Practical Clinical
Andrology

~arlo Bettocchi
~Gian Maria Busetto
Giuseppe Carrieri
Luigi Cormio
Editors

OPEN ACCESS A



Practical Clinical Andrology



Carlo Bettocchi « Gian Maria Busetto
Giuseppe Carrieri « Luigi Cormio
Editors

Practical Clinical
Andrology

@ Springer



Editors

Carlo Bettocchi Gian Maria Busetto
Andrology and Male Genitalia Department of Urology
Reconstructive Surgery Unit University of Foggia, Policlinico
University of Foggia, Policlinico “Riuniti” Foggia
“Riuniti” Foggia Foggia, Italy
Foggia, Italy

Luigi Cormio
Giuseppe Carrieri Department of Urology and Andrology
Department of Urology University of Foggia, “L. Bonomo”
University of Foggia, Policlinico Teaching Hospital Andria
“Riuniti” Foggia Andria, Italy
Foggia, Italy

DBI S.r.l.

ISBN 978-3-031-11700-8 ISBN 978-3-031-11701-5 (eBook)
https://doi.org/10.1007/978-3-031-11701-5

© The Editor(s) (if applicable) and The Author(s) 2023. This book is an open access publication.
Open Access This book is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
license and indicate if changes were made.

The images or other third party material in this book are included in the book's Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the book’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are
exempt from the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in
this book are believed to be true and accurate at the date of publication. Neither the publisher nor
the authors or the editors give a warranty, expressed or implied, with respect to the material
contained herein or for any errors or omissions that may have been made. The publisher remains
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-031-11701-5
http://creativecommons.org/licenses/by/4.0/

Preface

We are proud and honored to introduce the first edition of Practical Clinical
Andrology.

As you know, nowadays andrological matters represent a remarkable issue
in everyday practice.

The spectrum of andrological diseases is wide: erectile dysfunction, infer-
tility and ejaculation disorders, penile curvature, oncologic disease and sex-
ual problems related to this condition, gender dysphoria, and the so-called
andrological emergencies, such as priapism and testicular torsion.

Their prevalence is relevant since erectile dysfunction reaches 52% in
male patients between 40 and 70 years old and infertility affects 15% couples
who try to conceive. Each of these subjects has been fully described, begin-
ning from etiology and physiopathology coming to diagnostic pathway and to
therapeutic strategies.

The aim of this work is to provide a complete and detailed overview of
each andrological field evaluating both clinical and surgical aspects. Every
chapter has been written and reviewed by some of the most recognized in this
field with large experience. Pictures, videoclips, and interactive platforms
give this book a modern and innovative look, in order to provide a more effi-
cient learning process.

This book, published Open Access, would be helpful both to young urolo-
gists who want to expand their andrological skills and to andrologists in their
everyday practice.

We highly hope this work may be useful and valuable in your practice and
we look forward to hearing your feedback.

Foggia, Italy Carlo Bettocchi
Foggia, Italy Gian Maria Busetto
Foggia, Italy Giuseppe Carrieri

Andria, Italy Luigi Cormio
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Introduction: History of Sexual

Medicine

Emmanuele A. Jannini

1.1 Introduction

Life, biologically speaking and limited to crea-
tures who do not clone themselves, always arises
from a sexual act. Although in an age of medi-
cally assisted reproduction, this paradigm may
have innovative exceptions, it is still evident that
the fundamental biological function, primeval,
constitutive, and constitutional is precisely sex.
Everything comes from sex that gives birth to
everything is living and not cloned. The sexual
function is therefore, without a shadow of a
doubt, the earliest and most important of all bio-
logical functions. In other words, the first brick of
the building of physiology and therefore of phys-
iopathology, and consequently of medicine itself,
is precisely sex. However, sexual medicine is a
field of science still too frequently ignored by
academic medicine [1].

Andrology and sexual medicine have had
closer relations than those, more recent and not
always easy, between gynecology and sexual
medicine. For this reason, it is useful, before
addressing its history, to establish priorities, not
just semantics. The precedence of Andrology
over the Medicine of Sexuality has a trivially
alphabetical reason and a more profoundly his-

E. A. Jannini ()

Chair of Endocrinology and Medical Sexology,
Department of Systems Medicine, University of
Rome Tor Vergata, Rome, Italy

© The Author(s) 2023
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torical one: the landing of Andrology (espe-
cially in its original major competence, that of
Male Reproductive Medicine) in the port of
Medicine and Science has far preceded Sexology
and for a long time even included it, especially
if not exclusively in its male declination. The
opposite precedence (sexual medicine first and
then Andrology) instead has logic on its side,
once it has admitted, the fundamental concept
that Sexology is a chapter of internal medicine
and therefore susceptible (and the fruits are very
visible and incontrovertible by now for about
30 years and beyond) of scientific exploration.
In our species, in fact, sex precedes reproduc-
tion, unless this is, as we said before, medically
assisted, as well as precedes any other biologi-
cal, psychic, behavioral, and social human func-
tion. The obvious need to specify the sexological
content derives from the observation that the
etymology andros—inevitably refers to the
male. The (re)discovery of the female compo-
nent, of the sexuality of the woman, of the cou-
ple as an entity object of scientific, diagnostic,
and therapeutic competence requires the con-
stant citation of sexology, in its various excep-
tions of Sexual Medicine, Medical Sexology,
Clinical Sexology, and Psychosexology, each of
which with more or less defined connotations
and contents [2].


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11701-5_1&domain=pdf
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1.2 Andrologists, Sexual
Physicians, Medical
Sexologists, Sexologists,

and Psychosexologists

Traditionally, the andrologist had first defined
himself as a physiopathologist and doctor of male
reproduction, over time discovering the need to
recognize sexuality, and not just the reproductive
act, as an object of clinical interest. The reasons
for this delay are not only the daughters of cultural
heritage unwilling to recognize that sex and repro-
duction in the human species do not necessarily
coincide, but also rather in the enormous cultural
delay that sexology had, and in some ways still
has, towards reproductive pathophysiology. The
use of the Galilean method, humus and irreplace-
able culture medium for andrology and sexual
medicine, has not been considered as indispens-
able by generations of so-called, more or less self-
defined, sexologists. Nor can it be blamed on these
alone. The Italian medical schools where the word
“sexology” or ‘“sex” or ‘“sexual dysfunction”
appear in the students’ curriculum are still very
few: even today it is possible to graduate in medi-
cine and surgery without having received formal
lessons and clinical training on some of the most
widespread and most dramatically impacting
human pathologies on the quality of life of the
population: sexual dysfunctions.

It is surprising, but it is also true, that similar
shortcomings are recorded in the field of psycho-
logical academic training. The only exam in sex-
ology (Psychology and Psychopathology of
Sexual Behavior) has traditionally been a com-
plementary exam and, after the reform has elimi-
nated, the term of complementary exam, there are
not many faculties or schools of psychology that
have structurally activated it. The same coura-
geous attempt by a single university in Italy, that
of L’Aquila, to offer a specialist degree course
with a focus on Sexology has been tempered by
the obligation to unify courses due to a lack of
staff: so, sexology has returned to being a
Cinderella. This has allowed the proliferation of
private schools that issue sexologist qualifica-
tions without any legal value and not always with
a decent teaching staff. If one looks at the cur-
riculum of professors teaching in these schools,

which have proliferated thanks to the inaction of
public academic training, it is very, very rare to
find international scientific publications. This
clearly denounces how far Italian (and not only
Italian) sexology still has to go.

But some positive signs are beginning to be
seen: second-level university masters, which issue
non-professional qualifications in medical sexol-
ogy or medicine of sexuality (the third-level mas-
ter is not yet active in Italy for any subject), are
officially recognized from the state as a post-
graduate training, they begin to spread throughout
the country and already a university, in the course
of medicine and surgery in English, offers its stu-
dents an official and compulsory course in
Endocrinology and Sexology. It happens in Rome,
Tor Vergata. Finally, very recently, the two
Universities of Rome, Tor Vergata and Sapienza,
joined in a shared 2 years Master course of Clinical
Psychosexology in the Faculty of Psychology, pro-
viding an unique didactical product.

It is clear that public recognition of the figure
of the sexologist, being a doctor (sexual physi-
cian) or a psychologist (clinical psychosexolo-
gists), isincreasingly indispensable. A recognition
that starts from the definition of the trainer, who
can only be university, identified on the basis of a
true, proven, scientific activity dedicated to this
fundamental subject. The same specialization
schools that already did it must increasingly feel
the responsibility of training specialists capable
of intercepting the healthcare needs of the popu-
lation in question. It is quite clear that such a pro-
fessional figure will soon become one of the most
important supports for the quality of life of
patients and couples [3].

1.3 Development of the Sexual

Medicine

Medical sexology and the medicine of sexuality
are born in psychiatric land. In fact, the first great
scholars to deal with the function—and dysfunc-
tion—of human sexuality were psychiatrists.
Among these, Richard Freiherr von Krafft-Ebing
must be remembered, who wrote the Psychopathia
Sexualis (psychopathy of sex), or Magnus
Hirschfeld, who published the first scientific
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journal in 1908, Zeitschrift fiir Sexualwissenschaft
(Journal for Sexual Research) [4]. This early
period was also the belle époque of the great psy-
chodynamic theories and research of Sigmund
Freud and of his psychoanalysis and of the
Berliner Institut fiir Sexualwissenschaft (Institute
for Sexual Research), destroyed in 1933 by Nazi
sexophobia [5].

Unfortunately, and not only for this last rea-
son, the psychiatric paternity did not last long.
These, in fact, have become increasingly disin-
terested in male and female sexual dysfunctions,
such as, for example, erectile dysfunction, ejac-
ulatory dysfunction, vaginismus, hypoactive
sexual desire disorder, anorgasmia, etc. Likely,
this decline in interest resulted in the highly
controversial classification of sexual dysfunc-
tions published in the fifth edition of the
Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), published by the American
Psychiatric Association (APA) [6].

Sexology in its infancy was thus abandoned in
the orphanage of science, transforming itself into
psychosexology and letting the psychologist
become the only adoptive parent. Thus, there have
been many psychologists who have ignored medi-
cal-scientific methods for promoting an opinion-
based psychosexology based on improvization
and presumption. For example, Virginia Johnson
herself, wife of gynecologist Bill Masters, despite
the undeniable merit of being the true thinking
mind of the famous couple, was not a graduate [7].
This self-referential arrogance of some (certainly
not all) psychosexologists has led to the non-rec-
ognition of sexology as a science not only by the
biomedical and psychiatric milieu, but also by aca-
demic psychology itself.

It could be said that the date of birth of sexual
medicine goes back to the commercialization of
the first oral treatment of erectile dysfunction, the
type 5 phosphodiesterase inhibitor [8]. In the fol-
lowing two to three decades, studies on animal
sexual behavior, psycho-neuro-endocrinological
research, imaging of the human brain during the
appetitive phase, arousal, coitus, ejaculation, and
orgasm flourished, which have shown that sexual
function is linked to the same neurobiological
substrate involving the Psychiatric Sciences.
Despite this, the birth of Medical Sexology—or

Sexual Medicine—also took place, thanks to
experts with training in genitourinary surgery and
not psychosexology. It was, in fact, especially
urologists who were among the first to under-
stand the possibility of grafting the branch of sex-
ology on the medical trunk. Both the urology
with the prostheses and the pharmaceutical
industry with successful drugs such as hormones,
type 5 phosphodiesterase inhibitors, dapoxetine,
and other remedies, have made a formidable con-
tribution to this progress [9].

But another important step was needed for the
full growth of the Sexual Medicine. The biopsy-
chosocial model (BPSm) is an integrative per-
spective which has been found tremendously
important for overcoming the traditional risk of
the psychological reductionism (“it is all in your
mind”) as well the more recent medical reduc-
tionism (“just take a pill to fix it”). The BPSm
aims of being a multifaceted and comprehensive
model able to interpretate human sexual behavior
and its risk factors, symptoms, and diseases from
the social (history, society, and education), psy-
chological (intrapsychic and relational), and bio-
logical (medical) perspective. Certainly, the
BPSm is written in the first chapters of the “stat-
ute” of Sexual Medicine. However, this model,
fundamental for the research, the clinical efforts,
the education, the Weltanschauung itself of the
field of sexual medicine, is far of misinterpreta-
tions, limits, and biases [10].

Some claim to apply BPSm concepts to their
work in Sexual Medicine, but they lack robust
historical, cultural, and sociological foundations.
Others are experts in surgical practices and do
not know the rudiments of psychology and psy-
chosexology. Finally, others are competent in the
cultural interpretation of sexual behavior, but are
unable to diagnose and set up treatments for
male, female, and third sex sexual dysfunctions.
The BPSm was mistakenly conceived as an
umbrella under which to shelter from the rain of
one’s “holistic” ignorance.

In reality, the historical evolution of Sexual
Medicine has increasingly highlighted the need
not only for integration and dialogue between the
different scientific cultures that compose it, but
also—and above all—for each one of those parts
of the background to be enriched that are missing
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[11]. There is also another important criticism to
be made against the BPSm: words, terms, defini-
tions, when used too frequently and inappropri-
ately, wear out and lose their meaning. For this
reason, the BPSm needs to be recovered, re-
founded, and filled with new scientific contents.
The enrichment of the historical model of bio-
psycho-sociologism comes to us from systems
medicine, one of the most powerful and effective
contemporary approaches to interpret the genesis
of diseases and also of general health itself.
Systems medicine is an interdisciplinary field of
study that looks at the systems of the human body
as part of an integrated whole, incorporating bio-
chemical, physiological, and environment inter-
actions. Systems medicine draws on systems
science and systems biology, and considers com-

« Psychology ]
» Psychiatry
+ Psychosexology

o

Systems of
P Systems of the
the mind experience

* Sociology
* Politics
. Economy

Fig. 1.1 Evolution of sexual medicine. After the era of
psychological and medical reductionisms, Sexual
Medicine evolved in the more mature Bio-Psycho-Social
model, having a further evolution in the more complex,

SEXOLOGY

Systems of
the body

plex interactions within the human body in light
of a subject’s genomics, behavior, and environ-
ment. It encompasses systems which are tradi-
tionally outside the radar of BPSm such as
politics, economy, crisis, pollution, energy and
demographic choices, pandemics, and so on,
describing the various systems that make up the
complex reality that characterizes our world [12].

The historical evolution of Sexual Medicine
passes precisely through Systems Medicine
(SM = SM) to create a new model of integration
of reality that proceeds through the understand-
ing of the various systems that generate sexual
health and the risks of losing it [13]. The most
obvious term for it is Systems Sexology (Fig. 1.1),
which is candidate for being the final, evolved
paradigm of Sexual Medicine.

e Culture
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e Education
e History
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* Internal medicine
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integrated, and efficient model of Systems Sexology to
interpretate  human sexual behavior and related
dysfunctions
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1.4 The Role of the Scientific
Societies and Journals:
The International Society
of Sexual Medicine

The history of sexual medicine is not only matter
of the evolution of the model; the field, in fact,
grows and strengthens, thanks to two powerful
fertilizers: scientific societies and scientific
journals.

The International Society of Sexual Medicine
(ISSM) is the universal scientific home and tem-
ple for all researchers, practitioners, and caregiv-
ers dealing with Sexual Medicine. This Society
has as mission “To be the most respected and
trusted source of information, education and pro-
fessional development on human sexual health
through the delivery of world-class publications,
research findings, online and in person opportu-
nities for knowledge exchange, world-wide.” The
ISSM has set itself the goal of disseminating
knowledge and raising global awareness on sex-
ual health issues, ensuring that the latest and
most modern evidence-based scientific studies in
the field of sexual medicine reach both male and
female sexual health professionals, and also
patients, in a global, inclusive and universal
vision. The composition of the actual governance
is very interesting and well representing the cul-

tural and geographical universality of the
ISSM. The president is a Danish psychiatrist,
Annamaria Giraldi, and the president-elect is a
Canadian urologist, Gerald Brock (Table 1.1).
The other members are from Brazil, USA, Korea,
Lebanon, Switzerland, China, and Japan [14].

A core of the ISSM is its Publication
Committee, the Pubcom, which has as mission to
oversee the development and production of
ISSM’s publications, including the journals and
any other newsletters, guidelines, or documents,
to provide direction to editors and the staff con-
cerning format, schedule, market, and distribu-
tion, increasing the scientific strength and
reputation of all the ISSM publications. Within
the activities of the Society, the journals (Sexual
Medicine Reviews, Journal of Sexual Medicine,
Sexual Medicine Open Access, and the Video
Journal of Prosthetic Surgery) are in fact proba-
bly within the most important.

Sexual Medicine Reviews (SMR) has an
Impact Factor of 4.836 (2020) and published
evidence-based, primarily systematic, in-depth
reviews of the highest caliber on multi-
disciplinary clinical, or translational topics in
Sexual Medicine with the aim to represent the
diversity of subjects in basic science and clinical
practice that define sexual health, sexual func-
tion, sexual dysfunction, and sexual medicine,

Table 1.1 The President of the International Society of Sexual Medicine. Note the gender prevalence (the first woman

elected president is the last one in this list)

Name Years Country

Vaclav Michal (Honorary) 1978-1986 Czechoslovakia
Adrian Zorgniotti 1986-1988 U.S.A.

Gorm Wagner 1988-1994 Denmark
Robert J. Krane 1994-1998 U.S.A.

Ronald W. Lewis 1998-2000 U.S.A.

Sidney Glina 2000-2002 Brazil

Jacques Buvat 2002-2004 France

P. Ganesan Adaikan 2004-2006 Singapore

Ira D. Sharlip 2006-2008 U.S.A.

John Dean 2008-2010 United Kingdom
Edgardo F. Becher 2010-2012 Argentina

Chris G. McMahon 2012-2014 Australia
Wayne J.G. Hellstrom 2014-2016 U.S.A.

Luca Incrocci 2016-2018 Netherlands
Luiz Otavio Torres 2018-2020 Brazil
Annamaria Giraldi 2020-2022 Danmark
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targeting the sexual investigator, practitioner, and
trainee. The current Editor-in-Chief is the Irwin
Goldstein.

The Journal of Sexual Medicine (JSM), being
the oldest Journal of the ISSM and of the
International Society for the Study of Women’s
Sexual Health, has an impact factor 3.802 (2020)
obtained by publishing multidisciplinary basic
science and clinical research to define and under-
stand the scientific basis of male, female, and
couples’ sexual function and dysfunction. The
JSM provides healthcare professionals in sexual
medicine with essential educational content and
promotes the exchange of scientific information
generated from experimental and clinical
research. The JSM includes basic science and
clinical research studies in the psychologic and
biologic aspects of male, female, and couples’
sexual function and dysfunction, and highlights
new observations and research, results with inno-
vative treatments and all other topics relevant to
clinical sexual medicine. The objective of the
JSM is to serve as an interdisciplinary forum to
integrate the exchange among disciplines con-
cerned with the whole field of human sexuality.
The journal accomplishes this objective by pub-
lishing original articles, as well as other scientific
and educational documents that support the mis-
sion of the International Society for Sexual
Medicine. The current Editor-in-Chief is John
P. Mulhall.

Sexual Medicine—a Gold Open Access pub-
lication—(SMOA) displays an impact factor of
2.491 (2020) and publishes multidisciplinary
clinical, basic, and epidemiological research to
define and understand the basis of sexual func-
tion and dysfunction in diverse populations.
SMOA welcomes manuscripts on basic anatomy
and physiology pertaining to human sexuality,
pharmacology, clinical management of sexual
dysfunction, epidemiological studies in sexual-
ity, psychosexual and interpersonal dimensions
of human sexuality, clinical trials, and other
articles of interest to clinicians and researchers
interested in human sexuality. The open access
format of the journal ensures that accepted man-

uscripts will be rapidly published and fully
accessible by interested healthcare profession-
als worldwide. SMOA emphasis on papers rele-
vant to specific populations distinguishes it
from the JSM, which will continue to publish
manuscripts on issues of general interest to sex-
ual medicine practitioners worldwide, and
SMR, which publishes systematic reviews of
controversial topics in sexual medicine. The
journal considers all types of original clinical
and basic research papers, including studies
conducted with human subjects and experimen-
tal models, as well as high-quality clinical, epi-
demiological, and healthcare policy papers
related to sexual function and dysfunction.
SMOA particularly focuses on papers of
regional or specialty interest, although any man-
uscript dealing with sexuality research is also be
considered. Specific interest is in the following
areas of content: Education, Epidemiology,
Basic  Science,  Psychology, = Outcomes
Assessment, Anatomy/Physiology, Intersex and
Gender Identity Disorders, Sexual Orientation,
Ejaculatory Disorders, Women’s Sexual Health,
Men’s Sexual Health, Couples Sexual
Dysfunctions, Pharmacotherapy, Peyronie’s
Disease, Pain, Erectile Dysfunction, Premature
Ejaculation, Hypoactive Sexual Desire Disorder,
Dyspareunia, Pharmacotherapy for Sexual
Dysfunction, Surgical Management of Sexual
Dysfunction, Endocrinology, and Oncology.
The current Editor-in-Chief is Alan Shindel.
Finally, the Video Journal of Prosthetic
Urology (VJPU) was created by the ISSM to
serve as a forum for sexual medicine to allow its
members to exchange notable ideas via the visual
medium. The members are scattered across the
globe being prosthetic urology, a tiny subspe-
cialty of sexual medicine. A specific goal of the
VIJPU is to facilitate the transmission of surgical
technique knowledge regarding the implantation
of surgical devices related to sexual medicine. Its
editorial team welcomes video submission of
anything felt needs illustrating in the field of sex-
ual medicine. Diverse videos, as how to make a
surgical video, robot-assisted vasovasostomy,
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repair of penile injuries, and communication
skills development in sexual medicine are cur-
rently published. The Editor-in-Chief is currently
Rafael Carrion.

A number of other scientific journals con-
tributed directly or indirectly to the develop-
ment of the history of Sexual Medicine. The
International Journal of Impotence Research
(IJIR) addresses sexual medicine for all sexes
and genders as an interdisciplinary field. This
publishes work from basic science researchers,
urologists, obstetricians and gynecologists,
endocrinologists, cardiologists, family practi-
tioners, internists, neurologists, psychiatrists,
psychologists, radiologists, and other physical
and mental health care professionals. It also
includes work from gender and sexuality
researchers, sex therapists, and others with
scholarly expertise in human sexuality and sex-
ual well-being. The editor-in-chief is Ege can
Serefoglu (TR), and the journal displays a 2020
impact factor of 2.896.

A number of other important journals should
be mentioned for their contribution to the history
of Sexual Medicine, although they mainly center
their scientific interest in psychosexology, not
always with a strong impact factor. Table 1.2 is a
list of these journals.

Last but not least, the historically neglected,
although fundamental part of Sexual Medicine,
i.e., the medicine of female sexual behavior,
received finally deep scientific attention and full
research and clinical development in the
International Society for the Study of the Women
Sexual Health (ISSWSH), which is a multidisci-
plinary, academic, and scientific organization
whose purposes are to provide opportunities for
communication among scholars, researchers, and
practitioners about women’s sexual function and
sexual experience, to support the highest stan-
dards of ethics and professionalism in research,
education, and clinical practice of women’s sexu-
ality, and to provide the public with accurate
information about women’s sexuality and sexual
health. Noel N. Kim (USA) is the current
president.

Table 1.2 List of scientific journals dealing directly or
indirectly with sexual medicine. Note that a number of
these journals display a low, if any, impact factor. It should
be noted that several of peer-reviewed, well-established
generalist journals, as well of endocrinology, gynecology,
urology, psychology, and psychiatry, published articles of
Sexual Medicine

Advances in Sexual Medicine

AIDS and Behavior

AIDS Education and Prevention
American Journal of Sexuality Education
Andrologia

Andrology

Archives of Sexual Behavior

Asian Journal of Andrology
Biology of Sex Differences
British Journal of Sexual Medicine

Canadian Journal of Human Sexuality
Culture, Health & Sexuality

GLQ: A Journal of Lesbian and Gay Studies

Indian Journal of Health, Sexuality & Culture

Indian Journal of Sexually Transmitted Diseases and
AIDS

International Journal of Impotence Research

International Journal of Sexual Health

International Journal of Advanced Studies in Sexology

Integrative Medicine In Nephrology And Andrology

International Journal of STD and AIDS

International Journal of Transgender Health

Journal of Bisexuality

Journal of Child Sexual Abuse

Journal of Counseling Sexology & Sexual Wellness

Journal of Gay & Lesbian Mental Health

Journal of Gay and Lesbian Social Services

Journal of GLBT Family Studies

Journal of Homosexuality

Journal of Lesbian Studies

Journal of LGBT Youth

Journal of Sex & Marital Therapy

Journal of Sex Education and Therapy

Journal of Sex Research

Journal of Sexual Aggression

Journal of Sexual Medicine

Journal of Social Work and Human Sexuality

Journal of the History of Sexuality

Law & Sexuality

Porn Studies

Psychology & Sexuality

Research Journal of Sexology Sciences

Scandinavian Journal Sexology

Sexes

Sex Roles

(continued)
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Table 1.2 (continued)

Sexologia y Sociedad

Sexologies: European Journal of Sexual Health (Revue
Européenne de Santé Sexuelle)

Sexual Abuse

Sexual Addiction and Compulsivity

Sexual and Relationship Therapy

Sexual Development

Sexual Medicine Open Access

Sexual Medicine Reviews

Sexualities

Sexuality & Culture

Sexuality and Disability

Sexuality Research and Social Policy

Sexually Transmitted Diseases

Sexually Transmitted Infections

Sexuologie

Studies in Gender and Sexuality

Trends in Urology Gynaecology and Sexual Health
Video Journal of Prosthetic Urology

World Journal of Men’s Health

Zeitschrift fiir Sexualforschung

1.5 The European Contribution
to the History of Sexual
Medicine: The European
Society of Sexual Medicine
and the European Academy

of Andrology

The ISSM has a number of affiliated societies,
such as the International Society for the Study of
the Women'’s Sexual Health, and the Asia-Pacific
(APSM), the Middle-East (MESSM), the South-
Asian (SASSM), the Latin-American (SLAM),
and the North America (SMSNA) Societies of
Sexual Medicine. Within those, it is peculiarly
brilliant — for number of affiliated members and
scientific production - the European Society for
Sexual Medicine (ESSM), currently ruled by
Carlo Bettocchi (Table 1.3).

The ESSM supports scientists in the field of
Sexual Medicine to translate fundamental
research findings to clinical use, to develop and
adopt new medicines, technologies, and methods
for the treatment of sexual dysfunctions and for
the improvement of human sexual health. ESSM
supports the scientists in the field of Sexual
Medicine through research grants, travel fellow-

ships, personal awards, and studentships.
Moreover, by providing access to the best scien-
tific papers, the newsletter ESSMTODAY, the lit-
erature review section, cases that matter, and
many other opportunities, ESSM is providing
continuously the essential scientific update that is
needed in order to pursue its main purpose, to
promote research and exchange of knowledge
about the clinical entity of sexual dysfunction
throughout Europe.

The ESSM means Education and Science in
Sexual Medicine. In the last years, ESSM has
established several educational programs and
developed criteria for certification in Sexual
Medicine and in Sexology. In fact, one of the
main merits of the ESSM is the education in
Sexual Medicine, which is ruled by the
Multidisciplinary Committee of Sexual Medicine
(MJCSM). The MJCSM was set up by the
European Union of Medical Specialists (UEMS),
the oldest medical organization in Europe which
celebrated its 60th anniversary in 2018 through
43 Specialist Sections and their European Boards,
addressing training in their respective Specialty
and incorporating representatives from academia
(Societies, Colleges, and Universities). The
MIJCSM is built on the representatives of the
UEMS boards of Endocrinology, Dermatology,
Urology, Obstetrics and Gynecology, and
Psychiatry having as main objective to guarantee
the highest standards of care in the field of Sexual
Medicine in the countries of the European Union
and associated European countries, by ensuring
that the training in sexual medicine is raised to
the optimal level. This is achieved by making rec-
ommendations on the standards required for the
training of physicians who practice Sexual
Medicine and on the maintenance of such stan-
dards, establishing criteria to which the training
centers of Sexual Medicine should conform, set-
ting up a system for assessment of training in
Sexual Medicine, promoting Continuous
Professional Development in Sexual Medicine,
and facilitating the exchange of trainees between
training centers of the various countries of the
Union and associated countries to ensure a better
harmonization and quality of training. The
MIJCSM and the ESSM strongly collaborate in
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Table 1.3 Milestones of the European Society of Sexual Medicine

Year

Milestone

1995

The European Society of Impotence Research (ESIR) was born and the first
Congress was held in Porto Carras, Greece. Our journey began into medical
knowledge, research, and innovation across Europe

1997

The second Congress was held in Madrid. The third Congress was held in
Barcelona in 2000, after the tremendous earthquake that hit Turkey in 1999,
where the Congress should have been held

2001

The name of the Society changed into European Society for Sexual and
Impotence Research (ESSIR) in order to embrace more deeply the broad field
of sexual medicine, both male and female

2003

Changing again its name into the actual European Society for Sexual
Medicine (ESSM). Characterizing once again its need to improve and spread
the research into sexual medicine, a field which is continuously developing
across the world, bringing sexual awareness to light more and more not only
in the medical field but also among people

2005

The tenth anniversary of ESSM, a society which is always stronger and more
deeply rooted across Europe, with 13 National Societies affiliated to ESSM
and about 1400 members

2009

ESSM became stronger and now it harbors 25 National Affiliated Societies

2012

First examination to become a Fellow of the European Committee of Sexual
Medicine (FECSM)

2013

First examination to become a European Federation of Sexology (EFS) &
ESSM Certified Psycho-Sexologist (ECPS)

2015

Celebrating the 20th anniversary of ESSM

2020

Celebrating the 25th anniversary of ESSM

order to provide adequate qualification to medi-
cal doctors in Sexual Medicine since 2012.
Thanks to this collaboration, the MJCSM issues
the only available certification for sexual
medicine: The Fellow of the European Committee
of Sexual Medicine (FECSM), a mark of excel-
lence obtained by a large number of doctors, not
only from Europe, after a serious exam [15]. In
order to help candidates prepare for the MJCSM
exam, the ESSM arranges preparation courses.
The courses offer a focused overview of Sexual
Medicine aimed directly at increasing the chance
of success in passing the exam. Lectures are
delivered by renowned experts, and the course is
highly recommended for anyone who aims for
FECSM certification.

Another important historical step was reached
by the ESSM with the ESSM School of Sexual
Medicine and Advanced Course which is run
with the support of the European Society with the
ISSM and the European Federation of Sexology
(see later). Participants did have the opportunity
to learn the essentials of sexuality that are neces-
sary for effective clinical practice, even for those

whose usual practice is exclusively with one gen-
der. Similarly, the Society runs the ESSM
Surgical Academy to offer various training units
for surgeons to improve their knowledge, techni-
cal and communicative skills, and master novel
operation techniques in genital surgery, accord-
ing to high European standards of education,
prior to performing them on patients.

As I mentioned earlier, the historical link
between Andrology and Sexual Medicine is very
strong. In fact, the European Academy of
Andrology (EAA) also gave an important contri-
bution to the earlier development of Sexual
Medicine. The EAA was founded in 1992 in
Castle Elmau (Germany) by a group of 15 distin-
guished andrologists from 10 European coun-
tries, who met on the occasion of the seventh
European Workshop on Molecular and Cellular
Endocrinology of the Testis. The EAA is a non-
profit organization promoting research and edu-
cation in andrology and public awareness in the
area of male health, currently ruled by Csilla
Krausz (IT). The EAA has a worldwide scope in
terms of membership, research, and influence but
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retains a clear focus upon Europe. A main feature
of the Academy is the accreditation of high-
quality andrology training centers, which are
located mainly in Europe and also in America
and the Middle East. The EAA is devoted to the
development of andrological sciences and to dis-
seminate knowledge in this field. To accomplish
these tasks, the Academy organizes biennially the
European Congress of Andrology (ECA).
Furthermore, the Academy organizes Schools
and Educational Courses to cover the entire range
of the educational Curriculum built also in col-
laboration with the European Urological
Association (EAU) Section of Andrological
Urology (ESAU). One of the primary missions of
the EAA Certified centers is to organize educa-
tional courses. Each Center is supposed to orga-
nize at least one Educational Course every
5 years. Training of the attendees of the Centers
will be concluded by an examination adminis-
tered by the EAA. The examination will test the
candidate’s proficiency in clinical andrology and
its related fields (seminology, endocrinology,
microbiology, imaging, morphology, urology,
gynecology, immunology, and psychology)
judged by international referees. Upon successful
completion of the examination, the candidate will
be awarded a certificate, or mark of excellence, of
Clinical Andrologist from the EAA. Finally,
Andrology is the official journal of the Academy
since January 2013. This is a joint publication of
the EAA and the American Society of Andrology
(ASA) and replaces the old International Journal
of Andrology and the Journal of Andrology,
which were closed after merging in 2012. The
growing impact factor is 3.842, and it is currently
ruled by Marie Claude Hofmann (ASA) and
Aleksander Giwercman (Deputy Editor, EAA).
The mentioned ESAU is a section of the EAU
and seeks to reach a clearer perspective of what
andrology has to offer and increase knowledge
through investigation. ESAU promotes every
aspect of clinical andrology, such as basic and
clinical research, education, and training. The
section facilitates interaction and close collabora-
tion with the EAA. It takes a new direction
towards active participation in ongoing European
Educational Programs, and a major goal is to

realize acommon European Educational Program
in Andrology. The current chairman is Nikolaos
Sofikitis (GR).

1.6 The Psychosexological
Societies in the Field

of Sexual Medicine

and Other Journals Which
Contributed to Its

Development

Two sexological societies, born in the psycho-
logical and psychosexological environment, con-
tributed to the history of the Sexual Medicine
from their perspective.

The World Association for Sexual Health
(WAS) is an international organization represent-
ing sexological societies and psychosexologists
worldwide. Founded in 1978 in Rome, Italy, the
main goal of WAS is to promote sexual health for
all through psychosexological science. The WAS
previously named World Association for
Sexology but changed its name in order to stress
that sexology is a tool for achieving sexual health.
In 2010, the WAS instituted September 4 as the
World Sexual Health Day in an effort to increase
social awareness about the role that sexuality
plays in human health, and to promote the fact
that sexual health is only attainable through sex-
ual rights. Elna Rudolph (ZA) is the current pres-
ident of the WAS Executive Committee. The
official journal of the WAS is the International
Journal of Sexual Health, previously established
in 1988 under the title Journal of Psychology &
Human Sexuality. It has an Impact Factor of
1.944 (2020) and is ruled by Eli Coleman.

The European Federation of Sexology (EFS)
has over 30 active societies or professional asso-
ciations of psychosexology and individual mem-
bers, mainly from Europe. In 1988, under the
impulse of an Italian psychiatrist, Willy Pasini,
the EFS was founded as a regional society of
WAS, with the aims to be the link between the
different associations working in the field of sex-
ology in Europe, to encourage the development
of teaching in sexology, arouse sexological
research plans, incite the organization of scien-
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n

tific congress in sexology, and contribute with
societies which have the same objectives. The
EFS is currently under the presidency of Mehmet
Sungur (TR).

1.7  Forecast and Conclusion
Sexual Medicine will be all the stronger in the
future; the more it will be able to rely on evidence
and not on opinion, the more it will be based on
research, even basic and translational, and not
only on clinical experience, although very impor-
tant, the more it will consider as qualifying objec-
tive criteria such as scientific production and the
Hirsh index and not the power games of small
factions, the more it will give strength to inclu-
sive logics and not to cultural separations and
barriers, thus overcoming the diabolical tempta-
tion to remain within the enclosure of a single
gender, of a single nation, of a single educational
background. Very positive signs in this sense are
clearly observed, even if there is still some way to
go in the direction of the full maturity of the field.
In fact, here I demonstrated that the history of
Sexual Medicine coincides strictly with its scien-
tific production, well represented by the Societies
and Journals. Examining this amazing vitality
seems evident that the field appears as one of the
most vital areas of medicine, young and rich in
scientific, academic, and clinical satisfactions for
its students, fellows, and practitioners who are
becoming more and more numerous in every part
of the world. And this will significantly increase
the sexual health of our patients, of all genders
and sexual orientations, also thanks to the book
you are about to read!

References

1. Jannini EA, Reisman Y. Medicine without sexual
medicine is not medicine: an MJCSM and ESSM peti-
tion on sexual health to the political and university
authorities. J Sex Med. 2019;16(6):943-5. https://doi.
org/10.1016/j.jsxm.2019.04.001.

10.

11.

12.

13.

14.

15.

. Education and treatment in human sexuality: the train-

ing of health professionals. Report of a WHO meeting.
World Health Organ Tech Rep Ser. 1975;(572):5-33.
PMID: 809930.

. Pinchera A, Jannini EA, Lenzi A. Research and aca-

demic education in medical sexology. J Endocrinol
Investig. 2003;26(3 Suppl):13—4.

. Hirschfeld M, editor. Journal for sexual research.

Leipzig: George H. Wigand’s Verlag; 1908.

. Three FS. Essays on the theory of sexuality (Drei

Abhandlungen zur Sexualtheorie). 1905. Trans.
Strachey J. New York: Basic Books; 1962.

. American Psychiatric Association (ed) Diagnostic

and statistical manual of mental disorders. Sth ed.
Washington, DC.

. Masters WH, Johnson V. Human sexual response.

Toronto/New York: Bantam Books; 1966.

. Goldstein I, Lue TF, Padma-Nathan H, Rosen RC,

Steers WD, Wicker PA. Oral sildenafil in the treat-
ment of erectile dysfunction. Sildenafil Study Group.
N Engl J Med. 1998;338(20):1397-404. https://doi.
org/10.1056/NEJM199805143382001.

. Jannini EA, Eardley I, Sand M, Hackett G. Clinical

and basic science research in sexual medi-
cine must rely, in part, on pharmaceutical fund-
ing? J Sex Med. 2010;7(7):2331-7. https://doi.
org/10.1111/j.1743-6109.2010.01898 .

Nimbi FM, Galizia R, Rossi R, Limoncin E, Ciocca
G, Fontanesi L, Jannini EA, Simonelli C, Tambelli
R. The biopsychosocial model and the sex-positive
approach: an integrative perspective for sexology and
general health care. Sex Res Soc Policy. 2021; https://
doi.org/10.1007/s13178-021-00647-x.

Jannini EA, Lenzi A. Introduction to the integrated
model: medical, surgical and psychological thera-
pies for the couple. J Endocrinol Investig. 2003;26(3
Suppl):128-31. PMID: 12834039.

Federoff HJ, Gostin LO. Evolving from reduction-
ism to holism: is there a future for systems medicine?
JAMA. 2009;302(9):994-6. https://doi.org/10.1001/
jama.2009.1264. PMID 19724047.

Jannini EA. SM = SM: the interface of systems
medicine and sexual medicine for facing non-
communicable diseases in a gender-dependent man-
ner. Sex Med Rev. 2017;5(3):349-64. https://doi.
org/10.1016/j.sxmr.2017.04.002.

Lewis RW. Comprehensive history of the
International Society for Sexual Medicine. Sex Med
Rev. 2021;9(4):517—41. https://doi.org/10.1016/].
sxmr.2021.03.004.

Serefoglu EC, Reisman Y, Bitzer J, Vignozzi L,
Jannini EA. The only available certification for sexual
medicine: the Fellow of the European Committee
Sexual Medicine (FECSM). Int J Impot Res. 2021;
https://doi.org/10.1038/s41443-021-00506-8.


https://doi.org/10.1016/j.jsxm.2019.04.001
https://doi.org/10.1016/j.jsxm.2019.04.001
https://doi.org/10.1056/NEJM199805143382001
https://doi.org/10.1056/NEJM199805143382001
https://doi.org/10.1111/j.1743-6109.2010.01898.x
https://doi.org/10.1111/j.1743-6109.2010.01898.x
https://doi.org/10.1007/s13178-021-00647-x
https://doi.org/10.1007/s13178-021-00647-x
https://doi.org/10.1001/jama.2009.1264
https://doi.org/10.1001/jama.2009.1264
https://doi.org/10.1016/j.sxmr.2017.04.002
https://doi.org/10.1016/j.sxmr.2017.04.002
https://doi.org/10.1016/j.sxmr.2021.03.004
https://doi.org/10.1016/j.sxmr.2021.03.004
https://doi.org/10.1038/s41443-021-00506-8

12 E. A.Jannini

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder.


http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Sexuality and Sexual Orientation
in the Twenty-First Century

Chiara Simonelli, Roberta Galizia,

and Stefano Eleuteri

Learning Outcomes
By the end of this chapter, you will be able to:

e Recognize the different components of sexual
identity (biological sex, gender identity, gen-
der role, and sexual orientation).

* Have a knowledge of the factors that can
determine sexual orientation.

* Know the main tools used to assess sexual
orientation.

e Know the
orientations.

e Know the contemporary issues on sexual ori-
entation in clinical and research fields.

e Explain the rationale and benefits of moving
to an integrated and sex-positive approach
throughout the healthcare setting.
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Definitions

and Conceptualizations:
Sexual Identity, Gender
Identity, Gender Role,
and Sexual Orientation

2.1

The relationships between sexual orientation and
gender, gender and sex, masculinity and feminin-
ity have over time been the subject of discussion
in the field of feminist theory and, more recently,
in the field of gender studies [1, 2].

Current theories of sexology, which are
placed within a sociological, biological, psycho-
logical, and social perspective, consider sexual
orientation a component of sexual identity. The
latter, in fact, is a multidimensional construct, an
“umbrella” term consisting not only of sexual
orientation, but also of three other different and
independent components: biological sex, gender
identity, and gender role [3, 4].

Often the term “sexual orientation” is used
interchangeably with the term “gender identity”
[5]. It is therefore necessary to begin by giving a
definition of each component in order to promote
a correct use of these and to avoid that a series of
convictions, beliefs, and stereotypes related to
the sphere of psychosexuality are reiterated.

Biological sex refers to a person’s femininity
or masculinity [3, 4]. It is determined by five bio-
logical factors which are the sex chromosomes
(XX or XY), the presence of male or female
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gonads, the hormones, the internal reproductive
systems, and the external sexual organs.

The term gender identity is the subjective per-
ception belonging to the female, male, ambiva-
lent gender, or neither [6]. Gender identity is
based on psychological characteristics which,
starting from biological sex, within a specific cul-
ture of belonging, are encouraged in one sexual
identity and discouraged in the other. Gender
identity may or may not correspond to biological
sex [7]. In other words, a person with male/
female biological sex can perceive and self-
identify as female or as neither female nor male.

Sexual orientation, on the other hand, refers to
erotic and/or emotional attraction to a person of
different sex (heterosexual), people of the same
sex (homosexual), or both (bisexual). However, if
until recently the prevailing scientific position
considered sexual orientation as a stable trait,
fixed and resistant over time, today the new theo-
retical perspectives suggest that sexual orienta-
tion can be flexible [5]. This means that some
people may experience different sexual orienta-
tions throughout their life. In this sense, some
authors such as Diamond [8] and Baumeister [9]
have spoken respectively of sexual fluidity and
erotic plasticity. Sexual orientation, therefore,
can be thought of as a continuum that cannot
always find its place in the categories usually
considered and known (heterosexual, homosex-
ual, and bisexual). However, even with respect to
these categories that are mainly referred to, in
some scientific research or in the clinical setting,
there is often confusion, exchanging bisexual
people with homosexual people [S]. The term
bisexuality generally refers to attraction to more
than one gender and can include several expres-
sions [10], such as people who are attracted to
both men/males and women/females, people who
are mainly attracted to a gender but who recog-
nize that it is not exclusive, people who feel their
sexuality is fluid and constantly evolving, and
people who are attracted to another person
regardless of gender or sex. Not all people
attracted to more than one gender describe them-
selves as bisexual. Asexuality is also considered a
sexual orientation by some experts. It refers to
low or absent sexual attraction and sexual behav-

iors. Asexual people can feel both romantic or
aromantic attraction to others [11].

Asexuality is considered separate from sexual
desire disorders (HSDD) as, usually, asexual
people do not report distress and have a lifelong
lack of sexual attraction.

In light of this, sexual orientation is a multidi-
mensional construct, consisting of a multiplicity
of aspects [5], such as self-identification, sexual
behavior, erotic attraction, sexual fantasies, affec-
tive involvement, and the current relational sta-
tus. Each person therefore develops a personal
organization of erotic and affective attractions,
fantasies, and sexual activities.

Sexual orientation, therefore, differs from
gender identity: the first refers to the attraction
that a person has towards another person and the
second refers to the perception of oneself as
female, male, or other [5].

Finally, the term gender role, introduced by
Money and Tucker [12], indicates the set of ver-
bal and non-verbal behaviors that express to
themselves and to others the gender to which
people feel they belong. This role is mostly the
result of social habits that the person has learned.
People can conform to these “cultural rules” or
not to communicate to themselves and to others
their adherence or not to the female or male sex-
ual stereotype [3]. On the basis of socio-cultural
norms, people are expected to behave in line with
biological sex; that is, that males behave or say
things “like males” and females “like females”
[13]. In this way, the gender role is the result of
external conditioning, which derives from how
the gender identity is constructed [14, 15].

