 244, 277, 288, 290, 516, 573
forehead wrinkle 628
foreskin, see also prepuce 205, 287
– ballooning 207
– retraction 210, 489
four-specimen-test 405, 406
Fowler-Stephens orchiopexy 344
fPSA, see free PSA
Frasier syndrome 307
free PSA (fPSA) 417
free testosterone 409
frenuloplasty 490
funiculus spermaticus 261

gabapentin 174
galactorrhoea 87
gamete 614
gamma interferon 391
gamma-glutamyl transpeptidase

(GGT) 390
gardnerella (G.) vaginalis 403
gas chromatography 559
gender
– dysphoria 19, 524, 605
– – juvenile 527
– gap 251
gene
– therapy
– – corrective 594
– – ethical issues 593
– – non-viral vectors 593
– – viral vectors 593
– transfer 592, 593
genetic
– counselling 602, 603
– imprinting 473

– instability 364
– polymorphism 364
– test 482
genistein 566
genital
– cancer 208
– tract infection 128
– ulcer disease (GUD) 209
genitourinary tract infection 126
genomic imprinting 302
germ cell tumour 455
GGT, see gamma-glutamyl transpepti-

dase
GH, see growth hormone
giant condyloma 193
Gilbert-Dreifuß syndrome 310
glabellar wrinkle 627
glans penis 265
globozoospermia 399
glucosamine sulphate 569
[ -glucosidase 82

glutaraldehyde 455
glutathione 392
glyceryl trinitrate (GTN) 89
gonadal
– development 305
– dysgenesis 307
– sex 266
gonadotrophin 77, 314, 517, 583
gonadotrophin releasing hormome

(GnRH) 27, 288, 289, 412
– agonists 522
– immunoneutralization 522
gonococcus 325
gonorrhoea 129, 329
Gore-Tex 96
goserelin 546
gram-negative bacteria 405
growth hormone (GH) in ageing

men 562
growth hormone-IGF1 axis 562
GTN, see glyceryl trinitrate
GUD, see genital ulcer disease
gynaecomastia 225, 238, 377, 559
– fatty type 227
– fine needle aspirates 230
– lump type 227
– mammography 229
– radiotherapy 230
gynogenesis 303

HAART, see highly active antiretroviral
therapy

haematocele 163
haematococcus pluvialis 574
haematoma 374, 439
haematospermia 67, 374, 382
haematoxylin-eosin 188
haematuria 67, 374
haemocytometer method 383, 387
haemophilus (H.) ducreyi 403
haemorrhage 137, 145, 207, 542
haemostasis 490
halo sign 144
HCB, see hexachlorobenzene
HCE, see heptachloroepoxide
bhCG, see human chorionic gonadotro-

phin

HE, see human epididymis
headache, vasculogenic orgasm-associ-

ated 107
heart failure 252
hemizona test 390
hepatitis
– C 196
– virus 404
hepatocyte growth factor 324
heptachloroepoxide (HCE) 316
hereditary prostate cancer 481
hermaphroditism 306
hernia 54
– repair 78
herniorrhaphy 55
herpes simplex virus 404
– infection 126
heterotopic sebaceous gland 190
hexachlorobenzene (HCB) 316
hexavalent chromium 353
HFEA, see Human Fertilization and

Embryo Authority
HH, see hypogonadotrophic hypogona-

dism
hidden penis 620
highly active antiretroviral therapy

(HAART) 226
high-quality scientific research 6
HIV, see human immunodeficiency virus
Hodgkin’s disease 59, 604
homocysteine level 568
hormonal
– contraceptive
– – testosterone 521
– reassignment 525
– – side-effects 526
hormone 53
– antagonist 53
– determination 408
– replacement 612
– therapy 19
HOS, see hypo-osmotic swelling
HPV, see human papilloma virus
HSDD, see hypoactive sexual desire dis-

order
5-HT1A receptor inhibitor 103
human chorionic gonadotrophin

(hCG) 58, 184, 243, 412, 419
human dignity 10
human epididymis (HE) 261
Human Fertilization and Embryo

Authority (HFEA) 13
human immunodeficiency virus

(HIV)
– infection 57, 131, 209
– – ethical issues 333
– – of the man 334
– – of the woman 334
– occupational transmissions 132
– transmission 331
human papilloma virus (HPV) 201,

331, 370
Huntington’s chorea 465, 466
hyaluronic acid 631
hydrocele 142
– communicating 181
– excision of the tunica vaginalis 487
– of testis 486
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– of the cord 181
– sclerotherapy 179
– surgery 486
hydrostatic pressure 450
[ -hydroxy acid (AHA) 624

17 q -hydroxyl ester 555
3 q -hydroxysteroid dehydrogenase (3 q -

HSD) 269
17 q -hydroxysteroid dehydrogenase

(17 q -HSD type 3) 269
hyperalgesia 172
hypercholesterolaemia 251, 340
hypergonadotropism 76
hyperoestrogenism 377
hyperprolactinaemia 76, 86, 226, 227,

315, 358, 411, 532
hypersexuality 109
hypertension 252
hyperthermia 57
– of the scrotum 341
hypoactive sexual desire disorder

(HSDD) 108
hypoandrogenism 45, 246, 377
hypogonadism 60, 76, 187, 332, 358
– hypergonadotrophic 82
– hypogonadotrophic 82, 313
hypo-osmotic swelling (HOS) 580
– testing 385
hypospadia 93, 97, 311, 316, 361, 377
hypospermatogenesis 83, 457
hypothalamic-pituitary-gonadal axis

311, 558
hypothalamo-pituitary axis 440
hypothalamo-pituitary-testicular

(HPT) axis 75, 313
hypothyroidism 315
hypoxanthine 344
hypoxia 155, 450

ichthyosis 233
ICSI, see intracytoplasmic sperm injec-

tion
IELT, see intravaginal latency time
IFMA, see immunofluorometric assay
IgG direct MAR test 386
IIEF, see International Index of Erectile

Function
IL1 beta 220
immotile cilia syndrome 399
immunobead test 49, 386
immunofluorometric assay (IFMA)

409
immunoglobulin 508
– binding test 48
immunoradio-active assay (IRMA)

409
immunosuppression
– theory 47
– therapy 58
immunotherapy 594
impotence, see also erectile

dysfunction 360, 361
impotentia ejaculationis 599
in vitro fertilization (IVF) 5, 8, 12, 65,

330, 462, 581, 608
incest 112
induratio penis plastica 426
infarction 137

infection of male accessory sex
glands 391

inferior vena cava (IVC) 447
infertility 2
– definition 29
– endocrine causes 412
– history 372
inflammation of the pelvic organ 323
infrapubic approach 492
inguinal hernia 181
inguinoscrotal surgery 485
inhibin B 290, 410, 421, 573
insemination 45, 609
– of donor semen (DI) 11
– with husband’s semen 11
insulin 228
interleukin 72, 295
internal spermatic vein (ISV) 447
International Index of Erectile Func-

tion (IIEF) 85
International Prostate Symptom Score

(IPSS) questionnaire 536
intersex 23
– abnormality 369
– classification 24
– prenatal diagnosis 25
– XY 24
intracavernosal injection 530
intracytoplasmic sperm injection (ICSI)

12, 65, 581
– risks 475
intrauterine insemination (IUI) 8, 50,

79, 132
intravaginal latency time (IELT) 99
intravaginal torsion (IVT) 134
INTRONS 462
involuntary infertility 373
ionizing radiation 365
ipsilateral fixation 150
IRMA, see immunoradio-active assay
irradiation 55
ischaemia 138, 342, 343
ischaemia-reperfusion injury 343
ischiocavernosus muscle 264
isolated seminal plasma abnormality

44
ISV, see internal spermatic vein
IUI, see intrauterine insemination
IVC, see inferior vena cava
IVF, see in vitro fertilization
IVT, see intravaginal torsion

Jaboulay’s operation 179
Juberg-Marsida syndrome 308

kallikrein 575, 587
Kallmann’s syndrome (KS) 75, 314,

410, 465
karyotype abnormality 63
ketoconazole 28, 548
kidney stone formation 499
KIT, see tyrosine kinase receptor gene
Klinefelter syndrome (47XXY) 63, 83,

228, 237, 267, 305, 376, 378, 410, 463,
464, 482

Koch’s postulate 218
Koebner phenomenon 195
KS, see Kallmann’s syndrome

lactate dehydrogenase (LDH) 421
lactotroph adenoma 527
laer energy 542
lamina propria 272
laser treatment 631
late onset hypogonadism 253
latex allergy 123
LDH, see lactate dehydrogenase
LDL, see low-density lipoprotein
lead 352
leak-proof anastomosis 503
leiomyoma 233
leiomyosarcoma 181
lepidium meyenii 575
leptin 100
leptotene 274
lespedeza bicolor 569
leukocyte 332
leukocytospermia 325, 405
leukaemia 59
leuprolide 546
levitra 88
levobupivacaine 177, 485
Leydig cell 259, 266, 289, 315, 412,

413, 516
– density 342
– hyperplasia 429
– neuroendocrine regulation 245
LH, see luteinizing hormone
LHRH, see luteinizing hormone releas-

ing hormone
libido 358
– abnormality 107
lichen
– planus 196
– sclerosus et atrophicus 193
Li-Fraumeni syndrome 481
lignans 574
lignocaine 485
[ -linolenic acid (ALA) 573

linum 566
lipectomy 231
lipid peroxidation 344
lipoic acid 567
lipomastia 225
litigation 176
Littre’s gland 288
liver cirrhosis 59
lobular carcinoma 238
local nerve blockade 174
LOH, see loss of heterogeneity
long terminal repeat (LTR) 365
Lord’s procedure 179, 486
loss of heterogeneity (LOH) 364
low-density lipoprotein (LDL) 553
lower urinary tract symptom (LUTS)