In general, sexual orientation, gender identity,
and gender role coincide. The relationships
between these components can be expressed in
different ways, such as: (a) people with gender
identity in accordance with chromosomal and
phenotypic sex and with heterosexual, homosex-
ual, or bisexual orientation; (b) people with gen-
der identity in disagreement with chromosomal
sex but in accordance with the phenotypic one
and with heterosexual, homosexual, or bisexual
orientation (for example, androgen insensitivity
syndrome and adrenogenital syndrome); (c) peo-
ple with gender identity in accordance with chro-
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mosomal sex but in disagreement with phenotypic
sex and with heterosexual, homosexual, or bisex-
ual orientation (for example, Turner syndrome
and Klinefelter syndrome); and (d) people with
gender identity in disagreement with chromo-
somal sex, with phenotypic sex and with hetero-
sexual, homosexual, or bisexual orientation (for
example, gender dysphoria).

In light of the above, it is important to specify
that these definitions are not to be considered and
used as static labels, predefined categories that
stigmatize the person as a whole. An integrated,
inclusive, and non-judgmental approach to sexu-
ality is essential to fully recognize and under-
stand the different manifestations of human
sexuality.

2.2 Determining Factors

of Sexual Orientation

The issue of the origin of sexual orientation,
especially homosexual, has been the subject of
study by scientists for more than a century. The
interest of the scholars was to understand which
factors determined homosexual attraction. In
other words, the question was as follows: “are
people born or become homosexuals?” Today,
the emerging scientific perspective considers sex-
ual orientation as a multidimensional phenome-
non influenced by a complex interaction between
genetic, neuroanatomical, neuroendocrinologi-
cal, and environmental factors.

Several studies have shown that human sexual
orientation has a genetic basis, that certain areas
of the brain and neuroendocrine processes appear
to differ in homosexual and heterosexual men.

The first contemporary family-genetic study
on sexual orientation [16] using a more sophisti-
cated methodology highlighted the presence of
familiarity in male homosexuality: 20% of the
siblings of homosexual males were homosexuals
against 4% of the siblings of heterosexual males.
However, it is not possible to distinguish genetic
from environmental factors from family studies;
for this reason, several studies have conducted
research on twins and adoptions. In this regard, a
study conducted by Bailey and Pillard [17]

showed that 52% of identical twins of homosex-
ual males were also homosexual. There are dif-
ferent results on non-identical twins: only 22% of
non-identical twins of homosexual males were
homosexual and only 11% of adoptive siblings of
homosexual males were homosexual. On a sam-
ple of homosexual women, Bailey et al. [18]
found similar results (48% for identical twins,
16% for non-identical twins, and 6% for adoptive
sisters), concluding that variations of sexual ori-
entation can be influenced from 30% to 70% by
genetic factors.

A limited number of studies have attempted
to detect the presence of specific genes that
contribute to the variation in sexual orientation.
A genetic linkage of male homosexuality to
markers on the X chromosome emerged from a
study [19]. It seems that the terminal portion of
Xq28 could code for homosexuality. However,
it is difficult to establish any direct gene prod-
ucts [20].

Neuroscientific studies have also shown some
differences in brain morphology between hetero-
sexual men and homosexual men involving the
interstitial nuclei of the anterior hypothalamus,
which are larger in heterosexual men, and the
anterior commissure, which is larger in homo-
sexual men [21, 22]. However, these findings
deserve further investigation.

Some studies have also shown the existence of
endocrine and biochemical influences, and their
development markers (such as the ratio between
the length of the second and fourth toes, influ-
enced by prenatal exposure to androgens) in the
development of sexual orientation. However,
even these results have not always found scien-
tific confirmation [5, 23].

In addition to neuroanatomic and neuroendo-
crine differences, there appear to be differences
in some cognitive abilities, mainly in spatial abil-
ities. Gladue et al. [24] found that homosexual
men, like heterosexual women, exhibited worse
spatial ability than heterosexual men. Homosexual
women had similar results to heterosexual
women. These data, although they require further
in-depth studies, suggest a possible correlation
between biological and neuropsychological fac-
tors and the development of sexual orientation.
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Overall, the factors that determine sexual ori-
entation remain unclear although the scientific
community has recognized the multifactorial
nature of this sexual component [25].

Moreover, so far, most of the studies have
examined in isolation the multiple biopsychoso-
cial factors that influence sexual orientation.
Studies that integrate biological, psychological,
and socio-relational factors could deepen the idea
that not all people develop sexual orientation
according to an identical path.

The Assessment of Sexual
Orientation

2.3

Increasingly, in the field of scientific research,
scholars are recognizing the importance of
introducing sexual orientation as a variable in
their research. While the problems related to
the measurement and evaluation of other socio-
demographic variables, such as race and ethnic-
ity, have been debated for a long time, there is
certainly still much to be done with regard to
the measurement of sexual orientation [26]. To
date, researchers interested in measuring sexual
orientation have a number of tools at their dis-
posal, such as the Kinsey Scale [27], the Klein
Scale [28], the Shively and DeCecco Scale
[29], and the Sell Assessment [30]. However,
none of these measures are totally without
limitations.

The scale of measurement of sexual orienta-
tion most influential and used over these years is
the one proposed by Kinsey et al. [27]. Kinsey
et al. had proposed a seven-point bipolar scale
ranging from “exclusively heterosexuality” to
“exclusively homosexuality” (Table 2.1). This
scale has a number of limitations. A limit of the
Kinsey scale is that it groups into the same cate-
gories people who are significantly different from
each other based on different aspects or dimen-
sions of sexuality [31, 32]. A second problem
with this scale is that it forces the combination of
the psychological and behavioral components of
sexual orientation and restricts individuals to
make trade-offs between homosexuality and
heterosexuality.

Table 2.1 The Kinsey scale (1948)

0 Exclusively heterosexual—Person who makes no
physical contacts which result in erotic arousal or
orgasm, and makes no psychic responses to a person
of his/her own sex

1 Predominantly heterosexual/only incidentally
homosexual—Person who has only incidental
homosexual contacts which have involved physical or
psychic response, or incidental psychic response
without physical contact

2 Predominantly heterosexual but more than
incidentally homosexual—Person who has more than
incidental homosexual experience, and/or if he/she
responds rather definitely to homosexual stimuli

3 Equally heterosexual and homosexual—Person
who is about equally homosexual and heterosexual in
his/her overt experience and/or the his/her psychic
reactions

4 Predominantly homosexual but more than
incidentally heterosexual—Person who has more
overt activity and/or psychic reactions in the
homosexual, while still maintaining a fair amount of
heterosexual activity and/or responding rather
definitive to heterosexual contact

5 Predominantly homosexual/only incidentally
heterosexual—Person who is almost entirely
homosexual in his/her overt activities and/or reactions
6 Exclusively homosexual—Person who is
exclusively homosexual, both in regard to his/her overt
experience and in regard to his/her psychic reactions

A solution to this problem was identified by
Klein et al. [28] who, to avoid the loss of impor-
tant information on the various components of
sexual orientation, developed a scale that mea-
sures and evaluates the various dimensions of
sexual orientation separately. The measure devel-
oped by Klein et al. takes the name of Klein
Sexual Orientation Grid (KSOG) and evaluates
sexual orientation on seven dimensions: sexual
attraction, sexual behavior, sexual fantasies,
emotional preference, social preference, self-
identification, and heterosexual/homosexual life-
style (Tables 2.2, 2.3, and 2.4). However, even
this tool has limitations as the multi-dimensional
assessment makes the tool less practical for
researchers. Furthermore, each dimension of the
scale has not been thoroughly studied; this tool
also forces people to choose between heterosexu-
ality and homosexuality.

Shively and DeCecco [29] developed a five-
point scale on which heterosexuality and homo-
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Table 2.2 Klein Sexual Orientation Grid (KSOG; 1985)

Variable Past Present Ideal

A. Sexual attraction. To whom are you sexually attracted?

B. Sexual behavior. With whom have you had sex?

C. Sexual fantasies. About whom are your sexual fantasies?

D. Emotional preference. To whom do you feel more drawn or

close to emotionally?
E. Social preference. With which gender do you socialize?
F. Lifestyle preference. In which community do you like to
spend your time? In which do you feel most confortable?
G. Self-identification. How do you label or identify yourself?
Table 2.3 Scale for measuring variables A, B, C, D, E of the KSOG
1 2 3 4 5 6 7
Other sex | Other sex Other sex Both sexes Same sex Same sex Same sex
only mostly somewhat more equally somewhat more mostly only
Table 2.4 Scale for measuring variables F and G of the KSOG
1 2 3 4 5 6 7
Heterosexual | Heterosexual | Heterosexual | Heterosexual/ Homosexual | Homosexual | Homosexual only
only mostly somewhat Homosexual equally | somewhat mostly
more more

Table 2.5 Shively and DeCecco scale (heterosexuality)

1 2 3 4 5

Not at all heterosexual Somewhat heterosexual Very heterosexual
Table 2.6 Shively and DeCecco scale (homosexuality)

1 2 3 4 5

Not at all homosexual Somewhat homosexual Very homosexual

sexuality are measured independently (Tables 2.5
and 2.6). This scale evaluates two dimensions of
sexual orientation: physical and emotional pref-
erence. However, the Shively and DeCecco scale
has limitations as its psychometric properties
have not been thoroughly studied and the dimen-
sions of physical and emotional preference may
be reductive and not always appropriate [26].
The Sell Assessment of Sexual Orientation
[30] was developed starting from the limits of the
instruments for measuring sexual orientation
described above. In fact, the Sell Assessment
measures and evaluates sexual orientation on a
continuum, takes into account various dimen-
sions of sexual orientation, and considers homo-

sexuality and heterosexuality separately. The Sell
Assessment consists of 12 questions, six of which
assess sexual attractions, four assess sexual
behavior, and two assess sexual orientation iden-
tity (see the six questions measuring sexual
attractions in Table 2.7). The limit of this measur-
ing instrument concerns its psychometric proper-
ties, largely under-examined [30, 33].

Despite the numerous research and theories
on sexual orientation, there is still no widely
accepted consensus on how the construct of sex-
ual orientation should be defined and measured
[5, 26]. Since there is no more recommendable
measure than another, further research on mea-
suring sexual orientation would be useful.
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Table 2.7 The Sell assessment of sexual orientation (Sell, 1996): sexual attractions questions

—_

. During the past year, how many different men were you sexually attracted to (choose one answer):
None

1

2

3-5

6-10

11-49

50-99

100 or more

. During the past year, on average, how often were you sexually attracted to a man (choose one answer):
Never

. Less than 1 time per month

1-3 times per month

1 time per week

2-3 times per week

4-6 times per week

Daily

. During the past year, the most I was sexually attracted to a man was (choose one answer):
. Not at all sexually attracted

Slightly sexually attracted

Mildly sexually attracted

. Moderately sexually attracted

. Significantly sexually attracted

. Very sexually attracted

. Extremely sexually attracted

. During the past year, how many different women were you sexually attracted to (choose one answer):

100 or more

. During the past year, on average, how often were you sexually attracted to a woman (choose one answer):
Never

. Less than 1 time per month

. 1-3 times per month

1 time per week

2-3 times per week

4-6 times per week

Daily

. During the past year, the most [ was sexually attracted to a woman was (choose one answer):
. Not at all sexually attracted

. Slightly sexually attracted

Mildly sexually attracted

. Moderately sexually attracted

. Significantly sexually attracted

. Very sexually attracted

. Extremely sexually attracted
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Incidence in Sexual
Orientation

24

Research conducted by Rahman et al. [34]
assessed the incidence of heterosexuality, bisexu-
ality, and homosexuality of women and men in
28 countries using data from 191,088 participants
from a 2005 British Broadcasting Corporation
(BBC) Internet survey. Sexual orientation was
assessed in terms of self-reported sexual identity
and degree of self-reported same-sex attraction.
The percentage of men who defined themselves
as heterosexual (90.0%) was higher than the per-
centage who reported being predominantly not
attracted to men (82.6%). Similarly, the percent-
age of women who defined themselves as hetero-
sexual (90.7%) was higher than the percentage
who reported being predominantly not attracted
to women (66.2%). These data are interesting
because they show that among both men and
women who define themselves as heterosexual
there is a percentage of people who are moder-
ately or predominantly attracted to the same sex.
These data could mean that not only some people
may not want to disclose their sexual orientation
to third parties but also that sexual orientation
can be defined in different ways. In addition, the
average rates of male and female heterosexual
identity (90.0% and 90.7%) do not appear to dif-
fer between nations. According to the data col-
lected by the National Survey of Sexual Health
and Behavior [35], men (4.2%) more than women
(0.9%) seem to define themselves as homosexu-
als, while women (3.6%) more than men (2.6%)
seem to define themselves as bisexuals.
Interestingly, between nations, there does not
appear to be a variability in terms of the inci-
dence of sexual orientation, and this may mean
that other non-social factors can influence the
development of sexual orientation [34].
Researchers tend to consider sexual behavior
more than sexual self-identification, using the
term men who have sex with men (MSM): this
fact could explain the difficulty of precisely
defining sexual orientation and, consequently,
establishing a precise percentage of the incidence
of sexual orientations.

2.5 Contemporary Issues
on Sexual Orientation
in Clinical and Research

Fields

Homosexual orientation is no longer listed as a dis-
order in the Diagnostic and Statistical Manual of
Sexual Disorders (DSM) since 1973 [36-38]. Over
the years, scientific research has accumulated a
series of data that have shown that same-sex attrac-
tion is not associated with worse psychological
functioning than someone who is attracted to the
other sex [39, 40]. Furthermore, some differences
between heterosexual people and homosexual peo-
ple with respect to self-esteem were not highlighted
[41-43]. However, researches conducted in
Western countries have found a consistent pattern
of lower rates of depression and anxiety among
heterosexual people compared to people with other
sexual orientations [44, 45], as well as higher rates
of substance use [44] and suicide [44, 46].
Furthermore, within the same LGBQ community, a
recent meta-analysis [47] found that bisexual peo-
ple show higher or equivalent rates of anxiety and
depression than lesbian/gay people. These data
appear to be associated with experiences of dis-
crimination and minority stress [40]. In fact,
although on the one hand, there has been a socio-
cultural and scientific progress with respect to the
various forms of sexual identity, and on the other
hand, people belonging to the LGBQ community
are still victims of stigma, heterosexism, violence,
and discrimination [48-53]. One out of eight les-
bian and bisexual people and four out of ten gay
men in the United States are discriminated against
because of their sexual orientation [49]. The conse-
quences of discrimination are numerous: people
who are victims of it tend to have difficulties in
accepting their sexual orientation and developing
their identity in a free and serene way [40]. Episodes
of discrimination and aggression can increase
stress levels to the point of leading the victim to
internalize social stereotypes, to fear future aggres-
sion and discrimination, to experience confusion,
guilt, and anger [40]. In some cases, discrimination
can also come from the LGBQ community itself:
some bisexual people, in fact, report feeling
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excluded due to their sexual orientation often con-
sidered unclear [52-54]. For this reason, some
bisexual people avoid opening up to their sexual
orientation due to the dual discrimination that
comes from both members of the same LGBQ
community and from heterosexual people [55].
These social pressures often lead many extremely
religious LGBQ people to seek methods to alter
their sexual orientation and conform to heterosexu-
ality [56]. Some people even report seeking these
methods because they are victims of threats of
rejection by family or religious organizations [57].
These methods that attempt to alter same-sex
attraction are called “Sexual Orientation Change
Efforts (SOCE).” These include conversion, repar-
ative, or reorientation practices [58, 59]. SOCE
start, in fact, from the consideration that homosex-
uality is pathological and, for this reason, it must be
“treated.” However, scientific studies have come to
the conclusion that these practices are ineffective
and often harmful to people [40, 59]. Negative con-
sequences associated with SOCE include depres-
sion, suicidal tendency, decreased self-esteem,
internalized homophobia, sexual dysfunction, and
problematic interpersonal relationships [57, 60—
62]. Given the potential negative consequences of
SOCE and given that these practices are not in line
with current ethical standards of the APA (“do no
harm” is the fundamental guideline that guides
most professional organizations), associations such
as the American Academy of Pediatrics, the
American Psychological Association, the American
Psychiatric Association, the National Association
of Social Workers, the American Medical
Association, the American Counseling Association,
American Psychoanalytic Association, and the
National Association of School Psychologists have
adopted policies against SOCE.

The fact that stereotypes about sexual orienta-
tion are still present today in those who practice
the health professions [63, 64], to the point of
pushing the client not to reveal his/her sexual ori-
entation to his/her professional [40], is evidence
of the impact that the beliefs and perceptions of
healthcare professionals can have on clients.

Heteronormativity is not only widespread in
the clinical setting but also in research through

theories, questionnaires, and interviews [65]. It is
therefore necessary that health professionals and
sexual health researchers recognize the preju-
dices that still today revolve around sexual orien-
tation and the various components of sexual
identity and to disseminate research on sexual
orientation in an honest, precise, and evidence-
based way in order to reduce discrimination and
the resulting psychological consequences.

Conclusions: Toward
a Sex-Positive Approach

2.6

As we saw in the previous paragraphs, although
there has been general socio-cultural progress in
terms of human sexuality, society as a whole is
still strongly conditioned by a sex-negative cul-
ture. In this regard, Bullough [66] reported that
societies could be of two types: sex-negative or
sex-positive. The former encourages sexual
asceticism, the idea that sex is risky and problem-
atic, the prejudices associated with specific sex-
ual practices, sexism, and homophobia [67]. The
latter, on the other hand, encourages the pleasur-
able aspects linked to sexuality and not necessar-
ily linked to procreation. A sex-positive approach
recognizes and embraces differences relating to
sexuality by taking into account various sexual
identities, orientations, and practices. In this
sense, the sex-positive approach is in line with
what is maintained by the World Health
Organization according to which every person is
unique and sexuality is a complex phenomenon
influenced by the interaction of biological, psy-
chological, social, and relational factors.
Therefore, sexuality, as a multidimensional phe-
nomenon, deserves to be freely expressed
respecting its facets. It is therefore necessary that
all sexual health professionals and researchers
who deal with sexual health become familiar
with the heteronormative history of sexual orien-
tation and all the consequences attached to it in
order to avoid re-proposing and reiterating preju-
dices, stereotypes, and discrimination. Constant
commitment and collaboration between different
health professionals remains an important goal to
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be achieved in order to reduce discrimination
against sexual minorities, the emotional conse-
quences, and monetary costs on health services
that can result. By moving from a sexually nega-
tive perspective to a sexually positive approach,
sexual health experts should evaluate the emerg-
ing health problems associated with minority sta-
tus and stress and take action by promoting
positive, uncritical, and mindful information
about sexuality.
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3.1 Penile Erection

Penile erection is a complex phenomenon char-
acterized by the equilibrium of the neurological,
vascular, hormonal, and muscular compartments
[1]. In normal condition, penile erection requires
coordinated involvement of intact central and
peripheral nervous systems, corpora cavernosa,
and spongiosa, normal arterial blood supply, and
venous drainage [2].

Generally, erection is associated with sev-
eral psychological and physical changes:
heightened sexual arousal, full testicular assent
and swelling, dilatation of the urethral bulb, an
increase in glans and coronal size, cutaneous
flush over the epigastrium, chest, and buttocks,
nipple erection, tachycardia and elevation in
blood pressure, hyperventilation, and general-
ized myotonia [3].
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3.1.1 Anatomy
We can divide the penis into three parts: root
(radix), body (shaft), and glans [4].

The root is the proximal part of the penis
located in the urogenital triangle. It consists of two
muscles (ischiocavernosus and bulbospongiosus)
and the crura and the bulb of penis which represent
proximal expansions of the erectile tissues.

The body of penis is enveloped in skin and in
three fasciae (dartos, buck, and tunica albu-
ginea) [5].

The body of the penis contains three erectile
tissues: the two corpora cavernosa and the corpus
spongiosum. Corpora cavernosa consists of bun-
dles of smooth muscle fibers, collagenous extra-
cellular matrix, endothelial cell-lined sinuses,
helicine arteries, and nerve terminals. Penis anat-
omy is represented in Fig. 3.1.

Each corpus cavernosum is wrapped by the
tunica albuginea. The tunica albuginea is a mem-
brane that covers and protects the corpora caver-
nosa. It consists of an inner and an outer fascial
layer, the first circular and the second longitudi-
nal. The corpora cavernosa lies in the dorsal part
of the penis, while the corpus spongiosum lies in
the ventral groove between them.

The corpus spongiosum houses the urethra. It
has a proximal dilation that projects into the root
of penis.

The glans is the most distal part of the penis. It
is a sensitive structure at the end of the body of
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Fig.3.1 Simple anatomy of the male reproductive system

penis which gets its shape from the bulbous
expansion of the corpus spongiosum.

The glans is covered by a fold of skin that cov-
ers called prepuce [6].

3.1.2 Innervation
The penis is characterized by autonomic (sym-
pathetic and parasympathetic) and somatic
(sensory and motor) innervation system. The
autonomic system regulates the neurovascular
events occurring during erection and detumes-
cence. The somatic system is responsible for
sensation and the contraction of the bulbocav-
ernosus and ischiocavernosus muscles. From
the neurons in the spinal cord and peripheral
ganglia, the sympathetic and parasympathetic
nerves merge form the cavernous nerves, which
enter the corpora cavernosa and corpus spon-
giosum to affect the neurovascular events dur-
ing erection and detumescence [6].

From peripheral nerve fiber, the impulses
reach the spinal erection centers and while some

' Prostate

C Testicles

Scrotum

Flaccid Stage

follow the ascending tract (resulting in sensory
perception), others activate the autonomic nuclei
to induce penile erection. The sympathetic sys-
tem originates from T10-T12, and the chain gan-
glia cells projecting to the penis are located in
the sacral and caudal ganglia. The parasympa-
thetic system arising from neurons in the inter-
mediolateral cell columns of S2-S4 is carried by
cavernous nerves from the peri-prostatic nerve
plexus. In S2-S4, it has been described the
Onuf’s nucleus, identified as the center of
somatomotor penile innervation. Onuf’s nucleus
is a particular group of neurons located in the
ventral part the anterior horn of the sacral spinal
cord. It is involved in many functions as the
maintenance of micturition and defecatory con-
tinence, as well as muscular contraction during
orgasm. It contains motor neurons and is the ori-
gin of the pudendal nerve.

The Onuf’s nucleus regulates external sphincter
muscles of the anus and urethra. In this connection,
the ischiocavernosus and bulbocavernosus muscles
are involved into in penile erection and ejaculation

[7].


https://en.wikipedia.org/wiki/Neurons
https://en.wikipedia.org/wiki/Anterior_horn_of_spinal_cord
https://en.wikipedia.org/wiki/Sacrum
https://en.wikipedia.org/wiki/Spinal_cord
https://en.wikipedia.org/wiki/Spinal_cord
https://en.wikipedia.org/wiki/Micturition
https://en.wikipedia.org/wiki/Defecation
https://en.wikipedia.org/wiki/Orgasm
https://en.wikipedia.org/wiki/Motor_neuron
https://en.wikipedia.org/wiki/Pudendal_nerve

3 Erectile Dysfunction: From Pathophysiology to Clinical Assessment 27

3.1.3 Vasculature

The penis receives arterial supply from three
sources originated by internal pudendal arteries:
dorsal arteries of the penis, deep arteries of the
penis, and bulbourethral artery [8]. The first
supply the fibrous tissue surrounding the corpora
cavernosa, corpus spongiosum, spongy urethra,
and penile skin [4]. The second supply the erec-
tile tissue of the penis, while the arteries of the
bulb of the penis supply the bulbous part of the
corpus spongiosum, urethra, and bulbourethral
gland. The penile skin is supplied by superficial
and deep branches of the external pudendal
arteries.

The venous system is characterized by the
deep dorsal vein of the penis which receives
blood from the cavernous spaces. The superficial
dorsal vein which drains blood from the skin and
subcutaneous tissue of the penis. Regarding the
lymphatic system, the penis skin and all the
perineum drain into superficial inguinal nodes.
The intermediate and proximal parts of the ure-
thra and cavernous bodies drain into the internal
iliac lymph nodes, and the distal spongy urethra
and glans penis drain to the deep inguinal nodes.

3.1.4 Erectile Process

The erectile process involves specifically the cav-
ernous smooth musculature and the smooth mus-
cles of the arteriolar and arterial walls [1]. In the
flaccid state, there is a tonically contraction of
these structures. The relaxing of smooth muscle
resulting in increase of intracavernosal pressure
that leads to compression of the subtunical
venules against the tunica albuginea [9]. This
reduces venous drainage from the corpora caver-
nosa and increases pressure within the corpora.
Three types of erection have been described: noc-
turnal, that follows the rapid eye movement sleep
periods; reflexogenic due to genital stimulations;
and the central or psychogenic related to many
stimulations trigger points (imaginative, visual,
auditory, olfactory, gustatory, tactile, etc.) Many
central transmitters are involved in the erectile
control such as dopamine, acetylcholine, nitric

oxide (NO), oxytocin, and adrenocorticotropin/
a-melanocyte-stimulating hormone which have a
facilitatory role, serotonin with either facilitatory
or inhibitory, and enkephalins with inhibitory
role [10]. According to several studies, it is know
that the central supraspinal systems controlling
sexual arousal are localized in the limbic system
(e.g., olfactory nuclei, medial preoptic area,
nucleus accumbens, amygdala, and hippocam-
pus) and hypothalamus (paraventricular and ven-
tromedial nuclei). In particular, amygdala, medial
preoptic area (MPOA), paraventricular nucleus
(PVN), the periaqueductal gray, and ventral teg-
mentum have been described as the most impor-
tant structures involved in the central control of
the male sexual response [11].

Erection is mediated by a spinal reflex, which
involves different central and peripheral neural
and/or humoral mechanisms [12]. This reflex is
initiated by recruitment of penile autonomic and
somatic afferents, and it is regulated by supra-
spinal influences related to visual, olfactory, and
imaginary stimuli. Erection is regulated by a
balance between pro- and anti-erectile media-
tors. Acetylcholine is the most important neu-
rotransmitter for ganglionic transmission,
vascular smooth muscle relaxation, and release
of NO from endothelial cells. Nitric oxide (NO)
is a potent relaxant of peripheral vascular
smooth muscle, and its action is mediated by
cGMP. It is synthesized from endothelium via
eNOS and by nitrergic nerves via nNOS. It is
produced from endogenous L-arginine by NO
synthase (NOS) located in the sinusoidal endo-
thelial cells and by the NANC activated by elec-
trical or chemical stimulation [9]. NO pathway
is reported in Fig. 3.2.

Nitric oxide through the activation of guanyl-
ate cyclase stimulates the production of cGMP.
cGMP activates the potassium channels and
inhibits calcium entry into the cell. When intra-
cellular calcium concentration is low, light chains
of myosin are dephosphorylated and this induces
corporal smooth muscle relaxation. Smooth mus-
cle contraction and relaxation is regulated by sar-
coplasmic free Ca®*. Norepinephrine and
prostaglandin F2a activate receptors on smooth
muscle cells to increase inositol triphosphate and
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Fig. 3.2 Physiology of
erection ¢

NO

diacylglycerol. This resulting in the release of
calcium from intracellular stores and influx from
extracellular space. The interaction between Ca**
and calmodulin exposes sites of interaction with
myosin light-chain kinase with phosphorylation
of myosin light chains and exits in muscle
contraction. Relaxation of the muscle is related to
a decrease of free Ca®* in the sarcoplasma.
Calmodulin dissociates from myosin light-chain
kinase and inactivates it. NO, cyclic GMP
(cGMP), and cAMP are inhibitory pathways
through phosphorylation. Cyclic AMP (cAMP)
and cGMP are the second messengers involved in
smooth muscle relaxation. They activate cAMP-
and cGMP-dependent protein kinases, through
several mechanisms due to calcium influx and
muscle relaxing [1].

NO is involved in the initiation of erection
through activation of nNOS, and in attainment of
erection through PI3K/Akt-dependent phosphor-
ylation of eNOS [13].

The penile erectile tissue plays a primary role
in the erectile process. In the flaccid state, the
penile tissue is moderately contracted with a low
flow of blood for nutritive purposes. This is also
evidenced by the cold weathers in which blood
PO, decreases and tissue contraction raises [14].

guanylate cyclase

GTP ——>

GMP (inactive)

Sexual stimulation

endothelial cell

cGMP —> relaxation

PDE type 5

NO= nitric oxide
cGMP= cyclic guanosine monophosphate
PDE= phosphodiesterase

All this changes when the sexual stimulation
comes on. As a consequence of the sexual stimu-
lation, the neurotransmitters release results in the
relaxation of this smooth muscles and the follow-
ing events take place:

— Dilatation of the arterioles and arteries by
increased blood flow

— Trapping of the incoming blood by the
expanding sinusoids

— Compression of the subtunical venular plexuses
between the tunica albuginea and the peripheral
sinusoids, reducing the venous outflow

— Stretching of the tunica to its capacity, which
occludes the emissary veins between the inner
circular and the outer longitudinal layers and
further decreases the venous outflow to a
minimum

— An increase in PO, (to about 90 mmHg) and
intracavernous pressure (around 100 mmHg),
which raises the penis from the dependent
position to the erect state (the full-erection
phase)

— A further pressure increase (to several hun-
dred millimeters of mercury) with contraction
of the ischiocavernosus muscles (rigid-
erection phase)
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3.2 Pathophysiology of Erectile

Dysfunction

Erectile dysfunction (ED) is defined as the per-
sistent inability to attain and/or maintain penile
erection sufficient to permit satisfactory sexual
performance [15].

Erectile dysfunction may affect physical and
physiological health and has a strong impact on
quality of life and relationships. It is recognized
as a possible early sign of coronary artery and
peripheral vascular disease. Therefore, physi-
cians should ask male patients about sexual
health in order to identify potential life-
threatening underlying conditions such as cardio-
vascular disease [16, 17]. ED is known to have
psychological as well as organic causes. Non-
organic erectile dysfunction is also known as
psychogenic or adrenaline-mediated erectile dys-
function (noradrenaline-mediated or sympathetic-
mediated erectile dysfunction). It has not been
well studied but is an important factor to consider
when evaluating and managing men with this
condition [18].

Stress, depression, and anxiety are generally
defined as heightened anxiety related to the
inability to achieve and maintain an erection
before or during sexual relations, and are com-
monly associated with psychogenic erectile dys-
function [19].

Erectile dysfunction possibly generates from
any process that impairs either the neural or the
vascular pathways that contribute to erection.
Neurogenic erectile dysfunction is caused by a
deficit in nerve signaling to the corpora caver-
nosa [20]. Such deficits can be secondary to, for
example, spinal cord injury, multiple sclerosis,
Parkinson’s disease, lumbar disc disease, trau-
matic brain injury, radical pelvic surgery (radical
prostatectomy, radical cystectomy, and abdomi-
noperineal resection), and diabetes. Upper motor
neuron lesions (above spinal nerve T10) do not
result in local changes in the penis but can inhibit
the central nervous system (CNS)-mediated con-
trol of the erection. By contrast, sacral lesions
(S2-S4 are typically responsible for reflexogenic
erections) cause functional and structural altera-
tions owing to the decreased innervation [21].

The functional change resulting from such inju-
ries is the reduction in NO load that is available
to the smooth muscle. The structural changes
center on apoptosis of the smooth muscle and
endothelial cells of the blood vessels, as well as
upregulation of fibrogenetic cytokines that lead
to collagenization of the smooth muscle. These
changes result in veno-occlusive dysfunction
(venous leak). Vascular disease and endothelial
dysfunction lead to erectile dysfunction through
reduced blood inflow, arterial insufficiency, or
arterial stenosis. Vasculogenic erectile dysfunc-
tion is by far the most common etiology of
organic erectile dysfunction [22]. Many men
assume that erectile dysfunction is a natural con-
sequence of aging. But, despite age stands as an
independent risk factor for ED, about one-third
of 70-year-old men report no erectile difficulties.
Thus, physicians should not automatically
assume that erectile dysfunction is anyway attrib-
utable to aging.

Risk factors for developing erectile dysfunc-
tion include tobacco use, obesity, sedentary life-
style, and chronic alcohol use. These factors are
believed to make hormonal changes that could
easily lead to lower testosterone levels and result
in impaired endothelial function [23-25].

Several studies have suggested that chronic
inflammation and circulating inflammatory
markers affect systemic endothelial function
[26]. Chronic inflammation may, therefore, rep-
resent a link between ED and cardio vascular
diseases (CVD). ED onset and severity are asso-
ciated with increased expression of markers of
inflammation. Markers and mediators such as
C-reactive protein (CRP), intercellular adhesion
molecule 1, interleukin (IL)-6, IL-10, and IL-1B,
and tumor necrosis factor alpha (TNF-o) were
found to be expressed at higher levels in patients
with ED. In addition, endothelial and prothrom-
botic factors such as von Willebrand factor
(vWF), tissue plasminogen activator (tPA), plas-
minogen activator inhibitor 1 (PAI-1), and fibrin-
ogen are also expressed at higher levels in ED
patients [27, 28]. Androgens play an important
role in both penile and vascular health, with cel-
lular targets located in both endothelial and
smooth muscle cells [29-32].
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Androgens promote endothelial cell survival,
inhibit proliferation and intimal migration of vas-
cular smooth muscle cells, and reduce endothe-
lial expression of pro-inflammatory markers [33].
Within the penis, low androgen levels are associ-
ated with apoptosis of endothelial and smooth
muscle cells as well as with pathologic structural
remodeling [34]. Besides, both hypo- and hyper-
thyroidism can lead to erectile impairment. Also,
people diagnosed with hypertension, mellitus
diabetes, dyslipidemia, and depression have an
increased risk of developing erectile dysfunction.
The metabolic syndrome also known as syn-
drome X and insulin resistance syndrome is the
term that consists of a cluster of disease states
abdominal obesity, atherogenic dyslipidemia,
raised blood pressure, insulin resistance + glu-
cose intolerance, proinflammatory state, and pro-
thrombotic state. Coronary artery diseases and
ED share similar risk factors such as hyperten-
sion, diabetes mellitus, smoking, and hypercho-
lesterolemia, and many of these factors are part
of MetS [35].

MetS may cause ED through multiple mecha-
nisms. All components of MetS are frequently
found in the obese population. Abdominal obesity
promotes insulin resistance that is associated with
hyperinsulinemia and hyperglycemia [36]. It may
also lead to an abnormal lipid profile, hyperten-
sion, and vascular inflammation, all of which pro-
mote the development of atherosclerosis.
Endothelial dysfunction leads to a decrease in vas-
cular nitric oxide levels, with resulting impaired
vasodilation; the increase in free radical concen-
tration also leads to atherosclerotic damage. In
light of these common pathways, MetS could be a
strong risk factor for ED as well as ED might be a
harbinger of cardiovascular diseases [18, 37].
Some drugs and medicines, for example,
a-blockers, benzodiazepines, f-blockers, cloni-
dine, digoxin, histamine H2-receptor blockers,
ketoconazole, methyldopa, monoamine oxidase
inhibitors, phenobarbital, phenytoin, selective
serotonin reuptake inhibitors, spironolactone, thia-
zide diuretics, and tricyclic antidepressants can
cause erectile dysfunction although the exact
mechanisms are not always known [15]. The most
common iatrogenic cause of erectile dysfunction

is radical pelvic surgery [22]. Generally, the dam-
age that occurs during these procedures is primar-
ily neurogenic in nature (cavernous nerve injury)
but accessory pudendal artery injury can also con-
tribute. Pelvic fractures can also cause erectile
dysfunction in a similar manner, owing to nerve
distraction injury and arterial trauma [22]. Finally,
patients with erectile dysfunction are more likely
to also have premature ejaculation, lower urinary
tract symptoms associated with benign prostatic
hypertrophy (BPH), and overactive bladder com-
pared with the general male population [38].

3.3 Diagnosis
The basic work-up of a male patient seeking
medical care for erectile dysfunction needs to
include an evaluation of all the risk factors men-
tioned. Physician should investigate medical and
sexual history and physically examinate the
lower genitourinary tract, the penis, and testicles.
Then, hormonal blood levels should be examined
(i.e., testosterone, prolactin, LH, and FSH).
Given the personal and social implications of
sexual dysfunction, assessing sexual history is
not an easy task. Hence, expert-guided, validated,
and standardized sexual inventories, structured
interviews, and self-reported questionnaires, can
help both inexperienced and seasoned clinicians
to address sexual health and related conditions.
The severity of erectile dysfunction is often
described as mild, moderate, or severe according
to the five-item International Index of Erectile
Function (ITEF5) questionnaire, with a score of
1-7 indicating severe, 8—11 moderate, 12-16
mild—moderate, 17-21 mild, and 22-25 no erec-
tile dysfunction. The EDITS questionnaire evalu-
ates the erectile dysfunction treatment outcomes.
The physical examination of patients includes
evaluation of the chest (including heart rhythm,
breathing, and signs of gynecomastia (enlarge-
ment of the breasts)), penis, prostate and testes,
and the distribution of body hair. Small testes and
prostate, depending on patient age, mammary
glands growth could imply an underlying hypo-
gonadism. Increased pulse rate (tachycardia)
might suggest hyperthyroidism, whereas reduced



3 Erectile Dysfunction: From Pathophysiology to Clinical Assessment 31

pulse rate (bradycardia) might be evident in men
with heart block (arrhythmia), hypothyroidism or
in those who use certain drugs (for example,
Bblockers). Diminished or absent pulses in the
various arteries examined could be indicative of
impaired blood flow caused by atherosclerosis.
The evaluation of the penis in the flaccid condi-
tion might show the presence of Peyronie’s dis-
ease (involving palpable fibrous plaques),
phimosis, or frenulum breve that can all contrib-
ute to erectile dysfunction.

Few biochemical and hormonal parameters
are of extreme importance as well as levels of
cholesterol, triglycerides, fasting glucose, and
glycosylated hemoglobin (HbA1c) are key deter-
minants of cardiovascular and metabolic risk
stratification [22].

US is the imaging method of choice for initial
evaluation of the penis because it can assess anat-
omy and dynamic blood flow. There are three
principal US modalities to evaluate the penis.
The first is gray-scale or B-mode US that evalu-
ates the penile anatomy and nonvascular abnor-
malities, such as plaques, fibrosis, tunica
albuginea defects, masses, and fluid collections.
The second color Doppler US, allows simultane-
ous display of moving blood superimposed on a
gray-scale image. It is used for the assessment of
vascular flow and its direction. The third modal-
ity, spectral Doppler US, displays blood flow
velocity over time as a waveform, so it is a
graphic representation of the flow. It allows eval-
uation of the speed and direction of the flow.

The main role of imaging is to differentiate
vascular from nonvascular causes. Currently,
Doppler US is used to investigate arterial or
venous defects in patients suffering from ED
with no response to PDE-5. ED is also a conse-
quence of pelvic surgery (prostate, bladder, and
rectal cancer surgery), and it may also be conse-
quence of vascular or neural injuries [39, 40].
Doppler US is also used to confirm organic dam-
age before penile prostheses [41].

Rigiscan has represented an important tool in
the differentiation between psychogenic ED and
organic ED. It is a non-invasive diagnostic
instrument that assesses male nocturnal penile
tumescence and rigidity by making repetitive

measurements of radial rigidity at the base and
tip of the penis. Rigiscan has proved to be the
preferential choice in distinguishing psycho-
genic ED from organic ED. It has more advan-
tages over penile color-doppler US [42].
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4.1 Introduction

Medical treatment for erectile dysfunction (ED)
has dramatically evolved in the last decades.
However, to set realistic expectations with the
patient, a correct counselling is fundamental.
Every kind of medical treatment must be dis-
cussed with the patient regarding risk factors,
prognostic factors, treatment alternatives, correct
drug use, and adverse reactions [1].

The advent of oral phosphodiesterase 5 inhibi-
tors (PDE-5Is) has been a revolutionary change
in the management of ED, since those drugs have
high efficacy, ease of use, good tolerability, and
low to moderate adverse reactions. Oral PDE-5Is
were considered a first-line treatment choices,
whereas at the present time, other medical and
physical therapies may be used in the first
instance for selected patients. Those include vac-
uum devices, intraurethral agents, intracaverno-
sal injection therapy, extracorporeal shock wave
therapy, and hormonal treatment.
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4.1.1 Oral Pharmacotherapy:

PDE-5Is

Phosphodiesterase 5 inhibitor (PDE-51) drugs are
the most common drugs for the management of
erectile dysfunction.

The four molecules synthesized and approved
by the European Medicines Agency (EMA) are
as follows:

e Sildenafil citrate, the first drug approved for
the management of erectile dysfunction in
1998 by the FDA

e Vardenafil approved in 2003

e Tadalafil also approved by the FDA in 2003

e Avanafil approved in 2012

However, they are not initiators of erection and
an adequate sexual stimulation is required [2].

PDES5-Is are actually effective in about 65% of
patients; the effectiveness of this type of drug is
defined as the patient’s ability to undertake suffi-
cient sexual intercourse [3].

The choice of the molecule must be personal-
ized; adequate counselling is essential in order to
investigate patients’ comorbidities, the frequency
of intercourses, and expectations [4].
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4.1.1.1 Pharmacokinetic

and Pharmacodynamic

Features
The endothelial cells of the corpora cavernosa
release nitric oxide (NO), which activates gua-
nylate cyclase, further enhancing the synthesis of
cyclic guanosine monophosphate (cGMP).

c¢GMP is an intracellular second messenger

molecule that causes relaxation and vasodilatory
effect in smooth muscle cells. It is degraded and
inactivated by the enzyme phosphodiesterases.
At least 11 different subtypes are currently
known.

In the human corpus cavernosum, there are a
greater percentage of PDE-2, PDE-3, PDE-4, and
PDE-5. The latter phosphodiesterase is the most
widely expressed form within the corpus caver-
nosum. The drugs used for erectile dysfunction
are competitive inhibitors of PDE-5; therefore,
they enhance the releasing effect of nitric oxide.
Inhibiting the activity of the enzyme responsible
for the degradation of GMPc, they allow an accu-
mulation of the cyclic nucleotide in response to
nitrergic stimulation. The end result is calcium
sequestration from the cytoplasm to the endo-
plasmic reticulum with arteriolar and trabecular
smooth muscle relaxation and venous vasocon-
striction [5].

Sildenafil

Sildenafil was the first erectile dysfunction drug
that hits the world market in 1998 [6]. His discov-
ery was accidental; in fact, originally, the drug
was to be used for the treatment of hypertension
and angina pectoris. The drug did not prove
effective for this purpose, but patients reported
unexpected penile erections [7].

Sildenafil takes effect 30-60 min after its
administration with a half-life of 4-8 h [8]. Its
action can last up to 12 h after the drug intake. Its
effectiveness is reduced after a large meal or with
the ingestion of fatty foods [9].

The dosages available on the market are
25 mg, 50 mg, 75 mg, and 100 mg.

A placebo-controlled study evaluated the
improvement of erection in 465 patients using

different dosages of sildenafil. After 24 weeks of
treatment in the dose-response study, improved
erections are reported in 56%, 77%, and 84% of
the men taking 25, 50, and 100 mg of sildenafil,
respectively [10].

The most common side effects are headache
(16%), flushing (10%), and dyspepsia (7%).
Other side effects include nasal congestion, diar-
rhoea, and changes in vision [7].

Vardenafil

Vardenafil was introduced in 2003. It is effective
30 min after the intake. Most patients report sat-
isfactory erections within 15 min [11].

It is available in the market in doses of 5 mg,
10 mg, and 20 mg. The starting dose is 10 mg,
and it can be modified according to the patient’s
response [12]. A 10 mg orodispersible dose was
also recently introduced to the market.

The absorption of vardenafil is reduced after a
fatty meal [9].

The most frequent side effects include facial
flushing and nasal congestion (9—11%) [13].

After 12 weeks of treatment with vardenafil, a
placebo control study showed a statistically sig-
nificant improvement in erections in 66%, 76%,
and 80% of patients taking 5 mg, 10 mg, and
20 mg formulation, respectively [14].

Tadalafil

Tadalafil was approved in the United States in
November 2003 [15]. It has particular pharmaco-
kinetic properties. Absorption does not appear to
be influenced by the intake of fatty meals or alco-
hol [16]. The peak of the serum concentration is
reached about 2 h after the ingestion differently
from sildenafil, vardenafil, and avanafil that
require 1 h. In addition, the half-life of the mole-
cule (t%2) is around 17.5 h [17, 18]. Therefore, a
chronic administration of tadalafil enhances erec-
tile function up to 36 h and may restore a more
physiological sexual intercourse [19, 20].
However, tadalafil’s prolonged half-life has higher
risk of long-lasting adverse effects than other
PDES-Is. Indeed up to 30% of men taking tadalafil
report side effects lasting longer than 1-2 h [21].
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Avanafil

Avanafil is the latest d approved. It was launched
on the market in 2013 [22]. The available formu-
lations are 50 mg, 100 mg, and 200 mg, and the
recommended starting dose is 100 mg [17].

Avanafil is rapidly absorbed and quickly elim-
inated after an oral administration.

Avanafil has the highest selectivity for phos-
phodiesterase 5 among PDES-Is, thus side effects
are minimized. Adverse effects are generally
consistent with the known pharmacology of
PDES-Is, and the most commonly reported
adverse events are headaches, flushing, backpain,
nausea, muscle cramps, and fatigue. Besides
most of this events are mild and self-resolving
[18].

The active ingredient is effective 15 min after
the intake. The absorption of avanafil is reduced
from fatty meals, and its duration is approxi-
mately 6 h [23].

Hellstrom et al. showed successful attempts
within 15 min in 64%, 67%, and 71% after ava-
nafil dosages of 50 mg, 100 mg, and 200 mg,
respectively [23].

Patients suffering from chronic renal failure or
hepatic insufficiency do not require a dosage
modification [24].

4.1.1.2 The Right Molecule

for the Right Patient
The choice of the best PDE-5Is is not supported
by any double or triple blind study that compares
the effectiveness of the different drugs.

This choice depends on the patient’s charac-
teristics such as frequency of intercourse (occa-
sional or regular use with 3 weekly or more
intercourse), treatment expectations tolerability,
and side effects.

In a recent meta-analysis, Chen et al demon-
strated that patients affected by ED seeking for
an immediate efficacy should start with Sildenafil
50 mg while the others could benefit of Tadalafil
10 mg that has higher tolerability [25].

4.1.1.3 Pharmacological Interactions

The association of NO-donor drugs and PDE-5Is
can lead to a cGMP accumulation. Such condi-
tion can result in hypotension and cardiogenic

shock. Therefore, the intake of nitrates is an
absolute contraindication for PDE-5I administra-
tion [26].

Considering the pharmacokinetic characteris-
tic, patients treated with PDES-Is experiencing
chest pain must delay any nitro-glycerine intake
up to 12, 24, and 48 h for avanafil, sildenafil/var-
denafil, and tadalafil, respectively [21].

4.1.1.4 Cardiovascular Safety
The use of PDE-5I has not shown negative side
effects on the cardiovascular system; in fact,
there is no increase in the rate of myocardial
infarction in patients assuming those drugs.
Chronic or on-demand use is well tolerated
with a similar safety profile for the various mol-
ecules [27, 28].
All molecules that inhibit phosphodiesterase 5
are contraindicated in the following situations:

* Patients with resting hypotension (blood pres-
sure <90/50 mmHg)

e Patients who have suffered a myocardial
infarction, stroke, or life-threatening arrhyth-
mias over the past 6 months

e Patients with hypertension (blood pressure
>170/100 mmHg)

e Patients with angina during sexual intercourse

e Patients with unstable angina

e Patients with congestive heart failure

4.1.1.5 Non-responders
Some patients do not respond adequately to oral
PDE-5Is; this mainly happens for two reasons:

1. Incorrect use of the drug
2. Lack of actual efficacy of the prescribed
molecule

Regarding the incorrect use, patients must be
informed about the correct intake procedure.

McCullough suggests carrying out the PDE-
51Is treatment for at least 6/8 weeks before estab-
lishing its ineffectiveness [29]. The most frequent
causes of incorrect use are as follows:

1. Failure to use an adequate dosage.
2. Lack of or inadequate sexual stimulation.
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3. Search for intercourse ignoring the right tim-
ing of the drug. In fact, there is a period of
time between the intake and the pharmaco-
logical action in which the drug will be inef-
fective. Moreover, some patients require a
longer time for the drug to start acting [30,
31].

Furthermore, the absorption of the drug can be
delayed by the intake of fatty foods or a large
meal.

The clinician is always required to verify that
the patient has taken an official drug.
Unfortunately, a black market has increased over
the last decades; thus, the efficacy and safety of
unauthorized and uncontrolled tablets cannot be
guaranteed.

In addition to that, Marchal Escalona et al.
recently reported that a polyformism of the
PDESA gene encoding the PDE-5 enzyme may
affect the efficacy of the drugs. Thus, there may
be variability in the clinical response of the clini-
cal response in subjects using PDES5i [32].

4.1.1.6 On-Demand Vs Daily Treatment

Recently, there has been a great interest in daily
PDESI administration as a new and innovative
approach to manage erectile dysfunction. The
advantage of daily intake for the management of
erectile dysfunction is the complete separation of
drug use from sexual activity, eliminating the
unpleasant effect indicated by patients as “I feel
drugs control my sex life” or “I wish they would.
my erections came more spontaneously” [33].
The main goal of ED therapy is to achieve an
improvement in erectile function; however, this
improvement is not the only factor for sexual sat-
isfaction. In fact, self-confidence and spontaneity
of erection may play an important role in increas-
ing the general satisfaction of patients [34]. In
this regard, a study observed that patients who
started ED treatment with tadalafil once a day
(OaD) reported greater improvement in self-
esteem and sexual spontaneity than patients who
started treatment with sildenafil on-demand. On
the other hand, there were no significant differ-
ences between the two regarding the improve-
ment of IIEF-EF, of orgasmic function, of the

domains of general satisfaction, and of the EDITS
score [35].

Regarding tolerability, it is important to
emphasize that chronic administration of tadalafil
does not appear to result in up-regulation of
PDES in human penile tissue, an effect which has
been observed in rat penile tissue continuously
exposed to high doses of sildenafil [36, 37]. This
means that the phenomenon of tachyphylaxis
occurs against sildenafil and over time, the drug
loses its effectiveness since more PDES enzymes
are produced and the concentration of the drug is
no longer sufficient to ensure its inhibition. On
the other hand, tadalafil does not seem to show a
loss of its efficacy over time due to tachyphy-
laxis. An additional benefit of tadalafil OaD is
that overall drug exposure can be reduced in men
who engage sexual intercourse more than twice a
week, and side effects can be minimized in men
who have difficulty tolerating higher doses of
PDESI [33, 38].

The SURE multicenter study was one of the
first trials to investigate the usefulness of chronic
tadalafil dosing: 4262 men with ED were treated
with 20 mg of tadalafil three times per week or
20 mg on-demand in a 12-day cross-over project
[39]. The results of this study showed that over
60% of men in both arms of the study reported
normalization of erectile function. Over 70% of
men in both groups reported being able to suc-
cessfully penetrate and complete intercourse.
There were no differences in the success rate
between routine and on-demand dosing for any
efficacy parameter. There was a substantial dif-
ference in the timing of intercourse between the
treatment arms: within 4 h of taking the drug,
53% of the on-demand arm attempted intercourse
while only 29% of the OaD arm attempted inter-
course within this time limit. This suggests a
greater flexibility in the OaD group. Although
efficacy data showed no differences, the three
times weekly dosing regimen for tadalafil was
preferred by only 43% of enrolled patients; there-
fore, on-demand therapy was preferred by most
men. Anyway, in the SURE study, it is evident
that routine dosing may be a good option too.

The impact of daily tadalafil dosage on female
partner satisfaction with sexual activity has also
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been a topic of recent interest and research. A
partner preference study on sildenafil on-demand
versus tadalafil OaD indicated that 79% of female
partners preferred tadalafil OaD, citing a more
relaxed approach to sexual intimacy and greater
flexibility with respect to the timing of inter-
course. Based on this, it can be inferred that such
flexibility would be attractive to many patients’
partners [40].

Howeyver, it has to be stated that in some stud-
ies, side effects were more common at higher
doses of tadalafil, but this dose-response relation-
ship was not confirmed in all studies. In general,
the incidence of these side effects decreases over
time with chronic therapy [38].

4.1.1.7 PDES5-I in Penile Rehabilitation
The advent of PDE-5I drugs has also introduced
an innovation in the treatment of ED following
radical prostatectomy (RP) and other major pel-
vic surgeries. It should be emphasized that ED is
poorly responsive to PDESIs in patients who
underwent radical prostatectomy. However, these
drugs are considered first-line therapy in patients
who have undergone nerve sparing (NS) surgery
regardless of the surgical technique used [41, 42];
their effectiveness has been demonstrated, and
they have therefore entered the therapeutic proto-
cols according to the European Association of
Urology guidelines [43].

The use of sildenafil is controversial:
although several studies have proven the effi-
cacy of both high-dose on-demand and OaD
administration, a 2016 randomized study denies
any benefit of sildenafil OaD in restoring ED
post-RP [44].

Vardenafil 10 mg and tadalafil 20 mg on-
demand are both effective on improving the erec-
tile function of patients who underwent NS
prostatectomy [42—45]. Tadalafil 5 mg OaD
showed the same effectiveness. In addition, if
introduced as a therapy immediately after sur-
gery, it helps the recovery of post-operative erec-
tile function and the maintaining of penile length.
In contrast, tadalafil on-demand has not showed
these features [46]. However, the therapeutic
effects are lost once the drug is discontinued,
even after 9 months of treatment [47].

4.1.2 Vacuum Erection Devices

Vacuum device is a manual or electric pump
used to obtain mechanical erection in a vacuum
chamber. The dispositive consists in a plastic
tube where the penis is allocated. When the
patient starts the device, the chamber reaches
vacuum and the penis is engorged with venous
blood. A constriction ring can be placed at the
base of the penis in order to keep the erection
during a sexual intercourse. Differently from a
physiological or pharmacologically induced
erection, the portion of the penis next to the
ring is not rigid. It may lead to a penile bend
effect, moreover the penis skin can result cold
and dusky. The ejaculation can be difficult due
to the uncomfortable and painful ring position-
ing. As described by Montague et al., an
extreme negative pressure can lead to penile
injury. Thus patients with bleeding disorders or
on anticoagulant therapy should avoid vacuum
therapy [48].

In the literature, minor complications such as
inability to ejaculate, bruising, petechiae, numb-
ness, and pain are described. Skin necrosis as a
major complication can usually be avoided by
removing the ring within 30 min [49].

Vacuum device therapy has a satisfaction
rates range between 27% and 94% despite the
cause of ED [49, 50]. However, a percentage
from 50% to 64% patients stop the treatment
after 2 years [51].

Patients with infrequent sexual intercourse
and comorbidities may benefit from the treatment
described below, as it is drug-free and non-
invasive [49, 50, 52].

4.1.3 Alprostadil

Prostaglandine E-1 and its synthetic formulation
known as alprostadil is the only intracavernous
and transurethral therapy, approved by FDA, to
treat ED. The drug is absorbed by the urethra to
the corpus spongiosum and then to the corpus
cavernosum.

Alprostadil operates stimulating adenyl
cyclase. The latter increases the cAMP level and
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decreases the intracellular calcium involving the
subsequent relaxation of arterial and trabecular
smooth muscle [53].

4.1.3.1 Topical Route

The topical route (200 and 300 pg VITAROS) is
less invasive than the other formulations. It is a
cream with a permeation enhancer that facilitates
the urethral absorption. Patients suffering from
mild-to-severe erectile dysfunction can benefit
from this treatment. Although the literature is not
rich in data, significant improvement in IEF-
Erectile Function domain score are reported vs
placebo [54]. Systemic side effects are infrequent
while local effects such as penile erythema,
penile burning, and pain are usually self-limiting
within 2 h [55, 56].

4.1.3.2 Intraurethral Route

The intraurethral route (125-1000 pg MUSE,
medicated urethral system for erection) consists
of small semisolid pellets managed into the distal
urethra using an adequate device.

If penile rigidity is not reached, a ring at the
root of the penis can be useful to keep erection
enhancing the veno-occlusive mechanism.

Patients reported a successful rate about 50%
[57]. One-third of patients reported penile and/or
scrotal pain or discomfort. About 10% of patient’s
partners using intraurethral alprostadil reported
vaginal discomfort after ejaculation. Hypotension
and syncope have also been described in 1-5.8%.
Local pain is the most common side effect
reported (29-41%), while hypotension occurs in
about 1.9% and 14% of cases. Urethral bleeding
and urinary tract infection (UTI) are reported in
5% and 0.2% of cases respectively and are strictly
related to the mode of administration. Priapism is
extremely rare, reported in less than 1% of cases
[58-60].

4.1.3.3 Intracavernous Injection
Intracavernous injection (ICI) allows the chemi-
cal erection of the corpora cavernosa.

It is considered the most effective non-surgical
treatment for PDES-I non-responders (approxi-
mately 25% of patients [61]) or those that cannot
tolerate side effects of oral agents [62, 63].

ICI treatment does not present systemic side
effects (since no change in peripheral blood ves-
sels are observed) or drug interactions. The onset
is rapid and independent from sexual stimula-
tions [61].

Alprostadil is the only drug approved by FDA
for intracavernous injections with a success rate
of 70-75% with a median dose of 12—15 mg [53].
Once injected in the corpora cavernosa the drug
allows relaxation of smooth muscle fibres and the
consequential vasodilatation that lead to the erec-
tile mechanism. Alprostadil is metabolized within
60 min by the 15-hydroxy dehydrogenase, which
is very active in human corpora cavernosa [53].

The most common side effects reported are
pain or burning sensation usually at the injection
site or during the erection (11-15%). Fibrosis
and small hematomas are reported too. Priapism
is considered the most severe side effect, but it is
reported in only 1-3% of patients [64].

Fibrosis (1-3%) can lead to nodule, diffuse
scarring, plaque, or curvature. A 5 min compres-
sion above the injection site could prevent scar
tissue formation [65].

4.1.4 Extracorporeal Shockwave
Therapy

4.1.4.1 Introduction

The shockwaves (SW) are acoustic waves that
deliver energy when focused on an anatomical
target. The focused SW simulate a microtrauma
in the tissues that eventually stimulate the release
of endothelial nitric oxide synthase (eNOS), vas-
cular endothelial growth factor (VEGF) and pro-
liferating nuclear cell antigen (PCNA) [66]. Thus
neo-angiogenesis and subsequent improvement
of bloodstream are facilitated [67, 68].

4.1.4.2 ESWT and Vascularization

The effect of SW has been under investigation
for a long time. Both in vitro and in vivo studies
are present in the literature investigating whether
the shockwaves improve the vascularization.
The cavitation and shear-stress are the main
physical mechanisms involved. The cavitation is
provoked by the compression of the positive
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phase of the SW, followed by the rapid expan-
sion of the tissue. As the cavitation is highly
focused, the SW stress the cellular wall of the
endotheliocytes [69, 70].

Several studies demonstrated the biochemical
effects of the SW, such as the hyperpolarization
of the cellular membrane and the activation of
RAS and eNOS [71-73].

The rationale of applying the SW to treat the
ED comes from several studies on animals: the
hypothesis is to improve the endothelial function
and angiogenesis in the corpora cavernosa.

4.1.4.3 ESWT and Stem Cells

The SW stimulate the recruitment of the circulat-
ing epithelial progenitor cells (EPC) through the
expression of chemotactic factors (SDF-1,
VEGF) [74]. Evidence suggests the role of the
SW in the differentiation of mesenchymal stem
cell in bone-forming cell in the bone tissue. This
process might be mediated by TGF-beta and
VEGF-A [75].

Nurzynska et al. [76] observed that SW pro-
mote the proliferation and differentiation of car-
diomyocytes,  smooth-muscle  cells, and
endotheliocytes.

4.1.4.4 ESWT and Erectile Dysfunction
Some studies on animal models of ED dysfunc-
tion induced by diabetes demonstrated that SW
induce regeneration of nerves, endothelium, and
smooth muscle [67, 77].

A recent metanalysis of seven randomized
controlled trials on 602 men showed a significant
improvement of the IIEF-Erectile Function
domain score after SW therapy. The mean
improvement of the score was 4.17. This improve-
ment was clinically significant [78].

However, the patient must be selected to max-
imize the effect of SW: age, comorbidities, long-
time ED, low IIEF-EF domain score, and poor
response to PDES-i might negatively affect the
outcome of SW therapy [79, 80].

In 2015, an analysis of eight studies by
Feldman et al. [81] on 604 patients showed that
SW are safe and effective in both responders and
non-responders to PDE-5I.

4.1.4.5 ESWT Protocol

For the treatment of ED, the delivery of 14,400
shockwaves in 4 weeks is suggested. In each ses-
sion, 3600 hits are delivered with an energy flux
density of 0.09 mJ/mm, 1800 are delivered on the
shaft (900 for each corpus cavernosum), and
1800 are delivered to the perineum (900 for each
crus penis). Each session lasts about 20 min and
is performed in office without anaesthesia [79].

4.1.4.6 ESWT Adverse Effects
The shockwaves therapy has virtually no adverse
effects. On animal models of cardiac ischemia,
no adverse effects were observed [82].

In a recent metanalysis, Feldman et al. [81]
involving 604 patient only observed mild adverse
effects, self-limiting, and self-resolving.
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5.1 Erectile Dysfunction:
Surgical Therapy
5.1.1 Introduction

Erectile dysfunction (ED) is defined as the failure to
achieve and/or maintain a penile erection that is sat-
isfactory for sexual intercourse [1]. It is postulated
that more than 40% of men between the ages of 40
and 80 could suffer from different grades of ED [2].
The causes of ED are numerous but only in very
few cases, ED is truly curable, such as the psycho-
genic one. In most cases, ED is only treatable [2].
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Regardless of the cause, chronic ED is charac-
terized by anatomical and functional alterations
in the erectile cavernous tissue characterized by
fibrosis [3]. Historically, the concept of penile
fibrosis has been entirely linked to Peyronie’s
disease and urethral stricture [4]. On the other
hand, corpus cavernosum (CC) fibrosis was con-
sidered a rare disorder that was only seen after
penile fracture or after prolonged erection [5].

However, recently, several studies have dem-
onstrated that CC fibrosis is a common patho-
logical sign underlying most cases of vasculogenic
and/or neurogenic ED. The penile erection is
regulated by a complex mechanism that involves
the synergy of the nitrergic and adrenergic neuro-
nal system, endothelium, and smooth muscle
cells of the CC. Pathological disorders affecting
one or more of these elements could cause CC
fibrosis [6]. An impaired elasticity of the CC due
to fibrosis leads to a diminished filling of the
sinusoids and inadequate compression of the sub-
tunical venules. This lack of compression will
result in blood leaking out of the CC during an
erection, which makes the penis incapable to
become entirely erected.

The ED treatment has been standard for many
years, and it was characterized by a limited range
of therapeutic agents. First-level approach con-
sists of lifestyle modification followed by medical
therapy with phosphodiesterase-5 (PDES51i) inhibi-
tors. For refractory patients, or those with intoler-
able side effects, European guidelines [7] suggest
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second- and third-level treatments such as vacuum
devices, self-administered intracavernous injec-
tion of erectogenic substances, intraurethral
creams, and placement of penile prostheses [8].

5.1.2 History of Penile Prosthesis

The world of penile prosthesis was born more
than a hundred years ago, and the actual devices
are the ultimate evolution of the earliest systems.
The first mechanism similar to a penile prosthesis
was created in 1930s by Bogoras, who implanted
rib cartilage into an abdominal tube pedicle graft
during war [9]. This technique evolved during
years, but the material was not considered ideal,
due to its firmness and its high risk of extrusion
and reabsorption. In 1952, Goodwin implanted
the first non-autologous device, made of an acrylic
rob outside the corpora cavernosa, then replaced
by the first silicone implants by Beheri in 1966,
who used polyethylene rob into the corpora caver-
nosa [9, 10]. The modern era of penile prosthesis
started in 1974 at the AUA Meeting, where
Carrion proposed the silicone gel-filled penile
implant, inspired by silicone gel-filled breast
implants, with excellent outcomes: this was the
ancestor of the actual semi-rigid prosthesis [9]. In
1970s, Scott, Timm, and Bradley laid the founda-
tions of the first inflatable penile prosthesis, utiliz-
ing a fluid-based system to inflate an expandable
cylinder in the corpora cavernosa [11]. Many
adjustments have been made during the last
40 years, up until the current models, which
remain recognizable from the original prototype.

5.1.3 Penile Prosthesis Implant

The implantation of a penile prosthesis may be
considered in patients who are not suitable for
different pharmacotherapies and do not respond
to the first and the second line of treatment, that
are pharmacological therapies [7]. An appropri-
ate patient selection and preoperative counselling
are required to achieve solid outcomes.

5.1.4 Types of Devices
and Differences

Penile prosthesis can be divided in two main
types: non-inflatable or malleable and inflatable
(Table 5.1).

Non-inflatable or malleable penile prosthesis
consists of a pair of rods made of spiral wire or
silicone material, wrapped in fabric, like silicone
(Fig. 5.1). There have been many features, that
improved these kinds of devices: articulated seg-
ments, held by a central spring, providing a posi-
tional memory, and allowing the rods to remain
hidden when not in use; a hydrophilic coating,
which allows the choice of any antibiotic as a
device preparation [12]. Malleable devices
require less manual dexterity by the patient, given

Table 5.1 Different types of penile prostheses

Semi-rigid
prostheses | Inflatable prostheses
Single-piece | Two-piece | Three-piece
Boston Boston Boston Coloplast
Scientific | Scientific Scientific | Titan (OTR
AMS AMS AMS NB, Zero
Tactra Hydroflex* | Ambicor* | Degree)
Coloplast | Surgitek Boston
Genesis Flexi-Flate® Scientific
AMS 700
(CX, LGX,
CXR)
Rigicon Rigicon
Rigil0™ INFLA10®
Zephyr Zephyr ZSI
7SI 100 475

“Not available

Fig. 5.1 Malleable penile prosthesis
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their malleable nature, they are less prone to mal-
function; they are permanently firm and have
lower overall satisfaction, also having a higher
risk of erosion and chronic pain [13].

Inflatable devices consist of a pair of cylinders
implanted in the corpora cavernosa and con-
nected to a pump: when the pump is squeezed
and released multiple times, the cylinders are
filled with normal sterile saline, stimulating the
corpora blood filing during erection. They can be
distinguished into one-piece, two-piece, and
three-piece implants, based on the dimension and
the site of the reservoir. The single-piece penile
prosthesis has a small reservoir in the end of each
cylinder, that allows the transition of a small vol-
ume of fluid into a central core [12]. These pros-
theses have been shown inferior to two- and
three-piece inflatable prostheses, due to their
poor mechanical reliability and patients’ satisfac-
tion rates [14].

The two-piece system consists of corporal cyl-
inders and a pump-reservoir. The pump transfers
fluid from the small reservoir in the proximal
portion of the cylinders to the inflatable distal
portion of them, causing an erection. With the
lack of a distinct reservoir, the two-piece devices
do not permit complete deflation of the penile
cylinders. The main indications for the two-piece
device is represented by patients with little dex-
terity, since its easier mechanism of inflation and
deflation; prior abdominal or pelvic surgery, due
to obliteration of the Retzius space; pelvic organ
transplantation recipients, since the absence of
the reservoir; female-to-male transgender
patients, due to absence of the reservoir, although
its more difficult pump mechanism [12, 15].

The three-piece system (Fig. 5.2), instead,
consists of corporal cylinders, a scrotal pump,
and a separate reservoir, placed in abdomen,
which allows the patient to press the button once,
then squeezing the cylinders in one single time,
making the deflation easier. Many improvement
have been made in many three-piece models: a
three-layered fabric was introduced, to reduce the
cylinder aneurism formation and mechanical fail-
ure; an additional coating to the surface of the
silicone to increase the lubricity of silicone itself;

Fig.5.2 Three components inflatable penile prosthesis

a lock-out valve has been incorporated into the
pump to prevent auto-inflation of the cylinders in
case of sudden high pressure within the reservoir;
permanent antibiotic elution device, that is an
antibiotic formulation impregnated onto the
external surface of prosthesis; hydrophilic coat-
ing, which reduces bacterial attachments and
binds strongly the antibiotic with a low rate of
infection; the momentary-squeeze pump, which
allows the deflation only pressing once the button
with a quick squeeze, avoiding the patient to hold
continuingly the deflation button. The most com-
mon device implanted in penile surgery is the
three-piece IPP, since its mechanical reliability
and very high satisfaction rates. This represents
the best option in case of Peyronie’s disease,
since its greater rigidity; in patients with severe
corporal fibrosis, due to the little elasticity of
tissues; in case of long narrow penises, because
of decreased axial support [12, 13, 16, 17].
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5.1.5 Surgical Approach

There are many different techniques of penile
prosthesis, but the most used approaches are
mainly three as follows: the infrapubic
approach, first applied by Scott in 1972, the
penoscrotal approach, first described by Barry
and Scott in 1979, and the subcoronal approach,
popularized by Egidio in 2016 [18].

All the procedures start with accurate disinfec-
tion of the field and bladder drainage inserting a
16 Fr Foley urethral catheter (Video 5.1). The skin
incision represents the next step: in the penoscro-
tal approach, after positioning a Scott ring retrac-
tor, a longitudinal skin incision (about 3—4 cm) at
the penoscrotal junction is made (Video 5.2),
exposing and then incising the dartos, placing six
hooks for retraction, until the tunica albuginea
appears and the dartos is incised; while in the
infrapubic approach, an infrapubic 2 cm skin inci-
sion is made about 1 cm above the penopubic
junction; in case of the subcoronal technique, a
distal sub-coronal “circumcision” incision is
made 2 cm proximal to the coronal sulcus of the
glans, then degloving the penis to the level of the
penoscrotal junction, placing silk sutures on the
everted dartos (at 3, 6, 9, and 12 o’clock).

Corporotomy may now start: in the penoscro-
tal technique, four absorbable Vicryl 2.0 stay
sutures are placed in both corpora cavernosa and
a 2 cm longitudinal tunical incision is made in
each corpus between the stay sutures (Video 5.3);
during the infrapubic approach, the Scarpa fascia
is opened with the guidance of the finger and,
once isolated, the two corpora cavernosa, the
bilateral corporotomies (1.5 cm each) are made,
after positioning, two stay stitches on each cor-
pus, that must be not too large preventing their
bunching up during the tunica closing; in the sub-
coronal technique stay, sutures are placed proxi-
mal to the penoscrotal junction, taking care that
the corporotomy will be proximal enough, then a
corporotomy is made between the stay suture.

Thereafter, dilatators are then used to create
the intracorporeal space and a Furlow insertion
tool is used to measure the corpora length to
choose the cylinder size (Video 5.4). At this
point, irrigation of the site with rifampicin solu-

tion is demanded to prevent infections and to
check for any urethral injury. Measurements of
each corpus are performed both proximal and
distal, and a rear-tip extender (RTE) is selected,
according to the difference between the proximal
and distal measurements.

After cycling and plumping the cylinders with
saline solution to remove air bubbles and posi-
tioning the chosen RTE on both cylinders, one
cylinder at time is placed in the corpora caver-
nosa with the guide of the insertion instrument
laterally in the corpora to avoid urethral injury,
placing it proximally and then distally. In case of
subcoronal approach, the proximal end of the
prosthesis is placed into the corpora, proximal to
the penoscrotal junction, and then the distal tips
of the prosthesis are pulled through the remain-
ing corpora to the mid glans. The corporotomy
closure begins with 2.0 Vycril horizontal sutures.

The next step consists of the pump placement
(Video 5.5): in the penoscrotal approach, the
pump space is created in the scrotum between
both testes with the deflation button anteriorly;
during the infrapubic approach, the pump is posi-
tioned in a dartos pouch in the scrotum, then
brought down; in the subcoronal technique, a
scrotal pouch is created posterior to the testes for
placement of the pump, then placing the pump
easily into the scrotum without a nasal speculum.

The reservoir placement is an essential step
during the penile prosthesis implant (Video 5.6).
During the penoscrotal approach, the reservoir
usually is positioned into the Retzius space with
the index finger as a guidance and, once pierced
the transversalis fascia, a space near the bladder is
made. The reservoir space during the subcoronal
approach is created in the same way. In case of
previous pelvic surgery, such as radical prostatec-
tomy, the scarring of the prevesical space and
effective “peritonealization” of the bladder, tradi-
tional three-piece IPP reservoir placement blindly
into the space of Retzius via the external inguinal
ring can take to severe complications given the
close proximity of bowel, bladder, and major vas-
cular structures. The reservoir can so be posi-
tioned ectopically, that is, above the transversalis
fascia and below the transversus abdominis mus-
cle. Another location of the reservoir is the sub-
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muscular or high submuscular (HSM) position,
posterior to the rectus muscle but anterior to the
transversalis fascia which can be achieved through
a penoscrotal incision via the external inguinal
ring, eliminating the risk of intraperitoneal place-
ment and associated bowel, bladder, or vascular
complications. The HSM technique is character-
ized by the so-called five steps: the first one con-
sists of the access to the external inguinal ring
with the index through the penoscrotal incision
and the transversalis fascia is earned; then the 2/3
of the HSM tunnel is created by manual dissec-
tion, while in the next step, the remaining portion
of the tunnel is obtained with a curved sponge
stick, lifting the fibres of the rectus muscle from
the transversalis fascia. At this point, the deflated
reservoir is delivered into the newly created
pocket and then filled with 120 cc, to flatten the
reservoir and ensure the space; so the excess of
saline is removed and then connected to the other
components. In case of an infrapubic approach,
the reservoir is positioned in a paravesical space,
obtained with a nasal speculum, which passes
through the external inguinal ring and then across
the fascia transversalis, after blunting dissecting
the fat off the pubic rami. In patients with com-
promised pelvis, the speculum is advanced less
distance into the ring and thrust upward into the
space anterior to transversalis fascia.

The cylinders, pump, and reservoir are all
interconnected with kink-resistant tubes, and
inflation and deflation of the device is done mul-
tiple times for testing the correct functioning and
positioning (Video 5.7). A closed suction drain is
placed in the scrotum, in case of the penoscrotal
approach. The wounds are closed in two layers,
that is, dartos fascia and the skin in the PS and IF
approach; in the subcoronal technique, the dartos
is reapproximated at the level of the glans and the
sub-coronal skin incision is closed [13, 19-21].

5.1.6 Comparison Between
the Three Techniques

The three main penile prosthesis implant tech-
niques have all important advantages, but also
considerable critical issues. The penoscrotal

approach presents a minimal risk of dorsal nerve
injury, compared to the infrapubic approach,
even if this one allows a shorter operative time,
which leads to a reduced risk of infections. This
could be explained by the fact that, compared to
the PS surgery, several steps are omitted in the IP
approach, such as in the IP technique, the dilata-
tion and measurement of the corpora is performed
in a single step. The pump placement in the scro-
tum is quite easier in the penoscrotal technique,
since in the infrapubic procedure, a pouch must
be created ex novo and great attention is needed
during the positioning and the orientation of the
activator of the pump itself: the patient, in fact,
can find more difficult to manage the pump com-
pared to the penoscrotal system. In particular in
obese patients, this last technique allows a better
corporal exposure, in order to obtain a correct
corporotomy and an appropriate measurement of
the length of each corpus, allowing a more pre-
cise cylinder choice and positioning, while
patients with previous abdominal surgical proce-
dures, for whom reservoir placement can be dif-
ficult, may better benefit with the IP approach. As
previously described, the reservoir placement
both in the infrapubic and in the subcoronal
approach is characterized by a direct visualiza-
tion, avoiding pelvic organs and vessels injury,
compared to the penoscrotal approach, where this
procedure is completely blind and requires high
precision and dexterity by the surgeon. The infra-
pubic technique includes a skin incision that
inevitably creates a less acceptable cosmetic
result, since the penoscrotal incision remains
quite hidden on the scrotum. Urethral injury rep-
resents an issue, in particular during the peno-
scrotal technique, during the dissection of the
corpora cavernosa at the level of the penoscrotal
junction anteriorly. The penoscrotal approach
seems to be more indicated in case of corporal
fibrosis, mainly secondary to prior implant
removal due to infection, as it allows more
complete access to the corpora proximally and
distally. About subcoronal approach, excellent
visibility of corpora cavernosa and urethra are
guaranteed and additional surgical reconstructive
procedure, such as Peyronie’s disease, can be
easily performed; however, it requires more oper-
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ative time, compared to the two other techniques,
and the degloving of the penis may cause senso-
rial alteration or skin loss; it is also limited by the
number of studies about the surgical approach
and the follow [13, 18].

5.1.7 Complications

Penile prosthesis implant complications can be
distinguished into intraoperative and
postoperative.

5.1.7.1 Intraoperative Complications

About intraoperative complications, we may
include first a hematoma formation, typically in
the scrotum, which can be prevented using a
compressive dressing and placing a drainage;
floppy glans represents an issue, due to inade-
quate prosthetic cylinder sizing or positioning,
causing insufficient venous compression between
Buck’s fascia and the corpora cavernosa; it is
usually adjusted with the normal healing and so it
is quite easily resolved. A relevant complication
is corporal fibrosis, defined as the replacement of
smooth muscle cells with fibrotic tissue within
the corporal bodies: it is common in diabetic
patients and in ones with a history of ischemic
priapism and usually requires increased effort
during corporal dilatation, increasing though the
likelihood of perforation and so requiring high
levels of accuracy. Corporal crossover may occur
mostly during corporal dilatation or cylinder
placement: the contralateral cylinder perforation
may be caused by the needle used in the ipsilat-
eral cylinder placing; to prevent this, both the
needles should be placed correctly before placing
the cylinders and it is safer to start the corpora
dilatation laterally and gradually. Another issue is
represented by perforation of the corpora caver-
nosa: proximal perforation of the corpora can be
detected as a sudden loss of resistance during
dilatation, and it can be treated by inserting cor-
porotomy sutures, preventing the proximal
migration of the prosthesis; distal perforation
represents a more serious issue due to the risk of

urethral injury and it is safe to interrupt the pro-
cedure. The rate of urethral injury is very low
(0.1-0.4%) and it may be avoided staying as lat-
eral as possible during the dilatation of the cor-
pora; it should be repaired with a catheter and the
procedure rescheduled after 6 weeks at least.

Bladder, vascular, and bowel injury are the
most dangerous events: bladder injury, evident
because of blood in the catheter, should be pre-
vented by fully emptying the bladder itself before
reservoir placing; while in case of both vascular
and bowel damage, the procedure must be
stopped to consult the specialists (general sur-
geons) [13, 22].

5.1.7.2 Postoperative Complications
Infection represents a serious issue: its rate
reaches 4% and the most common organism
involved is Staphylococcus epidermidis, due to
the contamination of the skin flora during the
procedure; risk factors are long operative time,
immunosuppressed or transplanted patients and
diabetic population. The main tips to prevent
infections are intraoperatively the genital region
bathing with an antiseptic soap and the use of a
chlorhexidine-alcohol skin preparation, while
perioperatively the administration of intrave-
nous antibiotics (vancomycin) starting an hour
prior the operation and continuing up to 24 h,
constant irrigation of the field with antibiotic
solution and the no-skin touch technique during
surgery. In case of infection, resistant to antibi-
otic therapy, the removal of the prosthesis must
be considered. Impending erosion, instead, can
start from distal lateral corpora, urethra and
glans and its rate increases in case of intraopera-
tive urethral damage and in patients with spinal
cord injuries, because of the absolute need of
the catheter, which can easy the erosion mecha-
nism. Then, glandular ischemia can be consid-
ered a very rare complication, more likely in
patients with CVD, diabetes, and history of
smoking; it can lead to penile gangrene and it is
induced in case of an interruption of the blood
supply to the glans through the dorsal penile
arteries [13, 22].
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5.2 Regenerative Therapies
for Erectile Dysfunction
5.2.1 Introduction

Over the last decades, there has been an increas-
ing interest in the hypothesis of “regenerative”
cures for ED aimed at decreasing fibrosis of the
CC and rebuilding their normal biological archi-
tecture. These new regenerative treatments
include stem cell injections, platelet-rich plasma,
and low-intensity shock wave therapy (Li-SWT).
There are numerous data obtained on animal
models of ED that indicate that these methods
can result in angiogenesis and reducing fibrosis,
thus “restoring” dysfunctional CC tissue [23].

To date, there are limited clinical data to sup-
port regenerative therapies as a first-line treat-
ment for ED. However, evidence is growing
every year, and these regenerative therapies are
becoming a realty in the ED treatment clinical
scenario.

5.2.2 Li-SWT for Erectile
Dysfunction

In the last 10 years, the use of LI-SWT has been
increasingly offered as an alternative treatment
for vasculogenic ED, being the only currently
approved therapy that might provide a “cure,”
which is the most wanted result for men affected
by ED. LI-SWT has gotten recognition in the
treatment of ED, based on the assumption that
LI-SWT application may result in neoangio-
genesis and thus increased blood flow to the
corpora cavernosa. The usage of LI-SWT was
for long time against the EAU guidelines; how-
ever, the last 2020 EAU guideline on sexual
health [7] promoted LI-SWT as treatment for
ED. EAU Guideline suggested to use LI-SWT
in patients with mild vasculogenic ED or as an
alternative first-line therapy in well-informed
patients who do not wish or are not suitable for
oral vasoactive therapy or desire a curable
option. More importantly, a recent study has

shown that an increased proportion of urologist
had suggested a wider use of LISWT, and some
even encouraged its application in neovasculo-
genic ED [7].

5.2.2.1 Mechanism of Action

A shockwave is defined as a high-pressure acous-
tic wave with the capacity to conduct energy and
spread through a medium [24]. The waveform
itself is characterized by a high peak pressure
inducing a focal tissue compression followed by
extension. This causes tissue injury which is pos-
tulated to induce a wound healing process activa-
tion characterized by neovascularization and
activation of local stem cells. Another theory is
the shockwaves can activate the neovasculariza-
tion using a process called “mechanotransduc-
tion” [25], which is defined as a biochemical
response to mechanical stimuli [26].

Several basic science reports showed LI-SWT
improved levels of VEGF and endothelial nitric
oxide synthase (eNOS), and that caveolin-1 and
B;-integrin, constitutive proteins of caveolae,
which are invaginated organelles found in the
plasma membrane and accountable for cell hom-
ing, are integral for LI-SWT-induced angiogene-
sis [25].

LI-SWT can promote neurogenesis through
local mechanisms [27]. In a rat model of pelvic
neurovascular injuries, a recent report proved that
LI-SWT amended erectile function by penile
nerve regeneration [28].

In conclusion, the mechanism of action at the
base of LI-SWT regenerative effects on CC tissue
is not totally comprehended but likely include
angiogenesis and neurogenesis. Local activation
and recruitment of stem cells may also play a
role. Thus, from a theoretical point of view,
LI-SWT has the potential to cure ED conversely
to the other standard treatment.

5.2.2.2 Type of Li-SWT Machine

These waves are generated by machines called
lithotripters. There are mainly three types of lith-
otripters in common use: electrohydraulic, elec-
tromagnetic, and piezoelectric (Table 5.2).
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Table 5.2 Type of lithotripters

Type of
lithotripters Mechanism of action
Electrohydraulic | Electrohydraulic waves are generated by applying high voltage to electrodes to generate a spark

Electromagnetic

Electromagnetic waves are generated by separating a metal membrane away from an
electromagnetic coil using a high voltage electric pulse. The fast forward movement of the
membrane produces a planar acoustic pulse, and the shockwave is focused by an acoustic reflector

Piezoelectric

This machine uses piezoelectric crystals that enlarge quickly and at the same time, when a
high-voltage electric pulse is applied to them, generating a pressure wave. These crystals are
allocated in a spherical way to focus the energy not needing a reflector

Table 5.3 Characteristic of lithotripters available in the market for ED

PiezoWave 2
(Richard Wolf | Renova (Direx Duolith SD1 (Storz
GmbH, System GmbH, | Aries 2 (Dornier Medical AG, Omnispec ED 1000
Kanittlingen, Wiesbaden, MedTech GmbH, | Tagerwilen, (Medispec, MD,
Machine Germany) Germany) Wessling, Germany) Switzerland) USA)
Type of Piezoelectric Electromagnetic | Electromagnetic Electromagnetic Electrohydraulic
lithotripters
Focus 0-80 0-125 0-50 0-40 0-40
penetration
depth (mm)
Frequency 1-3 1-8 1-5 1-5 1-8
(Hz)
Maximal 0.23 1.24 0.31 0.9 1.05
energy density
(mJ/mm?)

Contemporary lithotripter machines differ from
each other regarding specific settings, namely
energy flux density (EFD), penetration depth, and
frequency (Table 5.3).

Also, each company has its own suggested
protocol, including number and frequency of ses-
sions and number of shocks per each session.
Disparities amongst machine protocols or type of
lithotripters and the lack of head-to-head reports
make it puzzling to define the advantage of one
machine and/or protocol over another [29].

5.2.2.3 Efficacy

Numerous single-arm studies have reported
encouraging effects of LI-SWT on ED patients.
However, results from randomised prospective
are contradictory, and many issues wait to be
solved specifically because of the several types
of lithotripters used; type of energy or frequency
parameters and treatment protocols [30]. The
large part of the studies has reported that
LI-SWT can significantly increase the IIEF in
patients with vasculogenic ED [7]. More impor-

tantly, few studies have demonstrated an
enhancement in penile haemodynamic at penile
doppler after LI-SWT. Likewise, several reports
suggest that LI-SWT could improve erectile
function even in severe ED men who are PDESIs
non-responders, thus dropping the urgent need
for second-line treatments like injection or
penile implant insertion [31].

On the other hand, high-quality prospective
randomize trials with long follow-up are needed
to provide urologists and sexual medicine clini-
cians with more assurance concerning the effi-
cacy of LI-SWT. Further clarity is also needed in
defining treatment protocols that can result in
greater clinical benefits [31].

Platelet-Rich Plasma
for Erectile Dysfunction

5.3

Platelet-rich plasma (PRP) is defined as autolo-
gous blood plasma with supraphysiologic con-
centrations of activated platelets. Its regenerative
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capacities were first reported in the 1987 within
the field of reconstructive surgery. In the last four
decades, PRP has been utilized in a myriad of
fields such as plastic surgery, cardio surgery, der-
matology, and more recently in andrology [32].

5.3.1 Mechanism of Action

Notwithstanding PRP’s extensive usage, its bio-
logical characteristics and outcomes continue to
be inadequately comprehended and debateable.

The preparation of PRP is very simple, and it can
be done in outpatient setting. Autologous blood is
drawn and centrifuged to obtain a platelet-rich
plasma fluid with a concentration reaching up to
seven times physiological levels (Fig. 5.3) [33].
Preclinical results show that PRP can release in
the system a wide range of growth factors
(Fig. 5.4) and activated platelets which act syner-
gistically to assist mitogenesis and neoangiogen-
esis, thus reconstructing injured tissues. Other
constituents inside PRP have also been reported
to work as a scaffold for healing process [34].

PROCESS OF PRP THERAPY

BLOOD COLLECTION

Fig. 5.3 Process of platelet-rich plasma therapy

Platelet poor
plasma
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cells

Fig. 5.4 Overview of PRP content. PRP platelet-rich
plasma, PDGF platelet-derived growth factor, TGF-b
transforming growth factor beta, VEGF vascular endothe-
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lial growth factor, EGF epidermal growth factor, IGF
insulin-like growth factor, FGF fibroblast growth factor,
PF-4 platelet-factor 4, VSM vascular smooth muscle
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5.3.2 Effectiveness

Up to the present time, few basic science studies
have assessed PRP efficacy in ED animal model.
Based on their results, PRP was able to (1)
increase erectile function, (2) boost neural regen-
eration, and (3) decrease expression of pro-
fibrotic molecules within the corporal cavernosa
tissue. Nevertheless, these reports are character-
ized by several limitations that can jeopardize
the value of the results like (1) reduced sample
sizes, (2) dissimilar methods of PRP extraction,
and (3) poor regulation of PRP concentrations
[33-39]. In humans, conversely, PRP proved
promising results on ED. In fact, few small
reports and phase 1-2 trials showed that PRP
injections significantly improved EF based on
intracavernosal peak systolic velocity (PSV),
IIEF-5, and sexual encounter profile scores inde-
pendently of whether PRP was activated by cal-
cium or used in conjunction to another treatment.
It appears that the concurrent use of PRP could
prolong Li-ESWT notable improvements for up
to 6 months [32].

Notwithstanding early excitement for PRP as
a regenerative cure for ED, the existing data to
support its value in the ED therapy is deficient.
Solid records on its safety and efficacy are still
missing with only two clinical trials completed
until now. The largest clinical trial assessing the

Table 5.4 Subtypes of stem cells

efficacy of PRP involved in only 75 men with
heterogeneous of ED severities [40].

Presently, no randomized controlled blinded
clinical trials have delivered enough proof to sus-
tain the extensive use of PRP for ED therapy.
More importantly, approximately half of the clin-
ical reports are abstracts and needed important
details. Also, protocols required homogeneity; it
is crucial to offer longer follow-up to allow ben-
eficial outcomes to establish. Furthermore, PRP
extraction varied noticeably. While, reports
described a supplement of hyaluronic acids to the
PRP, one reported on the efficacy of Li-ESWT
combined with CaCl,-activated PRP [32].

5.4 Stem Cells for Erectile
Dysfunction
5.4.1 Introduction

In the context of ED, the effects of stem cells
from a broad range of sources have been
reported, including adipose-derived stem cells
(ADSCs), bone marrow stem cells (BMSCs),
embryonic stem cells (ESCs), endothelial pro-
genitor cells (EPCEPCs), urine-derived stem
cells (USCs), skeletal muscle-derived stem cells
(SKMSCs), and stromal vascular fraction (SVF)
(Table 5.4). In the past decade, several studies

Type of cells Definition

Totipotent stem cells

is an example of such a cell

These stem cells have the capacity to divide and develop into cells from all three
germ cell layers and into extraembryonic tissues (for example, placenta). The zygote

Pluripotent stem cells

These stem cells have the capacity to divide and develop into cells from all three
germ cell layers, but not into extraembryonic tissues (for example, placenta).
Embryonic stem cells are examples of such cells

Multipotent stem cells

These stem cells have the capacity to divide and develop into cells from a specific
tissue or organ. Most adult stem cells are examples of such cells

Mesenchymal stem cells

Multipotent stromal cells (MSCs) with the ability to differentiate into several cell
types within their germ layer: Osteoblasts, chondrocytes, myocytes, and adipocytes

Stromal vascular fraction

derived stem cells (ADSCs)

Stromal vascular fraction (SVF) is a component of the lipoaspirate obtained from
liposuction of excess adipose tissue, which contains a large population of adipose

Embryonic stem cells

Embryonic stem cells (ESCs) are pluripotent and can produce all germinal layers
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have evaluated the effect of stem cell therapy on
the recovery of erectile function in several ani-
mal models of ageing, diabetes mellitus, and
cavernous nerve injury [41]. More important
several phase 1 and phase 2 studies have evalu-
ated the safety and the efficacy of stem cell-
based therapy in man suffering ED [42-47].