89, 220, 252, 529
LTR, see long terminal repeat
Lubs syndrome 310
lumpectomy 239
luteinizing hormone (LH) 27, 289
– secretion
– – altered regulation 244
luteinizing hormone releasing hor-

mone (LHRH) 20, 288, 517
LUTS, see lower urinary tract symptom
lycopene 368
lymph node metastasis 184
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lymphadenectomy 202
– prophylactic 203
lymphadenosis benigna cutis 233
lymphocyte 293
lymphoma 181

MAB, see maximal androgen blockade
[ 2-macroglobulin (A2M) 417

macro-orchia 378
macrophage 293
– migration-inhibitory factor (MIF)

296
MAGI, see male accessory gland infec-

tion
MAIS, see minimal androgen insensi-

tivity
maldescensus testis 64
male
– accessory gland infection (MAGI)

72, 82, 322, 406
– adnexitis 406
– breast cancer (MBC) 227, 237, 235
– – fine needle aspiration biopsy 239
– – mastectomy 239
– – surgery 239
– contraceptive 121
– counselling 599
– factor infertility 358
– fertility
– – iatrogenic causes 53
– – lifestyle factors 349
– – pesticides 351
– – radiation 350
– – smoking 349
– – systemic diseases 57
– – workplace 350
– genital aesthetic 617
– glandular tissue 226
– infertility 2, 348
– – aetiology 33
– – antisperm antibodies 49
– – gene transfer 595
– – infections 125
– – IUI 579
– – IVF/ICSI 579
– – lifestyle 572
– – nutritional factors 572
– – semen analysis 381
– – sexual dysfunction 35
– – stress 599
– – varicocele 450
– pseudohermaphroditism 270, 271
– reproductive toxicant 348
– reproductive tract infections 126
– sexual dysfunction 358
– sexual function 281
– skin
– – type 622
– – shaving 624
– sterilization 114
– urethra 265
– urogenital tract
– – normal flora 401
– – pathogens 401
male-to-female transsexual 605
– hormonal therapy 525
mammary malignant melanoma 234
mammillary eczema 232

mammography 239
manganese 353
manual detorsion 146
MAR, see mixed antiglobulin reaction
marital counselling 600
marker surge 420
mast cell 293
mastectomy 239, 559
mastitis 232
mastopathy 227
maturation arrest 83
maximal androgen blockade (MAB)

216, 547
maximum life expectancy 249
MBC, see male breast cancer
meatal ulcer 207
meatitis 207
medial preoptic area (MPOA) 286
medical-aesthetic procedure 625
medicolegal litigation 155
medroxyprogesterone acetate (MPA)

522, 533
megalospermatocyte 457
meiosis 293, 469
melanocytic naevus 234
melatonin 290, 561, 562
melomental fold 629
meningioma 76
Menkes disease 466
mercury 353
MESA, see microsurgical epididymal

sperm aspiration
metabolic syndrome 251
metal welding 353
metastase 76
methionine 567
methyl
– ether 353
– mercury 353
metronidazole 331
microdeletion 470
microorganism 125, 401
– cryptic 220
– fastidious 220
– nonculturable 220
micropenis 64, 267
microprolactinoma 411
microsurgical epididymal sperm aspi-

ration (MESA) 102, 581
microtubule organizing centre

(MTOC) 301
MIF, see macrophage migration-inhibi-

tory factor
MIH, see Müllerian inhibiting hormone
Millin’s prostatectomy 542
minimal androgen insensitivity

(MAIS) 310
mitochondria 473
mixed antiglobulin reaction (MAR)

385
– test 48
mixed atrophy 456
mixed germ cell tumour 431
Mohs’ microsurgical technique

(MMT) 202
Mondor’s disease 191
Montgomery’s tubercle 233
moxysilate 89

MPA, see medroxyprogesterone acetate
MPOA, see medial preoptic area
MTOC, see microtubule organizing

centre
Müllerian cyst 435
Müllerian inhibiting hormone (MIH)