5.4.2 Mechanism of Action

The mechanism of action of stem cells in the
treatment of ED has generated, in the last
15 years, considerable attention in molecular
biology, genetics, and bioengineer. Stem cells
are well known for capacity of self-renewal and
their potential for differentiation into mature
cell types or tissue. Depending on their potential
for differentiation, stem cells are classified as
totipotent stem cells, pluripotent stem cells, or
multipotent stem cells. ESCs are an example of
pluripotent whereas Mesenchymal stem cells
are multipotent stem cells. MSC can be isolated
from organs and can differentiate into any cell
type within their germ tissue. ESCs have two

BLOCK
MYOFIBROBLAST
ACTIVATION
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REDUCE FIBROSIS
AND COLLAGEN
ACCUMULATION

Fig.5.5 Stem cells paracrine effects

main advantages over MSCs and SVF, the first
of which is their ability to proliferate for longer
periods of time, and the second is their capacity
to differentiate into a broader range of cell types
[3]. However, owing to the ethical conflict that
surrounds ESCs, their use in research has been
limited and, as such, MSCs and SVF are a more
feasible option for research and therapeutic
applications.

Although the mechanism of action of stem
cells on ED is not yet very well understood, it is
one of the most popular targets of both preclini-
cal studies and clinical trials in the current
decade. Despite their potential for differentia-
tion into mature cell types or tissue, there is
another capacity of the stem cells that makes
them appealing for therapeutic purpose. The lat-
est theory identified stem cells as a sort of drug
store able to secrete several different molecules
acting via paracrine way di complex mecha-
nisms including, modulation of the innate and
adaptive immune system, stimulation of neo-
angiogenesis and neurogenesis, reducing apop-
tosis, fibrosis, and myofibroblast activation [3,
48] (Fig. 5.5).
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5.4.3 Efficacy

While basic science results for stem cells and
SVF are encouraging and have generated signifi-
cant findings about the mechanisms of penile tis-
sue regeneration, clinical results are limited and
not robust. There are quite a few of small trial
sharing similar protocols and involving few
patients. Two studies looked at ESC. One involv-
ing seven diabetic patients who had regained
morning erections and two who achieved erec-
tions hard enough for sexual penetrative inter-
course [47]. The other recruited eight patients
with organic ED for at least 6 months and those
with baseline IIEF scores of 21 or higher were
treated with placental matrix derived stem cells
injected into the corpora cavernosal [49]. This
trial showed a significantly improved systolic
velocity (PSV) at penile Doppler ultrasonogra-
phy [49].

INtra-cavernous STem-cell INjection
(INSTIN) clinical trial [45] focused on men suf-
fering from post-radical prostatectomy (RP) iat-
rogenic ED. This was a phase 1 trial that used
bone marrow-derived stem cells. The authors
reported no adverse events. At 180 days, they
reported significant progresses in the sexual sat-
isfaction and erectile function domains of the
IIEF-15 and EHS. It should be noted that these
trials were phase 1, powered only for safety, and
adverse events were no reported. Notably, the
group reported a decline in the improved erectile
function over time, advocating a role for multiple
SC treatments. Similarly, at 2 years post RP, no
PSA recurrence was reported. Consequently, this
trial indicates a relative safety of stem cell treat-
ment in prostate cancer patients.

Two clinical studies published looking at SVF
[43, 44]. One study investigated SVF treatment
in 21 men suffering from ED post RP, and another
trial in 30 patients [43]. No serious adverse events
were observed. The most common being bruising
or pain at the site of SVF injection or liposuction
within the first 48 h. In both studies, IIEF-5
scores demonstrated an improvement.

Notwithstanding the encouraging outcomes of
these phase 1-2 trials, it is imperative to acknowl-
edge that these studies include small number of

patients, are open label, and asses the safety rather
than the efficacy of stem cells. All together, these
trials involve around 70 ED patients treated with
different protocols and type of stem cells. Most
studies evaluated the safety as the primary end
point and no trial reported any significant adverse
event. Consequently, to overcome the substantial
bias that characterized this research, the next stud-
ies need to be larger, placebo-controlled, double-
blinded, and randomized trials.
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Peyronie’s Disease

Fabrizio Palumbo, Francesco Sebastiani,
Alessandro Procacci, Nicola D'Altilia,
Anna Ricapito, and Luigi Cormio

6.1 Introduction

Peyronie’s disease (PD), also known as indura-
tion penis plastica (IPP), is a clinical condition
characterized by the formation of fibrotic plaques
onto the tunica albuginea of the penis, which may
result into abnormal penile curvature and defor-
mity, erectile dysfunction (ED), and loss of penile
length. The combination of these events may
result in the impossibility of performing penetra-
tive intercourse [1].

PD is thought to be a form of connective tissue
disease deriving from excessive scarring of the
tunica albuginea or of the septum of the corpora
cavernosa as a reaction to penile trauma; never-
theless, not all patients recall such episodes when
reporting their clinical history [2]. Patients suf-
fering from PD most commonly present diabetes,
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hypertension, hyperlipidemia as comorbidities
and smoking, sexually transmitted diseases, and
genital tract surgery as risk factors [3].

PD is not rare even though its occurrence is
probably underreported. Indeed, its prevalence
has been reported ranging between 0.4% and
7% [4] and up to 16% in the subset of patients
undergone radical prostatectomy [5]. PD may
be an incidental finding in asymptomatic
patients or diagnosed in patients with acquired
penile curvature or/and ED, taking a complete
medical and andrological history and a focused
physical examination of the penile shaft. The
correct assessment of the entity of the penile
curvature and deformity, as well as of erectile
function, especially prior to a planned surgical
treatment, requires the evaluation of the penis
during erection. So, intracavernous injection
and penile Doppler ultrasonography (PDUS) [6]

represent  the  gold-standard  diagnostic
evaluation.
6.2 Pathophysiology

Although PD was first described by the French
surgeon Francois Gigot de la Peyronie in 1743
[7], its pathophysiology remains under investiga-
tion. The progression of the disease seems to
reflect an alteration of the physiological balance
between fibrosis and fibrinolysis in tissue repair
processes, resulting in the formation of fibrotic
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plaques [8]. The underlying mechanisms are
thought not to be exclusive to PD, given a signifi-
cant overlap in pathology, occurrence, and epide-
miology between PD and other localized fibrosing
afflictions such as Dupuytren and Ledderhose
disease [9].

PD evolution includes two distinct phases: the
acute phase is defined by the presence of inflam-
mation and pain, while the chronic phase mainly
leads to fibrosis and calcification, with resolution
of pain and stabilization of penile deformity [10].

The acute phase is believed to be triggered by
microtrauma delivered to the penile tunica albu-
ginea, most commonly during sexual activity.
The structure of the tunica albuginea is damaged
through delamination of fascial layers. This
results in a release of pro-inflammatory media-
tors (TGF-p, IL-1, FGF, PDGF, PAI-1 as well as
reactive oxygen species) involved in wound heal-
ing which generate platelet aggregation, clot for-
mation, and local recruitment of inflammatory
cells [11]. Alterations in the levels of growth fac-
tors and cytokines released in these instances are
responsible for the imbalance between extracel-
lular matrix (ECM) deposition, myofibroblast
proliferation, and myofibroblast apoptosis which
is at the core of this phase [12].

The altered repair processes of the first phase
result in the formation of dense fibrotic plaques
which may also progress to calcification, stabiliz-
ing, or worsening the penile curvature [13]. The
bone-like nature of the calcified tissue is thought
to be due to the recruitment of osteoblast-like
cells from the vascular lumen or to the up-
regulation of the osteoblast-specific factor 1 gene
[14, 15]. Cavernosal hypoxia is also considered
as a possible explanation for the aberrations
in local collagen deposition, such as those found
in patients who underwent radical prostatectomy
and developed PD afterwards [16].

Current knowledge on the matter of molecular
pathways of inflammation and fibrosis still seems
not enough clear. Indeed, penile trauma does not
always result in PD [17], and PD patients do not
always have a history of penile trauma. This fact,
along with an uneven prevalence across ethnici-
ties and the noted correlations with other fibrop-
roliferative diseases, has prompted research in
genetics, mainly in the fields of HLA group anti-

gens, autoimmunity, single nucleotide polymor-
phisms and karyotype aberrations. Nevertheless,
results in this field have been inconclusive [18].

6.3 Epidemiology

PD shows variable rates of occurrence depending
on country of origin and age group. Its reported
prevalence in general male population ranges
between 0.4% and 7%, but is likely to be under-
estimated due to underreporting [4]. As for ethnic
differences, the reported prevalence is 0.4-3.2%
of men in the United States [19], as opposed to
0.6% of Japanese men [20]. Indeed, it seems to
be more frequent in Caucasians [21].

PD distribution also changes with age. A large
study performed in Germany on over 8000 patients
by administration of a questionnaire showed that
PD prevalence was 1.5% in 30-39 year-old males,
3.0% in 40-59 year-old males, 4.0% in 60—69 year-
old males, and 6.5% in men older than 70 years
[19]. It is worth mentioning that PD can also occur
in teenagers (15—-19 years old), often causing high
emotional distress levels and more commonly
appearing with an increased number of plaques at
presentation [22].

Comorbidities associated with PD include
diabetes [23], smoking [24], and Dupuytren’s
disease [25]. Patients suffering from diabetes
seem more prone to experience severe PD [23].
Hypertension and hyperlipidemia have been
inconstantly associated with PD [24] while there
seems to be a strong link between obesity and PD
[26]. Penile trauma, both deriving from sexual
activity or iatrogenic in nature (catheterization,
cystoscopy, and TURP) is the most reported risk
factor for PD [24, 27] reaching a 16% incidence
in men having undergone radical prostatectomy
for prostate cancer (16%) [5].

Clinical Presentation
and Medical Evaluation

6.4

PD patients usually seek medical evaluation
because of penile pain during the erection, penile
bending or complex deformity, loss of penile
length, and presence of palpable areas of indura-
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tion on the penile shaft [28]. Patients may come
to the attention of the specialist during the acute
phase, in which penile pain and progressive
deformity are the main complaints, or during the
chronic phase, in which pain is mostly absent and
complaints include penile deformities and the
impossibility of having regular penetrative inter-
course due to excessive bending or penile
structural instability [2]. Erectile dysfunction is
also present in up to half of men with PD, though
itis still object of debate whether PD is a cause of
ED or the other way around [29].

PD may generate a significant psychological
distress in the affected patient leading to depres-
sion, anxiety, avoidance, and lowered self-
esteem in intimate situations, partner and
relationship problems, and dissatisfaction with
sexual activity [30].

History and physical examination are needed
to a correct diagnosis and evaluation of PD [31].
History taking should include past medical occur-
rences and identification of known PD risk fac-
tors such as penile trauma, palmar or plantar
fibrosis, diabetes, hypertension, and smoking
habit. The patient should be asked about the pres-
ence or absence of penile pain, and time of defor-
mity onset or eventual stability in order to initially
define whether the disease is in an acute or
chronic phase. There are specific questionnaires
which may aid the specialist in keeping track of
all valuable information, such as the Peyronie’s
disease questionnaire (PDQ) [32]. Other ancil-
lary questionnaires such as the International
Index of Erectile Function (IIEF) or Erection
Hardness Score (EHS) may prove useful in
objectively assessing the sexual function of the
patient [2].

Laboratory testing may turn useful in identify-
ing underlying diseases related to PD and ED;
they include a complete blood count, a glucose
and lipid profile, and total testosterone [33].
Given the usual patients’ age, it is worth assess-
ing also serum Prostate-specific Antigen (PSA).

When performing a physical examination in a
patient with suspected PD, the focus should be on
the penile shaft with palpatory assessment of
deformities and areas of abnormal consistency or
plaques. The examination should be carried out

along the entire length of the shaft, from the
pubis to the glans, and may include a Stretched
Penile Length (SPL) measurement in the usual
fashion—from the pubis to the coronal sulcus—
for future reference [2].

The objective evaluation of the degree and
entity of the penile curvature or deformity neces-
sitates measurements to be taken when the penis
is erect. Patient-provided self-photographs are a
viable solution but the quality of the images may
be insufficient, leading to incorrect assessments
[34]. This may be of utmost importance in
patients seeking active curative interventions, in
which accurate evaluation of penile deformity is
required to choose the correct therapeutic strat-
egy. In-office intracavernous administration (ICI)
of an erectogenic agent allows a specialist to per-
form objective assessment not only of erectile
function but also of penile curvature, for exam-
ple, with the aid of a goniometer, establishing the
point of maximum curvature, the degree of penile
torsion, and the presence of indentation, hour-
glass deformity, or “hinge” effect in the case of a
planned surgical intervention [31].

As for imaging in PD evaluation, PDUS may
aid in the detection and measurement of plaques
and their size, although it is often inaccurate and
operator-dependent [35]. Most importantly, it can
be useful prior to treatment in order to assess
penile hemodynamics, especially in the presence
of ED. Information obtained through PDUS can
be useful for the specialist when selecting the
best therapeutic approach while correctly manag-
ing the patient’s expectations [36].

The other available imaging techniques are
not suitable for everyday clinical practice and
anyway are all considered inferior to in-office
US. Computed Tomography (CT) allows for
good visualization of calcified penile plaques,
but it is less useful in non-calcified plaques and
in the evaluation of soft tissue and degree of
inflammation. It is also expensive in terms of
time and Magnetic Resonance
Imaging (MRI) is the best instrument when
needing to visualize soft tissue, areas of inflam-
mations, and non-calcified plaques but its high
cost of money, time, and resources far outweighs
its benefits [37].

resources.
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6.5 Non-surgical Treatment

for Peyronie’s Disease

The main objective of conservative treatment
is to prevent disease progression and relieve
pain in patients in early stage or in patients
who decline other treatments during the active
phase.

Non-surgical treatments are as follows: oral
medications, topical medications, traction ther-
apy, extracorporeal shock wave therapy, electro-
motive drugs, intralesional injections, and
vacuum erection device. There are several studies
on conservative treatments and often their results
are contradictory, not allowing to provide recom-
mendations in real life.

6.5.1 Oral Medications

6.5.1.1 Phosphodiesterase Type 5
Inhibitors (PDE5is)

PDES5is are thought to reduce collagen deposition

and increase apoptotic index through the inhibi-

tion of TFG-b1 [38, 39].

In a retrospective study, PDESis were admin-
istered to 65 patients with penile septal scars;
the results showed that those who received ther-
apy had improvement in erectile function, in the
reduction of the curvature and resolution of
scars (69%) [40]. Unfortunately, there is no pro-
spective  RCT that compares PDESis with
placebo.

6.5.1.2 Nonsteroidal Anti-

inflammatory Drugs (NSAIDs)
NSAIDs should be offered in active phase of PD
to manage penile pain.

6.5.1.3 Coenzime Q10

Coenzime Q10 is hypothesized to prevent the
accumulation of free radicals and scar formation
in acute PD. One RCT compared Q10 with pla-
cebo and found a statistically significant improve-
ment in erectile function and reduction in mean
plaque size (40%) in patients to whom was
administered Q10. The EAU does not support
this treatment.
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6.5.1.4 Vitamin E

Vitamin E has antioxidant activity and is hypothe-
sized to have antifibrotic effect reducing circulat-
ing free radicals. Vitamin E lacks sufficient
evidence. One clinical trial compared Vitamin E
with placebo: the results indicated that there was
no statistically significant reduction in angulation,
pain, or plaque size [41]. The EAU Panel does not
support it because of its lack of efficacy.

6.5.1.5 Colchicine

Colchicine is thought to have antifibrotic effects
by activating collagenase production and pre-
venting collagen synthesis [42]. Unfortunately,
the only RCT available that compares colchicine
with placebo does not show significant reduc-
tions in angulation, pain, or plaque size [43]. The
EAU panel does not support it because of its lack
of efficacy.

6.5.1.6 Para-aminobenzoacidic
Potassium (POTABA)

POTABA has anti-inflammatory and antifibrotic
effects [44]. It is suggested that POTABA can
reduce collagen formation. There is only one
RCT which concluded that POTABA may reduce
plaque size compared to placebo, with no
improvement in penile curvature [45]. POTABA
has a large amount of side effects; the most com-
mon is gastrointestinal distress. The evidence of
this treatment is weak, in fact the EAU Panel
does not support it.

6.5.1.7 Carnitine

Carnitine has an anti-inflammatory and antifi-
brotic effect. One RCT compared Carnitine with
placebo and found no statistical differences in
penile angulation, pain, or plaque size. The EAU
Panel does not support this oral medication
because of its lack of evidence.

6.5.1.8 Tamoxifen

Tamoxifen is thought to reduce fibrogenesis by
increasing the TGF-Beta concentration. The only
one RCT that compared tamoxifen with placebo
found no statistical difference in penile angulation
and pain [46]. Because of its lack of efficacy, the
EAU Panel does not recommend tamoxifen for PD.



6 Peyronie’s Disease

65

6.5.2 Topical Medications

There isn’t enough scientific evidence that topi-
cal treatments (Verapamil, H-100 Gel) applied to
the penile shaft with or without iontophoresis can
be absorbed by the tunica albuginea and change
the course of PD. The EAU Panel in fact does not
support this type of treatment for PD.

6.5.3 Extracorporeal Shock Wave
Therapy (ESWT)

The exact mechanism of action of Li-ESWT is
not known: it is assumed that shock waves may
generate nitric oxide and increase vascular endo-
thelial growth factor (VEGF) [47]. Four RCT and
one meta-analysis assessed the efficacy of ESWT
for PD: from these studies, the only consistent
outcome is improvement in pain [48-51].

6.5.4 Mechanical Devices

6.5.4.1 Penile Traction Therapy

Penile traction therapy (PTT) is based on mecha-
notransduction, according to which stretching
forces cause collagen remodeling through
decreasing myofibroblast activity and upregulat-
ing matrix metalloproteinase [52, 53]. There are
two prospective randomized trials on PTT [54,
55] that found improvements in curvature and in
stretched penile length. The treatment can result
in discomfort due to use of the device for 2-8 h
daily. Side effects are generally mild, including
local discomfort or glans numbness. PTT seems
to be effective and safe, but it is not possible to
give any definitive recommendation because of
the heterogeneity of the study designs and non-
standardized inclusion and exclusion criteria that
not allow to draw any definitive conclusions.

6.5.4.2 Vacuum Erection Device

Vacuum erection device seems to affect intracor-
poreal molecular markers like TGF-b1, collage-
nase, hypoxia-inducible factor-1a, eNOS. There
are no randomized controlled trials using VED to
treat PD. The limited data available appear to

support improvement in penile curvature and
stretched penile length, but further investigation
is needed [56].

6.5.5 Intraplaque Injection
6.5.5.1 Collagenase Clostridium
Histolyticum (CCH)
CCH is a purified bacterial enzyme that degrades
collagen that is the primary component of the PD
plaque. In 2014, the EMA approved CCH for the
nonsurgical treatment of stable phase PD in men
with dorsal palpable penile plaque of 30-90°.
Two trials, IMPRESS I and IMPRESS II, found
improvement in curvature and PDQ scale (used
to assess QoL in PD), with no change in pain or
erectile function [57]. During these studies,
patients underwent two injections 24—72 h apart,
repeated in four treatment cycles with penile
modeling. The greatest chance of curvature
improvement is for curvatures between 30° and
60°, no calcification, IIEF > 17, longer duration
of disease [58]. Regarding side effects, the stud-
ies have found several common mild or moderate
adverse reactions localized to the penis (penile
hematoma, penile pain, and penile swelling).
Serious adverse events (0.9%) include penile
hematoma and corporeal rupture that require sur-
gical treatment; to avoid these adverse events, the
patient should be advised to avoid sexual inter-
course in the 4 weeks following injection.
Recently, the company has withdrawn the prod-
uct form the European market.

6.5.5.2 Interferon Alpha

IFN-alpha 2b is hypothesized to treat PD through
afibroblast proliferation decreasing. Furthermore,
it seems to reduce extracellular matrix and colla-
gen production, increasing collagenase synthesis
by fibroblast [59].

One study found greater improvement in cur-
vature and plaque size among men treated with
INF-alpha 2 vs placebo [60]. Intraplaque injec-
tion with INF-alpha 2b provides a >20% reduc-
tion in curvature, regardless of plaque location.
The EAU panel recommends this treatment for
stable phase PD.
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6.5.5.3 Calcium Channel Blockers
(Verapamil, Nicardipine)

CCBs is hypothesized to inhibit calcium depen-
dent extracellular collagen transport and to
upgrade the collagenase activity [61]. FDA has
not approved verapamil in the treatment of
PD. One trial exists for nicardipine with promis-
ing results.

6.6  Surgical Treatment

for Peyronie’s Disease

Surgery represents the most effective treatment
for severe penile curvature caused by Peyronie’s
disease. Its aim is to obtain a penis straight
enough for a satisfactory intercourse while pre-
serving sufficient rigidity.

Surgery is recommended when penile defor-
mity and/or reduced erectile function make inter-
course difficult or impossible or painful for the
partner (dyspareunia). Surgery should be carried
out when the disease is “stable” meaning there
has been no change in the curvature over the last
6 months, otherwise the “wait and see” attitude is
preferred [62, 63].

As mentioned above, dynamic penile color-
Doppler sonography allows proper assessment of
the integrity of arterial inflow and veno-occlusive
mechanism, site and degree of curvature, penile
length, and overall deformity such as hinge or
hourglass. All such data are useful in choosing
the ideal surgical procedure [36, 64].

Accurate patient counselling is essential to
explain potential sequelae such as penile shorten-
ing, erectile dysfunction, recurrence of curvature,
and palpation of stitches underneath the skin. The
patient should also understand that surgery is not
meant to fully restore the penis to its original
shape and dimension, but rather to allow a return
to satisfactory sexual intercourse [65, 66].

Based on clinical data and patient’s counsel-
ling, surgery may consist in:

— Shortening procedures

— Lengthening procedures with grafting

— Penile prosthesis implant potentially associ-
ated to further manoeuvres [67]

The choice between techniques is based on
curvature shape and severity as well as erectile
function.

6.6.1 Tunical Shortening Procedure
Shortening procedures are offered to patients
with a <60° curvature, no hinge or hourglass
deformity, no erectile dysfunction, and a penis
long enough not to suffer from the expected
shortening [67].

Shortening procedures aim at giving the long
(convex) side of the penis the same length of its
short (concave) side [68].

In 1965, Nesbit described a procedure for the
correction of congenital penile curvature based
on an elliptical excision of the tunica albuginea
of the long side of the penis at the site of the
angle of greatest curvature. The tunical defect
was closed with permanent sutures and additional
absorbable sutures if needed [69].

Yachia proposed a modification whereby
Nesbit’s elliptical excision was replaced by a
full-thickness longitudinal incision of the albu-
ginea, which was then closed horizontally
according to the Heineke-Mikulicz procedure.
Depending on the degree of curvature, one or
more incisions are needed; in any case, the inci-
sions should be shorter than 1 cm to avoid creat-
ing a “dog ears” effect [70].

Non-incisional procedures in which tunical
shortening is obtained by plication without
incision have been developed to avoid any
potential damage to the underlying erectile tis-
sue. Essed and Schroder proposed tunical plica-
tion by placing non-resorbable figure-of-eight
sutures that should reduce the perception of the
knots at penile palpation [71]. In 2002, Gholami
and Lue introduced the 16-stitch (two pairs) or
24-stitch (three pairs) procedure, depending on
the length of the side of the penis and the degree
of angulation of the curvature, as a different
mean of plicating tunica albuginea. The ratio-
nale of this procedure was distributing tension
to a greater surface area of tunica albuginea
contralateral to the fibrotic plaque. They
reported a 96% satisfaction rate and a 93%
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straightening rate in 116 patients. In this series,
the shortening rate was 41% and the estimated
recurrence rate 15% [72].

In 1985, Ebbehoj and Metz proposed a plica-
tion technique in which an “introflecting” double
cross-over stitch of 2/0 Prolene grasping deep
into the tunica in four positions was used. The
employment of an introflecting knot greatly
reduced the perception of penile shaft knots by
the patients: in fact, this principle has been widely
adopted in following adaptations of tunical plica-
tion techniques [66].

For all procedures, the first step should be
exposure of Buck’s fascia. Circumcision and
degloving are usually preferred but, occasionally,
longitudinal penile shaft incisions may be used in
patients with minor curvatures who would like to
avoid circumcision. For dorsal and ventral curva-
tures, mobilization of urethra or neurovascular
bundle, respectively, are recommended to prop-
erly expose the curvature to be treated. Artificial
erection is needed throughout the procedure and
is usually obtained by injection of saline into the
corpora while manually compressing the crura;
avoiding the use of a tourniquet at the base of the
penis provides a more reliable profile of the erect
penis [73].

Compared to lengthening procedures, short-
ening procedures require less surgical time.
Shortening procedures provide good aesthetic
results, reduce risk of postoperative stiffness loss,
and constitute a simple and safe solution with
effective straightening. The overall short- and
long-term results of shortening techniques are
satisfactory with surgical straightening achieved
in 79-100% of patients.

Reduction of the final penile length and diffi-
culty in correcting complex curves such as hour-
glass or hinge curves are considered the main
disadvantages. Especially the former can some-
times lead to patients’ dissatisfaction, because of
subjective comparisons with the size and the
shape of their penis as remembered before the
development of the Peyronie’s disease. Other less
common complications include hematoma in up
to 9%, decreased sensitivity from 4% to 21%,
urethral injury in less than 2%, and phimosis in
up to 5% of patients.

Additional penile shrinkage up to 17% has
been reported and recurrence of significant penile
curvature deformity has been reported up to 12%.
In addition, eventual suture granuloma can gen-
erate pain at the affected site. The reported risk of
new EDs ranges from 0% to 38% and often
depends on baseline functional data.

ED can be explained by the fact that the scar-
ring of a healthy tissue may result in anatomical
and functional damage to the corpus cavernosum
[74-76].

To this day, no technique has been proven
clearly superior. The International Consultation
on Sexual Medicine (ICSM) of 2010 states, in
regard to penile shortening procedures, that there
is no evidence that one surgical approach pro-
vides better results than another, but curvature
correction with less risk of new EDs can be
expected compared to grafting procedures [66].

6.6.2 Tunical Lengthening
Procedure

Tunical lengthening procedures are suggested in
case of severe curvature (>60°) without erectile
dysfunction. Their goal is to incise the plaque,
lengthen the short or concave side of the penis,
and create a defect in the tunica which will be
covered by a graft [67].

Tunical lengthening procedures include both
plaque incision and graft (PIG) and plaque exci-
sion and graft (PEG). Originally, it was thought
that plaques could fuel the evolution of disease,
so excision was necessary for healing [36, 77].
However, important evidence emerged: the
removal of the plaque enhanced the process of
fibrosis of the corpora cavernosa and further
damaged the delicate mechanism of the veno-
occlusive system. Over time, it was realized that
these were the two most important factors con-
tributing to postoperative erectile deficit. For this
reason, excision and grafting procedures were
replaced by new techniques [78].

Plaque excision may be considered in those
patients in whom the area of maximum deformity
is excised, particularly if it is associated with
severe indentation [79].
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The area created by the geometric incision of
the tunica albuginea should be covered with a
graft. The ideal characteristics of the graft should
be as similar as possible to the tissue being
replaced. Although elasticity and strength
summarize the two major capabilities of albugi-
nous tissue, the ideal graft should also be readily
available and not very expensive. It should be
biocompatible with the target tissue to avoid
excessive fibrotic reactions with low risk of infec-
tion, antigenicity, and minimal tissue reaction.

It must also be easy to suture, pliable, and
compliant, resistant to intracavernous pressures
exerted during erections. It should also not be too
thick or too thin to avoid bulging or gap forma-
tion along the surface of the albuginea with the
appearance of new shapes and/or curves after sur-
gery [80, 81].

Several types of grafts have been proposed:

— Heterologous: of human origin but from a
deceased donor, including the pericardium,
fascia lata, and dura mater

— Biological xenografts: processed bovine peri-
cardium, porcine intestinal submucosa, and
porcine dermis and Tachosil® (matrix of
equine collagen) [53-58]

— Autologous: taken from the individual him-
self, they include the dermis, vein, temporalis
fascia, fascia lata, tunica vaginalis, tunica
albuginea, and buccal mucosa

— Synthetic: Dacron® and Gore-Tex® [67]

Pericardial grafts have adequate thickness,
resistance to traction and low risk of contracture,
with lower rates of infection and rejection reac-
tions. Many studies evidenced persistent ability
to have satisfactory sexual intercourse and poor
evidence of insufficient penile straightening [82].

When it comes to biological xenografts, the
small intestinal submucosa graft showed similar
advantages to the pericardium in terms of sexual
satisfaction. This matrix contains angiogenic
growth factors that are thought to promote rapid
infiltration of host cells and early revasculariza-
tion, serving as a scaffold for differentiation. In
case of large tunica defects, though, decreased
stiffness is more common, together with curve

recurrence and postoperative complications such
as hematomas and infections [67, 83].

Their main disadvantages are due to cost, bio-
compatibility, possible infection, and immuno-
logic responses. In addition, they may develop
excessive scarring retraction with recurvatum or
penile shortening and erectile deficiency on a
veno-occlusive basis [84, 85].

Among biological xenografts, the novel col-
lagen fleece synthetic graft (Tachosil®) is cur-
rently raising scientific interest. The main
feature is the ease of use: application is adver-
tised to be suture-less as the graft has self-adhe-
sive properties. This leads to shorter operating
time and reduction of the eventual risk of dam-
aging a penile prosthesis in the case of simulta-
neous implantation. Retraction and scarring also
have been reported to be fairly rare occurrences,
but randomized comparison trials with other
materials are still needed for a conclusive evalu-
ation [67].

Autologous grafts require preparation of a
second surgical site intraoperatively for graft har-
vest and this potentially lengthens operating
room time. In addition, harvesting in the same
patient is not free from possible side effects in
terms of healing, aesthetic results, and lymph-
edema. In other cases, the extent of the harvest
may be limited by the anatomical site, thus reduc-
ing the possibility of obtaining enough tissue to
cover large defects [67].

Several series have reported excellent
results with the use of autologous vein graft-
ing in the short term (1 year) with a 90% satis-
faction rate and a curvature correction rate of
59-96%. On the other hand, these results were
not confirmed in the long term with a signifi-
cant decrease in patient satisfaction after
5 years due to erectile dysfunction (22.5%) or
penile shortening (35%) [86].

Buccal mucosa as an autologous graft pre-
sented extraordinary characteristics, namely,
increased elasticity, best enlargement, and elon-
gation coefficient. At an average follow-up of
about 3 years, 24 out of 26 patients (92.3%)
achieved complete straightening of the penis with
a rate of postoperative recurvature and erectile
dysfunction as low as 7.7% with a loss of penile
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length in 15.4% of cases [87] but plaque excision
was carried out. A subsequent study pointed out
plaque incision and buccal mucosa grafting was
associated with 100% penile straightening, no
curvature recurrence or de novo erectile dysfunc-
tion, and patient and partner satisfaction of 93.3%
and 100%, respectively [88]. A subsequent study
from the same authors [90] pointed out that, at
mean follow-up of 62.01 + 34.3 months (range
12-135), all of the 72 patients were able to obtain
an erection (SEP-1), 97.1% to penetrate (SEP-2),
and 89.7% to successfully complete intercourse
(SEP-3); 80.9% of them were satisfied with erec-
tion hardness (SEP-4) and 86.8% were overall
satisfied (SEP-5), with the main reason for dis-
satisfaction being expectation of better length
and rigidity. Available evidence suggest that buc-
cal mucosa grafting provides excellent long-term
results probably due to the typical graft charac-
teristics such as the peculiar blood support that
reduces the hypoxia time of the patch. Moreover,
the limited loss of elasticity reduces of the risk of
fibrosis [89].

Synthetic grafts made of polyethylene tere-
phthalate (PETE, Dacron) and polytetrafluoro-
ethylene (PTFE, Teflon) have been used in the
past showing a significant risk of inflammation
and subsequent adjacent fibrosis have limited
success. The hypoxic environment created inside
and around synthetic grafts increases the risk of
infection and possible allergic reactions [67, 90].

6.6.3 Penile Prosthesis Implant

Penile prosthesis implantation is typically
reserved for the treatment of Peyronie’s dis-
ease in patients with erectile dysfunction,
especially when they do not respond to medi-
cal therapy [67].

Although all types of penile prostheses can be
used, inflatable penile prosthesis implantation
appears to be more clinically feasible in these
patients. The pressure within the cylinders allows
for superior curvature correction with manual
shaping, as well as increased circumference [91].

According to the severity of the curvature, dif-
ferent procedures may take place.

In case of mild to moderate curvature (up to
30°), it may be sufficient to insert two cylinders for
an excellent result, without further maneuvers [67].

In cases of severe deformity (>30°), “intra-
operative shaping” of the corpora cavernosa on
the inflated cylinders has been introduced as an
effective treatment and if residual curvature
remains, no further treatment is recommended, as
the prosthesis will act as an expander leading to
progressive straightening in a few months. This
approach consists of achieving an erection
through the prosthesis to maximum rigidity, eval-
uating the curvature. The system is then sealed
with protected hemostats between pump and cyl-
inders, to protect the pump from the high pres-
sures that can occur during manual modeling.
The penis is then bent in the contralateral direc-
tion to the curvature for approximately 60-90 s.

After modeling, additional liquid can be intro-
duced into the system to evaluate the aesthetic
result. Then, the procedure can be repeated until
a satisfactory correction of the deformity is
achieved. a gradual and progressive moderation
is preferable rather than rapid and violent, to
avoid lesions of the tunic and excessive traction
of the neuro-vascular bundle. This is considered a
first-line therapy for curvature correction after
prosthetic implantation [67, 92].

The main risk is represented by urethral inju-
ries. To reduce the likelihood of injury, the distal
end of the penile shaft must be protected by the
flexing hand, leaving the glans free. In this way,
the apexes of the corpora cavernosa will be pro-
tected from excessive traction by the tips of the
cylinders. The other hand will grasp the base of
the penis to provide support to this area, reducing
the likelihood of breaking the suture line.

Published reports on the use of modeling indi-
cated that 86—100% successful straightening can
be expected without a higher incidence of device
revision; sensory traction deficit of the nerve bun-
dle after manual modeling may occur but remains
a potential complication that should be discussed
with the patient prior to surgery [92, 93].

An alternative to manual remodeling would be
plication of the contralateral tunic to correct cur-
vature prior to prosthesis placement [94].

The tunical incision is performed with the cyl-
inders deflated, using the low power cautery, to
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free the tunic with the intent of preserving the
cavernous tissue over the implant. Once the inci-
sion is made, the cylinders are inflated to evaluate
the correction. The modeling procedure can be
repeated until the desired result is achieved.

While there is no clearly accepted approach,
grafting is recommended if the incisions result in
a tunical defect that measures more than 2 cm in
any size to reduce scar contracture and cylinder
herniation [95].

Synthetic grafts were used in the past, but por-
cine SIS or pericardium biological grafts are now
frequently used, while the use of locally harvested
dermal grafts is not recommended, because there
is a risk of transferring bacteria to the prosthesis.
The frequently encountered post-operative com-
plaint is loss of length. This is particularly dis-
abling in the Peyronie’s disease population, who
often already have a loss of penis length. To over-
come this complication, prolonged post-operative
inflation of the cylinder has been recommended to
preserve the length of the penis. Furthermore, the
inflated prosthesis expands the corpora cavernosa
in width and favors the correction of any residual
curvatures [67].

Another approach to Peyronie’s disease when
implanting a penile prosthesis has been proposed
by Rolle and is known as “sliding technique.”
After degloving of dartos and isolation of neuro-
vascular bundle, two longitudinal incisions of the
tunica albuginea are carried out on the sides of
the two corpora cavernosa: the first incision at
3 o’clock on the left and the second incision at
9 o’clock on the right. A dorsal semicircular inci-
sion is made to connect the upper ends of the lat-
eral incisions, and a second semicircular ventral
incision is made to connect points of the second
incision. After incision and dissection of the
tunica albuginea from the cavernous tissue and
from the septum, traction is exerted on the glans,
thus obtaining a sliding of the distal part of the
penis from the proximal one. Two rectangular
and bow-shaped defects of tunica albuginea
remain: the first, dorsal and proximal and the sec-
ond, distal and ventral. Then, two cylinders of the
prosthesis can be inserted in the two corpora cav-
ernosa and the two losses of substance are cov-
ered with two rectangular grafts of porcine small
intestinal submucosa [96].

Egydio modified this technique, closing the
tunical defects using Buck’s fascia rather than a
graft and making additional longitudinal tunical
incisions to restore penile girth. This has been
proven to reduce operative time and improve
girth and length, but at the cost of a higher rate of
hematoma formation and possible auto-inflation
of inflatable prosthesis [97].

An evolution of these approaches has been
developed by Egydio himself with the MUST
(Multiple-Slit Technique). It consists of perform-
ing two longitudinal incisions at 3 and 9 o’clock
positions on the tunica albuginea, whose ends are
connected with semicircular incisions on the ven-
tral and dorsal part of the penis. Additional semi-
circular incisions must be placed on the concave
penile side, creating multiple small tunica
defects. The innovation lies in the fact that the
use of grafts to cover large tunical defects is
avoided, since the size of the tunical defect is
actually distributed among multiple small tunical
defects. This seems to help in avoiding potential
bulging and gap sensations in the affected areas.
Glans necrosis, glans ischemia, and partial loss
of sensitivity of glans represent the main compli-
cations [98].

References

1. Babu A, Kayes O. Recent advances in manag-
ing Peyronie’s disease. F1000Res. 2020;9:F1000
Faculty Rev-381. https://doi.org/10.12688/f1000re-
search.20557.1.  PMID:  32518629; PMCID:
PMC7255896.

2. Ziegelmann MJ, Bajic P, Levine LA. Peyronie’s dis-
ease: contemporary evaluation and management. Int
J Urol. 2020;27(6):504-16. https://doi.org/10.1111/
1ju.14230. Epub 2020 Apr 6. PMID: 32253786.

3. Al-Thakafi S, Al-Hathal N. Peyronie’s disease: a
literature review on epidemiology, genetics, patho-
physiology, diagnosis and work-up. Transl Androl

Urol.  2016;5(3):280-9.  https://doi.org/10.21037/
tau.2016.04.05. PMID:  27298774; PMCID:
PMC4893516.

4. Ostrowski KA, Gannon JR, Walsh TJ. A review
of the epidemiology and treatment of Peyronie’s
disease. Res Rep Urol. 2016;8:61-70. https://doi.
org/10.2147/RRU.S65620. PMID: 27200305;
PMCID: PMC4857830.

5. Dibenedetti DB, Nguyen D, Zografos L, et al. A
population-based study of Peyronie’s disease: preva-
lence and treatment patterns in the United States. Adv
Urol. 2011;2011:282503.


https://doi.org/10.12688/f1000research.20557.1
https://doi.org/10.12688/f1000research.20557.1
https://doi.org/10.1111/iju.14230
https://doi.org/10.1111/iju.14230
https://doi.org/10.21037/tau.2016.04.05
https://doi.org/10.21037/tau.2016.04.05
https://doi.org/10.2147/RRU.S65620
https://doi.org/10.2147/RRU.S65620

Peyronie’s Disease

71

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Chen JY, Hockenberry MS, Lipshultz LI. Objective

assessments of Peyronie’s disease. Sex Med Rev.
2018;6(3):438-45. https://doi.org/10.1016/j.
sxmr.2017.12.006. Epub 2018 Feb 21. PMID:
29477573.

. Musitelli S, Bossi M, Jallous H. A brief histori-

cal survey of “Peyronie’s disease”. J Sex Med.
2008;5:1737-46.

. Gonzalez-Cadavid NF, Rajfer J. Mechanisms of

disease: new insights into the cellular and molecu-
lar pathology of Peyronie’s disease. Nat Clin Pract
Urol.  2005;2(6):291-7.  https://doi.org/10.1038/
ncpuro0201.

. Patel DP, Christensen MB, Hotaling JM, Pastuszak

AW. A review of inflammation and fibrosis: implica-
tions for the pathogenesis of Peyronie’s disease. World
J Urol. 2020;38(2):253-61. https://doi.org/10.1007/
s00345-019-02815-6. Epub 2019 Jun 12. PMID:
31190155; PMCID: PMC7333524.

Di Maida F, Cito G, Lambertini L, Valastro F, Morelli
G, Mari A, Carini M, Minervini A, Cocci A. The natu-
ral history of Peyronie’s disease. World ] Mens Health.
2020;39:399.  https://doi.org/10.5534/wjmh.200065.
PMID: 32648381.

. Lue TE. Peyronie’s disease: an anatomically-based

hypothesis and beyond. IntJ Impot Res. 2002;14(5):411-
3. https://doi.org/10.1038/sj.ijir.3900876.

Wynn TA. Cellular and molecular mechanisms of
fibrosis. J Pathol. 2008;214(2):199-210. https://doi.
org/10.1002/path.2277.

Levine L, Rybak J, Corder C, Farrel MR. Peyronie’s
disease plaque calcification—prevalence, time to iden-
tification, and development of a new grading classifi-
cation. J Sex Med. 2013;10:3121-8.

Devine CJ Jr. International conference on Peyronie’s
disease advances in basic and clinical research. March
17-19, 1993. Introduction. J Urol. 1997;157:272-5.
Gonzalez-Cadavid NF, Magee TR, Ferrini M, Qian
A, Vernet D, Rajfer J. Gene expression in Peyronie’s
disease. Int J Impot Res. 2002;14:361-74.

Tal R, Heck M, Teloken P, Siegrist T, Nelson CJ,
Mulhall JP. Peyronie’s disease following radical
prostatectomy: incidence and predictors. J Sex Med.
2010;7:1254-61.

Zargooshi J. Trauma as the cause of Peyronie’s
disease: penile fracture as a model of trauma. J
Urol. 2004;172:186-8. https://doi.org/10.1097/01.
ju.0000132144.71458.86.

Gabrielsen JS. Peyronie’s disease: is it genetic or not?
Transl Androl Urol. 2020;9(Suppl 2):S262-8. https://
doi.org/10.21037/tau.2019.10.21. PMID: 32257867,
PMCID: PMC7108984.

Schwarzer U, Sommer F, Klotz T, Braun M,
Reifenrath B, Engelmann U. The prevalence of
Peyronie’s disease: results of a large survey. BJU Int.
2001;88(7):727-30. https://doi.org/10.1046/j.1464--
4096.2001.02436.x. PMID: 11890244.

Shiraishi K, Shimabukuro T, Matsuyama H. The prev-
alence of Peyronie’s disease in Japan: a study in men
undergoing maintenance hemodialysis and routine
health checks. J Sex Med. 2012;9:2716-23.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Rhoden EL, Riedner CE, Fuchs SC, Fuchs S, Ribeiro
EP, Halmenschlager G. A cross-sectional study for the
analysis of clinical, sexual and laboratory conditions
associated to Peyronie’s disease. J Sex Med. 2010;7(4
pt 1):1529-37.

Tal R, Hall MS, Alex B, Choi J, Mulhall JP. Peyronie’s
disease in teenagers. J Sex Med. 2012;9(1):302-8.
https://doi.org/10.1111/j.1743-6109.2011.02502.x.
Epub 2011 Oct 7. PMID: 21981606.

Kendirci M, Trost L, Sikka SC, Hellstrom
WIG. Diabetes mellitus is associated with severe
Peyronie’s disease. BJU Int. 2007;99:383-6.

Bjekic MD, Vlajinac HD, Sipetic SB, Marinkovic
JM. Risk factors for Peyronie’s disease: a case-control
study. BJU Int. 2006;97:570—4.

Nugteren HM, Nijman JM, de Jong 1J, van
Driel MF. The association between Peyronie’s
and Dupuytren’s disease. Int J Impot Res.
2011;23(4):142-5.

Segundo A, Glina S. Prevalence, risk factors, and
erectile dysfunction associated with Peyronie’s
disease among men seeking urological care. Sex
Med. 2020;8(2):230-6.  https://doi.org/10.1016/j.
esxm.2019.11.002. Epub 2020 Jan 30. PMID:
32007472; PMCID: PMC7261680.

Chung E, Ralph D, Kagioglu A. Evidence-based man-
agement guidelines on Peyronie’s disease. J Sex Med.
2016;13:905-23.

Chung PH, Han TM, Rudnik B, Das AK. Peyronie’s
disease: what do we know and how do we treat it? Can
J Urol. 2020;27(S3):11-9. PMID: 32875997.

Burri A, Porst H. The relationship between penile
deformity, age, psychological bother, and erectile dys-
function in a sample of men with Peyronie’s disease
(PD). Int J Impot Res. 2018;30(4):171-8. https://doi.
org/10.1038/s41443-018-0029-3. Epub 2018 May 25.
PMID: 29795530.