269
Müllerian utricular cyst 436
multiple pregnancy 583
mumps 57, 67, 374
– orchitis 145
– virus 125
muscle dysmorphia 557
mycobacterium (M.)
– leprae 125
– smegmatis 193, 403
– tuberculosis 125, 403
mycoplasma 330, 403

naevoid hyperkeratosis 233
NAT, see neoadjuvant therapy
natural killer (NK) cell 293
neisseria (N.) gonorrhoeae 402, 406
neoadjuvant therapy (NAT) 546
nerve-sparing retroperitoneal lymph

node dissection (RPLND) 185
Nesbit operation 96
neuronal nitric oxide synthase

(nNOS) 283
nifedipine 54
nilutamide 547
nipple
– absence 236
– discharge 233
– piercing 232
– reconstruction 236
nitric oxide 340
nitrospray inhaler 89
NM, see nodular melanoma
nNOS, see neuronal nitric oxide syn-

thase
no scalpel vasectomy 496
NO synthase (NOS) 597
nocturnal
– erection 282
– penile tumescence (NPT) 531
nodular melanoma (NM) 234
non-Hodgkin lymphoma 59, 420
nonseminoma 185
– germ cell tumour (NSGCT) 419
normozoospermia 315
nortestosterone 557
NOS, see NO synthase
NPT, see nocturnal penile tumenscence
NSGCT, see nonseminoma germ cell tu-

mour
nuclear protein 275
nutcracker phenomenon 340

OAT, see oligo-astheno-teratozoospermia
obesity 60
obstruction of the vas deferens 119
obstructive azoospermia 432, 440
oestradiol 242, 300, 410, 517
oestrogen 20, 21, 78, 226, 411, 525,

546
– hypothesis 316
oily skin 622
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oligo-astheno-teratozoospermia
(OAT) 280, 450, 581

oligozoospermia 8, 31, 41, 43, 58, 69,
311, 315, 433, 457, 465, 516, 581

– idiopathic 77
oocyte
– activation 301
– donation 610
– – counselling 611
– – screening 611
oral progestin 522
orchalgia 170, 174
orchidopathy 154
orchiectomy 147, 147, 149, 153, 163,

175, , 181, 188, 240, 342, 485, 489, 546
orchiodynia 170
orchiopexy 65, 66, 137, 147, 148, 153,

489
orchitis 66, 67, 298, 373, 406
orgasm
– dysfunction 105
– painful 102, 105
– reduced intensity 105
– unwanted multiple 105
osteoporosis 253, 254
OTA, see oligoasthenoteratozoospermia
ovulation 609
oxidative stress 342, 343
oxido-reductase ubiquinone Q10 568,

574
oxygen radical 565

PADAM, see partial androgen deficien-
cy of the aging male

paedophilia 111, 112
Paget’s disease 234
pain
– acute testicular 170
– ice-pick-like 106
– neuropathic origin 170
– nonscrotal 142
– orgasm-related 106
– penile 165
– postvasectomy 173
– prophetic 142
– syndrome 172
– testicular 170
PAIS, see partial AIS
palindrome 467
pampiniform plexus 450
PAP, see prostatic acid phosphatase
papaverine 89, 284,530
papilloma virus 365, 404
paraesthesia 172
paraphilia 110–112, 533
paraphimosis 206
– recurrent 210
paraplegia 37, 39
paraventricular nucleus (PVN) 286
parotitis 374
pars prostatica 265
partial androgen deficiency of the age-

ing male (PADAM) 246
paternal RNA 474
pathogens of the urogenital tract 323
PCB, see polychlorinated biphenyl
PCR, see polymerase chain reaction
PDE5, see phosphodiesterase type 5

peak systolic velocity (PSV) 438
pearly penile papule 190
pelvic
– kidney 471
– pain 218, 324
penectomy 202, 619
penile
– abnormality 63, 40
– amputation 619
– arterial bypass surgery 530
– augmentation surgery 618
– cancer 201, 202, 369, 445
– contact dermatitis 198
– corpus cavernosum 596
– elongation
– – V-Y plasty 618
– erection 282
– fracture 164
– – ultrasound 444
– – US 445
– implant 530
– infection 192
– length 617
– lesion 192
– lichen planus 197
– lymphoedema 208
– pain syndrome 223
– plaque 426
– prosthesis 90, 95, 491, 597, 168
– psoriasis 195
– sensation 375
– squamous cell carcinoma 482
– surgery 95, 485
– tumour
– – Jackson staging 202
– – TNM classification 202
– ulceration 198
penis 264
– atopic eczema 199
– cumarin-induced necrosis 198
– drug-induced lesions 198
– enlarging procedures 94, 618
– erection 85
– gangrene 208
– inflammatory dermatoses 190
– sclerosing lymphangitis 191
penoscrotal approach 492
pentoxifylline 587
percutaneous epididymal sperm aspi-

ration (PESA) 582
periorbital wrinkle 629
peroxidase-positive cell 385
persistent Müllerian duct syndrome

(PMDS) 311
perversion 112
PESA, see percutaneous epididymal

sperm aspiration
pesticide 318, 319, 351
PET, see positron emission tomography
peumus boldus 569
Peyronie’s disease 1, 86, 93, 94, 361,

377, 426, 491
PGD, see preimplantation genetic diag-

nosis
pH paper 382
phallic reconstruction 619
phalloplasty 619
phenotypic sex 267

phenoxybenzamine 540
phentolamine 89, 530
phenylephrine 168
phimosis 36, 85, 98, 201, 361, 370,

377,0 490, 537
– pathological 205
– recurrent 207
phosphodiesterase type 5 (PDE5) 284
– cardiovascular system 529
– inhibitor 98, 528
– therapy 37
phthalate 354
phyto-oestrogen 367
PIA, see proliferative inflammatory atro-

phy
PIN, see prostate intraepithelial neopla-

sia
pinus maritima 569, 575
pituitary disease 87
pityrosporum ovale 199
PLA, see poly-L-lactic acid
placental-like alkaline phosphatase

(PLAP) 420
plasma oestradiol 243
plexus pampiniformis 262
PMDS, see persistent Müllerian duct

syndrome
point mutation 465
pollakisuria 72
poly-L-lactic acid (PLA) 631
polychlorinated biphenyl (PCB) 249,

252, 318, 354
– congener 317
polycythaemia 553
polymerase chain reaction (PCR) 220
– hybridization 131, 332
polyorchidism 137
polythelia 235
POMC, see proopiomelanocortin
poor man’s test 219
positive predictive value (PPV) 448
positron emission tomography

(PET) 441
post void residual (PVR) 538
posthitis 206
postmassage urine 222
postvasectomy
– orchalgia 182
– pain 172, 501, 508
– pain syndrome (PVPS) 115, 117
– semen analysis 115
potassium para-aminobenzoate 97
PPV, see positive predictive value
Prader orchiometer 378
Prader-Willi syndrome 302, 314
prednisolone 548
pregnancy, smoking 349
Prehn’s sign 143
preimplantation genetic diagnosis

(PGD) 464
preleptotene 274
prenatal adoption 612
preprostatic segment 263
prepuce (foreskin) 205, 265, 287
pressure-flow study 538
priapism 89, 166
– arterial 167
– colour Doppler 442
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– injection therapy 168
– ischaemic 167
– prosthesis insertion 168
– shunt surgery 168
PRL, see prolactin
proacrosin 389
probability of conception per month 40
processus vaginalis 179
progesterone 21
progestin 21, 121
prolactin (PRL) 85, 105, 244, 290, 358,

391, 411
prolactinoma 86
proliferative inflammatory atrophy

(PIA) 366
proopiomelano-cortin (POMC) 235
prostaglandin 89, 94, 284
– E1 530
prostate 262
– acid phosphatase (PAP) 415
– biopsy 543
– cancer 213, 214, 253, 318, 366, 441,

481, 499, 527
– – bone isotope scanning 544
– – bone pain 548
– – gene therapy 594
– – immunotherapy 594
– – metastatic 216
– – PSA-negative 418
– – radical prostatectomy 593
– – radiotherapy 593
– – spinal cord compression 548
– – therapy 535
– – TNM classification 544
– gland 379, 390
– intraepithelial neoplasia (PIN) 366
– massage 222
– stem cell antigen (PSCA) 418
– zonal anatomy 214
prostatectomy 215, 539, 542, 604
– radical 545
prostate-specific antigen (PSA) 8, 44,

213, 253, 263, 325, 367, 415, 417, 481,
537

– blood test 214
prostate-specific membrane antigen

(PSMA) 418
prostatitis 72, 74, 101, 172, 217, 318,

325, 405
– acute 221
– experimental 221
– infective 221
prostatodynia 217
prostatovesiculitis 126
prosthesis re-exploration 494
proteus 221
proto-oncogene 363
PSCA, see prostate stem cell antigen
pseudogynaecomastia 225, 227
pseudohermaphroditism
– female 23
– male 23
PSMA, see prostate-specific membrane

antigen
psoriasis vulgaris 195
PSV, see peak systolic velocity
psycho-sexology 601
pubertal development 532

puberty 27, 69, 317
– delayed 28
– precocious 27
– pseudoprecocious 27
pubic hair 376
pudendal
– nerve 282
– – entrapment 223
– neuralgia 218
pulsed Doppler 437
puresperm 334
purse-string suture 236
PVN, see paraventricular nucleus
PVPS, see postvasectomy pain syn-

drome
PVR, see post void residual
pyospermia 333
pyrexia 143

quercetin 222
questionnaire 380

radiation 350
radiotherapy, interstitial 545
RBM, see RNA binding motif
reactive oxygen species (ROS) 126,