Goldstein I, Hartzell R, Shabsigh R. The impact of
Peyronie’s disease on the patient: gaps in our current
understanding. J Sex Marital Ther. 2016;42(2):178-
90. https://doi.org/10.1080/0092623X.2014.985351.
Epub 2015 Jan 9. PMID: 25405853.

EAU Guidelines. Edn. presented at the EAU Annual
Congress Milan 2021. ISBN 978-94-92671-13-4.
Serefoglu EC, Smith TM, Kaufman GJ, Liu G, Yafi
FA, Hellstrom WJG. Factors associated with erectile
dysfunction and the Peyronie’s disease question-
naire in patients with Peyronie disease. Urology.
2017;107:155-60. https://doi.org/10.1016/j.urol-
0gy.2017.05.029. Epub 2017 May 26. PMID:
28554517.

Allen MS, Walter EE. Erectile dysfunction: an
umbrella review of meta-analyses of risk-factors,
treatment, and prevalence outcomes. J Sex Med.
2019;16(4):531-41. https://doi.org/10.1016/j.
jsxm.2019.01.314. Epub 2019 Mar 2. PMID:
30833150.

Nascimento B, Cerqueira I, Miranda EP, Bessa J Jr,
Ivanovic RF, Guglielmetti G, Nahas WC, Srougi M,
Chiesa GAE, Cury J. Impact of camera deviation on
penile curvature assessment using 2D pictures. J Sex


https://doi.org/10.1016/j.sxmr.2017.12.006
https://doi.org/10.1016/j.sxmr.2017.12.006
https://doi.org/10.1038/ncpuro0201
https://doi.org/10.1038/ncpuro0201
https://doi.org/10.1007/s00345-019-02815-6
https://doi.org/10.1007/s00345-019-02815-6
https://doi.org/10.5534/wjmh.200065
https://doi.org/10.1038/sj.ijir.3900876
https://doi.org/10.1002/path.2277
https://doi.org/10.1002/path.2277
https://doi.org/10.1097/01.ju.0000132144.71458.86
https://doi.org/10.1097/01.ju.0000132144.71458.86
https://doi.org/10.21037/tau.2019.10.21
https://doi.org/10.21037/tau.2019.10.21
https://doi.org/10.1046/j.1464-4096.2001.02436.x
https://doi.org/10.1046/j.1464-4096.2001.02436.x
https://doi.org/10.1111/j.1743-6109.2011.02502.x
https://doi.org/10.1016/j.esxm.2019.11.002
https://doi.org/10.1016/j.esxm.2019.11.002
https://doi.org/10.1038/s41443-018-0029-3
https://doi.org/10.1038/s41443-018-0029-3
https://doi.org/10.1080/0092623X.2014.985351
https://doi.org/10.1016/j.urology.2017.05.029
https://doi.org/10.1016/j.urology.2017.05.029
https://doi.org/10.1016/j.jsxm.2019.01.314
https://doi.org/10.1016/j.jsxm.2019.01.314

72

F. Palumbo et al.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Med. 2018;15(11):1638—44. https://doi.org/10.1016/j.
jsxm.2018.08.017. PMID: 30415815.

McCauley JF, et al. Diagnostic utility of penile
ultrasound in Peyronie’s disease. World J Urol.
2020;38:263.

Kadioglu A, et al. Color Doppler ultrasound assess-
ment of penile vascular system in men with Peyronie’s
disease. Int J Impot Res. 2000;12(5):263-7.

Parmar M, Masterson JM, Masterson TA 3rd. The
role of imaging in the diagnosis and management of
Peyronie’s disease. Curr Opin Urol. 2020;30(3):283—
9. https://doi.org/10.1097/MOU.0000000000000754.
PMID: 32205808.

Ferrini MG, et al. Effects of long-term vardenafil
treatment on the development of fibrotic plaques
in a rat model of Peyronie’s disease. BJU Int.
2006;97:625.

Ilg MM, et al. Phosphodiesterase type 5 inhibitors
and selective estrogen receptor modulators can pre-
vent but not reverse myofibroblast transformation in
Peyronie’s disease. J Sex Med. 2020;17:1848.

Chung E, Deyoung L, Brock GB. The role of PDE5
inhibitors in penile septal scar remodeling: assess-
ment of clinical and radiological outcomes. J Sex
Med. 2011;8:1472-7.

Safarinejad MR, Hosseini SY, Kolahi AA. Comparison
of vitamin E and propionyl-L-carnitine, separately
or in combination, in patients with early chronic
Peyronie’s disease: a double-blind, placebo controlled,
randomized study. J Urol. 2007;178:1398-403.
Akkus E, Carrier S, Rehman J, et al. Is colchi-
cine effective in Peyronie’s disease? A pilot study.
Urology. 1994;44:291-5.

Safarinejad MR. Therapeutic effects of colchicine in
the management of Peyronie’s disease: a randomized
double-blind, placebo-controlled study. Int J Impot
Res. 2004;16:238-43.

Zarafonetis CJ, Horrax TM. Treatment of Peyronie’s
disease with potassium para-aminobenzoate (potaba).
J Urol. 1959;81:770-2.

Weidner W, Hauck EW, Schnitker J. Potassium Para-
aminobenzoate (POTABATM) in the treatment of
Peyronie’s disease: a prospective, placebo-controlled,
randomized study. Eur Urol. 2005;47:530-53.
Teloken C, Rhoden EL, Grazziotin TM, et al.
Tamoxifen versus placebo in the treatment of
Peyronie’s disease. J Urol. 1999;162:2003-5.

Frairia R, Berta L. Biological effects of extracorpo-
real shock waves on fibroblasts. A review. Muscles
Ligaments Tendons J. 2011;1:138—47.

Palmieri A, et al. A first prospective, randomized,
double-blind, placebo-controlled clinical trial evalu-
ating extracorporeal shock wave therapy for the treat-
ment of Peyronie’s disease. Eur Urol. 2009;56:363.
Chitale S, et al. Limited shock wave therapy vs sham
treatment in men with Peyronie’s disease: results of a
prospective randomized controlled double-blind trial.
BJU Int. 2010;106:1352.

Hatzichristodoulou G, et al. Extracorporeal shock
wave therapy in Peyronie’s disease: results of a

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62

63.

64.

65.

66.

placebo-controlled, prospective, randomized, single-
blind study. J Sex Med. 2013;10:2815.

Gao L, et al. A meta-analysis of extracorporeal shock
wave therapy for Peyronie’s disease. Int J Impot Res.
2016;28:161.

Gelbard M. Myofibroblasts and mechanotransduc-
tion: do forces in the tunica albuginea contribute to
Peyronie’s disease? J Sex Med. 2008;5:2974.

Chung E, et al. Peyronie’s disease and mechanotrans-
duction: an in vitro analysis of the cellular changes
to Peyronie’s disease in a cell-culture strain system. J
Sex Med. 2013;10:1259.

Moncada I, Krishnappa P, Romero J, et al. Penile trac-
tion therapy with the new device “Penimaster PRO”
is effective and safe in the stable phase of Peyronie’s
disease: a controlled multicentre study. BJU Int.
2019;123:694-702.

Ziegelmann M, Savage J, Toussi A, et al. Outcomes of
a novel penile traction device in men with Peyronie’s
disease: a randomized, single-blind, controlled trial. J
Urol. 2019;202:599-610.

Raheem AA, et al. The role of vacuum pump therapy
to mechanically straighten the penis in Peyronie’s dis-
ease. BJU Int. 2010;106:1178.

Gelbard M, Goldstein I, Hellstrom WIG, et al.
Clinical efficacy, safety and tolerability of collagenase
clostridium histolyticum for the treatment of peyronie
disease in 2 large double-blind, randomized, placebo
controlled phase 3 studies. J Urol. 2013;190:199-207.
Masterson TA, et al. Characteristics predictive of
response to collagenase clostridium histolyticum for
Peyronie’s disease: a review of the literature. World J
Urol. 2020;38(2):279-85.

Duncan MR, Berman B, Nseyo UO. Regulation of the
proliferation and biosynthetic activities of cultured
human Peyronie’s disease fibroblasts by interferons-
alpha, -beta and -gamma. Scand J Urol Nephrol.
1991;25:89-94.

Hellstrom WJG, Kendirci M, Matern R, et al. Single-
blind, multicenter, placebo controlled, parallel study
to assess the safety and efficacy of intralesional inter-
feron alpha-2B for minimally invasive treatment for
Peyronie’s disease. J Urol. 2006;176:394-8.

Levine LA, Merrick PF, Lee RC. Intralesional vera-
pamil injection for the treatment of Peyronie’s dis-
ease. J Urol. 1994;151:1522-4.

. Htzimouratidis K. EAU guidelines on penile curva-

ture. Eur Urol. 2012;62(3):543-52.

Levine LA. Surgery for Peyronie’s disease. Asian J
Androl. 2013;15(1):27-34.

Porst H. Standards for clinical trials in male sexual
dysfunctions. J Sex Med. 2010;7(1):414—44.

Wein AJ, Kavoussi LR, Partin AW, Peters CA.
“Campbell-Walsh Urology: 4-Volume Set (11th
Ed.)”. Faculty Bookshelf. 2016:69. https://doi.
org/9781455775675.

Ralph D, Gonzalez-Cadavid N, Mirone V, Perovic
S, Sohn M, Usta M, Levine L. The management of
Peyronie’s disease: evidence-based 2010 guidelines. J
Sex Med. 2010;7(7):2359-74. https://doi.org/10.1111/


https://doi.org/10.1016/j.jsxm.2018.08.017
https://doi.org/10.1016/j.jsxm.2018.08.017
https://doi.org/10.1097/MOU.0000000000000754
https://doi.org/9781455775675
https://doi.org/9781455775675
https://doi.org/10.1111/j.1743-6109.2010.01850.x

Peyronie’s Disease

73

67

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

j-1743-6109.2010.01850.x. Epub 2010 May
PMID:20497306.

19.

. EAU guidelines. 2021.
. Syed AH. Nesbit procedure for disabling Peyronie’s

curvature: a median follow-up of 84 months. Urology.
2003;61:999-1003.

Nesbit RM. Congenital curvature of the phallus:
report of three cases with description of corrective
operation. J Urol. 1965;93:230-2.

Yachia D. Modified corporoplasty for the treatment of
penile curvature. J Urol. 1990;1443(1):80-2.

Essed E. New surgical treatment for Peyronie’s dis-
ease. Urology. 1985;25(6):582-7.

Ghoami SS. Correction of penile curvature using the
16-dot plication technique: a review of 132 patients. J
Urol. 2002;167:2066-9.

Yosef B. Midline forsal plication technique for penile
curvature repair. J Urol. 2004;172:1368-9.

Van Der Horst C. Treatment of penile curvature with
Essed-Schroder tunical plication: aspects of quality of
life from patients’ perspective. BJU. 2004;93:105-9.
Larsen AM. Surgery for Peyronie’s disease. Asian J
Androl. 2013;15:27-34.

Ding S. A novel modification for tunical plication by
plaque thinning: long-term results in treating penile
curvature of Peyronie’s disease. Int Urol Nephrol.
2010;42:597-602.

Kndirci M. Critical analysis of surgery for Peyronie’s
disease. Curr Opin Urol. 2004;14:381-8.

Dalton B. Venoenic impotence followin der-
mal graft repair for Peyronie’s disease. J Urol.
1991;146:849-51.

Levine LA. Partial plaque excision and grafting (PEG)
for Peyronie’s disease. J Sex Med. 2011;8:1842-5.
Carson C. Outcomes of surgical treatment of
Peyronie’s disease. BJU Int. 2014;113(5):704—13.
Kadioglu A. Graft materials in Peyronie’s dis-
ease surgery: a comprehensive review. J Sex Rev.
2007;4:581-95.

Chun J. A comparsion of dermal and cadaveric pericar-
dial grafts in the modified Horton-Devine procedure
for Peyronie’s disease. J Urol. 2001;166(1):185-8.
Voytik-Harbin S. Identification of extractable growth
factors from small intestinal submucosa. J Cell
Biochem. 1997;67:478-91.

Nagele U. In vitro investigations of tissue-engineered
multilayered urothelium established from bladder
washings. Eur Urol. 2008;54(6):1414-22.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Breyer BN. Complications of porcine small intes-
tine submucosa graft for Peyronie’s disease. J Urol.
2007;177(2):589-91.

El-Sakka AL. Effect of incision and saphenous vein
grafting for Peyronie’s disease on penile length and
sexual satisfaction. J Urol. 2001;166:1769-73.
Kakonashivili A. Substitution of tunica albuginea
penis by different autotransplant: an experimental
study. Georgian Med News. 2003;10:38-42.
Combined Plaque Incision, Buccal Mucosa Grafting,
and Additional Tunica Albuginea Plication for
Peyronie’s Disease, Cormio et al., Sex Med, 2019 -
https://doi.org/10.1016/j.esxm.2018.11.002.

Cormio L. Combined plaque incision, buccal mucosa
grafting and additional tunica albuginea plication for
Peyronie’s diseaseex. Sex Med Rev. 2019;7(1):48-53.
Bokarica P. Surgical treatment of Peyronie’s disease
based on penile length and degree of curvature. Int J
Impot. 2005;17:170-4.

Montorsi F. AMS CX 700 inflatable penile implants
for Peyronie’s disease: functional results, morbid-
ity and patient-partner satisfaction. Int J Impot Res.
1996;8(2):81-5.

Wilson S. Long-term follow-up of treatment for
Peyronie's disease: modeling the penis over an inflat-
able penile prosthesis. J Urol. 2001;165(3):825-9.
Montague D. AMS 3-piece inflatable penile pros-
thesis implantation in men with Peyronie’s disease:
comparison of CX and Ultrex cylinders. J Urol.
1996;156:1633-5.

Rahman N. Combined penile plication sur-
gery and insertion of penile prosthesis for severe
penile curvature and erectile dysfunction. J Urol.
2004;171:2346-8.

Levine LA. Inflatable penile prosthesis placement in
men with Peyronie’s disease and drug-resistant erec-
tile dysfunction: a single-centre study. J Sex Med.
2010;7:3775-83.

Rolle L. A new, innovative, lengthening surgical
procedure for Peyronie disease by penile prosthesis
implantation with double dorsal-ventral patch graft:
the “sliding technique”. J Sex Med. 2012;9:2389-95.
Hegydio P. Penile lengthening and widening without
grafting according to a modified “sliding” technique.
BJUI 2015;116:965-72.

Egydio P. The multiple-slit technique (MUST)
for penile length and girth restoration. J Sex Med.
2017;15:261-9.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license,

unless indicated otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder.


https://doi.org/10.1111/j.1743-6109.2010.01850.x
https://doi.org/10.1016/j.esxm.2018.11.002
http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Orgasm and Ejaculation Disorders

Federico Belladelli, Edoardo Pozzi,
Giuseppe Fallara, Paolo Capogrosso,

and Andrea Salonia

7.1 Anatomy and Physiology

of Orgasm and Ejaculation

There is no standard definition of orgasm, although
it has been defined as an intense transient peak
sensation of pleasure alternating the state of con-
sciousness and associated with reported physical
changes. It is commonly combined with ejacula-
tion [1] although the experience of orgasm is a dis-
tinct cortical event, associated with the perception
of striated muscle contractions and resulting in
semen expelled during ejaculation, mediated
through sensory neurons in the pelvic region.
During orgasm, hyperventilation up to 40 breaths/
min, tachycardia, and high blood pressure could
occur [1]. Both ejaculation and orgasm are based
on a complex interplay between the central ner-
vous system and the peripheral nervous system,
with the involvement of several neurotransmitters,
thus including dopamine, norepinephrine, sero-
tonin, acetylcholine, gamma-aminobutyric acid
(GABA), and nitric oxide (NO) [2]; moreover,
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hormonal pathways may influence the process of
ejaculation with an active role played by oxytocin,
prolactin, thyroid hormones, glucocorticoids, and
sexual steroid hormones [2]. Different studies
using positron emission tomography (PET) have
identified areas of activation in the brain during
orgasm. Primary intense activation areas are noted
to be in the mesodiencephalic transition zones,
which include the midline, the zona incerta, ven-
troposterior and intralaminar thalamic nuclei, the
lateral segmental central field, the suprafascicular
nucleus, and the ventral tegmental area. Strong
increases were seen in the cerebellum. Decreases
were noted at the entorhinal cortex and the amyg-
dala [3]. In men, a period of inhibition normally
follows orgasm, called the refractory period. This
is a poorly understood phenomenon, with some
investigators suggesting a central rather than spi-
nal mechanism to be involved [4].

Ejaculation is a different physiological pro-
cess mainly under the regulation of the auto-
nomic nervous system. It consists of two main
phases: emission and expulsion. The first step in
the emission phase is the closure of bladder neck
to prevent retrograde spillage of the seminal fluid
into the bladder. This is followed by the ejection
of prostatic secretions, mixed with spermatozoa
from the vas deferens into the prostatic urethra
[5]. The organs involved in the ejaculation pro-
cess receive dense autonomic nerve supply, both
sympathetic and parasympathetic, from the pel-
vic plexus. The sympathetic neurons play the pre-
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dominant role in the ejaculation process. Input
from genital stimulation is integrated at the neu-
ral sacral spinal level to produce emission [6].
The emission phase of ejaculation is also under a
considerable cerebral control, and can be induced
through physical or visual erotic stimulation [7].
Expulsion follows emission and refers to the
ejection of semen through the urethral meatus.
The semen is propelled through a number of
rhythmic contractions of the pelvic striated mus-
cles in addition to the bulbospongiosus and
ischiocavernosus muscles [1]. To achieve ante-
grade semen expulsion, the bladder neck remains
closed, whereas the external urethral sphincter is
open.

7.2  Premature Ejaculation (PE)

7.2.1 Aetiology

The International Society for Sexual Medicine
(ISSM) elaborated the most comprehensive and
widely considered definition of PE, which indeed
is defined as a male sexual dysfunction where
ejaculation always or almost always occurs prior
to or within about 1 min of penetration. It is a
condition characterized by the inability to delay
ejaculation during sexual activity all (or nearly
all) of the time, that causes personal distress and
may even lead to the avoidance of sexual inti-
macy [8]. Overall, the most widely used classifi-
cation for PE is as follows:

1. Lifelong PE (LPE): occurring since an indi-
vidual’s first sexual encounter.

2. Acquired PE (APE): it begins occurring at
some point later in a person’s life.

According to this definition, PE prevalence
could affect about 4% of the male population
[9-13]. Few of these men typically seek treat-
ment for their condition. Up to approximately
30% of men with PE suffer from concurrent erec-
tile dysfunction (ED), which typically may result
in early ejaculation without full erection [11, 14,
15]. A wide range of severity is seen, with patients
ejaculating on or prior to penetration in the most

severe cases. Although this holds true, PE patho-
physiology remains an undoubtedly complex
topic even though compelling evidence has accu-
mulated over the years, both on animal and
human models.

7.2.1.1 Hereditary PE

Hereditary and genetic factors have been sup-
ported and correlated with PE onset, thanks to
results of familial studies, whereby the risk of PE
between family members was higher than the risk
expected solely based on prevalence rates in the
population [16]. Furthermore, other studies
investigating twins, demonstrated a substantial
genetic effect on LPE, representing 22% [17] to
28% [17-19] of the variance, as well as on undif-
ferentiated PE observed in young adults (mean
age 29.9 years), representing 28-31.5% of the
variance [17, 18].

7.2.1.2 Neurobiology of PE

Serotonin (5-HT) is the neurotransmitter of great-
est interest in the control of ejaculation. Robust
data on animal and human models have been
published over the years. As such, it has been
hypothesized and subsequently demonstrated
that LPE in humans may be explained by a hypo-
sensitivity of the 5-HT2C and/or hypersensitivity
of the 5-HT1A receptors. In this context, sero-
tonin per se is known to delay ejaculation; in fact,
men with low circulating levels of 5-HT or with
5-HT2C receptor hyposensitivity are known to
have lower ejaculatory thresholds. Indeed, it has
been demonstrated the presence of a neural net-
work at the peripheral level (within the spinal
cord) responsible for the ejaculatory reflex
whereby serotonin plays a major role in control-
ling ejaculation [20]. From this, many therapeu-
tic approaches have been tried and validated.
Additionally, both dopamine and oxytocin also
appear to play important roles in ejaculation; the
biology of these neurotransmitters in relation to
ejaculation is less well studied, but in animal
models, both appear to have a stimulatory effect
on ejaculation [21]. To conclude, the well-
documented efficacy of selective serotonin reup-
take inhibitors (SSRIs)—such as paroxetine and
the on-demand on label molecule dapoxetine—in
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increasing intravaginal ejaculatory latency time
(IELT) in men with PE supports the role of an
impairment over the serotonergic inhibitory con-
trol of the ejaculatory process, at least in some
men with PE [21].

7.2.1.3 Hormones and PE

Animal studies show the biological interactions
between 5-HT, dopamine, and the hypothalamic-
pituitary axis. Specifically, the hypothalamic-
pituitary-thyroid axis is involved [22-24]. Corona
et al. and Carani et al. reported a significant cor-
relation between APE and suppressed thyroid-
stimulating hormone (TSH) and high thyroid
hormone values [25-28]. After normalizing thy-
roid function in hyperthyroid men, the prevalence
of APE fells from 50% to 15% [26]. Interestingly,
no case of hyperthyroidism was found in 620
men with LPE, demonstrating that the associa-
tion of PE with hyperthyroidism is obviously
restricted to men with APE [29]. Furthermore,
more recently published studies indicate that pro-
lactin (PRL) hormone is somehow connected
with ejaculatory control. Particularly, by analys-
ing data of 25,321 patients seeking first medical
help for sexual dysfunctions, lowest interquartile
levels of PRL were registered with APE and anxi-
ety symptoms [30]. Lastly, testosterone levels
have also been correlated with PE onset. More in
details, lower levels of testosterone have been
linked with delayed ejaculation [31]. Even
though the aforementioned statements are true,
hyperprolactinemia and high testosterone levels
cannot be considered causative factors for APE
onset.

7.2.1.4 Chronic Prostatitis and Chronic
Pelvic Pain Syndrome (CPPS)

It has been shown how men with chronic prosta-
titis or CPPS have a higher probability of report-
ing PE [32, 33]. Studies investigating prevalence
of PE among patients with lower urinary tract
symptoms (LUTS) associated with CPPS,
showed a prevalence of PE in LUTS ranging
from 12% to 77% [34]. In this context, the patho-
physiological mechanism remains unclear with
many hypotheses postulated. Although this holds
true, considering the role of the prostate in the

ejaculatory mechanism, a direct influence of the
local inflammation in the pathogenesis of a few
cases of APE seems possible [33, 35-38].

7.2.1.5 Psychological Factors

Psychological and interpersonal factors may
cause or exacerbate symptoms of APE and LPE
[39]. In this context, robust data exist regarding
the true association of a specific psychological
distress and PE onset. As such, the well-known
bidirectional influence of PE and psychological
distress makes it extremely difficult to detect the
true causative agent. Although this holds true,
sexual abuse, attitudes toward sex internalized
during childhood, individual psychological fac-
tors (e.g., body image, depression, performance
anxiety, alexithymia), and/or relationship factors
(e.g., decreased intimacy, partner conflict) have
all been related to PE [40-42].

7.2.1.6 Pharmacology and PE

Possible interactions between opioid withdrawal
and APE onset have been postulated [43]. As
such, endogenous opioids have been demon-
strated to influence (in rats) the inhibition of the
ejaculatory reflex at the spinal level.
Furthermore, in several placebo-controlled tri-
als, tramadol per se, significantly improved the
IELT of men with LPE. Lastly, it has been
reported that APE could occur when SSRIs or
norepinephrine re-uptake inhibitors are inter-
rupted without a proper decalage.

7.2.2 Diagnosis

7.2.2.1 History and Questionnaires

The diagnosis of PE should start with a compre-
hensive and detailed medical and sexual history.
Moreover, classification of APE, LPE situational,
and consistent PE should be made at first clinical
assessment. Specific focus should be put on the
duration of ejaculation, the impact on patient’s
quality of life (QoL), and any concomitant use of
specific drugs or the abuse of recreational sub-
stances. As a whole, IELT alone is not sufficient
for the diagnosis of PE. In fact, it has been
reported that there is a significant overlap
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between men with PE and without PE by using
the IELT [44]. In this context, the correct evalua-
tion of QoL is mandatory for the diagnosis. As
such, notwithstanding not indicated for diagnosis
in clinical practice, a number of questionnaires
have been developed over the years. Of those,
two validated questionnaires are suggested by the
clinical guidelines, such as:

1. Premature Ejaculation Diagnostic Tool
(PEDT) [45]: a five-item questionnaire based
upon interviews made in USA, Germany, and
Spain. A score of >11 is suggestive of PE. A
score of 9 or 10 shows a probable PE, whereas
a score <8 is indicative of non-PE.

2. Arabic Index of Premature Ejaculation (AIPE)
[46]: a seven-item questionnaire developed in
Saudi Arabia. A cut-off of 30 shows
PE. Severity of PE can also be assessed using
the AIPE.

7.2.2.2 Physical Examination

Physical examination should be part of the initial
assessment of a patient complaining of PE. As
such, penile and genital abnormalities should be
carefully assessed, along with other urological,
endocrinological, and neurological conditions
[44]. Other urological disorders such as ED,
Peyronie’s disease (PD), urethritis, and prostatitis
should be carefully assessed. Lastly, there is no
need to ask for laboratory exams unless an under-
lying aetiology that should be confirmed or
excluded is present (e.g., dysthyroidism). During
assessment, checking for specific triggers of APE
is recommended (e.g., anxiety, guilt, and fear of
being caught). As such, the involvement of the
partner is often strongly suggested [44].

7.2.3 Treatments

Management depends upon the aetiology, but the
most useful available drugs include:

1. Selective  Serotonin  Reuptake  Inhibitors
(SSRIs) [39]. SSRIs include Paroxetine (10—
40 mg/day), Sertraline (50-200 mg/day),
Fluoxetine (20-40 mg/day), Citalopram (20—

40 mg/day), and Escitalopram (10-20 mg/day)
[47]. SSRIs should be started at the lowest dose
and up-titrated as needed at 3- to 4-week inter-
vals. Among those, in a meta-analysis, parox-
etine has been found to be the most effective in
delaying ejaculation when considered as a con-
tinuous daily treatment [48]. Additionally,
dapoxetine was the first drug patented for the
specific treatment of PE; evidence has accumu-
lated upon five trials (including over 6000
men) who were randomly assigned to placebo
vs. dapoxetine (30 mg or 60 mg/prn) [49].
Unlike other SSRIs, which are most effective
when taken daily, dapoxetine is taken on-
demand, ideally 2-3 h before intercourse in the
everyday scenario. Specific attention should be
maintained regarding the full therapeutic effect
of SSRIs. It is typically not seen if not after
2-3 weeks of continuous therapy, and symp-
toms return if treatment is stopped (although is
strictly recommended not to abruptly discon-
tinue any SSRI). Lastly, if SSRIs are not well
tolerated or they are ineffective, serotoninergic
tricyclic antidepressants (TCA) (e.g., tricyclic
clomipramine (12.5-50 mg/day)) could be
tried as a second-line alternative [50].

. Topical Anaesthetics [51]. Among this class

of available PE treatments, lidocaine-
prilocaine spray is the predominant topical
treatment given to PE patients in routine
clinical-practice [52]. In this context, multi-
centric trials have shown its superior efficacy
at improving ejaculatory control, ejaculatory
latency, and eventually overall patients’ satis-
faction [52].

. Psychotherapy, when psychogenic and/or

relationship factors are predominant or co-
existing [53]. In this context, behavioural and
psychological therapies are effective in some
men. These interventions are designed to
achieve several goals: improve self-confidence
and communication in the relationship and,
ultimately, increase the ejaculation latency. Of
note, combination therapy (e.g., topical ther-
apy + behavioural therapy) has been shown to
be more effective when psychological distress
is particularly predominant.
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Other available treatments are as follows:

1. Phosphodiesterase type 5 inhibitors (PDE5i)
[54]. This class of drugs is particularly
relevant whenever PE is coexisting with
ED. In this context, two meta-analyses have
shown the efficacy of PDES5i for PE [55, 56].
The main findings were: (a) both SSRIs and
PDESi are more effective than placebo; (b)
PDESi are either as effective as SSRIs or
slightly more effective; and (c) combined
therapy is more effective than either therapy
alone.

2. Topical Alprostadil cream (200/300 ug) [57].
In this context, one available study (multicen-
tre, open-label, long-term study) analysing
1161 patients has shown beneficial effects in
terms of delaying ejaculation.

3. Tramadol [58, 59]. Tramadol exerts its effect
on the opioid receptors along with weak
inhibition of serotonin and norepinephrine
reuptake. Tramadol can be used as an alter-
native to SSRIs and TCA anti-depressants.
In this context, tramadol’s effects on PE have
previously been evaluated by three system-
atic reviews [60-62], two of which have
pooled data in a meta-analysis [61, 62]. Of
the two meta-analyses, one [60] pooled data
across different study types (observational
studies and RCTs) [60]. The other one
reviewed pooled IELT effect estimates across
studies using a standardized mean difference
[61]. In conclusion, tramadol appeared to be
more effective than placebo or behavioural
therapy in the treatment of PE. However,
these findings should be interpreted with
caution given the observed levels of between-
study heterogeneity and the methodological
quality of the available evidence. Overall,
meticulous attention should be used when
prescribing this drug in the everyday clinical
setting.

4. Alpha Blockers [63]. Patients with LUTS are
often diagnosed with sexual dysfunctions
(thus including PE) [36]. As such, treatment
of LUTS with Alfuzosin has been shown to
reduce ejaculatory dysfunctions.

7.3 Delayed Ejaculation (DE)

7.3.1 Aetiology

The American Psychiatric Association defines
delayed ejaculation (DE) as requiring one of two
symptoms as follows: marked delay, infrequency,
or absence of ejaculation on 75-100% of occa-
sions, that persists for at least 6 months, and
which causes personal distress [64]. Although this
holds true, the definition of DE remains of clinical
debate; in this context, compelling evidence has
accumulated regarding the true prevalence of DE,
thus revealing a 3% prevalence among sexually
active men [65, 66]. According to the National
Health and Social Life Survey (NHSLS), involv-
ing a national probability sample of 1749 women
and 1410 men aged 18-59 years, and assessing
the prevalence and risk of experiencing sexual
dysfunction across various social groups, the
prevalence of men having the inability to achieve
orgasm climax and ejaculation is around 7.78%
[66]. Likewise, another national probability sam-
ple study reporting sexual function problems
among 11,161 men and women aged 16-44 years
in Britain found that 0.7% of men reported inabil-
ity of achieving an orgasm [67]. Additionally, in
an international survey of sexual problems among
13,618 men aged 40-80 years from 29 countries,
1.1-2.8% of men reported that they frequently
experience inability to reach orgasm [68].
Although the evidence is limited, the prevalence
of lifelong and acquired DE is estimated around
1% and 4%, respectively [69]. Regarding the
pathophysiology of DE, experimental evidence
shows how 5-HT, throughout brain interconnec-
tion pathways (descending), exerts an inhibitory
role on ejaculation. Up to date, three main sero-
tonin receptor subtypes (5-HT1A, 5-HT1B, and
5-HT2C) have been postulated to control the ejac-
ulatory reflex. It has been suggested that the pre-
synaptic 5-HT1A somatodendritic auto-receptors,
located in the mesencephalic and medullary raphe
nuclei and responsible for decreasing 5-HT
release into the synapse, decrease ejaculatory
latency. In contrast, the postsynaptic 5-HT1B and
5-HT2C receptors have been shown to prolong
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ejaculatory latency [70, 71]. In this context, the
true pathophysiological mechanisms behind DE
remain unclear. There are mainly three aetiologi-
cal factors which are well-recognized in the con-
text of DE [44].

1. Aging: degeneration of penile afferent nerves
inhibits ejaculation.

2. Congenital: Mullerian duct cyst, Wolffian
duct abnormalities, Prune Belly Syndrome,
imperforate anus, and genetic abnormalities.

3. Anatomic causes: transurethral resection of
prostate, bladder neck incision, circumcision,
and ejaculatory duct obstruction (can be con-
genital or acquired).

4. Neurogenic causes: diabetic autonomic neuropa-
thy, multiple sclerosis, spinal cord injury, radical
prostatectomy, proctocolectomy, bilateral sym-
pathectomy, abdominal aortic aneurysmectomy,
and para-aortic lymphadenectomy.

5. Infective/inflammatory urethritis,
genitourinary tuberculosis, schistosomiasis,
prostatitis, and orchitis.

6. Endocrine causes: hypogonadism, hypothy-
roidism, and prolactin disorders.

7. Medications:  antihypertensives, thiazide
diuretics, alpha-adrenergic blockers, antipsy-
chotics, antidepressants, alcohol, antiandro-
gens, ganglion blockers, and SSRIs.

8. Psychological: acute psychological distress,
relationship distress, psychosexual skill defi-
cit, disconnect between arousal and sexual
situations masturbation style.

causes:

7.3.2 Diagnosis of DE

Patients should be assessed with a full medical
and sexual history. Comprehensive physical
examination should exclude anatomical and con-
genital abnormalities of male genitalia.
Understanding the details of patients’ ejacula-
tion, as well as sexual habits, might be useful
during the patients work-up. In this context, the
impact of the disease is also useful to better tailor
the therapeutic approach. Psychological evalua-
tion might be useful if psychological distress
appears to be relevant [44].

7.3.3 Treatment

1. Psychological support: patients with DE
should be counselled by a psychology expert
dealing with sexual issues. A basic under-
standing of the sexual cycle for their respec-
tive partners can assist men and women in
managing expectations and evaluating their
own sexual practices [72].

2. Pharmacotherapy: many therapeutic options
exist in the context of DE. As such, even
though neither the European Medicine
Agency (EMA) nor the Food and Drug
Administration (FDA) approval exist, agents
like cabergoline, bupropion, alpha-1-
adrenergic agonists, buspirone, oxytocin, tes-
tosterone, bethanechol, yohimbine,
amantadine, cyproheptadine, and apomor-
phine have been used to treat DE, with varied
success rates [73].

3. Penile vibratory stimulation: this should be
used in selected cases (e.g., men with spinal
cord-injuries) in conjunction with pharmaco-
logical therapy [74]. In this context, penile
vibrators fall into two categories; (a) high-
amplitude vibrators (tend to be more effective
because they cover more surface area) and (b)
low-amplitude vibrators. In this context, the
Miami Project to Cure Paralysis estimated
that 30-40% of men with spinal cord injury
can ejaculate using a low-amplitude vibrator
[75]. For men using a high-amplitude vibra-
tor, the estimate is 55-85%. Penile vibratory
stimulation may take place in a doctor’s office
or at home.

7.4 Retrograde Ejaculation

7.4.1 Aetiology

Retrograde ejaculation is a condition in which
patients are unable to release semen since in the
posterior urethra, it flows back into the bladder,
as diagnosed by five or more spermatozoa/HPF
in the urine sediment immediately after mastur-
bation. Among the different causes of RE is pos-
sible to find spinal cord injuries, diabetic
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neuropathies, colorectal surgeries, aortic aneu-
rysm surgeries, thoracolumbar sympathectomies,
retroperitoneal lymph node dissection surgeries,
transurethral prostatectomies, and transurethral
bladder neck incisions. Transurethral prostatecto-
mies (e.g., TURP, THULEP, or HOLEP) are
probably the most common surgical causes of
RE. It affects more than 80% of patients undergo-
ing these procedures [76]. Also, bladder neck sur-
gery may cause RE, especially if performed in
childhood [77]. Pharmacological aetiology is
mainly related to antihypertensives, thiazide
diuretics, a-1-adrenoceptor antagonists, antipsy-
chotics, and antidepressants [73].

7.4.2 Diagnosis of RE

Men with RE present with reduced ejaculation or
dry orgasm, cloudy urine post orgasm, due to the
mixing of semen in the bladder with urine. A
thorough history is essential in order to identify
the underlying cause. The lower reference limit
for semen volume is 1.5 mL (fifth centile, 95%
confidence interval (CI) 1.4-1.7) as defined by
the World Health Organization (WHO) [78].
Hypospermia or aspermia should highlight to the
clinician the possibility of RE. Vroege et al. sug-
gested that the analysis and confirmation of
sperm in a post orgasmic urine sample could help
differentiate between a failure of semen emission
and RE [79]. Presence in the post-orgasmic urine
of 10-15 sperm per high-power field would con-
firm the diagnosis of RE [80].

7.4.3 Treatment

Several medical approaches have been investi-
gated in order to achieve antegrade ejaculation
for natural reproduction in patients with RE. The
tested substances include imipramine (tri-cyclic
antidepressant), amoxapine (tri-cyclic antide-
pressant), B12 vitamin, pseudoephedrine (stimu-
lation of o and f receptors in the urinary tract) as
well as injection of collagen within the bladder
neck [81-85]. One cross-over RCT treated 26
patients with amoxapine (50 mg daily) and B12

vitamin (500 pg three times per day), separately
for a period of 4 weeks with each drug [82].
Amoxapine, which acts as a noradrenaline re-
uptake inhibitor, was effective in 80% of patients
compared to only 16% success obtained in the
vitamin B12 group. In another study, comparing
the effects of imipramine 25 mg twice per day
and pseudoephedrine 120 mg twice per day on
RE in diabetic men, Arafa et al. [84] found a
more moderate success rate of 38.5% with imip-
ramine. However, the use of pseudoephedrine
resulted in almost half of the patients having
antegrade ejaculation and this increased to 61.5%
when combining the two drugs. Of note, the side
effects of sympathomimetics include dryness of
mucous membranes and hypertension. Exploring
a different approach to the problem, Kurbatov
et al. injected collagen into the bladder neck to
increase the constriction of the internal sphincter
[83]. A total of 24 diabetic men were randomized
to either a collagen or a saline injection, showing
a small increase in antegrade ejaculate with a
mean difference of 0.71 mL in favour of patients
receiving collagen (p < 0.05).

Beyond the use of drugs, other methods have
been proposed in order to manage infertility in
RE. Standard sperm-retrieval techniques, such as
testicular sperm extraction (TESE), and two dif-
ferent methods of sperm acquisition have been
proposed [44]. Those include the following:

1. Centrifugation and resuspension of post-
ejaculatory urine specimens: post-orgasmic
urine sample is collected by introducing a
catheter or spontaneous voiding. This sample
is then centrifuged and suspended in a
medium. The resultant modified sperm mix-
ture can then be used in assisted reproductive
techniques. A systematic review of studies is
done in couples in which male partner had RE
found a 15% pregnancy rate per cycle
(0-100%) [86].

2. The Hotchkiss (or modified Hotchkiss) tech-
nique, which involves emptying the bladder
prior to ejaculation, using a catheter, and
then washing out and instilling a small quan-
tity of Lactated Ringers to improve the ambi-
ent condition of the bladder. The patient then
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ejaculates, and semen is retrieved by cathe-
terization or voiding [87]. Modified
Hotchkiss methods involve variance in the
instillation medium. Pregnancy rates were
24% per cycle (0-100%) [86].

7.5 Anejaculation
and Anorgasmia
7.5.1 Aetiology

The Diagnostic Manual of Mental Disorders
defines inhibited ejaculation as the persistent or
recurrent absence of attaining orgasm following
sufficient sexual stimulation, which causes per-
sonal distress [64]. On the other hand, anejacula-
tion can be classified as either a lifelong or
acquired, or as global or situational. Any single
or combination of psychological or medical dis-
ease, surgical procedure or drug which interferes
with either central control of ejaculation, the
afferent or efferent nerve supply to the vas, blad-
der neck, pelvic floor, or the penis, can result in
inhibited ejaculation, anejaculation, and anorgas-
mia. Among the different aetiologies, a promi-
nent role is occupied by multiple sclerosis, a
demyelinating disease affecting the central ner-
vous system—both the brain and the spinal cord
[88]. Its effect on sexual function depends on the
location of plaques in the central nervous system
with ejaculatory dysfunction appearing in almost
50% of men with this condition [89].

7.5.2 Diagnosis

Medical/psychosexual history, social/religious
history, medication list, and physical exam are
the main part of the diagnosis. Penile sensitivity
must be addressed, especially in men at risk for
penile sensation loss such as those with diabetes
mellitus. Symptoms and signs of endocrinopa-
thies, such as testosterone deficiency, hypothy-
roidism, and hyperprolactinemia, should be
sought. Masturbatory style is another useful line
of inquiry as frequent masturbation or idiosyn-
cratic masturbatory styles may play a role.

Furthermore, identifying the onset is critical,
whether lifelong or acquired. Next, understand-
ing whether the condition is generalized or situ-
ational is also critical to understand the
pathophysiology [90]. The role of laboratory test-
ing, such a testosterone and TSH levels, is
optional and is applied depending on patient
symptoms. In patients complaining of loss of
penile sensitivity, bio-thesiometry and/or puden-
dal somatosensory evoked potentials (SSEP)
might be warranted [91].

7.5.3 Treatment

Although multiple psychodynamic and behav-
ioural treatments for anorgasmia and anejacula-
tion have been suggested, empirical evidence to
support treatment efficacy is lacking [92]. Most
reports are uncontrolled case reports with treat-
ment ranging from a few brief sessions of sex
education to the nearly 2 years of multiple-
modality treatment in more complex multiple
aetiologic cases. There has been limited success
with pharmacologic therapies for the treatment of
anejaculation. Cabergoline and bupropion are the
two most trialled medications, though neither has
been officially approved. Cabergoline is a potent
dopamine receptor agonist. By increasing dopa-
mine neurotransmission, it is thought to promote
ejaculation. One study found that cabergoline in
the treatment of 72 anorgasmic men showed
improvement in 69% of men [93]. On the other
hand, Bupropion blocks the reuptake of both nor-
epinephrine and dopamine, is commonly used in
depressed men when SSRIs cause delayed or
anejaculation [94].

Another proposed therapeutic approach is the
vibratory stimulation of the dorsal penile nerve.
Three studies have investigated success rates and
achieved successful retrieval in 32-96% of the
patients [95-97]. Success was primarily depen-
dent on amplitude of the stimulation. In a cohort
of 66 men with spinal cord injury and
anejaculation, Sgnksen et al. [97] found better
success rates with a 100 Hz frequency and an
increasing amplitude of the stimulation plate
spanning from 32% with an amplitude of 1 mm,
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to 96% with an amplitude of 2.5 mm. In a similar
setting with 211 spinal cord injury men, Brackett
et al. [96] managed good results using an ampli-
tude of 2.5 mm, resulting in sperm retrieval in
54.4% of the cases. Interestingly, there seem to
be a better sperm quality with PVS as compared
to EEJ [98].
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8.1 Female Sexual Dysfunctions:

A Clinical Perspective
8.1.1 Introduction

Sexual dysfunction encompasses a disturbance in
sexual functioning involving one or more phases
of the sexual response cycle, including pain asso-
ciated with sexual activity. Classifications are
still evolving; they are a real nosographic “work
in progress.” Historically, two classification sys-
tems have been used for sexual medicine diagno-
sis: the Diagnostic and Statistical Manual of
Mental Disorders (DSM), edited by the American
Psychiatric Association, and the International
Classification of Diseases and Statistics (ICD),
endorsed by the World Health Organization
(WHO). In addition, throughout the past decades,
sexual medicine experts from various interna-
tional societies have been constantly working to
revise and redefine the nomenclature of female
sexual dysfunctions (FSDs), in order to reflect
the updated scientific evidence and the ever-
changing standards in clinical care for women
with sexual problems [1]. Disease classification
systems provide a standard and internationally
comparable system for use in national and inter-
national information and reporting.

However, three major drawbacks persist. First,
the aim of perfectly describing the elusive com-
plexity and nuances of female sexual function and
dysfunction leads to the usage of complicated

definitions that are difficult to use with and be
understood by colleagues not specifically trained
in sexual medicine. Conversing with patients is
even more challenging. Second, it is difficult to
translate sophisticated definitions from English to
national languages in easy-to-catch words that
adhere to the human daily experience. Third, and
most importantly, the persisting neglect or scoto-
mization of prominent biological etiologies of
FSD. This contributes to maintaining a wide gen-
der bias, overfocusing on the psychodynamic/
relational/contextual etiology of FSD.
Commonly accepted diagnostic criteria play a
critical role in framing the interpretation of con-
cepts in the medical and epidemiological litera-
ture, influencing how healthcare providers
organize their thoughts about clinical conditions,
how populations are defined in trials, and allow-
ing global information exchange among clini-
cians, patients, and healthcare systems [1]. The
classifications of FSDs followed over the years
reflect the evolution of the female sexual response
models. In the 1960s, Masters and Johnson pub-
lished “Human Sexual Response,” proposing the
first model of the human sexual response cycle in
both men and women, consisting of four stages:
excitement/arousal, plateau, orgasm, and resolu-
tion. In 1979, Kaplan added the concept of desire
to be applicable to a non-laboratory setting.
Kaplan conceived sexual desire as an “appetitive
phase” localized in the brain, initiating a cascade
of physiological, genitally-focused events. Both
these models are known as “linear,” since they
postulate that sexual response begins with sponta-
neous sexual desire and proceeds from one stage
to the next; this framework became the basis for
the conceptualization, classification, and defini-
tions of FSDs in the DSM-IV [2] and DSM-IV-TR
[3]. In the early 2000s, Basson introduced the cir-
cular incentive-based model of the female sexual
response, suggesting that women may be moti-
vated to engage in sexual activity for many sexual
and non-sexual reasons, including wanting to
enhance intimacy or bonding, to feel attractive or
desired, or to communicate affection for a partner,
and therefore may start a sexual experience in a
state of “sexual neutrality” [4]. Women can also
engage in sexual activity to gain personal and/or



8 Female Sexual Dysfunctions: A Clinical Perspective on HSDD, FAD, PGAD, and FOD 91

economic advantages, starting in a non-aroused
state. According to this alternative conceptualiza-
tion, women may experience desire once sexual
stimuli have triggered arousal (concept of
“responsive desire”). Arousal and desire often co-
occur and reinforce one another. These new con-
cepts, along with several perceived shortcomings
of previous models [5], led to suggestions that
informed the DSM-V definitions [6].