249, 325, 392, 572
rear tip extender (RTE) 492
reduced sperm count 352
5 [ -reductase
– activity 243
– inhibitor 215, 254
reflex
– erection 282
– vasoconstriction 154
Reiter’s syndrome 194
renal transplantation 58
reperfusion 138
reproductive medicine
– evidence-based medicine 5
– randomized trials 6
reproductive toxicant 348
rete testis 260
retrograde
– ejaculation 37, 187, 359
– – treatment 38
– urethrography 165
– venography 70
rhabdomyosarcoma 181
ribonuclease L gene (RNASEL) 367
ribonucleic acid (RNA)
– binding motif (RBM) 467
– recognition motif (RRM) 467
right to procreate 11
RNA, see ribonucleic acid
RNASEL, see ribonuclease L gene
Robertsonian translocation 463
ROS, see reactive oxygen species
Rosewater syndrome 310
RPLND, see nerve-sparing retroperito-

neal lymph node dissection
RRM, see RNA recognition motif
RTE, see rear tip extender

sagging mouth corner 629
salazosulfapyridine 53
salix 569
scatter factor 324

scilla maritima 569
sclerotherapy 514
SCO, see Sertoli cell only syndrome
scrotum 259, 264
– haematoma 67
– hyperthermia 341
– incision 163
– induration 143
– operation 484, 485
– skin redundancy 620
– swelling 162, 180, 379, 487
– temperature 448
– – sedentary work position 349
– ultrasonography (US) 425
seborrhoeic
– eczema 199
– keratosis 234
sebostasis 199
seed oil 574
selective serotonin uptake inhibitor

(SSRI) 103
selenium 367, 567
semen 43
– analysis 3, 31, 153, 381
– – postvasectomy 114
– biochemical tests 390
– centrifugation 117
– cryopreservation 115, 588
– culture 388
– cytomorphological analysis 395
– freezing 608
– sample 36, 381
semenogelin 264
seminal
– plasma 44
– – isolated abnormalities 44
– vesicle 263, 380, 390
seminiferous
– epithelium 273, 278
– tubules 259, 272, 456
seminoma 183, 185, 430, 431
semi-rigid prosthesis 494
senile dementia 252
sensitive skin 623
sentinel lymph node biopsy 239
septum pectiniforme 265
Serenoa repens 539, 566
serotonin 287
– reuptake inhibitor (SSRI) 287
Sertoli cell 275, 276, 277, 456, 458, 516
– hypofunction 342
– Sertoli cell only syndrome (SCO)

83, 279, 297, 589
– tumour 421
Sertoli function 245
serum
– SHBG level 245
– testosterone 241
sex
– chromosome 467
– – abnormality 463
– – aneuploidy 474
– hormone binding globulin (SHBG)

566
– ratio 318
– selection 11
– steroid 551
– therapy 600
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sex-determining region of the Y chro-
mosome (SRY) 268, 306

sex-hormone binding globulin
(SHBG) 245, 411

sexual
– ambiguity 271
– counselling 599
– couple collusion 109
– desire 108
– development 305
– deviance, psychotherapy 112
– differentiation 19, 23, 266
– dysfunction 108, 601
– – ageing 532
– – behavioural therapy 600
– – male infertility 35
– – mechanical causes 361
– – urethrography 102
– – urethroscopy 102
– intercourse
– – difficulties 374
– – timing 374
– masochism 111
– medicine 602
– sadism 111
– stimulation 109, 361
sexually transmitted disease (STD)

82, 123, 125, 127, 218, 327
– screening 608
SF-1, see steroidogenic factor 1
shaving 624
SHBG, see sex hormone binding globu-

lin
sheperd’s hook-shaped catheter 451
short tail syndrome 399
shunt surgery 168
silastic prosthesis 147
sildenafil 37, 88, 90, 254, 375, 528, 529
silicone catheter 166
Sims-Huhner test 45
SIT, see sperm immobilization test
skin
– bridge 207
– collagen 623
– disease
– – areola mammae 232
– – nipple 232
– elastosis 626
– photoageing 626
– sensitivity 623
smegma 205
Smith-Fineman syndrome 308
smoking 60
– during pregnancy 349
smooth muscle
– contraction 283
– relaxation 283
SOD, see superoxide dismutase
soft tissue augmentation 631
solitary testis 150
somatic mutation 362
SOX9, see SRY-related HMG-BOX gene 9
soya isoflavone 566
sperm
– aster 301
– banking 187
– cell aneuploidy 354
– characteristic

– – of normally fertile men 42
– – subfertile group 42
– chromosomal abnormalities 474
– concentration 383, 388
– counting 153, 387
– cryopreservation 188, 501, 586,

604, 608
– cytomorphological analysis 398
– deformity index 396
– DNA
– – damage 59
– – strand breakages 474
– donation 607
– Düsseldorf classification 398
– function tests 389
– genetic abnormalities 474
– granulomas 182
– immobilization test (SIT) 48
– migration 300
– mitochondria 303
– morphology 399
– motility 42, 48, 383, 388
– orchiectomy 185
– production index 34
– quality 5, 40
– RNA 303
– separation 11
– transport 54
– vaccine 122
– viability 385
spermatic
– cord 137, 261
– vein 262
spermatocele 181, 445
spermatogenesis 33, 49, 259, 272, 333,

520
– apoptosis 278
– efficiency 279
– high fever 373
– infertility 279
– medical treatments 373
– vessel-induced damage 341
spermatogonia 274, 333
spermatozoa 31, 43, 47, 69, 261, 383,

502, 507
– abnormal 53
– agglutination 385
– amorphous head 386
– cinematographic technique 389
– double head 386
– duplicate head 386
– HIV-free 131
– ideally shaped 386
– motile 50, 116
– multiple exposure photography

method 388
– nonmotile 116
– pear-shaped head 386
– pin head 386
– pyriform 386
– round head 386
– with a tapering head 386
sperm-egg interaction 54
spermiogenesis 57, 274
spermMar test 386
spongiosum 167
squamous cell carcinoma 193
SRD5A2, see steroid 5 [ -reductase 2

SRY, see sex-determining region of the
Y chromosome

SRY-related HMG-BOX gene 9
(SOX9) 269

SSM, see superficial spreading melano-
ma

SSRI, see selective serotonin uptake in-
hibitor

Stamey-Meares four-glass test 218,
219

STAR, see steroidogenic acute regulato-
ry

STD, see sexually transmitted disease
steroid 5 [ -reductase 2 (SRD5A2) 270
steroid hormone 391
steroidogenesis 259, 295
steroidogenic
– acute regulatory (STAR) 309
– factor 1 (SF-1) 268, 308
streptococcus (S.) spp. 403
styrene 353
subtorsion 150
suicide gene therapy 594
sulfasalazine 54
superficial spreading melanoma

(SSM) 234
superoxide dismutase (SOD) 342
surrogacy 12
Sutherland-Haan syndrome 308
Swyer syndrome 307
syndrome
– 9+0 399
– X 251, 254
syphilis 331

T cell 294
tadalafil 88, 528, 529
tail abnormality 386
tamoxifen 8, 30, 79, 230, 239, 240,

246, 518, 519
tamsulosin 540, 566
TAT, see tray agglutination test
TDF, see testis determining factor
TDS, see testicular dysgenesis syn-

drome
TEFNA, see testicular fine needle aspi-

ration
teratoma 430
teratozoospermia 31, 41, 77
– index 396
terminal dribble 214
TESE, see testicular sperm extraction
testicle
– innervation 171
– position and axis 377
testicular
– artery 260
– atrophy 151, 153
– biopsy 54, 149, 454, 455
– blood vessel 489
– cancer 55, 59, 155, 183, 319, 368, 429,

441, 499, 588, 604, 619
– – sperm storage 372
– cyst 429
– damage 155
– dysfunction 408
– dysgenesis syndrome (TDS) 307,

316
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– fine needle aspiration (TEFNA) 455
– germ cell cancer (TGCC) 183
– germ cell tumour (TGCT) 368, 481
– hypoxia 155
– injury 162
– intraepithelial neoplasia (TIN) 454
– lump 375
– microlithiasis 428
– pain 375
– – acute 172
– – chronic 172
– – neuropathic syndromes 170
– prosthesis 619
– regression syndrome 141
– salvage rate 152
– scar 431
– sperm extraction (TESE) 49, 306,

439, 454, 582, 589
– torsion 66, 134, 138, 342
– – cooling 147
– – ultrasound 442
– trauma 66, 136, 445
– – ultrasound 444
– tumour
– – serum markers 184
– volume 378, 426
testis 259
– carcinoma-in-situ 187
– determining factor (TDF) 307
– immune cells 292
– infection 296
– inflammation 296
– tumour 155
testolactone 28, 518
testosterone 28, 70, 87, 121, 259, 340,

358, 516, 622
– buciclate 521
– calculator 409
– decreased serum 243
– derivatives 517
– effects in the elderly 553
– enanthate 520
– free 409
– levels 243
– side effects 22
– supplementation 551
– total 409
– undecanoate 517, 519, 521, 552
testosterone-induced masculiniza-

tion 531
tetracycline 54
TGCC, see testicular germ cell cancer
TGCT, see testicular germ cell tumour
[ -thalassaemia-mental-retardation-X-

linked (ATRX) 308
Thayer-Martin selective medium 402
thermal injury 632
thermography 69, 448
thermotherapy 541
three-dimensional conformal radiation

therapy (3D-CRT) 545
thyroid hormone replacement 315
TIN, see testicular intraepithelial neo-

plasia
tissue research 14
– categories of identification 14
TNF, see tumour necrosis factor
tobacco smoke 349

topical steroid 210
torsion
– appendages 149
– epididymal 135
– extravaginal 137, 141, 149
– intermittent 136, 150
– intravaginal 135, 136, 141
– mesorchial 135
– neonatal 137, 140, 143
– of an intra-abdominal testis 150
– of appendages 136
– of the testicular appendage 139,