It should be noted that crucial intra- and inter-
individual differences exist in the physiological
sexual response and that no single model is uni-
versal; however, among women, sexual dysfunc-
tion and distress have been reported to be
significantly related to the endorsement of the
Basson model [7].

8.2 Sexual Interest/Desire
Disorders
8.2.1 Pathophysiology of Low

Desire

In both sexes, the sexual desire construct under-
lies cognitive and emotional processes that are
ultimately controlled by systems and neurotrans-
mitters in the central nervous system (CNS) that
modulate sexual excitation and inhibition.
According to the “Sexual Tipping Point” (STP)
model®, the continuous interplay between exci-
tation and inhibition generates a dynamic, per-
sonal threshold for sexual responsiveness, which
is subjected to variations at any given time in the
individual [8]. The regions that modulate sexual
desire in the CNS are located in the hypothala-
mus, limbic system, and prefrontal cortex, and
include the medial preoptic area, paraventricular
nucleus, ventral tegmental area, and nucleus
accumbens [9]. Neural pathways controlled by
dopamine, and secondarily by melanocortin,
norepinephrine, and oxytocin, facilitate the pro-
cessing and response to sexual stimuli [9]. In
particular, dopaminergic neurotransmission pos-
itively regulates reward-related neural functions,
including sexual reward [10]. In contrast, sexual
inhibition is modulated by serotonin, opioid, and
endocannabinoid systems that are activated dur-

ing the refractory period and can blunt excitatory
processes [9]. These conditions (or drugs) that
influence neurotransmission in these key regions,
resulting in decreased excitation, increased inhi-
bition, or both, may predispose individuals to
hypoactive sexual desire disorder (HSDD). Such
dynamic alterations can be reinforced by nega-
tive sexual experiences, which can potentiate
sexual inhibition.

Cumulative evidence from preclinical and
clinical studies indicates that sex steroids act as
major neurofunctional modulators of sexual
desire in women. In mammalian and rodent
females, the sexual motivation peak observed dur-
ing the periovulatory period is probably driven by
ovarian hormone actions, triggering central excit-
atory mechanisms [11]. Estrogenic priming has
been reported to be necessary for progesterone-
modulating effects on dopaminergic transmission
[12]. In female rats, the lordosis reflex is depen-
dent on estrogen, whereas the full expression of
appetitive and consummatory behaviors depends
on additional activation by progesterone [13].

Evidence that androgens are crucial determi-
nants of women’s sexual desire stems mainly
from studies on postmenopausal women with
HSDD treated with testosterone therapy (see
Sect. 8.2.5). Although there is no threshold for
any androgen that can be used to diagnose women
with FSD, a recent meta-analysis concluded that
there appears to be a moderate association
between endogenous total testosterone levels and
sexual desire [14]. Studies on female rats treated
with estradiol, testosterone, and aromatase inhib-
itors first suggested that aromatization may not
be necessary for testosterone to increase the sen-
sitivity of the response to male-related cues [15].
These data were confirmed in subsequent experi-
ments, in which the administration of the non-
aromatizable androgen  dihydrotestosterone
(DHT) in estradiol-primed ovariectomized rats
was able to enhance behavioral measures of sex-
ual desire [16]. It is likely that the excitatory role
of androgen signalling in the reward system in
humans is implicated in such effects on sexual
desire. However, sex hormones act among a myr-
iad of other biological and psychological vari-
ables to shape sexual motivation.
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8.2.2 Nosology and Current
Definitions

In the DSM-V, the classical distinct definitions
of desire and arousal problems were collapsed
into a new entity called “female sexual interest/
arousal disorder” (FSIAD) [6]. This revised
classification has proven highly controversial
among clinicians and experts, mainly because of
the little empirical support for new diagnostic
categories and the practical consequences on
management, with many women with incom-
plete loss of receptivity likely to be excluded
from any diagnosis [17]. Subsequent interna-
tional panels, the International Consultation in
Sexual Medicine [18], and the International
Society for Women’s Sexual Health (ISSWSH)
Nomenclature Committee [19] restored the
label of hypoactive sexual desire disorder
(HSDD). Specifically, according to the nosol-
ogy and nomenclature for FSDs recently pro-
posed by ISSWSH, HSDD “manifests as any of
the following for at least 6 months: (1) lack of
motivation for sexual activity as manifested by
decreased or absent spontaneous desire (sexual
thoughts or fantasies), decreased or absent
responsive desire to erotic cues and stimulation
or inability to maintain desire or interest through
sexual activity; (2) loss of desire to initiate or
participate in sexual activity, including behav-
ioral responses such as avoidance of situations
that could lead to sexual activity, that is not sec-
ondary to sexual pain disorders and is combined
with clinically significant personal distress that
includes frustration, grief, incompetence, loss,
sadness, sorrow, or worry” (grade B, level of
evidence 2-3) [20]. Similarly, in the updated
version of the ICD-11, HSDD is characterized
by “[...] (1) reduced or absent spontaneous
desire (sexual thoughts or fantasies), (2) reduced
or absent responsive desire to erotic cues and
stimulation, or (3) inability to sustain desire or
interest in sexual activity once initiated [...]”
[21]. In both definitions, symptoms must be
associated with clinically significant distress to
constitute dysfunction.

8.2.3 Prevalence and Leading
Etiologies of HSDD

HSDD in women is a multifactorial condition
that includes biological, psychosexual, and con-
textual factors. The differences in the design of
epidemiological studies assessing the prevalence
of HSDD (concerning definitions, settings, and
methodologies) have produced estimates ranging
from 17% to over 50% [22]. Data from the
PRESIDE study, a large population-based survey
conducted on more than 50,000 US women,
showed that low desire was the most common
sexual difficulty, reported in 37.7% of partici-
pants, whereas low desire with associated dis-
tress (HSDD) was present in 10% of responders
[23].

However, the exact biological alterations that
determine HSDD have not yet been character-
ized. Clinically, no neuroimaging or biochemical
parameters can  identify = women  with
HSDD. Aging is one of the main factors affecting
sexual desire; however, the younger the woman,
the higher the distress that this loss may cause.
Menopause has a further worsening impact, and
premature iatrogenic menopause is the most fre-
quent cause of biologically determined general-
ized loss of desire [24]. This is probably due to
the sudden decline in ovarian sex steroids, namely
estrogens and androgens [25], since the ovaries
contribute more than 50% of androgens during
the reproductive life. In a cross-sectional survey
of European women aged 20-70 years, surgical
menopause was associated with a significantly
and clinically relevant higher risk of HSDD than
natural menopause and premenopausal status
[26].

Several general medical conditions, including
neurologic, oncologic, and metabolic disorders,
may represent risk factors for HSDD. Indeed,
chronic diseases interfere with sexual function
through multiple mechanisms, including fatigue
and the psychological burden of a lifelong pro-
gressive diagnosis [27]. Psychiatric disorders,
such as depression, are also major determinants
of low sexual desire and display a bidirectional
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relationship, with depressive symptoms confer-
ring a 50-70% increased risk of HSDD and
HSDD being associated with a 130-210%
increased risk of depression [22, 28]. Furthermore,
a number of medications, i.e., psychotropics
(antipsychotics, barbiturates, benzodiazepines,
lithium, serotonin reuptake inhibitors, tricyclic
antidepressants, and venlafaxine), cardiovascular
and antihypertensive drugs, GnRH agonists and
analogs, hormonal contraceptives, antiandro-
gens, tamoxifen, aromatase inhibitors, and che-
motherapeutic agents, have been associated with
desire disorders [29].

All pathological and physiological conditions
that determine lower androgen and free androgen
levels, besides iatrogenic menopause, may result
in diminished desire [14]. Among these, preg-
nancy, puerperium, lactation, pathological hyper-
prolactinemia, hypopituitarism, hypothalamic
amenorrhea, adrenal insufficiency, primary ovar-
ian insufficiency, and increased sex hormone-
binding globulin (SHBG), which is common in
women using hormonal contraception, are par-
ticularly important [30].

Chronic sleep disorders, in terms of reduced
quantity and/or poor quality of sleep, are major
and still neglected contributors to HSDD through
different pathways, with hyperactivation of the
corticotrophin-releasing pathway, hypothalamic
dysregulation, and increasing daily distress and
fatigue [31].

Box 8.1 Iron Deficient Anemia (IDA): The
Most Neglected Non-hormonal Biological
Etiology of HSDD in Women

Key Points

e Iron deficiency anemia (IDA) is highly
prevalent in women (30-50% in low-
income countries) [32].

e IDA doubles the risk of depression, a
major contributor to HSDD [33].

 Iron is essential for the synthesis of dopa-
mine, the key neurotransmitter of the
“seeking-appetitive lust system” [34].

e Leading etiologies of IDA in women
include:

— Low iron intake (poverty, eating dis-
orders, vegan diet, “self-made diet,”
and aging).

— Reduced intestinal absorption (celiac
disease, lactose intolerance, gluten
intolerance, irritable bowel syndrome
(IBS), and Crohn’s disease).

— Increased losses:

Menstruation: Heavy menstrual

bleeding (HMB) occurs in
19-20% of women.

Delivery with postpartum
hemorrhagia.

Oral-gastro-intestinal: gingivitis,
gastritis, IBS, and hemorrhoids.
— Increased needs:
Adolescence
Pregnancy
Athletes
— Reduced availability from storage sites,
during chronic inflammatory diseases

Key Clinical Point. Careful clinical
history-taking, with a few inexpensive
examinations (red blood cell count, hemo-
globin, serum iron, ferritin, and transferrin
levels), is essential to address IDA, a key
and still neglected etiology of HSDD.

The most vulnerable are women with
HMB and women after delivery, if iron
supplementation was inadequate during
pregnancy and/or if delivery caused heavy
blood loss.

Box 8.2 Sexual Pain: The Underappreciated
Killer of Sex Drive

Feedbacks from the genitals are powerful
modulators of sex drive:

» Positive sexual experiences, with fast
systemic and genital arousal, intense
gorgeous genital congestion (the “orgas-
mic platform,” according to Master and
Johnson), and intense orgasm(s) are
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powerful enhancers that potentiate sex-
ual desire and drive [35].

* Negative sexual experiences, specifi-
cally genital pain, may gradually inhibit
any sex drive and sexual response.
Vulvar pain, recurrent post-coital cysti-
tis, introital and/or deep dyspareunia,
vulvovaginal atrophy (VVA), and geni-
tourinary syndrome of menopause
(GSM) may all contribute to impaired
sex drive, up to a frank aversion of any
coital intimacy [36]. Previous sexual
abuse can have a long-lasting impact on
sex drive through multiple pathophysi-
ological pathways, both biological and
psychosexual [37].

Key Clinical Point. A thorough clinical
history of comprehensive sexual pain dis-
orders is essential for every woman com-
plaining of HSDD. Every woman should
also undergo a competent genital evalua-
tion to diagnose and treat all the clinical
conditions that could contribute to her
complaints of HSDD. The hyperactive pel-
vic floor (HPF) should be carefully diag-
nosed and addressed, as it is a powerful yet
neglected etiological contributor to FSDs.
HPF can cause reduced genital arousal and
lubrication due to pain, sexual pain disor-
ders, genito-pelvic pain penetration disor-
ders (GPPPD), recurrent post-coital
cystitis, coital anorgasmia, and painful
anal sex.

Psycho-relational factors play a key role
in the etiology of HSDD. The most com-
monly reported are poor self-esteem/body
image issues; lifestyle factors (e.g., stress
and sleep deprivation); a history of abuse
(physical, sexual, and emotional); sub-
stance abuse; self-imposed pressure for
sex; religious, personal, cultural, or family
values; beliefs and taboos; relational con-
flicts; and sexual factors (e.g., inadequate
stimulation and sexual dysfunction in the
partner) [22].

A. Graziottin et al.

8.2.4 Diagnostic Algorithms
and Tools

Conventionally, an accurate diagnosis of HSDD
requires a time-consuming and extensive diag-
nostic interview performed by a clinician with
expertise in FSD. The key aspects to address
when assessing low desire are as follows: (a)
whether the disorder is generalized (occurring
with every partner and in every situation) or situ-
ational; in fact, situational problems often
exclude medical factors; (b) the onset and dura-
tion, that is, whether the symptoms are lifelong or
have been acquired after months/years of satisfy-
ing sexual function, and in this case, which are
the factors that the woman feels contributes to or
precipitates the symptoms; and (c) her level of
distress and bother, which defines the mild, mod-
erate, or severe impact of the dysfunction on her
personal life [24].

It is crucial to distinguish sexual distress from
nonsexual distress and depression. From a cou-
ple’s perspective, a discrepancy in the level of
desire between two partners is common and does
not qualify the person with the lower desire to
have HSDD per se. The patient should be diag-
nosed with HSDD only if the discrepancy causes
her personal distress [22].

Although obtaining a detailed description of a
woman’s problem is important to establish the
diagnosis and guide treatment, many women
with HSDD are at risk of remaining undiagnosed
because of limited access to experts trained in
FSD. Screening tools play a pivotal role in this
context. For example, the brief profile of female
sexual function (B-PFSF) [38] and the decreased
sexual desire screener (DSDS) [39] are both sen-
sitive and easy-to-use brief diagnostic instru-
ments that help identify HSDD in women who
present with a complaint of decreased sexual
desire.

The Female Sexual Function Index (FSFI)
[40] is considered the gold standard for the mea-
surement of sexual function in women and pro-
vides different scores for several sexual domains,
including desire. In fact, the two-item desire
domain is the only one that can be used indepen-
dently, with women with scores of <5 being
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likely to meet the diagnostic criteria for HSDD
[41]. However, the FSFI does not examine dis-
tress, a key diagnostic component included in
both the DSM and ICD diagnostic systems [42].
For this reason, it is recommended that a vali-
dated scale assessing distress be administered
along with the FSFI desire domain when making
clinical inferences, such as the female sexual dis-
tress scale—revised (FSDS-R) or the FSDS-R
item 13, a specific question that addresses the
level of distress related to low sexual desire [43].

8.2.5 KeyTherapeutic Approaches

The ISSWSH process of care for the manage-
ment of HSDD in women suggests that first-line
therapeutic strategies are represented by sexual
education and modification of potential biologi-
cal and psychological contributing factors [22].
For example, sexual pain or arousal disorders
should be addressed before a specific treatment
for HSDD is considered, as relieving these symp-
toms may improve desire per se. In the case of
generalized acquired HSDD persisting, the key
therapeutic approaches include psychological sex
therapy, testosterone treatment, and centrally act-
ing drugs based on the menopausal status [22].
Due to the multifactorial origin of HSDD, it is
crucial that its treatment is planned from a
patient- and couple-centered, multidimensional
perspective, sequencing options that target either
the suspected primary contributing component or
the more distressing component for that individ-
ual woman to that individual woman [44].

The most common psychological therapies
are behavior therapy (i.e., sensate focus exer-
cises), cognitive behavior therapy (CBT), and
mindfulness-based CBT [45-47]. Although these
are based on a strong rationale, there is a paucity
of clinical trials and a lack of adequate control
groups to clearly establish the efficacy of these
interventions [44].

As physiological and pathological changes in
androgen levels influence sexual function in
women, they represent a potential target for ther-
apeutic strategies for HSDD. Specifically, sys-
temic transdermal testosterone has been

recommended for women with HSDD not pri-
marily related to modifiable factors or comorbid-
ities [48]. A 1% (10 mg/mL) cream is currently
approved in Australia, whereas this approach is
currently off-label worldwide. A recent Global
Position Statement, endorsed by several interna-
tional societies, suggests that treatment should be
administered to naturally or surgically postmeno-
pausal women, with or without concurrent estro-
gen therapy, in doses that approximate
physiological testosterone concentrations for
reproductive age [49]. This was mainly based on
a meta-analysis of randomized controlled trials
supporting the moderate therapeutic benefit,
increase in desire (standardized mean difference
0.36, 95% CI 0.22-0.50) and reduction in sexual
caused by transdermal testosterone compared to
the effects of placebo/comparator therapy [50].
No serious adverse events to testosterone therapy
have emerged [50], although long-term safety has
not yet been established. Owing to the lack of
efficacy and safety data, compounded products
should not be used, and government-approved
transdermal male formulations may be prescribed
cautiously in doses appropriate for women [49].
Expert opinion reports usually suggest one-tenth
of the daily dose prescribed to men undergoing
replacement  therapy  for  hypogonadism
(300-pg/24-h testosterone) [51]. Limited evi-
dence supports the use of testosterone in pre-
menopausal women of late reproductive age [48].
The key messages regarding testosterone treat-
ment are summarized in Table 8.1.

Regarding other androgen-based options for
HSDD, a meta-analysis conducted in 2014
showed that dehydroepiandrosterone (DHEA)
administration did not significantly impact sexual
symptoms in postmenopausal women with nor-
mal adrenal function [52].

The centrally acting drugs for HSDD are
flibanserin and bremelanotide, which focus on
the inhibitory and excitatory pathways linked to
the regulation of sexual desire (see Sect. 8.2.1).
Flibanserin is a 5-HTIA receptor agonist and
5-HT2A receptor antagonist that has been
approved as an oral therapy (once daily, at bed-
time) against acquired, generalized HSDD in pre-
menopausal women in the United States (US),
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Table 8.1 Key practical points for systemic testosterone therapy, off-label in most countries, according to the
“International Society for the Study of Women’s Sexual Health Clinical Practice Guideline for the Use of Systemic

Testosterone for Hypoactive Sexual Desire Disorder in Women” [48]

Systemic testosterone therapy for women

Who: postmenopausal (natural or surgical) women with HSDD (+ other FSDs), with or w/o estrogen replacement

When: after/during appropriate management of other conditions that may contribute to low desire

How: intramuscular injections and oral preparations are not recommended. Transdermal dosing should be targeted
to achieve T concentrations in the physiologic premenopausal range

How long: on an average, efficacy emerges after 6-8 weeks; maximal at about 12 weeks. Discontinue after

6 months if no improvement; no safety data >24 months

Formulations: compounded products lack evidence for efficacy and safety. It is reasonable to prescribe oft-label
approved male formulation at approximately 1/10th of the male dose

T levels monitoring: no blood level as a treatment goal. Total T levels should be measured before initiating therapy
to exclude women with midrange to high baseline concentrations, 3—6 weeks after initiating therapy and after

6 weeks if dosing is increased to exclude over-dosing; every 4—6 months once stable levels are achieved

HSDD hypoactive sexual desire disorder, F'SD female sexual dysfunctions, 7 testosterone

and in naturally postmenopausal women aged
60 yearsor youngerin Canada[53]. Bremelanotide
is a melanocortin receptor (MCR) agonist admin-
istered via subcutaneous injection on demand
before sexual activity. By binding to presynaptic
MC4R, bremelanotide has been suggested to
stimulate the release of dopamine in key brain
regions and has been approved in the US for
acquired, generalized HSDD in premenopausal
women only [54]. Finally, an off-label CNS agent
that has been reported to improve HSDD symp-
toms is bupropion, a dopamine, and serotonin
reuptake inhibitor [55].

Sexual Interest/Desire Disorders: Key Points

* Low desire reflects a dynamic imbal-
ance between excitatory and inhibitory
central mechanisms, in favor of the
latter.

e Hypoactive sexual desire disorder
(HSDD) is characterized by a reduced
or absent, spontaneous or responsive
desire for several months, associated
with clinically significant distress.

e HSDD is the most common form of
female sexual dysfunction (10-50%).

e Risk factors for HSDD include the
following:

— Systemic conditions, such as aging,
menopause (+ surgical), general med-
ical diseases, pathologic, and physio-

logic (i.e., puerperium) conditions
associated with the loss of fluctua-
tions in ovarian hormones, depression
and other psychiatric diseases, and
medications (i.e., psychotropic drugs)
— Negative feedbacks from the genitals
such as vaginal dryness, sexual pain,
vulvar pain, inadequate or absent
orgasm, hyperactive pelvic floor,
post-coital cystitis, and the genitouri-
nary syndrome of the menopause
(GSM)
— Psycho-relational factors
Screening tools: B-PFSE, DSDS, and
FSFI-D + FSDS-R.
First-line therapeutic strategies: Sexual
education and modifications of contrib-
uting factors (i.e., sexual pain, hyperac-
tive pelvic floor, loss of sexual
hormones, and treatment of iron-
deficient anemia).
Second-line strategies: Psychological
sex therapy (behavior therapy and
CBT), testosterone treatment, and cen-
trally acting drugs (flibanserin and
bremelanotide).
Short-term transdermal testosterone
treatment in post-menopausal women
with HSDD, aimed at restoring pre-
menopausal levels, has proved to be safe
and effective.
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8.3 Arousal Disorders

8.3.1 Pathophysiology of Genital
Arousal Disorders

“Arousal” refers to the physiologic responses that
occur during an anticipatory period before and
during sexual activity, up to the moment of cli-
max. These encompass both cognitive/emotional
and physical components, involving genital
(swelling and vaginal lubrication) and non-
genital manifestations (increased heart rate,
sweating, and hardening of the nipples).

Genital arousal depends on the anatomical
and functional integrity of the complex neural,
endocrine, and vascular mechanisms, ultimately
resulting in increased blood flow. This clinically
translates into the engorgement of erectile tis-
sue, such as the clitoral, vestibular, and periure-
thral corpora cavernosa (homologous to their
penile counterpart), and the production of a
fluid transudate in the vagina, known as “lubri-
cation.” Female genital tissues are rich in arte-
rial vascularization, supplied by branches of the
internal pudendal and femoral arteries (labia),
ileo-hypogastric  pudendal bed (clitoris),
branches of the uterus (upper vagina), hypogas-
tric arteries (middle vagina), and middle hemor-
rhoidal and clitoral arteries (distal vagina) [56].
Briefly, immediately after sexual stimulation,
parasympathetic pathways (via the pelvic
nerves) lead to the release of vasodilator neu-
rotransmitters in the genital tissues, mainly
nitric oxide (NO). NO induces the formation of
cyclic guanosine monophosphate (cGMP),
which in turn stimulates cGMP-dependent pro-
tein kinase (protein kinase G), leading to the
relaxation of the vascular smooth muscle cells
[57]. The subsequent increase in blood flow and
pressure results in the formation of a plasma
ultrafiltrate within the vaginal epithelial cells,
accumulating at the vaginal surface as a clear,
smooth fluid that moistens the vaginal walls,
allowing painless penile penetration [56]. It is
important to emphasize that it has never been
demonstrated that glandular secretion in the
human vagina determines its lubrication during
arousal.

In the late 1990s, following pivotal experi-
ments performed in female animal models of aor-
toiliac atherosclerosis, Park et al. theorized that
an abnormal arterial circulation or endothelial
function within the hypogastric-cavernosal vas-
cular bed could interfere with physiologic arousal
processes and manifest with diminished or
delayed vaginal lubrication and sensation, pain or
discomfort during intercourse, and diminished
clitoral sensation or orgasm [58]. These hypoth-
eses have been confirmed by subsequent studies
in animal models [59] and humans [60], and
observational data have suggested an association
between cardiovascular risk factors (e.g., diabe-
tes mellitus) and poor genital arousal [61].
However, adequate studies aimed at establishing
a cause-and-effect relationship between FGAD
and cardiovascular diseases in women have not
been conducted, and currently, there are no con-
clusive data to support that FGAD is a predictor
of future cardiovascular events [62].

Among the lifestyle-related factors, smoking
and cycling may significantly impair genital
arousal in women. In a laboratory study, acute
nicotine use has been shown to reduce genital
arousal by 30% in women [63]. Cigarette smok-
ing, both active and passive, is the strongest mod-
ifiable predictor of FSD, including genital arousal
disorders, in women [64]. Bicycle seat pressure
on the perineum may impair arousal and clitoral
erection, likely contributing to the genital pain
and numbness experienced by female cyclists,
similar to the genital and sexual symptoms affect-
ing male cyclists. A survey of female cyclists
indicated that 53.9%, 58.1%, and 69.1% of
female cyclists had FSD, genital numbness, and
genital pain, respectively. After adjusting for age,
body mass index, relationship status, smoking
history, comorbidities, and average time spent
cycling per week, women who reported experi-
encing genital numbness half the time or more
were more likely to have FSD (adjusted odds
ratio [aOR], 6.0; 95% CI, 1.5-23.6; P = 0.01),
especially if localized to the clitoris (aOR, 2.5;
95% CI, 1.2-5.5; P = 0.02) [65].

More genital numbness and urinary tract
infections (UTIs) were confirmed in another,
larger survey, which does not confirm the
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increased arousal vulnerability reported in the
former study. From a clinical point of view, it is
important to ask women complaining of female
sexual arousal disorder (FSAD) about leisure
activities, bicycling particularly, and comorbid
complaints of genital numbness, UTIs, and/or
saddle sores [66].

8.3.2 Nosology and Current
Definitions

The definitions of altered arousal have varied
greatly over the years. The DSM-IV-TR identi-
fied “female sexual arousal disorder” (FSAD)
focusing solely on the lack of an ‘“adequate
lubrication-swelling response to sexual excite-
ment,” [3] failing to mention non-vaginal
responses. As previously reported in the DSM-V,
arousal disorder was not described as a distinct
diagnostic entity, but rather merged with HSDD,
to create the combined diagnostic category of
FSIAD (female sexual interest/arousal disorder)
[6]. This combination was driven mainly by stud-
ies suggesting that FSAD and HSDD are often
comorbid and that many women are unable to
differentiate desire from arousal [5]. However,
the cumulative evidence has not only shown that
desire and arousal may be disconnected, but also
that a dramatic between-person variability exists
in the concordance between “subjective” (posi-
tive mental engagement during sexual activity)
and “physiological arousal” (vaginal lubrication
and other genitals and non-genitals sensations)
[67]. In this context, a recent line of research has
highlighted the notion that some women are men-
tally aroused by perceived genital cues, whereas
for others, the two types of arousal are asynchro-
nous [68]. These aspects may have clinical impli-
cations in the diagnosis and treatment of arousal
disorders.

Ultimately, the updated and revised nomen-
clature proposed by the ISSWSH differentiates
female genital arousal disorder (FGAD) from
female cognitive arousal disorder (FCAD) [69].
FGAD is characterized by “the distressing diffi-
culty or inability to attain or maintain adequate
genital response, including vulvovaginal lubrica-

tion, engorgement of the genitalia, and sensitivity
of the genitalia associated with sexual activity,
for 6 months” (grade B) [69]. On the other hand,
the diagnosis of FCAD is based on “the distress-
ing difficulty or inability to attain or maintain
adequate mental excitement associated with sex-
ual activity as manifested by problems with feel-
ing engaged or mentally turned on or sexually
aroused for 6 months” (expert opinion) [69].
Both disorders may induce mild, moderate, or
severe distress and may be experienced indepen-
dently or in different combinations.

8.3.3 Prevalence and Leading
Etiologies of Female Genital
Arousal Disorder

The lack of a clear definition and standardized
diagnostic tools has severely limited epidemio-
logical studies on female sexual arousal disor-
ders. In the PRESIDE study, previously
mentioned regarding the prevalence of low
desire, the overall, unadjusted prevalence of low
sexual arousal (without distress), and low sexual
arousal inducing distress were 26.1% and 5.4%,
respectively. The age bracket displaying the high-
est prevalence of 7.5% was the middle-aged
group (45-64 years) [23]. No data are available
on the prevalence of FGAD and FCAD according
to the most recent nomenclature.

The current definition of FGAD underlines
the importance of organic insults which disrupt
the neurovascular mechanism underpinning the
genital response to sexual stimuli; in fact, it has
been reported that the etiology of FGAD is
related to vascular and neurologic injury or dys-
function [69]. Among cardiometabolic diseases
potentially causing FSD, diabetes mellitus is
probably the one showing the strongest correla-
tions; the more heavily impaired sexual domains
in diabetic women are arousal and lubrication
[70]. Some studies have indicated that age,
duration of disease, metabolic control, and
microangiopathic complications, in particular,
neuropathy [71], are independently associated
with sexual difficulties in women with diabetes
[61]. Based on limited evidence, obesity, meta-
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bolic syndrome, dyslipidemia, and hypertension
may also increase the risk of vasculogenic FSD;
however, this effect appears milder than that in
men [62].

Regarding neurological integrity, arousal dif-
ficulties are common in women with disorders
affecting both the central and peripheral nervous
systems. Sexual symptoms are often underdiag-
nosed in patients with spinal cord injury or mul-
tiple sclerosis [72]. Pudendal neuropathy (i.e.,
following childbirth) and radiculopathy of the
sacral spinal nerve roots due to sacral or lumbar
spinal pathologies, such as disc impingement or
spinal stenosis, can also result in genital arousal
disorders [73]. Pelvic irradiation and surgery
(i.e., hysterectomy or pelvic organ prolapse sur-
gery) are other commonly neglected causes of
possible damage to small blood vessels and nerve
endings in genital tissues [74]. Interestingly, vag-
inal delivery has been associated with signifi-
cantly decreased scores in the sexual arousal
domain of the FSFI [75].

A hyperactive pelvic floor, lifelong, or
acquired in response to inflammation and/or pain,
which reduces the vaginal opening and causes
pain during penetration attempts, may cause
reflex inhibition of both mental and genital
arousal, contributing to poor or absent lubrication
[73].

Furthermore, estrogens and androgens seem
to play a synergistic role as regulators of the
contractile-relaxant ~ machinery  underlying
peripheral arousal, both in the vagina [76] and in
the clitoris [77]. Therefore, low sex steroids lev-
els may contribute to poor vaginal lubrication
and clitoral tumescence. However, concerning
the effect of estrogen and androgen deficiency,
vulvovaginal atrophy, and/or the genitourinary
syndrome of menopause (GSM), along with vul-
vovaginal infections and inflammatory disorders,
are considered as exclusion criteria for FGAD
[69]. However, the exclusion of leading biologi-
cal etiologies of impaired genital arousal, such as
the post-menopausal loss of sexual hormones,
deprives women of a very simple and appropriate
treatment for vaginal dryness, dyspareunia, and/
or other comorbid symptoms of GSM. Since bio-
logical/organic etiological factors such as diabe-

tes or radiotherapeutic damage are considered,
GSM and the associated loss of sex hormones
should also be considered.

In addition, modifiable lifestyle-related fac-
tors, such as smoking or bicycling, that could
contribute to the onset and maintenance of geni-
tal arousal disorders in women should be actively
investigated and appropriately treated.

Finally, psycho-relational factors are believed
to affect both cognitive and genital arousals.
Depression, anxiety, body image concerns, eat-
ing disorders, environmental stressors, cultural
attitudes, history of sexual abuse, poor sexual
stimulation, low relationship satisfaction, com-
munication issues, and sexual dysfunction in the
partner (in particular, male premature or delayed
ejaculation) should always be evaluated in
women complaining of arousal difficulties [78].

The interdependence between the different
phases of the sexual response is almost the rule in
clinical practice. Different biological etiologies
may contribute to different FSDs. To create rigid
boundaries, defining a specific disorder more
clearly may become a boomerang in clinical
practice if the relevant predisposing, precipitat-
ing, or maintaining factors of genital arousal
impairment are excluded.

8.3.4 Diagnostic Tools for Arousal
Disorders

One of the major flaws in the study of female
arousal is the lack of a universal, objective, and
feasible approach aimed at diagnosing a state of
impaired genital blood flow, unlike in men. Penile
color Doppler ultrasound performed in non-
stimulated conditions is considered the gold stan-
dard for the investigation of erectile dysfunction
of suspected vascular origin and is commonly
performed in clinical practice [79]. Most impor-
tantly, assessing the hemodynamic parameters of
the penile arteries can provide important infor-
mation on cardiovascular risk, especially in
young and low-risk men [79]. A homologous
technique in women has not yet been validated,
and the vast majority of data on alterations of
female genital arousal have been based on self-
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report measures, a methodology flawed by a great
susceptibility to response bias.

In laboratory settings, the most well-
established method for measuring genital blood
flow is vaginal photoplethysmography (VPP),
which uses a device that emits and reabsorbs
light. The rationale of this method is that the
amount of backscattered light depends on the
transparency of the vaginal tissue, reflecting its
variable vasocongestion [80]. The provided mea-
sure, known as the vaginal pulse amplitude
(VPA), has been found to be a sensitive and reli-
able marker of genital sexual arousal.

Clitoral artery Doppler ultrasound has been
proposed as a noninvasive and objective approach
to measuring genital blood flow and is easier to
use in clinical settings compared to VPP [81, 82].
However, this technique has not been fully vali-
dated, and the most reproducible hemodynamic
parameters (peak systolic velocity, resistance
index, pulsatility index, and volume flow) and
their normative values have yet to be established.
Other methods include indirect measures of heat
dissipation (i.e., vaginal and labial thermistors
and heated oxygen electrodes), thermal imaging
cameras, and laser Doppler perfusion imaging
[80]. Finally, Schirmer tear test strips have
recently been suggested as an objective measure
of vaginal lubrication [83].

Arousal-related items in the common female
sexual health questionnaires are as follows: Brief
Index of Sexual Functioning (BISF-W): 5,13,14;
Sexual  Function  Questionnaire  (SFQ):
7,8,9,10,11,12,13,14; female arousal and desire
inventory (FADI) (all items); Sexual Interest and
Desire Inventory (SIDI): 11,12; Female Sexual
Function Index (FSFI): 3,4,5,6 [78].

8.3.5 Key Therapeutic Approaches

The primary strategy to alleviate FGAD symp-
toms is to address modifiable causes such as poor
vascularization due to atherosclerosis and neu-
ropathy due to sacral and lumbar pathologies. In
clinical practice, topical sexual hormones (when
not contraindicated) are very effective in improv-
ing both vascular and neurogenic responses, in

addition to addressing the mucosal component of
FGAD. The reported subjective improvement
correlates well with the objective trophism
improvement at the vulvovaginal examination
and the lowering of the vaginal pH from 7 to
4.00-4.5 in postmenopausal women complaining
of FGAD. Women should be informed that this is
an off-label treatment option. The clinical results
reported by women are more satisfactory when a
co-present hyperactive pelvic floor, lifelong or
defensively acquired because of FGAD, is treated
with appropriate physiotherapy.

According to the literature, in the absence of
drugs with this specific indication, women with
FGAD may benefit from vaginal moisturizers and
lubricants as a symptomatic approach. In fact, a
minimalistic, although in-label approach, plays a
role when even topical hormones are contraindi-
cated or not desired by the individual woman.
Moisturizers are intended to be used regularly and
act by rehydrating mucosal tissue and trapping
moisture. On the other hand, lubricants are based
on water, silicone, minerals, or plant oil, and are
applied as needed to reduce friction during sexual
activity. When considering these products, the
ideal parameters are body-similar pH (3.5-5) and
osmolality (200600 mOsmol/kg), and a lack of
parabens, chlorhexidine, and polyquaternium-15,
to reduce the risk of endothelial irritation and side
effects [84].

Vibrators, devices that combine vibration and
clitoral vacuum suction, and other mechanical
devices may provide useful treatment options [85].
Those containing phthalates, polyvinyl chloride,
vinyl, and jelly rubber should be avoided.

The most widely studied topical vasodilating
agent in women is alprostadil, a synthetic form of
prostaglandin E1 that can induce genital smooth
muscle relaxation by increasing protein kinase A
activity. It has been reported that alprostadil
increases genital temperature, arousal [86], and
clitoral peak systolic velocity [87] with no sig-
nificant adverse events. Several promising data
are also available for visnadine, a principle
extracted from the plant Ammi Visnaga, capable
of inhibiting smooth muscle contractile responses
mediated by calcium entry. A 1% visnadine vul-
var spray seems to improve sexual performance
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in women with arousal disorders [88]. Regarding
systemic vasodilators, the evidence is less con-
vincing, with meta-analytic data showing an
overall improvement in sexual function com-
pared to that with a placebo, but with some stud-
ies have reported negative findings [89].
Significantly higher rates of headache, flushing,
and changes in vision have emerged in phospho-
diesterase type S5 inhibitor (PDES5i)-treated
patients than in those treated with placebos [89].

Women suffering from FGAD associated with
vulvovaginal atrophy (VVA) and/or GSM are
candidates for the use of approved local estrogen
treatments and DHEA. Local prasterone (DHEA)
is indicated for moderate-to-severe VVA in post-
menopausal women and has been consistently
reported to improve several sexual domains,
including arousal [90]. The efficacy of local
DHEA, a precursor of both estrogen and andro-
gens, appears to be mediated by the activation of
androgenic signaling within the vaginal smooth
muscle layer [91]. Systemic testosterone treat-
ment in menopausal women with HSDD [49] and
intravaginal testosterone [92] have also been
reported to enhance arousal measures; however,
both are considered off-label.

A comprehensive biopsychosocial treatment
plan is advisable to provide women with the most
holistic approach to ameliorate FGAD/
FCAD. Psychological management options
include sensate focus therapy, cognitive behav-
ioral therapy, and mindfulness therapy [78].

Arousal Disorders: Key Points

e Female genital arousal disorder (FGAD)
is characterized by the distressing, per-
sistent impairment in the genital sexual
response, including vulvovaginal lubri-
cation and engorgement of the genitalia.
The prevalence is around 5—-10%.

* Female cognitive arousal disorder
(FCAD) is a recently proposed diagnos-

tic category characterized by the dis-
tressing, persistent impairment in
mental excitement during sexual
activity.

Genital arousal depends on the anatomi-
cal and functional integrity of neural
and vascular mechanisms, resulting in
increased blood flow.

Risk factors for FGAD include all those
conditions causing vascular/endothelial
and neurologic injury or dysfunction in
the genitals, such as cardiometabolic
risk factors (i.e., diabetes mellitus), spi-
nal cord injuries, multiple sclerosis,
pudendal neuropathy, sacral radiculopa-
thy, pelvic irradiation, or surgery. Low
sex steroids levels may contribute to
damaging the integrity of small vessels
and nerves.

There is a lack of standardized, reliable,
easy-to-use methods to assess genital
arousal. Vaginal photoplethysmography
(VPP) and clitoral Doppler ultrasound
are two of the most studied. Other pro-
posed tools include indirect measures of
heat dissipation, thermal imaging cam-
eras, laser Doppler perfusion imaging,
and Schirmer tear test strips.
Therapeutic strategies: No government-
approved drugs are available. After
addressing modifiable causes, women
with FGAD may benefit from vaginal
moisturizers and lubricants, vibrators,
or topical vasodilating agents (i.e.,
alprostadil and visnadine). When vul-
vovaginal atrophy is also present,
symptoms may improve with approved
(local estrogens and prasterone) or off-
label treatments (local or systemic
testosterone).

Sensate focus therapy, cognitive behav-
ioral therapy, and mindfulness therapy
are useful for FGAD/FCAD.
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Persistent Genital Arousal
Disorder/Genito-Pelvic
Dysesthesia

8.4

The existence of persistent genital arousal disor-
der (PGAD) was first postulated in the early
2000s, but systematic characterization has only
recently been attempted.

Persistent genital arousal disorder/genito-
pelvic dysesthesia (PGAD/GPD) is currently
defined as the “persistent or recurrent, unwanted
or intrusive, distressing sensations of genital
arousal [that occur over a] duration of at least
3 months” [93]. Other types of genito-pelvic dys-
esthesia (buzzing, tingling, burning, twitching,
itching, and pain) may be described. PGAD/GPD
is most commonly experienced in the clitoris but
may also involve other genito-pelvic regions; the
sensations may include being on the verge of an
orgasm, experiencing uncontrollable orgasms,
and/or having an excessive number of orgasms.
The estimated prevalence is approximately 0.6—
3% [93]. It is noteworthy that PGAD/GPD is not
associated with concomitant sexual desire or fan-
tasies and should not be misdiagnosed as hyper-
sexuality. In fact, it has been reported to have a
dramatically detrimental impact on the patient’s
sexuality, relationships, mental health, and daily
functioning [94].

The underlying pathological mechanism has
not been clarified; sensory hyperactivity originat-
ing in the genitals, pelvic/perineum, cauda
equina, spinal cord, or brain has been theorized.
Recognized organic risk factors for PGAD/GPD
include clitoral, vestibular, vulvar, and vaginal
pathology (i.e., vulvodynia, infectious and
inflammatory conditions), overactive pelvic floor
(PF) dysfunction, pudendal neuropathy, perineal
vascular pathology (i.e., pelvic varices or arterio-
venous malformations), sacral Tarlov cysts, and
lumbar disc disease (i.e., annular tears); CNS
organic disorders (i.e., epilepsy); and medica-
tions (trazodone, use of or discontinuation of
SSRIs/SNRIs) [93].

PGAD/GPD treatment is guided by the identi-
fication of the eventual “trigger region,” which
may be performed through Doppler ultrasound of
the clitoral cavernosal artery, local anesthesia

testing, neurological testing, electromyography,
transperineal ultrasound of the PF muscles, or
diagnostic pudendal nerve blocks. If radiculopa-
thy of the lumbosacral nerve roots is suspected,
specific neurogenital testing is recommended,
with targeted diagnostic injections of local anes-
thetic at the level suggested by magnetic reso-
nance imaging (MRI) [93].

Psychosocial associated and contributing
factors should be addressed, such as anxiety
and  depressive  symptoms,  suicidality,
obsessive-compulsive symptoms, catastroph-
ization, sexual or emotional trauma, psychiatric
comorbidities, sexual functioning, and relation-
ship adjustment [94].

In patients with symptomatic Tarlov cysts or
lumbar disc disease, neurosurgical interventions
have been reported to be beneficial in the vast
majority of cases [95, 96]. Promising results have
been obtained by neurolysis of the dorsal nerve to
the clitoris, relieving compression of the puden-
dal nerve [97]. Psychotherapy, sacral/pudendal
neuromodulation, and electroconvulsive therapy
are other treatment strategies. Off-label pharma-
cological agents aimed at symptom control may
also be considered (anticonvulsants, GABAergic
activators, opioid inhibitors of neurotransmis-
sion, and SSRI/SNRI) [93].

8.5 Orgasm Disorders

8.5.1 Pathophysiology of Orgasm

Orgasm in women has been defined as “a vari-
able, transient peak sensation of intense pleasure,
creating an altered state of consciousness” and
inducing a state of “well-being and contentment”
[35]. Orgasm may be accompanied by involun-
tary, rhythmic contractions of the pelvic floor
musculature, and uterine and anal contractions
[35]. This phenomenon displays wide interper-
sonal variability in terms of the intensity, dura-
tion, and type of required stimulation. In a recent
multicenter study conducted on young women in
a monogamous stable heterosexual relationship,
the stopwatch-measured time to orgasm was
approximately 13 min [98]. Although the exis-
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tence of differently activated organs in women is
still debated, evidence suggests many possible
triggers: mental, from imagery alone, nipple/
breast stimulation, clitoral, vaginal, cervical,
anal, etc. [99]. In recent decades, it has been rec-
ognized that the vagina and cervix are not insen-
sitive, passive organs, but have a unique and
significant sensory cognitive representation, and
their stimulation is able to elicit orgasmic sensa-
tions [100]. In clinical practice, many women
report experiencing orgasm with clitoral stimula-
tion, while others report vaginal penetration, or
both. This has been correlated with the anatomi-
cal variability of the human clitoris-urethrovaginal
complex [99].

Genital sexual stimuli reach the spinal cord
mainly in the lumbosacral segments via the
pudendal (clitoris), pelvic, and hypogastric
nerves (vagina), and are transmitted to supraspinal
sites via the spinothalamic and spinoreticular
systems; ascending inputs then activate neurons
in several areas of the CNS. Recent functional
magnetic resonance imaging (fMRI) studies have
suggested that, during female orgasm, the acti-
vated brain regions include sensory, motor,
reward, frontal cortical, and brainstem regions
(e.g., nucleus accumbens, insula, anterior cingu-
late cortex, orbitofrontal cortex, hippocampus,
amygdala, hypothalamus, and ventral tegmental
area) [101]. The efferent arm of the spinal reflexes
is involved in sympathetic, parasympathetic, and
somatic activities. Moreover, during orgasm, the
concentration of hormones and neurotransmitters
related to bonding, such as prolactin and oxyto-
cin, increases.

Multiple mechanisms may be correlated with
alterations in orgasmic ability in women.
Impairment of the central or peripheral afferent
and efferent neural pathways involved in the reg-
ulation of the orgasmic response determines
orgasmic failure [102]. For example, a spinal
cord injury at S2-S4 would blunt the ability to
perceive clitoral stimulation, since the pudendal
nerves, which convey clitoral sensation, enter the
spinal cord at this level.

The pelvic floor seems to play an important
role in female orgasmic response. It has been
demonstrated that pelvic floor muscles strength,

evaluated using perineometer and surface elec-
tromyography, is positively correlated with self-
reported orgasm ability in healthy volunteers
[103]. Overactivity of the PF muscles may impair
orgasm by preventing local tissue perfusion and
compression of the clitoral, perineal, or rectal
branches of the pudendal nerve [104].

Physiological orgasmic responses also depend
on the balance between excitatory and inhibitory
neurotransmitters in the brain [9], which may be
disrupted by medications, drugs, or endocrine
alterations (hyperprolactinemia, hypoestrogen-
ism, and hypoandrogenism).

Finally, orgasmic capacity is deeply influ-
enced by psychological and relational factors.
Concerning autoerotism, orgasmic difficulty has
been associated with young age, low masturba-
tion frequency, low sexual relationship satisfac-
tion, and masturbation practiced “to decrease
sexual tension” or “to overcome anxiety” [105].
In another study, lesbian women reported more
frequent orgasms than heterosexual women, and
women who orgasmed more frequently reported
receiving more oral sex, having sex for longer,
being more satisfied with their relationships,
talking about their sexual fantasies with their
partners, and expressing love during sex [106].
Sexual inhibition has been found to act as an
independent vulnerability factor for orgasmic
difficulties in a large community sample [107]. In
partnered sex, variance in orgasmic pleasure was
mostly related to partner issues, sexual inhibi-
tion, lack of interest, and insufficient experience
[108].

8.5.2 Nosology and Current
Definitions

The definition of female orgasm disorder (FOD)
in the DSM-IV-R was a “persistent or recurrent
delay in or absence of orgasm after a normal sex-
ual excitement phase” [3], that evolved in the
subsequent edition to a “marked delay in, marked
infrequency of, or absence of orgasm and [...]
marked reduced intensity of orgasmic sensa-
tions,” inducing personal distress [6]. The most
recent nomenclature proposal has broadened the
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diagnostic criteria and included the concept of
orgasm occurring “too early,” as in the male
counterpart, and of “orgasm without pleasure.”
Indeed, the ISSWSH defines FOD as a condition
“characterized by a persistent or recurrent, dis-
tressing compromise of orgasm frequency, inten-
sity, timing, and/or pleasure associated with
sexual activity for a minimum of 6 months” [20].

Specifiers are related to the following: (a) fre-
quency: orgasm occurs with decreased frequency
(decreased frequency of orgasm) or is absent
(anorgasmia); (b) intensity: orgasm occurs with
decreased intensity (muted orgasm); (c) timing:
orgasm occurs too late (delayed orgasm) or too
early (spontaneous or premature orgasm) than
desired by the woman; and (d) pleasure: orgasm
occurs with absent or decreased pleasure (anhe-
donic orgasm or pleasure dissociative orgasmic
disorder, PDOD) [20]. Traditional specifiers
apply (lifelong vs. situational and generalized vs.
situational).

In addition to the new entity PDOD, another
provisional diagnosis based on expert opinion
has been introduced: female orgasmic illness
syndrome (FOIS). This condition is character-
ized by “peripheral and/or central aversive symp-
toms that occur before, during, or after orgasm,
not related, per se, to a compromise of orgasm
quality” [20]. Interestingly, confusion, decreased
verbal memory, depression, seizures, and head-
aches have been reported among these bother-
some sensations, as well as gastrointestinal
symptoms, muscle aches, and fatigue.

8.5.3 Prevalence and Leading
Etiologies of FOD

Orgasmic difficulties are also common. In a ran-
dom sample of more than 1500 women from the
US, 24% reported an inability to achieve orgasm
for months in the previous year [109]. The preva-
lence of DSM-based FOD diagnoses, including
distress, is approximately 5% [23].

Neurogenic FOD can be a consequence of
CNS lesions, spinal cord injury, diabetic neurop-
athy, pudendal neuropathy, radiculopathy of the
sacral spinal nerve roots due to herniation/com-
pression by intervertebral discs, or other condi-

tions. In women with multiple sclerosis,
anorgasmia or hyporgasmia has been reported in
up to 37.1% of cases [110].

Psychotropic medications, specifically mood
stabilizers, antipsychotics, and antidepressants,
often cause delayed or pleasure-less orgasm as a
side effect, even after discontinuation [111]. A
full history of medication use should be obtained
in women with FOD.

A disordered function of the PF muscles that
determines either increased activity (hypertonic-
ity), diminished activity (hypotonicity), or inap-
propriate coordination may be associated with
orgasm difficulties [112].

Vascular alterations in the genital bed and
related risk factors (diabetes mellitus, obesity,
smoking, and peripheral vascular disease) have
been correlated with FOD because of the critical
role of genital blood flow in peripheral sexual
response [62]. Similarly, hormonal alterations
that are known to undermine the anatomical and
functional integrity of the genital tissue, espe-
cially low levels of androgens and estrogens, are
potentially correlated with low sexual respon-
siveness and FOD. Furthermore, all inflamma-
tory, infectious, and immunological conditions
that determine dyspareunia (See Chap. 25) can
indirectly affect the orgasmic function.

Pathological orgasm may also be experienced
in the context of psychosocial issues. Poor body
and genital image issues, negative emotions asso-
ciated with sex, cultural background, shame or
embarrassment due to religious beliefs, or familial
inhibitions can contribute to anorgasmia or delayed
orgasm [113]. Relationship issues should always
be addressed; the lack of proper communication
with the partner has been described as a key factor
in women’s orgasmic experience, as well as the
partner’s sexual dysfunction, such as premature
ejaculation or erectile dysfunction [114].

8.5.4 Diagnostic Tools for Orgasm
Disorders

Diagnosis requires complete pharmacological,
psychosocial, and relational assessment. Genital
physical examination is mandatory to assess the
sensitivity and integrity of the structures involved.
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Vulvoscopy, Q-tip testing, and smear testing are
useful for identifying dermatological, inflamma-
tory, and infectious conditions that may interfere
with the peripheral sexual response. Laboratory
testing is aimed at identifying women with low
androgen levels, low estradiol levels, elevated
prolactin, or dysthyroidism, who may benefit
from replacement treatments or require further
diagnostic workup to exclude endocrine diseases
contributing to FOD.

In cases of specific clinical suspicion (i.e.,
vascular or neurological pathology), additional
testing is advised. This may include pelvic floor
physical therapy assessment, neurophysiological
tests (i.e., evoked potentials of the pudendal
nerve), MRI of the spine, clitoral/vulvar Doppler
ultrasonography, or thermography.

The most commonly used psychometric mea-
sures for the evaluation of the subjective experi-
ence of the orgasm are the Orgasm Rating Scale
[115] and the Orgasm domain of the Female
Sexual Function Index [40]. A visual analog scale
(VAS) named Orgasmometer-F has been validated
in women to assess perceived orgasmic intensity
[116]. Other recently developed tools include the
Orgasm Beliefs Inventory [117] and the Bodily
Sensations of Orgasm questionnaire [118].

8.5.5 Key Therapeutic Approaches

The modification of any reversible risk factors for
FOD is recommended prior to considering any
symptomatic intervention for desire and orgasm
problems. The literature on symptomatic thera-
pies for FOD is limited and contradictory, and
there are no government-approved pharmacolog-
ical treatments for this indication.

Specific randomized controlled trials on the
effect of testosterone therapy on the orgasm
domain of sexual function have not yet been pub-
lished. However, a recent meta-analysis showed
that compared to a placebo or comparator, testos-
terone significantly increased orgasms (SMD
0.25, 95% CI 0.18-0.32) in postmenopausal
women [50]. Therefore, systemic testosterone
treatment, which is off-label in most countries,

may be an option for improving FOD in post-
menopausal patients with comorbid HSDD.

Off-label agents including flibanserin and
bremelanotide (both approved for HSDD in pre-
menopausal women) and the antidepressant
bupropion act on the balance of excitatory/inhibi-
tory neurotransmitters, thus potentially facilitat-
ing the orgasmic response [119]. Vasodilating
agents, such as sildenafil, have been suggested to
improve orgasm measures in premenopausal
women affected by sexual arousal disorder [120],
whereas a less clear effect has been found in
estrogenized postmenopausal women [121];
these data need to be confirmed.

Medical devices that provide vibratory stimu-
lation or cause clitoral vascular engorgement by a
vacuum system, ultimately enhancing arousal
and orgasm, have been proposed as treatment
approaches for FOD [122].

Compared with sexual pain disorders, very
few studies have addressed the effect of physical
therapy (i.e., Kegel exercises) on orgasm [123].
Therefore, conclusive evidence for a specific
beneficial effect of FOD cannot be drawn.
However, it has been suggested that in patients
with hyperactivity of the PF muscles, a reduction
in tone may improve orgasmic function [104]. In
the clinical setting, appropriate relaxation train-
ing of the pelvic floor muscles in synergy with
diaphragmatic  breathing facilitates genital
arousal, with improved genital congestion and
lubrication, and can facilitate a more rapid and
intense orgasm.

Psychological and behavioral treatments for
FOD with the most consistent data include
directed masturbation, sensate focus, and psy-
chotherapy [124]. For example, directed mas-
turbation is a cognitive-behavioral and
mindfulness-based technique centered on step-
wise exposure to genital stimulation. Available
studies have demonstrated the efficacy of this
type of therapy in FOD [124]. Other proposed
approaches with little evidence include sex
education, systematic desensitization, biblio-
therapy, and coital alignment technique train-
ing; however, they may represent beneficial
adjuncts [124].
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Orgasm Disorders: Key Points
e Female Orgasm Disorder (FOD) is char-

acterized by “a persistent or recurrent,
distressing compromise of orgasm fre-
quency, intensity, timing, and/or plea-
sure associated with sexual activity for a
minimum of 6 months.”

Other recently proposed conditions rela-
tive to orgasm alterations are the plea-
sure dissociative orgasmic disorder
(PDOD) and the female orgasmic illness
syndrome (FOIS).

The prevalence of orgasmic dysfunction
including distress is around 5%.
Leading etiologies of FOD are as fol-
lows: neurogenic conditions (secondary
to CNS lesions, spinal cord injury, dia-
betic neuropathy, pudendal neuropathy,
and radiculopathy of the sacral spinal
nerve roots); use of medications disrupt-
ing the excitation/inhibition balance
(i.e., mood stabilizers, antipsychotics,
and antidepressants); pelvic floor mus-
cles dysfunction (i.e., hyperactivity);
vascular alterations in the genital bed
and related risk factors (diabetes melli-
tus, obesity, smoking, and peripheral
vascular disease); hormonal alterations
(hypoestrogenism, hypoandrogenism,
and hyperprolactinemia); psychosocial
issues (sexual inhibition, poor body
image, shame, or embarrassment due to
cultural background); and poor commu-
nication with the partner or partner’s
sexual dysfunction.

Diagnostic tools: pharmacological, psy-
chosocial, and relational assessment;
genital physical examination; and labo-
ratory testing. Clinically-driven addi-
tional investigations include pelvic floor
strength assessment; neurophysiologi-
cal tests; MRI of the spine; and clitoral/
vulvar Doppler ultrasonography or
thermography.

A. Graziottin et al.

e Psychometric questionnaires: Orgasm
Rating Scale, Orgasm Domain of the
Female Sexual Function Index,
Orgasmometer-F, Orgasm Beliefs
Inventory, and Bodily Sensations of
Orgasm questionnaire.

e First-line treatment strategy: modifica-
tion of any reversible risk factors. Off-
label  pharmacological  therapies:
systemic testosterone treatment in post-
menopausal patients with comorbid
HSDD, flibanserin and bremelanotide in
premenopausal patients with comorbid
HSDD, or bupropion; vasodilating
agents. Medical devices (i.e., vibrators
or vacuum systems) and pelvic floor
physical therapy may be considered.

e Psychological and behavioral treat-
ments for FOD with the most consistent
data on efficacy are: directed masturba-
tion, sensate focus, and psychotherapy.

8.6 Conclusion

The conceptualization, classification, and definition
of FSDs are highly dynamic. The complexity of
definitions is aimed at describing in the most com-
prehensive way the many differences and nuances of
FSDs in different women and clusters of women.
The purpose was to share definitions to standardize
the frames and goals of research and investigations.

However, definitions are often difficult to
translate into wording that is easy to use with col-
leagues who are not trained in sexual medicine
and, even more importantly, with patients. The
difficulty is greater when English definitions
must be translated into other languages.

Therefore, the challenge is to find the optimal
wording, matching the most comprehensive defi-
nition with words that are easier to understand,
and best fitting the daily experience of women
with sexual disorders. However, this challenge
remains to be addressed.
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Penile Diseases

and Dysmorphisms (Phimosis,
Frenulum, Micropenis, and Buried

Penis)

Marco Spilotros and Fabio Michele Ambruoso

9.1 Foreskin Disease: Balanitis
and Balanoposthitis
9.1.1 Definition and Epidemiology

Balanitis is an inflammation of the glans penis,
fairly common, affecting approximately 3—11%
of males during their life time, if the inflamma-
tory process involves even the prepuce the condi-
tion is termed balanoposthitis [1, 2].
Balanoposthitis involves both the glans and the
foreskin and occurs in approximately 6% of
uncircumcised males. Balanoposthitis occurs
only in uncircumcised males. Balanitis and pos-
thitis could present infectious and noninfectious
etiologies, and they are not age related.
Approximately 1 in 30 uncircumcised are
affected by balanoposthitis, and phimosis repre-
sents a risk factor for this kind of condition.
Circumcision has a protective role estimated in a
68% lower prevalence of balanitis than uncir-
cumcised males [1, 2].

9.1.2 Pathophysiology

The most common cause of these condition is
related to poor local hygiene, since the moist
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environment under the penile foreskin promotes
the growth of organisms that could be the cause
of balanitis. Between the normal flora of the fore-
skin and glans, Candida albicans is the most
common yeast causing infection in certain cir-
cumstances especially when the patient has
underlying pathological conditions such as dia-
betes, tumors of the glans and foreskin, immuno-
deficiency, or changes in the Ph baseline [3].
Other infectious causes of balanitis are sexually
transmitted diseases (STDs such as gonorrhea,
Chlamydia, herpes virus, human papillomavirus,
syphilis, and trichomoniasis), Group B and A
beta-hemolytic streptococci, and Gardnerella
vaginalis infection [4]. Several skin conditions
may also trigger balanitis such as psoriasis.
Among noninfectious etiologies of balanitis,
there are poor hygiene, chemicals irritants (deter-
gent and spermicides) drug allergies, morbid
obesity, allergic reaction, and local traumas [5].

9.1.3 Skin Conditions

Between the skin condition that could cause bala-
nitis is important to highlight circinate balanitis
(associated with reactive arthritis and HLA-B27),
pseudo-epitheliomatous keratotic and micaceous
balanitis and zoon balanitis (the latter three have
been linked to skin cancer) [6, 7]. Balanitis xerot-
ica obliterans (BXO) is an infiltrative chronic
penile skin condition which is histologically
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identical to lichen sclerosus (hyperkeratosis,
atrophy of the stratum spinosum Malpighii asso-
ciated with hydropic degeneration of the basal
cells associated with inflammatory infiltration of
the mild dermis and edema), macroscopically
characterized by hardened whitish tissue, and
edema at the tip of the penis involving foreskin,
glans of the penis, and often even the urethral
meatus and urethra, leading to phimosis, stric-
tures, and micturition discomfort. Treatment for
BXO includes medical options such as topical
steroid and surgical procedures including cir-
cumcision [8-10].

9.1.4 (Clinical Findings
and Diagnosis

Penile pain irradiating to the glans, redness, and
itchiness are frequent symptoms of balanitis. At
physical examination, signs frequently found are
tight shiny skin on the glans, redness of the glans
penis mucosa, swelling, soreness, and a thick
white discharge under the foreskin commonly
associated with an unpleasant smell. Painful mic-
turition and phimosis could result in case of
severe and chronic inflammation [11].

Essentially balanitis is a clinical diagnosis
related to history and physical findings.
Additional testing are justified by clinical presen-
tation such as purulent discharge (bacterial cul-
ture is indicated), vesicular lesions (herpes
simplex virus testing), ulcer (syphilis testing),
and urethritis (testing for mycoplasma and tricho-
monas) [6].

9.1.5 Treatment

The strategy to manage a balanitis is to exclude
STI, improve, or achieve a proper hygiene with
frequent washing and drying off the prepuce.
Topical antifungals are the first-line treatment
in patients with balanoposthitis for 1-3 weeks
with clotrimazole 1% twice daily or micon-
azole 1%. Nystatin cream is an alternative in
patients allergic to imidazoles. Treatment of the
partners of patients with balanitis is recom-

mended. In serious case of inflammation,
Fluconazole 150 mg orally should be combined
with topical imidazole and low potency ste-
roids. If identified and involvement of subcuta-
neous tissue, a first generation cephalosporin
should be administered. In recurrent episodes
of balanoposthitis, especially in diabetic and
immunocompromised patients, circumcision is
recommended [3, 6, 11].

9.2  Foreskin Disease: Phimosis
and Paraphimosis
9.2.1 Definition and Epidemiology

Prepuce, or foreskin, is the skin surrounding the
glans penis which is at birth physiologically
adherent until the 3—4 years of life (physiologic
phimosis). As the penis grows, epithelial debris
accumulates under the prepuce and produces a
progressive separation between the foreskin and
the glans forming the preputial sac. Less than 5%
of newborns have a completely retractable pre-
puce, and this condition progressively changes
with growth. At 3 years of life, about 90% of
child have a fully retractable foreskin [12].
Phimosis is defined as the condition in which the
prepuce cannot be retracted over the glans penis.
Phimosis can persist over 3 years of age and in
this case may be considered pathological; its
incidence among 7-year-olds is 8% and progres-
sively decrease to 1% at 17-year-old boys [13,
14].

9.2.2 Pathophysiology

Risk factors for phimosis are trauma (attempt to
retraction), recurrent or chronic balanoposthi-
tis, chronic inflammatory conditions like bala-
nitis xerotica obliterans (BXO), a condition
characterized by a sclerotic constricting ring in
the distal end of the prepuce associated to
edema, causing persistent non-retractability of
the foreskin (Fig. 9.1). Its definitive diagnosis
is based on histological features: hyperkerato-
sis with follicular atrophy of the spongiosa with
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Fig. 9.1 Unretractable phimosis in catheterized patient

hydropic degeneration of basal cell, band-like
chronic inflammatory cell infiltration with
homogenization of collagen. BXO has an inci-
dence of 0.6%; common onset is characterized
by local infection, bleeding before phimosis,
meatal stenosis that could cause urinary reten-
tion [8, 15].

9.2.3 Clinical Findings
and Diagnosis

Generally, the unretractable foreskin shows
inelastic scar tissue that prevent glans penis
exposure; whitish color at the tip of the foreskin
and edema are typical findings of BXO. In case
of severe tightness of the foreskin, acute uri-
nary retention is not a rare complication.
Itchiness and redness of the glans penis in fre-
quent when underlying balanitis is present.
Diagnosis is related to history and physical
findings. Histopathology of the foreskin
removed is mandatory to confirm BXO as cause
of phimosis.

9.2.4 Treatment

The treatment of choice to manage pathological
phimosis is circumcision. In adults, circumcision
is undertaken in operating room under local or
general anesthesia. With the sleeve technique, a
circumferential incision is made overlying the
coronal impression of the glans through the skin.
On the ventral surface, the skin incision should
be in a V-shape opposite the frenulum. Once the
foreskin is retracted, a second circumferential
incision is made 0.5 cm below the coronal sulcus.
On the dorsal surface, a plane superficial to
Buck’s fascia between the two circumferential
incisions is created through blunt dissection. The
ring of the prepuce is incised along this plane and
then removed circumferentially. The circumci-
sion is completed reapproximating the skin and
the dartos of the inner prepuce with absorbable
sutures in separate layers. In those cases, when
severe tightness of the foreskin make it impossi-
ble to retract it on in case of paraphimosis, a dor-
sal slit is performed from the tip of the prepuce
extending from the circumferential outer skin
incision to the inner prepuce below the coronal
sulcus [16].

Other options to treat phimosis (not indicated
in BXO) are designed to achieve a fully retractile
foreskin and can be pharmacological and surgi-
cal. Topical steroids such as clobetasol propio-
nate and hydrocortisone together with regular
attempts of prepuce retraction can achieve high
success rates in 4-8 weeks of therapy, thanks to
the anti-inflammatory and immunodepressive
action associated to foreskin thinning [17].
Between surgical option, preputioplasty is an
attempt to achieve a loosening of the scar tissue
through its longitudinal incision which is then
sutured in a transverse way [18]. Several prepu-
tioplasty techniques have been described: Welsh
reported a triple full thickness incision across the
stenotic ring followed by transvers suturing. In
Waihlin preputioplasty, three rhomboid incisions
along the scarring ring are performed and closed
by oblique suturing while Hoffman reported the
use of multiple V-Y plasty along the constricting
ring [19, 20].
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Disposable circumcision suture device has
been recently introduced, and it has gained increas-
ing popularity. Shorter operation time, standard-
ization of the technique, better cosmetic
appearance, and fewer complications have been
reported compared to classic cirumcision [21, 22].
Different disposable devices in different sizes are
available and generally consist of a bell-shaped
glans pedestal, ring blade, handle, shell, and suture
staple. During the procedure, the glans lies under
the glans pedestal and the foreskin is wrapped
around the rod of the circumcision device. Once
the knob is triggered, the foreskin is cut by the
ring-shaped blade and staples are placed [22].

9.3 Paraphimosis

9.3.1 Definition, Epidemiology,
and Treatment

Paraphimosis is an urological/andrological emer-
gency whose clinical manifestation is a foreskin
left retracted due to entrapment of a tight of the
tissue proximal to the corona, leading to venous
and lymphatic congestion. Signs in a patient with
paraphimosis are glans engorgement, edema, and
erythema of the prepuce; if the condition persist for
few hours, bluish discoloration, tears, and necrosis
of the superficial tissue may happen. Firstly, a man-
ual reduction should be attempted, pushing force-
fully the glans and retracting the foreskin in the
natural position; in case of severe edema, multiple
punctures to the edematous tissue before manual
reduction are recommended. If manual reduction is
achieved, some authors advise -circumcisions
because of paraphimosis tendency to recur;
whereas when manual resolution is not possible, a
dorsal slit is mandatory [23, 24].

9.4 Short Frenulum

9.4.1 Definition, Epidemiology,
and Treatment

Frenulum breve, or short frenulum, is a dysmor-
phism in which the frenulum of the penis, which
is an elastic band of tissue under the glans penis

that connects to the foreskin and helps contract it
over the glans, is too short and thus hinders the
movement of the foreskin, preventing full retrac-
tion of the foreskin.

The presence of a frenulum breve is a com-
mon cause for dyspareunia in males, often result-
ing in painful intercourse and trauma to the
frenulum. Frenuloplasty is commonly performed
under local anesthesia (either in day surgery or in
an outpatient setting) as an alternative to circum-
cision for frenular pain and scarring, very effec-
tive procedure giving excellent functional results
and patient satisfaction. Commonly, frenulo-
plasty is performed through a transverse incision
of the frenulum which is then suture longitudi-
nally with interrupted sutures. Careful hemosta-
sis is mandatory due to the risk of severe bleeding
from the frenula artery and its branches.
Alternative techniques include the V-Y plasty
and Z-plasty. The “pull and burn” technique
described by Gyftopoulous is a sutureless
approach involving the diathermy applied to the
point of maximum tension of the frenulum fol-
lowed by a controlled vertical tear [25, 26].

9.5 Micropenis

9.5.1 Definition and Epidemiology
Micropenis is a specific genitalia disorder whose
incidence is about 1.5 per 10,000 newborns diag-
nosed through a thorough physical examination.
The definition of micropenis is based on the
stretched penile length (SPL; Fig. 9.2) measured
from the pubis to the tip of the stretched penis
(Table 9.1). 2.5 standard deviations less than the
mean for the age without other pathological con-
ditions of the penile shaft and distal urethra (i.e.,
hypospadias) [27, 28].

9.5.2 Pathophysiology

Micropenis is a result of a hormonal abnormality
occurring after 12 weeks of gestation. Sexual
male differentiation is linked to the presence of
SRY gene (sex-determining region Y) on the Y
chromosome. The gonadal differentiation into
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Fig.9.2 Stretched penile length measured from the pubis
to the tip of the stretched penis. (Picture by Mr. David
Ralph, St. Peters Andrology Centre, London, UK)

Table 9.1 Normal SPL according to age and the corre-
sponding 2.5 standard deviation defining micropenis [27,
28]

Age mean + SD —-2.5SD

Age mean (cm) (cm)
Newborn, 30-week 25+04 1.5
gestation

Newborn, 34-week 3.0+04 2.0
gestation

0-5 months 39+0.8 1.9
6-12 months 43+0.8 2.3
1-2 years 4.7+0.8 2.6
2-3 years 5109 2.9
3—4 years 55+09 33
4-5 years 5.7+09 35
5-6 years 6.0+0.9 3.8
6-7 years 6.1+0.9 39
7-8 years 6.2+1.0 3.7
8-9 years 63+1.0 3.8
9-10 years 63+1.1 3.8
10-11 years 6.4+12 3.7

testicular tissue mediated by SRY gene involves
three hormones: AMH (anti-Mullerian hormone),
testosterone, and DHT (dihydrotestosterone).
AMH induces regression of the paramesonephric
ducts; testosterone stimulates the development of
the mesonephric ducts (Wolffian ducts) into sem-
inal vesicle, vas deferens, and epididymis; dihy-
drotestosterone supplies growth to male sexual
characteristics including scrotal sac maturation,
penile, and testicular size [29]. At 8 weeks of ges-
tation, gonadotropin from placenta stimulates the

fetal Leydig cells to produce testosterone, thus
inducing differentiation of genital tubercle, geni-
tal folds, and genital swelling into glans penis,
shaft of the penis, and the scrotum, respectively.
During the second and the third trimester, the
growth of the penis occurs through fetal andro-
gens, produced under stimulation by fetal pitu-
itary gonadotropin. In the postnatal period,
further growth takes place under the influence of
the hypothalamic-pituitary axis leading to an
high androgen levels between the first and the
third month of life, then these levels reduce to the
lowest until puberty [28].

Micropenis can be a result of a disturbance of
the process started before, although true micro-
penis is considered to occur only from hormon-
als abnormality arising after 12 weeks of
gestation (Table 9.2). The etiologies can be
divide into five groups: deficient testosterone
secretion (hypogonadotropic hypogonadism and
hypergonadotropic hypogonadism), incomplete
form of 5 alpha reductase deficiency or androgen
receptor defects, idiopathic and associated with

Table 9.2 Common cause of micropenis

Hypogonadotropic hypogonadism (secondary
hypogonadism)
1. Kallmann syndrome

2. Rudd syndrome
3. Bardet-Biedl syndrome
4. Laurence-Moon syndrome

5. Prader-Willi syndrome

Hypergonadotropic hypogonadism (primary or
peripheral/gonadal hypogonadism)

1. Anorchia and testicular dysgenesis

2. Poly-X syndromes including Klinefelter syndrome

3. LH receptor mutation

4. Defects in androgen biosynthesis

5. Trisomy 21

6. Autosomal disorders (Robinow’s syndrome,
Noonan’s syndrome, Laurence-Moon syndrome)

Defects in testosterone action

1. Androgen receptor defects

2. 5-a reductase deficiency

3. Growth hormone/insulin-like growth factor-1
deficiency

Congenital disorders

1. Cloacal exstrophy

2. Associated to other malformations
Idiopathic
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other congenital abnormalities [30]. In hypogo-
nadotropic hypogonadism or secondary hypogo-
nadism, the gonadal failure is due to abnormal
pituitary gonadotropin levels related to absent or
inadequate hypothalamic GnRH secretion or
failure of pituitary gonadotropin secretion.
Kallmann syndrome associated with anosmia or
Prader-Willi syndrome associated with low
height, hyperphagia and hypotonia can be diag-
nosed in patients with micropenis. In hypergo-
nadotropic hypogonadism, the primary testicular
defect is due to gonadal dysgenesis or associated
with poly Y syndromes such as Klinefelter’s syn-
drome. Consanguinity or drugs used during
pregnancy in particular anti-androgen medica-
tions (flutamide, testolactone, enzalutamide, and
spironolactone) are possible cause of Idiopathic
micropenis [28, 31].

9.5.3 Diagnosis

Physical examination is essential to produce an
accurate diagnosis: in the first instance, the clini-
cians must have a clear definition of micropenis
and how to measure the penis properly, hence to
exclude confounding condition such as webbed
penis and hidden penis.

Stretched penile length measurement is taken
from the pubic bone, taking care to compress the
suprapubic fat pad, to the distal tip of the penis
which is put on maximal stretch with retracted
foreskin. Assessment of the penile shaft circum-
ference, volume of the testicles, and size of the
scrotum are also recommended to rule out hypo-
plastic corpora cavernosa, cryptorchidism or
small volume testicle and hypoplastic scrotum
particularly in pediatric and adolescent popula-
tion. Location of the urethral meatus and curva-
ture of the penile shaft are other important
characteristics to investigate. Endocrinological
evaluation is recommended and a baseline mea-
surement of gonadotropin releasing hormone
(GnRH), luteinizing hormone (LH), and follicle
stimulating hormone (FSH) are mandatory in
case of clinical suspicion of hypogonadotropic
hypogonadism which can be associated to adre-
nocorticotropic and growth hormone deficiency.

Levels of prolactin help to understand the level of
the defect in the hypothalamus-pituitary axis:
high level is linked to hypothalamic defects
whereas low level of prolactin is related to the
pituitary glans [31]. Testicular function may also
be assessed through serum testosterone levels
and dihydrotestosterone. When abnormal labora-
tory findings are shown, ultrasound of the testis
and brain MRI to evaluate the pituitary glands are
indicated [32].

9.5.4 Treatment

Treatment can be divided in medical and surgi-
cal, and its aim is to achieve normal sexual and
urinary function in the standing position.
Regarding medical therapy, it is important to
highlight that testosterone treatment of child on
masculinization during puberty is still not fully
clear and better long-term data are needed to
fully understand the effects of treatment.
Testosterone is available as intramuscular (IM)
and topical: IM testosterone enanthate 25 mg is
recommended every 3 weeks for 3 months, topi-
cal 5% testosterone cream in children and
infants who are less than 8 years of age.
Significant increase in penile length is reported
but, if an unsatisfactory response is achieved
after a short period of treatment, repeated admin-
istration for short periods may be performed.
Dihydrotestosterone has been reported some effi-
cacy especially in infants with 5 alpha reductase
deficiency with an estimated 150% increase in
penile length [33, 34]. Human recombinant FSH
and LH treatment has been reported in children
with micropenis in hypogonadotropic hypogo-
nadism with a significant increase only in testicu-
lar volume and not satisfactory increase in penile
size [35]. Surgical therapy is an alternative in the
management of micropenis in those patients who
proved unsatisfactory achievement with endocri-
nological therapy. Sex reassignment surgery in
case of absence of testicular tissue was reported
in the late 70th but more recently, this approach
has been taken into consideration less frequently
due to the psychological impact of gender reas-
signment [36, 37]. Taking into consideration the
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Fig. 9.3 (a) Pre-operative appearance of micropenis; (b)
post-operative results in patients with micropenis under-
went to radial forearm flap; the native glans penis is pre-

significant psychosexual problems in those adults
who underwent sex reassignment surgery and the
conflicting data regarding this kind of surgery, it
should be undertaken with extreme caution in
high volume centers [38, 39]. Reconstructive sur-
gery is nowadays a challenging but valid option
for the treatment of micropenis. The first series
was reported in the early 1970s, and in the fol-
lowing decades, advances in penile reconstruc-
tion surgery have been described [40]. The
harvesting of a fasciocutaneous neophallus on a
free flap on the radial artery or anterolateral thigh
flap (ALT) has been reported with satisfactory
outcomes, and more recently, the osteocutaneous
fibula flap, the free scapular flap, the suprapubic
abdominal wall flap, and the vertical rectus
abdominis flap have been proposed as surgical
options for the treatment of micropenis [41, 42].
The radial forearm free flap is the gold standard
site to penile reconstruction surgery, mostly
applied in female to male transsexualism, which
consists in a microsurgical dissection of a radial
forearm flap, possibly the nondominant arm
should be chosen for flap harvest, and construc-
tion of a tube-within-a-tube phallus while the flap
is still pedicled to the forearm [41, 43, 44]
(Fig. 9.3a, b). It is a versatile flap because it is
possible also to transfer tactile sensation through
incorporation of the medial or lateral antebrach-
ial cutaneous nerve. A small skin flap and a full
thickness skin graft is sutured proximally to the

served and left ventrally to keep erogenous sensation.
(Picture by Mr. David Ralph, St. Peters Andrology Centre,
London, UK)

glans area to create the balanopreputialis sulcus.
The receptor vessels are to the common femoral
artery and the greater saphenous vein. The ante-
brachial cutaneous nerve is anastomosed to the
ilio-inguinal nerve for protective sensation and
the median nerve to one of the dorsal penile/clito-
ral nerves for erogenous sensation. Three months
after surgery, the glans can be tattooed in order to
create a more realistic glans appearance; the
patient can undergo to implantation prosthesis
surgery after a 12-month period when protective
sensation has returned to the tip of the penis. The
most common complications are related urinary
fistulas, urethral strictures wound closure of the
harvest site, flap anastomosis. Cosmetic and
functional results are acceptable especially when
a prosthesis is implanted but complications are
frequent, and for this reason, a multidisciplinary
team approach in high volume centers is recom-
mended [41, 43, 44].

9.6 Buried Penis

9.6.1 Definition and Epidemiology

Buried penis is a penile abnormality in which the
penis of normal corporal size and length barely
protrudes from the body since it can be partially
or completely hidden below the surface of the
skin (Fig. 9.4). The penis can be located beneath
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Fig. 9.4 Buried penis in obese patient. (Picture by Mr.
David Ralph, St. Peters Andrology Centre, London, UK)

the abdomen or the scrotum while in the most
complex cases, it can lie beneath skin of the
thigh. The differential diagnosis with micropenis
lies in the normal size of the phallus which is
affected by poor exposure [45]. Some authors use
the term concealed penis as it allows a further
sub-classification of the disease into trapped bur-
ied and complex penis. Buried penis was first
classified by Crawford into partial and complete
types in 1977: the partial type is characterized by
the proximal half of the penile shaft buried in the
subcutaneous tissue and gives rise to a “stumpy-
looking” penis; whereas the complete type, the
phallus is completely invisible and the glans is
covered only by foreskin buried below the
abdominal wall [46].

9.6.2 Pathophysiology

Buried penis can be caused by congenital or
acquired conditions. Whereas acquired type of
buried penis, in which the phallus is normal sized
encompassed by skin, subcutaneous tissue and
fat in the prepubic area, is often associated with
other pathological conditions including obesity,
balanitis xerotica obliterans (BXO), lymph-
edema, and complication of penile surgery. In
case of obesity, the overexpression of the central
abdominal and suprapubic fat pad can be respon-

sible of buried penis; particularly, the fat in the
suprapubic area can be difficult to loose and sur-
gery represents the only option in these patients.
This aspect is highlighted by the rate of patients
surgically treated for buried penis who are obese
in the 87% of the cases [47]. Balanitis xerotica
obliterans (BXO) and recurrent infection in dia-
betic patients can cause sclerosis of the glans,
urethra and foreskin can result in a scar of the
skin of the penile shaft and prepuce with conse-
quent entrapment of the penis below the suprapu-
bic skin. Complications following circumcision
could be responsible of buried penis in case of
excessive foreskin removed or scarring of the
suture line that can trap the penis and push it
below the suprapubic area. A telescope mecha-
nism of the penile shaft to the surrounding dartos
and skin is at the base of the dysgenic dartos as
cause of buried penis. In these patients, dartos
fascia does not fix the penile skin to the deep fas-
cia of the suspensory ligament and the conse-
quent hypermobility of skin and fascia determines
the retraction of the corpora and glans penis into
the scrotum or below the pubis [47, 48].

9.6.3 Clinical Findings
and Diagnosis

Physical examination is essential to establish the
stretched penile length and exclude micropenis.
The evidence of whitish phimotic skin and glans
fusion are suggestive of BXO while abdominal
and suprapubic examination often shows over-
hanging suprapubic fat. Commonly, patients
complain of LUTS including straining to void
and weak urine flow, post void dribbling and
recurrent urinary tract infection. These symp-
toms are frequently related to coexisting meatal
or urethral stricture. Inability to have sexual
intercourse or painful erection are often reported
by patients. During examination, the penis should
be delivered in order to assess the glans, the ure-
thral meatus, and the penile skin. In case of sus-
pect of a urethral stricture, a urethrocystography
or urethrocystoscopy is recommended [49, 50].
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9.6.4 Treatment

The aim of the treatment of buried penis is to
achieve voiding standing and restore sexual and
cosmetic function. The authors report about the
87% improvements in voiding and up to the 94%
in the sexual function [51]. In case of obesity,
weight loss should be the first step with bariatric
surgery for patients with a BMI >40 or over. In
obese patients, surgical options include fat
removal from the lower abdomen a suprapubic
area. Panniculectomy, abdominoplasty, and
suprapubic lipectomy are common surgical tech-
niques used to reduce the amount of fat causing
buried penis. During panniculectomy, which is
indicated for the removal of subcutaneous fat and
excessive skin following weight loss or bariatric
surgery, a V-shaped incision is performed above
the mons pubis from the skin level down to the
rectus fascia. The suprapubic lipectomy includes
the removal of the suprapubic fat through a
W-shaped incision starting a couple of centime-
ters from the base of the penis. The amount of
tissue removed can be linked to the intraoperative
bleeding that can be significant in case of large
panniculi. Abdominoplasty involves removal of
the fat and skin in excess below the umbilicus
and tightening (plication of the rectus abdomi-
nus) of the fascia of the abdominal wall with relo-
cation of the umbilicus. Following fat removal,
tacking suture from tunica albuginea to the ven-
tral dartos is recommended in order to prevent
retraction on the penile shaft [49, 50] and graft-
ing of the penile shaft previously buried may be
necessary (Fig. 9.5).

In case of buried penis related to BXO, iatro-
genic loss of penile skin or scarring and lymph-
edema, the approach is based on first instance on
the removal of the skin affected by the disease
and grafting in case of skin deficiency. If primary
closure is not feasible, techniques used to correct
the defects are flaps or autografting. When auto-
grafting, the surgeon has to deal with two choices:
thickness of the skin graft and the harvest site
suitable for the recipient site; commonly used
harvest sites are the abdomen, lateral thigh, and
in selected patients supraclavicular and postau-
ricular skin; split thickness skin grafts (0.003 mm)

Fig. 9.5 Post-operative appearence following suprapubic
lipectomy and split thickness skin grafts to the penile
shaft in obese patient. (Picture by Mr. David Ralph, St.
Peters Andrology Centre, London, UK)

are often used due to their good survival rated,
the lack or hair follicle and good aesthetic match
and no need for a local flap or subsequent graft-
ing for the donor site, a compressive dressing is
required; however, thick split graft tends to pro-
vide more mechanical resistance and less shrink-
age rates at the cost of a major donor site care. In
the first 24-48 h, the graft is without blood sup-
ply and appears white (nutrient and oxygen pas-
sively diffuse to the graft), then formation of
vascular anastomose between the graft and the
host begins producing capillary refill leading to a
cyanotic appearance, finally the revascularization
occurs. The graft over time may become hypopig-
mented or hyperpigmented. Following the har-
vest, the skin graft is placed on the recipient site,
with quilting suture, or bolster and negative pres-
sure wound dressing to prevent mobilization of
the graft; in order to prevent hematomas and
seromas, a graft’s healing disruptors, if using a
not meshed skin graft, “pie crusting technique” is
required, this technique entails creating perfora-
tion in the graft with blade [49, 52].
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10.1 Introduction

Fabrizio Palumbo, Francesco Sebastiani

Acute genital injuries are a peculiar occurrence
which demands specific attentions from the spe-
cialist in both the diagnostic and therapeutic
approach to the patient.

Thorough history taking is mandatory when
first assessing the patient, but it is important to
keep in mind several important aspects pertaining
to the high emotional impact usually associated
with such afflictions. Sensibility is required when
discussing the issue with the patient, especially
when there is the possibility of permanent func-
tional consequences in relation to sexual function
and fertility. Furthermore, in some cases, a psy-
chiatric origin of the event can be considered.

The physical examination should take place in
a quiet, reserved office, and should always
include a complete evaluation of penis and testi-
cles, as well as the abdominal and perineal area.
Potential concomitant injury to other relevant
organs should be taken into consideration, and
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therefore, the physical examination can be
extended accordingly.

There are situations in which photographic
documentation and forensic material acquisition
may be advisable, for example, in the case of
potential sexual abuse or violence. The specialist
should refer to local legal protocols when assess-
ing possible victims.

Key points of the assessment of an andrologi-
cal emergency patient are listed in Table 10.1.

The aim of this chapter is to review the clinical
and therapeutic aspects of major andrological
emergencies.

Table 10.1 Key points when assessing an andrological
emergency patient

High emotional
impact

Sensibility

Psychological support
Potential psychiatric origin
Separate from other patients

Privacy and intimacy

Adequate place for physical
examination

Legal concerns Consider potential abuse/

violence

Legal protocol if needed

Photographic documentation

Forensic material acquisition

Genital evaluation Penis and testicles

Genital skin loss

Potential concomitant
injury

Microscopic/macroscopic
haematuria

Extend general examination
as needed
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10.2 Paraphimosis

Fabrizio Palumbo, Francesco Sebastiani

10.2.1 Clinical Presentation
Paraphimosis is defined by the entrapment of the
foreskin behind the corona of the glans penis, with
consequent impossibility to restore its usual ana-
tomic position by moving it distally to cover the
glans [1]. It is considered a true andrological emer-
gency because if the retracted foreskin remains
trapped behind the coronal sulcus for a significant
amount of time, venous and lymphatic drainage
can be gradually impaired, as well as arterial blood
flow—though the latter usually occurs in a matter
of hours to days. The end result is glans ischemia
and consequent necrosis which may also affect the
distal portion of the urethra [2, 3].

Clinical presentation is typical: the patient
complains of distal penile swelling with or with-
out pain. Engorgement of the foreskin, in which a
tight ring of constrictive tissue is usually detect-
able, is another distinctive finding. It is advisable
to pay close attention to the colour of the glans
penis, since pale or dark hues may be indicative
of ischemia or even imminent necrosis. The diag-
nosis is confirmed when manual retraction of the
foreskin proves to be difficult or impossible [4].
The history of the patient also aids in completing
the diagnosis, since catheterization, intercourse,
cleaning manoeuvres, and penile instrumentation
are typically found to be triggering events, as
well as the presence of genital piercings and der-
matologic afflictions [5].

Paraphimosis usually affects uncircumcised
males, even though it is still a possible occur-
rence in circumcised patients if removal of the
foreskin was incomplete [6]. The most affected
age groups are children (0.2%), teenagers, and
the elderly (1%) [7]: this is thought to be due to
the lower frequency of physiologically occurring
preputial dilation in the case of lacking daily
hygiene and regular sexual activity. In general,
every male for whom genital hygiene presents
difficulties attributable to a poor elasticity of the
foreskin is at risk of developing paraphimosis [4].

10.2.2 Management

Immediate action must be taken to restore the
foreskin to its normal position and prevent isch-
emia and necrosis of the glans penis. Various
techniques have been described to minimize the
oedema of the skin before attempting the reduc-
tion manoeuvre.

Simple manual compression of the oedema-
tous foreskin while gently pulling the penile
shaft upwards is the most commonly used
approach. The compression can be carried out
for several minutes before attempting foreskin
reduction, and can be repeated. If the swelling
has subsided, the thumbs can be pressed on the
tip of the glans while the other fingers gently
pull the foreskin upwards. Lubrication can be
applied as needed [8].

Other methods are described in the literature,
though often reported in small case series. Some
authors obtain compression by means of apply-
ing gauze pad and an elastic bandage to the dis-
tal portion of the penis for 10 to 20 min in order
to reduce the swelling before the manual reduc-
tion manoeuvre [9]. A “sleeve” obtained by cut-
ting the thumb of a surgical glove and filled with
local anaesthetic cream can be placed over the
penis for about 30 min with the intent of soften-
ing the oedematous skin and providing analge-
sia [10].

Osmotic methods have also been described:
the rationale is to create a gradient to allow fluids
to leave the oedematous areas through the skin.
This is achieved with the application of granu-
lated sugar or gauze soaked in mannitol solution
around the skin [11, 12].

Injection of hyaluronidase directly in the
swollen foreskin has been described to disperse
the trapped fluids within the constrictive fore-
skin, allowing easy resolution of the paraphimo-
sis [13]. Some practitioners have also described a
technique involving multiple punctures of the
foreskin to decrease the oedema [14].

It should be noted that the patient may not
always be compliant to reduction manoeuvres
because of discomfort and pain, especially when
managing a prolonged, severe paraphimosis with
multiple attempts at reduction. Local anaesthesia
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with a standard penile block can be considered in
selected cases [15].

If manual reduction attempts are unsuccessful,
surgical treatment of the paraphimosis is neces-
sary. A dorsal slit or full circumcision provides
resolution of the emergency and prevention of
future recurrences [16].