140, 143
– of the testis 134, 145
– – salvage rates 151
– postnatal 143
– prenatal 143
– subacute 136, 150
total PSA (tPSA) 417
total serum T 241
total testosterone 409
tPSA, see total PSA
trabecular tissue relaxation 339
transferrin 391
transforming growth factor-b 296
trans-Golgi complex 274
transient secondary hypogonadism

57
transrectal ultrasonography (TRUS)

83, 214, 425
transsexualism 19, 605
– female-to-male 22
– hormonal treatment 20
– male-to-female 22
– real life test 524
transurethral
– microwave therapy (TUMT) 541
– needle ablation (TUNA) 541
– resection of the prostate (TURP)

87, 254, 539
– thermo therapy (TUMT) 254
trapped penis 620
traumatic AV fistulae 88
tray agglutination test (TAT) 48
treponema (T.) pallidum 402
– treponema-specific test 402
triangulation intussusception 504,

505, 507, 508
trichomonas vaginalis 330, 404
trichomoniasis 192, 331
TRUS, see transrectal ultrasonography
TSG, see tumour suppressor gene
tuberculin syringe 512
tuberculosis 60
tubular
– fibrosis 297
– sclerosis 83
tumour
– gonadotrophin-secreting 28
– marker 415
– necrosis factor (TNF) 391
– – alpha (TNF [ ) 220, 295
– of the male genital tract 439
– suppressor gene (TSG) 364
TUMT, see transurethral thermo therapy
TUNA, see transurethral needle ablation
tunica
– albuginea 147, 162, 164, 259, 265

– – defect 445
– dartos 261
– vaginalis 135, 148, 162, 179, 484
turgid cavernosum 168
Turner syndrome 267, 307
TURP, see transurethral resection of

the prostate
tyrosine kinase receptor gene 482

ubiquitin C-terminal hydrolase 472
ultradian fluctuation 409
ultrasonography 425
uncircumcision 210
undescended testis (UT) 137, 311,

343, 488
urethral
– meatus 165
– stricture 543
urethritis 328, 330, 44
urethrocystoscopy 537, 539
urethroplasty 101
urinalysis 143, 537
urinary
– gonadotropin 517
– tract
– – anatomy 471
– – infection 209
uroflowmetry 537
– measurement 538
urogenital
– cancer 362
– infection 402
urticaria 199
UT, see undescended testis
utricular cyst 434, 435, 440

vaccine 121
vacuum
– erection device 530
– therapy 90
valsalva manoeuvre 448, 449, 451,

512, 514
vanishing testis 141
– syndrome 309
vannas scissor 504
vardenafil 88, 528, 529
varicocele 30, 34, 45, 68, 340, 438,

439, 449
– embolization 510
– imaging 447
– ligation 175
– recurrent 452
– superselective sclerotherapy 514
vasa
– deferentia 379, 489
– efferentia 504
vascular
– disease 92
– penile dysfunction 339
vasectomy 47, 55, 114, 182
– complications 499
– consent form 499
– ligaclips 497
– no scalpel technique 496
– reversal 119
– sperm storage 499
– tissue plane technique 496
– wreking technique 495
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vasoepididymostomy 119, 120, 500,
502, 503

– complications 508
vasovasostomy 55, 119, 500, 502, 503
– complications 508
vein patch 96
vena dorsalis penis profunda 265
venae emissariae 265
venography 451, 512
– diagnostic 510
venous
– leakage 70, 86, 339
– – surgery 90
– sclerosis 70
– thromboembolism 526
verapamil 54
vesico-ureteric reflux (VUR) 209
vesiculitis 72, 74
– epididymo-prostato 406
– prostato-seminal 406
Viagra 88

vinca minor 565
virus-mediated oncolysis 595
viscosity 382
vitamin
– A 624
– C 567, 625
– D 368
– E 625
von Hippel-Lindau disease 181
voyeurism 111
vulvodynia 223
VUR, see vesico-ureteric reflux

WAGR syndrome 268, 308
WBC, see white blood cell
webbed penis 620
white blood cell (WBC) 323
Wilm’s tumour 1 gene (WT1) 268,

307
Wolffian cyst 436
WT1, see Wilm’s tumour 1 gene

X-chromosome 465
xenobiotic 365
xeno-oestrogen 316, 317
X-linked
– disorder 466
– variety 314
Xp pseudoautosomal region 466

Y chromosome 469
– gene 466
Y deletion 83
Y microdeletion 65, 469
yeast 404
Young’s syndrome 78

Z chromosome 308
zinc 567, 574
– therapy 58
zona pellucida 301
zona-free hamster oocyte test 50
Zoon’s balanitis 193, 194, 206
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