10.3 Penile Strangulation Injury

Fabrizio Palumbo, Francesco Sebastiani

10.3.1 Clinical Presentation

Penile strangulation occurs as a compartment
syndrome in which the penile shaft is circumfer-
entially constricted and trapped by an object,
resulting in venous and arterial flow impairment
and consequent vasculogenic damage to the cor-
pora cavernosa [17]. Prolonged and unresolved
strangulation may lead to oedema, ischemia, ure-
throcutaneous fistula, and tissue necrosis with
penile amputation [18].

Penile strangulation injury is a rare clinical entity,
not commonly encountered during daily practice,
but it can be challenging to manage for the treating
specialist. In infants, the causing object is often iden-
tified to be maternal hair. This is also known as “hair
tourniquet syndrome” and usually occurs between 2
and 6 months of age. Hormonal post-partum changes
in the mother are linked to increased hair loss.
During hygiene manoeuvres, it is possible that this
excess hair accidentally coils around the infant’s
penis (or other appendages as well) without the par-
ent noticing, especially in the presence of skin folds
[19]. Hair tourniquet syndrome is rarer in children,
for whom toys or other house objects are more likely
to cause injury. Adolescent and adults often report
penile strangulation injuries due to various kinds of
rings employed for sexual gratification or even sex-
ual abuse: wedding rings, rubber bands, metallic
plumbing, bottle necks, etc [20]. Due to the social
stigma, it is possible that medical attention-seeking
is delayed in this age group, potentially worsening
the clinical presentation.

Bhat et al. proposed a detailed classification of
severity for penile strangulation injury clinical
presentation and symptoms [21]:

e Grade 1: Oedema of distal penis. No evidence
of skin ulceration or urethral injury.

e Grade 2: Injury to skin and constriction of cor-
pus spongiosum but no evidence of urethral
injury. Distal penile oedema with decreased
penile sensation.

e Grade 3: Injury to skin and urethra but no ure-
thral fistula. Loss of distal penile sensation.

e Grade 4: Complete division of corpus spon-
giosum leading to urethral fistula and con-
striction of corpus cavernosum with loss of
distal penile sensation.

e Grade 5: Gangrene, necrosis, or complete
amputation of distal penis.

It should be noted that strangulation injury
may also lead to acute retention of urine [22].

The diagnosis of this condition is of course
visual, but a complete assessment of damage
extent may require further investigation—such as
a urethral methylene blue test or voiding urogra-
phy—after immediate removal of the offending
object [23].

10.3.2 Management

Every attempt to remove the constricting object
must be made promptly and with an appropriate
method in order to preserve the integrity of the
involved anatomical structures. Since the object
to be removed may be of differing size and mate-
rial, and equipment available at the time of the
emergency may vary, there is no standard tech-
nique for removal and every treatment choice
must be made on a case-by-case basis [24].

Depending on the severity of the injury and
the grade of constriction, local anaesthesia may
be necessary. This can be achieved with a stan-
dard penile block. In the case of acute urinary
retention, emptying the bladder may be required
by transurethral (when possible) or suprapubic
catheterization [25].
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As a first approach, manual removal with
traction can be attempted by previously lubri-
cating the area [26]. If the object is non-metallic
or somewhat thin, it can be susceptible to being
severed with relatively simple tools such as a
cutter. Larger and sturdier object may require
cutting with instruments commonly used in
orthopaedic or orthodontic surgery, and even
industrial tools such as saws and drills. Special
precautions must be taken in order to avoid fur-
ther damage to the penis, for example, by apply-
ing bandages, laryngoscopes, or tongue
depressors for protection [27].

Of course, the immediate availability of
heavy-duty cutting instruments is not to be taken
for granted in a general hospital setting. On the
other hand, a severely swollen penile shaft may
not permit sufficient access for a large tool.
Several authors describe a fairly atraumatic
removal method known as the “thread” or
“string” technique. A silk or similarly composed
thread is passed under the constricting object
with one of its ends. The other end is tightly
wound around the length of the penile shaft, start-
ing from the position of the object and proceed-
ing distally. This causes the girth of the swollen
penis to gradually decrease as the coils wound.
Then, the string is unwound, starting from the
proximal end and so the object is made to slip off
[28]. Modifications to this technique account for
excessive swelling of the glans by incision or
positioning of a Medicut needle in the glans to
continuously draw blood and reduce engorge-
ment during the procedure [27]. Other authors
advocate for the aspiration of corporal blood
from the glans or the lateral aspects of the penile
shaft to manage oedema and congestion [29].

When all possible attempts at removing the
object fail, surgery is the only remaining option.
Degloving of the penile shaft is followed by
penile reconstruction techniques ranging from
skin grafting to total phallic reconstruction,
depending on the extent of the injury [25].

Long-term consequences of a penile strangu-
lation injury mostly depend on the timing of reso-
lution. Rates of lasting sequelae range from 13%
to 30% in the literature, mainly involving penile
amputation and the developing of urethrocutane-

ous fistulae, so it is safe to say that more than
two-thirds of patients usually achieve a full
recovery when treated [30, 31].

10.4 Penile Blunt Trauma

Fabrizio Palumbo, Francesco Sebastiani

10.4.1 Clinical Presentation

Penile trauma deriving from an external force is a
fairly uncommon occurrence: rates of incidence
in emergency departments approximate one
every 175,000 patients. The anatomical disposi-
tion of male genitalia makes injury relatively
unlikely, but sexual activity, traffic, work, and
sports accidents can nevertheless pose a risk of
blunt trauma. From the diagnostic and patho-
physiologic point of view, it is important to dis-
tinguish between a trauma occurring in an erect
penis and one occurring in a flaccid penis, since
the resulting injuries usually vary [32].

Blunt penile trauma in a flaccid penis is usu-
ally a consequence of perineal or general lower-
body trauma, such as those occurring in traffic
accidents. This usually results in the crushing of
the cavernosal crura against the pelvic bones with
consequential extratunical or cavernosal haema-
toma without rupturing of the tunica albuginea.
Infrequently, there can be rupture of the caverno-
sal artery with formation of an arterial-lacunar
fistula which can manifest as high-flow priapism
[33]. If pelvic bone fracture is present, there is a
5-10% chance of posterior urethral lesions: in
fact, the posterior urethra is linked to the pelvis
bone by means of the puboprostatic ligaments as
well as the perineal membrane [34].

When it comes to trauma involving an erect
penis, penile fracture deriving from tunica albu-
ginea rupturing is the most likely consequence.
The tunica albuginea presents a two-part struc-
ture composed of collagen and elastin: the inner
layer is circularly arranged, while the outer layer
is longitudinally arranged. The tensile resistance
of the tunica depends on the outer layer, which
has a typically variable thickness and it is thin-
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nest in its ventrolateral aspect, especially during
erection. In this situation, the tunica albuginea
thins from 2 mm to 0.5-0.25 mm [35]. Even
though the tunica albuginea can support fairly
high intracavernosal pressures without rupturing,
the sudden increase caused by abnormal bending
of the erect penis can exceed the resistance of the
albuginea, causing it to tear. This is defined as a
penile fracture. Urethral injury may also be pres-
ent in 10-20% of cases [36]. Of note, the
albuginea ruptures are usually unilateral, and
when bilateral, they tend to be more frequently
associated with urethral injury. The tears in the
albuginea are usually transverse and located on
the ventral and proximal aspect of the shaft [37].

Aside from the previously cited traffic, work,
and sports accidents, the vast majority of penile
traumata occurs to an erect penis in the act of
sexual intercourse (80% of patients) according to
arecent metanalysis [37]. This usually is attribut-
able to a buckling injury sustained while acciden-
tally striking the perineum or pubic bone during
vigorous sexual activity or, according to some
authors, because some sexual positions pose a
greater risk than others (“woman on top” or
“doggy-style”) [38]. Aetiology of the trauma may
also vary according to geographical region of ori-
gin and ethnicity: in Africa and Middle East,
nearly 50% of penile fracture events are attribut-
able to a manoeuvre known as “Taghaandan,”
which is the act of abruptly bending the erect
penile shaft to facilitate immediate detumescence
and is derived from local habits [39]. Other
known causes are excessive force during mastur-
bation, rolling over in bed with an erect penis,
and micturition attempts with an erect penis [37].
In terms of age group, this seems to be an injury
that mostly occurs in sexually active young adults
and adults, with an average age of 36 years [37].

Penile blunt trauma without fracture usually
presents with pain and local haematoma, with
high-flow priapism possibly following [32].
Penile fracture has a more peculiar clinical pre-
sentation. It is typical that the patient recalls
being engaged in sexual intercourse when sud-
denly hearing a “snapping” or “popping” noise,
followed by sudden detumescence [40]. The
patient then presents with haematoma and penile

swelling, rarely penile deviation. Haematoma is
the most common finding, and its distribution
and extension depends on the integrity of the
Buck’s fascia: in the case of breaching, it can
extend beyond the penile shaft and reach the
perineum (with the peculiar “butterfly” disposi-
tion) or the abdomen [41]. Urethral injury is sus-
pected in the case of haematuria, acute urinary
retention, or other voiding symptoms [42].

Diagnosis is frequently apparent just from
patient history and clinical signs [43]. Ultrasound
examination, although operator-dependent, is
frequently used in this context to detect the pres-
ence and location of cavernosal rupturing, which
usually appears as an irregular hypoechoic or
hyperechoic defect in the albuginea. Colour-
Doppler US may also be used as an adjunct pro-
cedure in the suspect of concomitant vascular
abnormalities [32]. Magnetic Resonance Imaging
(MRI) has shown a 100% sensitivity and 77.8%
specificity in detecting tunical rupture, and fairly
lower but acceptable results for detection of ure-
thral injury. It could theoretically help avoid
unnecessary surgery in border-line cases, but it is
not a substitute of clinical assessment and may
not be readily available in emergency situations
S0 it is not considered part of routine assessment
[44]. The suspected presence of urethral injury
may require further diagnostic procedures such
as cystourethrography or cystoscopy [45].

10.4.2 Management

Conservative management with compression
bandages, cooling, anti-inflammatory, antibiotic,
and analgesic therapy is usually only viable for
contusions without fracture or cases with docu-
mented minimal damage to the albuginea and
corpora [46]. In all other cases involving penile
fracture, immediate or minimally delayed surgi-
cal exploration is considered to be the best
approach to minimize long-term sequelae [47].
Since timing affects later outcomes, most
surgeons perform surgery within a few hours
after the trauma, especially in the presence of
detectable urethral injury. However, if the latter
can be excluded based on diagnostics, surgical
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intervention can safely be delayed to a maxi-
mum of 48 h [48].

Surgical treatment of penile fracture involves
the evacuations of blood clots and the repair of
the tunica albuginea defect. The usual incision is
sub-coronal with consequent full degloving of
the penile shaft, but since most tunical tears are
located in the proximal segment of the shaft,
alternative accesses such as penoscrotal have
been adopted to avoid the possible complications
associated with degloving (haematoma, skin
necrosis, infections, and oedema). Of course,
fairly accurate pre-operative detection of tunical
defects is required in order to correctly plan the
surgical approach [48].

The tunical tears are usually repaired with
slow absorbable sutures to avoid the formation of
palpable knots which usually follow the utiliza-
tion of non-absorbable sutures [49]. Identification
of urethral injury requires immediate intra-
operative repair, preferably in two layers and
using small sutures, with a Foley catheter posi-
tioned afterwards [47].

Regarding long-term consequences, conservative
management of penile fracture has proven to be
more associated with negative sequelae than imme-
diate surgical repair. Corporeal fibrosis, plaque for-
mation, and secondary penile curvature occur in
roughly 50% of non-surgically treated penile frac-
tures and require subsequent surgical correction in
up to 16% of cases. Erectile dysfunction is also more
frequent than with surgical treatment [50].

After repair, long-term complications are less
frequent and include indurated scars at the site of
repair, penile deformity, erectile dysfunction, and
urethral stricture [37].

10.5 Penile Open Trauma

Fabrizio Palumbo, Francesco Sebastiani

10.5.1 Clinical Presentation

As with penile blunt trauma, occurrence of pen-
etrating injuries to the male genitalia is fairly
uncommon due to its anatomical location. Most

of the reported cases of open trauma to the penis
are derived from wartime reports, traffic acci-
dents, crime, and industrial machinery. Therefore,
oftentimes and depending on the cause, an open
wound which involves the penis is part of a com-
plex condition which may involve several other
organs and anatomical regions [51].

Stabbing and bullet wounds to male genitalia
involve the penile shaft in 80-90% of cases, fol-
lowed in frequency by the scrotum and the ure-
thra: the latter sustains injury in up to 22% of
cases [52]. Aside from visually apparent damage
to the shaft, it is therefore important to immedi-
ately assess eventual damage done to the urethra,
which can be signalled by the presence of blood
in the urethral meatus, haematuria, and voiding
symptoms [53]. Diagnostic evaluation of urethral
injury is strongly recommended and can be per-
formed with urine analysis, retrograde urogra-
phy, cystoscopy, or intraoperative application of
methylene blue [54].

Biting injury to the male genitalia have been
described, deriving both from humans and ani-
mals. This occurrence is rare even if bites in gen-
eral make for about 1% of all emergency
department consultations [55]. Aside from the
obvious damage to the skin, soft tissues and pos-
sible urethral involvement, the main danger in
biting wounds is infection, which occurs in about
10-20% of cases. Animal bites more often pose
the risk of transmitting rabies, tetanus,
Staphylococcus, Streptococcus, E. coli, and
anaerobes infection, while human bites bear the
additional risk of potential sexually transmitted
diseases such as syphilis, hepatitis, HIV, and her-
pes [56].

Burning wounds to male external genitalia are
extremely rare in isolation and, for the most part,
are a component of larger body burns. About
5-13% of burn victims report burns of the penis
and perineum, mainly in the context of daily life,
traffic and industrial accidents by flame, scald-
ing, and chemical burns [57]. Clinical assessment
of burn depth is paramount to choosing the cor-
rect managing options, but can be challenging
and may require a specialist consultation [58].

Trouser zips-related injury has been described
to account for a significant portion of penile inju-
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ries, especially in the paediatric population. This
is thought to be due to the location of trouser zip-
pers, which is close to the male genitalia [59].
However, it seems to be not entirely uncommon
an injury also in the male adult population: an
epidemiological research carried out in the
United States found that 29.8% of all penile
injuries presenting in an emergency department
occurred while using a trouser zip, making it the
most common aetiology of adult penile injury in
the emergency departments [60]. Most com-
monly, the penile skin is the part that becomes
entrapped between the locked teeth or within the
buckle of the fastener, while involvement of the
scrotum is much rarer [60].

Traumatic amputation of the penis can be par-
tial or complete, depending on the severity of the
cause. Main causes are self-infliction by patients
with psychiatric disorders, bizarre autoerotic
acts, daily life, traffic or industrial accidents,
wartime wounds, or uncontrolled surgical prac-
tices such as clandestine ritual circumcisions [61,
62]. Clinical assessment should include a close
evaluation of the extent of the amputation to
define which anatomical structures have been
damaged, prior to attempting surgical treatment.

10.5.2 Management

Treatment of penile open trauma may be multi-
faceted and complex. Aside from primary wound
treatment, there are multiple other factors to be
considered. Functional recovery entails the pos-
sibility for the patient to restore erection and
sexual activity, fertility, and regular micturition.
Cosmetic results may also be of importance.
Since aetiologies and causative factors can be
diverse, as well as the extent of damage sus-
tained, no single strategy can be considered
effective and treatment must be planned on a
case-by-case basis [51].

Stabbing and bullet wounds require immedi-
ate surgical exploration. Objectives are wound
cleaning, control of bleeding, eventual removal
of foreign bodies and debridement of necrotic tis-
sue, with scrupulous antibiotics and tetanus pro-
phylaxis. In the case of urethral injury, urinary

diversion by means of a suprapubic catheter
guarantees micturition without further damage to
the urethra [51]. Reconstruction of affected ana-
tomical structures is necessary. In the case of ure-
thral injury, repair procedures can be performed
immediately in the first approach if the damage is
minimal. Authors have reported approaches rang-
ing from open surgery primary repair to endo-
scopic realignment over a stenting urethral
catheter. In the case of extensive damage, it is
preferrable to defer to a staged uretroplasty.
Long-term sequelae depend on the original injury
and include penile curvature, urethral stricture,
and erectile dysfunction though outcomes are
usually acceptable [63].

Biting wounds treatment revolves mainly
around antibiotic, rabies, and tetanus prophylaxis
with the surgical approach consisting primarily
of wound irrigation, tissue debridement, and clo-
sure or repair of defects. Depending on the extent
of damage, reconstructive techniques such as
skin flaps, immediate or staged urethroplasty, or
even phalloplasty may be required. Complications
stem mainly from the contaminated nature of the
wound and include infection and necrosis [64].

In the case of burns affecting the genitalia,
treatment depends strictly on the extent of dam-
age. In most cases, the approach is conservative,
with local irrigation, topical antibiotics, and cov-
ering medication. Debridement of non-viable tis-
sue may be performed immediately or during the
process of secondary healing, if needed. Skin
graft and plastic reconstructive surgery are kept
as a last resort for severe conditions or to deal
with late-stage disfiguring scarring [57].

Trouser zip-related entrapment of penile skin
requires removal of the zip lock, which can be
achieved in various ways. Lubrication and care-
ful unzipping can be attempted. Further meth-
ods involve the incision of the fabric component
of the zip lock between each tooth, the cutting
of the slider buckle with a suitable severing tool,
or the excision of the trapped portion of skin,
which involves circumcision if the prepuce is
affected [60].

Amputation management, as in other traumata
of the genitalia, depends on the timing of medical
attention-seeking on behalf of the patient and on
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the extent of the injury. In the literature, penile
reimplantation has been shown to be successful if
performed within a maximum of 7-15 h after the
event. Other factors which can be beneficial to a
penile reattachment attempt are the availability of
a surgical microscope to locate and utilize viable
veins, arteries and nerves, team expertise, severity
of the injury, and the condition of the severed dis-
tal segment of the shaft. Even in the case of
immediate apparent technical success of the
operation, sequelae such as infection, loss of
penile sensation, erectile dysfunction, urethral
stricture, skin necrosis, and penile implant failure
are well documented, although less common with
microvascular repair [65].

10.6 Testicular Trauma

Fabrizio Palumbo, Francesco Sebastiani

10.6.1 Clinical Presentation

Scrotal trauma includes blunt and penetrating
injuries along with burns, bites, and skin avul-
sions as already seen above regarding penile
trauma. The anatomical location and morphology
of the scrotum apparently makes it vulnerable to
traumatic injury, though the incidence of scrotal
trauma is actually quite low due to the presence
of somewhat protective elements such as the
tunica albuginea surrounding the testicles and the
mobility of the scrotal sac [51]. Blunt trauma to
the testicles is the most frequent and may result
in testicular contusion, scrotal haematoma, tes-
ticular dislocation, haematocele, and testicular
rupture. The latter two are respectively repre-
sented by the accumulation of blood in the tunica
vaginalis and the disruption of the tunica albu-
ginea [66]. Testicular dislocation or migration is
quite rare, with the testis migrating along the
length of the inguinal canal, towards the abdo-
men and suprapubic region, or in a subcutaneous
aberrant position [67]. The testis has a higher risk
of damage when the dynamics of the trauma
force it to be pressed against hard structures such
as the inferior pubic ramus or the pubic symphy-

sis. It has been demonstrated that the structure of
the testis can withstand a maximum force of
50 kg, beyond which testicular rupture ensues
[68]. Of all possible kinds of testicular trauma,
penetrating trauma and testicular rupture are the
most severe forms which constitute true scrotal
emergencies and require immediate surgical
treatment, while low-grade traumas are often
reported days later by patients showing signs of
self-limiting traumatic epididymitis [69].

Regarding possible aetiologies, sports-
associated trauma seems by far the most common
occurrence at over 50% of cases, while traffic
accidents (especially concerning motorbikes),
falls, and violent injury make for the rest [70].

Clinical and instrumental examination should
be aimed at investigating the eventual presence of
major testicular injury such as rupture and pene-
trating wounds. Anamnestic history of recent
trauma and clinical examination are the first steps
to a correct diagnosis. The patient usually pres-
ents with scrotal pain and a swelling which can
be tender or firm at palpatory evaluation and can
be indicative of the internal accumulation of
blood: transillumination is negative in the case of
haematocele. Scrotal skin may show signs of
aberrant discoloration referrable to haematoma.
Conversely, if the affected hemiscrotum appears
to be empty at palpation, a testicular dislocation
may be suspected [69]. General symptoms of tes-
ticular trauma range from nausea, vomit, and gid-
diness to syncope or fainting.

It is important to note that no matter how
accurate the physical examinations, findings may
be discordant with the extent of the internal
injury. Ultrasonography is the first-line imaging
method to evaluate scrotal trauma, especially
when adjunct colour Doppler is performed.
Findings coherent with testicular rupture are het-
erogeneous parenchymal echostructure and irreg-
ular margins of the tunica albuginea. US
colour-Doppler imaging can also contribute to
the evaluation of the presence of parenchymal
blood flow, scrotal wall thickening due to haema-
toma, and the presence of haematocele within the
tunica vaginalis. Despite being operator-
dependent and open to the possibility of false-
negative descriptions, sensitivity, and specificity
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in ruling out testicular rupture has consistently
been reported to be over 90% in various case
series, making US the most useful diagnostic tool
in scrotal trauma [71]. Magnetic Resonance
Imaging has proved to be even more reliable in
diagnosing testicular rupture, especially in uncer-
tain cases, but the costs and possible lack of ready
availability in the emergency settings are to be
considered important drawbacks to its first-line
employment [72]. When it comes to traumatic
testicular dislocation, although rare, the diagno-
sis may be fairly challenging and require accurate
US or even Computed Tomography scans to
locate the testis [73].

10.6.2 Management

The objective of a correct treatment of testicular
injury is the protection of testicular function and
the prevention of long-term sequelae such as
impaired fertility, hypogonadism, and chronic
pain, which are fortunately infrequent if timely
treatment is administered [74].

Minor trauma can be conservatively managed
as long as the diagnostic workup has ruled out all
serious conditions. A testicular contusion or scro-
tal haematoma limited to the skin wall can be
safely managed without surgical intervention, as
well as haematoma or haematocele which is less
than three times larger than the contralateral tes-
tis [75]. Conservative management consists in
cooling therapy, anti-inflammatory drugs, and
scrotal elevation support [69]. Even so, large hae-
matoceles initially treated with conservative
intent may demand delayed surgical treatment
due to the developing of infection or persistent
pain: in these cases, outcomes are often poorer
and the operation results more frequently in
orchiectomy [76].

Major trauma, such as testicular rupture, large
haematoma, and haematocele, as well as pene-
trating injuries, require prompt surgical interven-
tion. Exploration allows for evacuation of blood
clots, haemostasis, removal of necrotic tissue,
and repair of the tunica albuginea, usually with
an absorbable suture. In the case of extensive and
irreparable damage, orchiectomy can be neces-

sary [77]. Penetrating trauma requires removal of
non-viable tissue and reconstruction of damaged
structures. This can involve the spermatic cord
with consequent vasovasostomy, the tunica albu-
ginea, and scrotal skin with reconstruction tech-
niques which can also be multi-staged when
damage is extensive [78]. Testicular dislocation
may rarely be approached under anaesthesia with
US-guided reduction, but most of the times, it
requires surgical intervention. It has been
observed that adherence phenomena readily
ensue in the victim, so careful dissection, reloca-
tion, and fixation of the testis in the scrotal sac is
the correct approach [73].

Overall, timely and on-point treatment of tes-
ticular trauma yields favourable outcomes: if sur-
gical treatment is performed within 48—72 h from
the injury, up to 80% of patients manage to avoid
orchiectomy [51].

10.7 Testicular Torsion

Fabrizio Palumbo, Francesco Sebastiani

10.7.1 Clinical Presentation

Testicular torsion is a true urologic emergency
which demands immediate intervention from the
specialist in order to prevent testicular loss. It
occurs because of a twisting of the spermatic
cord which causes venous congestion, impair-
ment of arterial blood flow, and eventual isch-
emia of the testis [69].

There are two pathophysiologic categories of
testicular torsion. Intravaginal torsion occurs
because the tunica vaginalis of the testicle is not
perfectly adherent to the posterolateral side of the
testicle, as it physiologically should be, but it is
instead attached in a higher position surrounding
the epididymis and the spermatic cord. This
causes the testicle to hang more freely than nor-
mal in the tunica vaginalis, which enables tor-
sion. This anatomical situation is known as the
clapper-bell deformity [79]. Extravaginal torsion
is more typical of the perinatal stages of life,
when the tunica vaginalis has not yet adhered to
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the gubernaculum testis, enabling the whole tes-
ticle along with the spermatic cord and the tunica
vaginalis to become twisted [80].

The twisting of the spermatic cord leads to
impairment of venous outflow and arterial inflow,
which consequently causes ischemia. If the tor-
sion is complete, the viability of the testis
deteriorates rapidly; therefore, it has been docu-
mented that salvage is frequently possible if
detorsion is performed in less than 8 h, but it is
rare after 24 h from the event [81]. Ischemia
onset is reported to be generally happening at
4-8 h after torsion [82].

Testicular torsion is not a rare occurrence:
about 0.5% of emergency department visits
involve some kind of scrotal complaint, of which
roughly a quarter end up being attributable to this
condition [83]. It can happen at any age, but the
most common age groups are infants in the peri-
natal stage and adolescents aged between 12 and
18 years [84]. A familial link and predisposition
have been recently suggested among risk factors
[85]. Other predisposing factors cited in the lit-
erature are hyperactive cremasteric reflex in cold
weather [86], as well as the presence of the
clapper-bell deformity described above [79]. The
onset may be spontaneous, consequent to physi-
cal activity, or associated with trauma to the scro-
tum [80].

Patient history and examination are impor-
tant in guiding the diagnosis, which is some-
times challenging due to multiple possible
differential diagnoses. Testicular torsion may be
suspected especially in the presence of suscep-
tible age and abrupt appearance of single-sided
testicular pain with less than 24-h duration—
even if pain lasting more than 24 h does not put
testicular torsion out of question. The patient
may present with nausea, vomiting, scrotal
enlargement, testicular pain on palpation, red-
ness and retraction of scrotal skin, proximal dis-
location of the testicle with or without aberrant
positioning. Alterations of cremasteric reflex
and the Prehn’s sign—with a lack of pain relief
when elevating the testicle—may be present but
are not to be considered fully reliable [87].

Certain clinical presentations may be chal-
lenging because of vagueness of the symptoms or

overlap with other differential diagnoses. The
pain may not always be referred to the affected
testicle, but rather to the inguinal or lower
abdominal area. The pain can also be intermit-
tent, or rather the symptoms can be mimicked by
a number of other conditions. Such is the case
with torsion of cryptorchid testicles, torsion of
testicular appendages, epididymo-orchitis, her-
nia, neoplasms, and many others [88].

In the face of these challenges, various clinical
decision tools and nomograms have been
designed to aid the clinician. The Testicular
Workup for Ischemia and Suspected Torsion
(TWIST) [89] defines five criteria to grade a sus-
pect of testicular torsion. Each criterion gets a
score:

e Testicular swelling: 2 points.

e Hard testicle: 2 points.

e Absence of cremasteric reflex: 1 point.
e Nausea or vomiting: 1 point.

* High-riding testicle: 1 point.

A total score of 0-2 is considered low risk
with 100% negative predictive value for torsion.
No further diagnostics is needed. A score of 3—4
is considered intermediate and requires
Ultrasonography for further investigation. A
score of 5 or more is considered high risk with
100% positive predictive value for torsion: imme-
diate surgical exploration is suggested.

The diagnostic workup of suspect testicular
torsion can strongly benefit from Ultrasonography
with colour Doppler evaluation. Although
operator-dependent, the ready availability, low
costs, and lack of ionizing radiation far outweigh
its drawbacks. Standard US can help in diagnosis
by visualizing pathognomonic findings such as
the scrotal whirlpool sign of the spermatic cord
or the redundant spermatic cord sign. The testicle
may also be found in an abnormal horizontal lie
[90]. On the other hand, colour Doppler evalua-
tion helps in establishing the presence of macro-
vascular blood flow: in complete testicular
torsion, vascularization is typically absent [91].
However, when testicular torsion is incomplete
or the patient is young with small volume testi-
cles, false negatives can occur [92]. High-
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resolution colour Doppler US should be used if
available, and some authors advocate for
advanced US techniques such as Contrast-
Enhanced US which, however, may not always
be readily available [93].

Other imaging techniques with high detection
rates of testicular torsion are Computed
Tomography, Magnetic Resonance Imaging, and
Nuclear Imaging, but all are severely limited by
availability in the emergency setting, costs, and
exposure to ionizing radiation. They can be use-
ful in dubious situations, but delay surgical
exploration which, in and of itself, is the gold
standard in the diagnosis of testicular torsion and
also allows treatment [94].

10.7.2 Management

As stated before, testicular salvage in the case of
torsion is strictly time-dependent. In particular,
salvage rate approximate 100% if detorsion is
achieved within 4 h of the event, and decreases to
90% if delayed by 4-8 h [95].

Manual detorsion can be attempted; however,
it should not be intended as a means to avoid sur-
gical exploration rather than a way to limit the
consequences of prolonged ischemia while prep-
arations for intervention are underway. For the
left testicle, manual rotation should be performed
in a clockwise fashion from the point of view of
the practitioner; while for the right testicle, it
should be performed counterclockwise. The
manoeuvre can be repeated to account for the
usual range of testicular torsion which may vary
from 180 to 1080 degrees. Generally speaking,
resolution of pain and restoration of blood flow
on US are to be considered indicative of a suc-
cessfully performed manoeuvre, which are nev-
ertheless to be followed by surgical exploration
and testicular fixation since residual torsion may
still be present. Manual detorsion can be difficult
or impossible to carry out in the presence of
encumbering scrotal wall thickening, hydrocele,
or intense local inflammation [96].

Surgical exploration under anaesthesia is the
gold standard to confirm or rule out a diagnosis
of testicular torsion and constitutes the treatment

of choice. The incision is usually transverse
hemiscrotal or performed in the midline. After
gaining access to the scrotal sac, the number of
cord rotation can be identified and detorsion can
be carried out. Testicular viability is then intraop-
eratively assessed: depending on the age of the
patient and duration of ischemia, clinical signs of
re-establishment of blood flow can appear in the
form of improvement in colour. Furthermore,
intraoperative Colour Doppler US or fluorescent
dye may be of help in making the decision.
Fixation of a salvaged testis is mandatory, as is
fixation of the contralateral testis to prevent
recurrence of torsion and metachronous torsion
on the other side. On the other hand, it is impor-
tant to perform orchiectomy in the case of a non-
salvageable testis to prevent the formation of
anti-sperm antibodies that could potentially ham-
per functionality of the contralateral testis [97].
The main long-term concerns in patients who
suffered from testicular torsion are subfertility
and infertility. Unilateral torsion has been shown
to importantly affect spermiogenesis in 50% of
cases and to produce borderline impairment in
20% [98]. Though research in the field has not
yet fully clarified, if there are precise correla-
tions, it has been noted that high levels of anti-
sperm antibodies are usually found in testicular
torsion patients, regardless of whether an orchi-
ectomy or orchidopexy with testicular salvage
have been performed. Sperm motility has been
shown to be usually higher after orchiectomy
than after orchidopexy. The hypothesis is that
maintenance of a compromised, ischemic testis
may impair testicular function [99]. Other
sequelae include infection and delayed atrophy
of the salvaged testis. Case series have been
reported in which the rate of atrophy in the sal-
vaged testis can reach 41%, so the topic of pro-
longed follow-up, its relevancy and significance
after testicular torsion is a matter of debate [100].
Cosmetic concerns regarding an empty hemis-
crotum after orchiectomy are sometimes
expressed by the patient; however, it should be
noted that the actual acceptance rate of testicular
prosthesis placement is relatively low and
amounts to about one-third of the patients who
are offered this possibility by the surgeon. It has
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to be said that modern testicular prostheses
exhibit low complication rates and high patient
satisfaction [101].

10.8 Penile Abscess

Fabrizio Palumbo, Francesco Sebastiani

10.8.1 Clinical Presentation

Corpus cavernosum abscess is a very rare, urgent
condition which poses the risk of sepsis, loss of
function of the penis and eventual penectomy if
left untreated [102]. The most frequently detected
causative agents are Neisseria gonorrhoeae,
coagulase-negative  Staphylococcus  aureus,
Trichomonas vaginalis, along with polymicrobial
infection occurrences [103].

The literature on the subject is mainly derived
from case reports and very small case series.
Triggering events reported as-of yet include
penile trauma, cavernosography, intracavernosal
injections, Winter procedures for priapism and
undetermined causes [102-107].

The entity and severity of presentation pres-
ents wide variation. Local symptoms include
penile swelling and discoloration, abnormal con-
sistency of the corpora, pain, voiding symptoms,
cutaneous or urethral discharge in the case of
rupturing or fistula. Systemic signs include fever,
elevated white cells count and sepsis, although
they are not always present [102].

Though there is no standardized approach to
instrumental diagnosis, imaging techniques may
be required to fully assess the extent of tissue
damage before planning a treatment strategy.
Standard US may show subcutaneous tissue
swelling, inhomogeneous hypoechoic areas in
the corpora cavernosa, and interruptions in the
tunica albuginea. Contrast-enhanced US, when
available, may document avascular areas wrapped
in hyperperfused rims and may help define a sus-
picion of fistula [108]. CT scan may be required
for a correct staging of abscess extent and for
assessing the eventual involvement of other
organs [109].

10.8.2 Management

Treatment should be early and aggressive in order
to avoid potential sepsis and loss of the organ.
Antibiotic prophylaxis is of course necessary and
should take account of culture-isolated pathogens
when possible [103].

Although puncture drainages of the corpora
are often described as an early approach with the
aim of pus excretion and microbiological sample
collection, they have rarely shown to be a defini-
tive and effective treatment. Most of the cases
reported in the literature ultimately required
some kind of surgical exploration of the corpora
cavernosa with cavernotomy and debridement of
non-viable tissue. This has a high chance of
resulting in fibrosis and erectile dysfunction,
although these sequelaec can be treated with
penile vacuum pump therapy and eventual penile
prosthesis implantation provided the infection is
fully resolved [102].

Penectomy is considered the last-resort treat-
ment when conservative approaches fail due to
untimely management or uncontrollable infec-
tion [104].

10.9 Fournier’s Gangrene

Fabrizio Palumbo, Francesco Sebastiani

10.9.1 Clinical Presentation

First described by French physician Jean Alfred
Fournier in 1883, Fournier’s gangrene is a form
of necrotizing fasciitis of the genital and perineal
region with concomitant thrombosis of local
arteries. It results in gangrene of the skin and sub-
cutaneous tissue, sepsis, and multiple organ fail-
ure [110]. Its prognosisis poor and time-dependent
as untimely treatment can be fatal in over 90% of
cases [111].

Fournier’s gangrene is rare: 1.6 cases per
100,000 men per year are reported in the litera-
ture. Men are notably far more at risk than
women, and the average reported age is 50.9
years [112]. Most cases arise from localized
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infectious processes of the genitals, perineal, or
anorectal area—which on their part can derive
from poor hygiene, trauma, iatrogenic instrumen-
tation or surgery, intestinal afflictions, etc.—in
the presence of predisposing conditions. The lat-
ter are thought to include immunodepression,
alcoholism, obesity, and cancer [113].

The pathogenetic origin of Fournier’s gan-
grene is due to the necrosis of fascial structures
prompted by bacteriemia. Infections lead to a
cytokine-induced process of endothelial damage
and abnormal activation of the coagulation cas-
cade leading to thrombosis of the vessels which
provide vascularization to the fascia. Concomitant
endothelium extravasation, swelling, and white
blood cells recruitment contribute to furthering
the ischemia and necrosis process [113].

Patient history can help in suspecting this
diagnosis when predisposing factors are noted. It
is not unusual that medical attention-seeking on
behalf of the patient is not immediate, especially
if the patient presents concomitant situations that
prevent him from noticing early symptoms, e.g.,
morbid obesity, poor hygiene, impairments in
self-care ability, and low socio-economic status.
When observed, local signs and symptoms range
from discoloration and ulceration of genital and
perianal skin to full-on tissue necrosis with pal-
pable crepitus, purulent discharge, and swelling,
usually appearing and worsening during the
course of 3-5 days. There can be voiding symp-
toms and micturition impairment. General signs
and symptoms correlate with the degree of sep-
sis: fever, white blood cells alterations such as
leucocytosis or leukopenia, alterations in platelet
count, elevated C-reactive protein, dysproteinae-
mia, alterations in indexes of renal or hepatic
function indicative of multi-organ failure [114].

Beside clinical assessment, it is important to
obtain imaging documentation in order to cor-
rectly define the extent of the infection, its
source and possible spreading pathways [115].
US easily detects the presence of fluid and gas
in subcutaneous tissues and may be useful for
better orienting the clinical diagnosis; however,
its major drawback is the impossibility to pre-
cisely stage the extent of the disease. In fact—
aside for evaluation of the scrotum—deep

assessment of the perineum or the ischioanal
fossa is often impractical or impossible to per-
form with an US probe, depending on the anat-
omy of the patient and the severity of the
condition. CT scan is the imaging modality of
choice in Fournier’s gangrene, especially when
contrast-enhanced, because of its complete
assessment of the abdominal and pelvic area in
which it detects affected areas showing gas and
fluid collection. Precise research of possible
sources of infection in the abdomen increases
the chance of planning optimal surgical treat-
ment [116]. Technically speaking, MRI should
yield a superior degree of precision in the
assessment of soft tissues, but its reports in the
literature are limited by the lower availability in
emergency clinical settings [117].

10.9.2 Management

Fournier’s gangrene requires immediate emer-
gency treatment upon presentation and detection
in order to avoid a fatal outcome. Broad-spectrum
antibiotics accounting for Gram-positive, Gram-
negative, and anaerobic bacteria are suggested as
a means to reduce systemic toxicity and limit the
circulation of the causative microorganism. In the
case of subsequent successful microbic isolation
via cultures, the choice of drugs can be adjusted
accordingly. Patient resuscitation may be in order
in the case of severe sepsis [118].

Surgical debridement with removal of necrotic
and infected tissue is the crucial step to halt pro-
gression of the disease. Even a few hours delay
has been shown to significantly increase the risk
of death [119]. Extensive removal of all non-
viable tissue, including a slim window of healthy
adjacent tissue, is recommended. It is important
to note that patients require daily wound care and
possibly repeated surgical operations during the
course of the hospital stay in order to fully excise
all affected tissue. An average of 3.5 surgical
operations per patient has been reported in the
literature [120]. Depending on the extent of tis-
sue necrosis, it could be necessary to consider a
faecal and/or urinary diversion, respectively, via
colostomy and cystostomy [121].
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In regards to reconstructive procedures after
successful and complete removal of necrotic tis-
sues, various options are described. Vacuum-
assisted closure (VAC) is a method which exposes
the open wound to negative pressure, with the
intent to reducing oedema and promoting blood
flow to enhance second-intention healing. When
available and suitable to the extent and location
of tissue defects, it has proved advantageous over
conventional wound management [122]. In the
case of larger defects, various plastic reconstruc-
tion techniques such as scrotal advancement
flaps, split thickness skin grafts, fascio-cutaneous,
and myo-cutaneous flaps have been considered.
They are reported to have satisfactory results, but
as complex surgical procedures, there exists the
possibility of further complications [117].

10.10 Penile Prosthesis
Complications

Nicola Mondaini, Luca Crocerossa

10.10.1 Clinical Presentation

Penile prosthesis implantation is the gold stan-
dard in treatment of ED when medical therapy
either fails or is contraindicated or unwanted by
the patient. Despite improvements in surgical
technique and implanted materials, IPP surgery
retains a substantial complication rate.
Complications of IPP implantation, while infre-
quent, can become serious and may be accom-
panied by severe morbidity and decreased
satisfaction. These complications can be intra-
operative or postoperative. Intraoperative com-
plications include perforation of the tunica
albuginea during dilatation of the corpora or
perforation of the septum, with or without ure-
thral injury [123]. The most frequent and severe
postoperative complication is infection. Other
major postoperative complications include
mechanical failure: erosion and protrusion of
cylinders; “S-shaped” deformity of the penis;
and glans deflection; reservoir dislocation or
acute abdomen due to bowel injury. The scro-

tum is the most common location for haema-
toma formation and this is due to an absence of
compressive forces to abate any local bleeding.
Haematomas can present in the immediate post-
operative period or in a delayed fashion [124].

The recognition of urethral perforation can
be difficult, so it is recommended that clinicians
take extra caution to look for potential signs
such as urethral bleeding, a visible dilator on the
urethral meatus or prosthesis cylinder, or leak-
age of irrigation solution out of the urethra after
instilling the corpora through the corporotomy
[125, 126].

Penile prosthesis infections can be divided
into clinically apparent and subclinical penile
prosthesis infections. Clinically apparent penile
prostheses can be diagnosed from symptoms
such as new onset of penile pain, erythema, and
induration overlying a prosthesis part, fever,
drainage, and ultimately device extrusion. While
most of these infections occur in the early periop-
erative period, late device infections have been
documented. Subclinical prosthetic infections
occur more frequently. These infections, which
most often manifest by chronic prosthesis-
associated pain, are difficult to diagnose and even
more challenging to treat [127]. The complica-
tions of surgery can have economic ramifications
(hospital admissions and revision surgery) and
also negatively impact patient satisfaction and
quality of life as there is a risk of penile length
loss [124].

Cylinder erosion typically presents with the
prosthesis protruding through the glans, urethral
meatus, or distal penile shaft. Urethral erosion
is characterized by dysuria, urethral discharge,
early prosthetic infection, and glans necrosis
[125].

10.10.2 Management

Almost all of these, postoperative complications
require surgical repair. In case of urethral injury,
depending on the size and location of perforation,
the surgeon must determine whether continuation
or cessation of the operation is appropriate. If
there is a proximal perforation, immediate
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urethral repair accompanied by primary implan-
tation and urinary diversion with a suprapubic
catheter is suggested and abandoning the proce-
dure should be considered if the injury is closer
to the urethral meatus. However, when a urethral
injury occurs and one or both corpora are dilated,
abandoning the procedure may end in irreversible
corporal fibrosis and penile shortening.
Consequently, some clinicians have advocated
for the insertion of a temporary malleable pros-
thesis after salvage washout and later a definitive
inflatable prosthesis [125, 126].

Infection requires removal of the prosthesis
and antibiotic administration. Alternatively,
removal of the infected device with immediate
replacement with a new prosthesis has been
described using a washout protocol with success-
ful salvages achieved in >80% of cases [128]. In
case of reservoir dislocation, surgical reposition
is mandatory. In case of acute abdomen due to
bowel injury, removal of the reservoir and colos-
tomy are necessary. The management of haema-
tomas is usually conservative, and scrotal
exploration is seldom required.

10.11 Priapism

Nicola Mondaini, Luca Crocerossa

10.11.1 Clinical Presentation

Priapism is defined as a penile erection lasting
longer than 4 h in absence of sexual stimulation
[129]. Incidence of priapism ranges between 0.3
and 5.4 per 1,00,000 males per year. Based on
patient history and pathophysiology, two variants
of priapism can be defined: ischaemic or low-
flow priapism (IP) and non-ischaemic or high-
flow priapism (NIP). IP is the most common type
of priapism, accounting for 95% of cases; it is
characterized by a minimal or no arterial inflow
associated to complete occlusion of venous out-
flow of the corpora cavernosa; the resulting state
of acidosis, glucose deficiency and hypoxia
induces oedema, inflammation, and progressive
necrotic degeneration of smooth muscle cells.

Stuttering or intermittent priapism is a subtype of
IP characterized by an history of recurrent self-
resolving painful erections lasting less than 4 h
and usually occurring in patients with sickle cell
disease (SCD) or other hematologic diseases.
The most frequent causes of IP are the recre-
ational use of erectile agents (intracavernous
injection of alprostadil, papaverine, phentol-
amine or, rarely, oral PDE-5 inhibitors) and the
use of antipsychotics or trazodone. Hereditary
hematologic pathologies or blood cancers can
cause [P by altering blood viscosity. Rarer aeti-
ologies include amyloidosis, pelvic tumours, spi-
nal cord, or peripheral nerve injuries. NIP is
caused by the disruption of cavernous tissues
almost invariably due to pelvic or genital trauma
(straddle injury) resulting in an arteriolar-
sinusoidal fistula leading to excessive corpora
blood flow.

Clinical presentation of IP is characterized by
a fully rigid erection often associated to penile
pain. Glans and corpus spongiosum of the urethra
are often flaccid. Contrarywise, NIP typically
manifests as a painless, incomplete erection that
occurs after days to weeks from a pelvic trauma.
A natural erection during sexual stimulation or
for nocturnal penile tumescence can be the trig-
ger for both.

10.11.2 Management

The goal of emergency management of priapism
is the resolution of the acute episode in order to
preserve the long-term erectile function.
Management should include at least patient’s
medical history, physical examination, corporal
aspiration, and penile blood gas analysis [123].
History should focus on the onset and duration of
the erection, presence of concomitant diseases
and medications, use of recreational drugs, his-
tory of traumas and previous episodes of pria-
pism. Physical examination must also include the
evaluation of the abdomen and perineum.

Penile blood aspiration is performed by insert-
ing a large bore (19-gauge or higher) butterfly
needle in one or both of corpora cavernosa;
regional anaesthesia before the procedure is
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achieved by infiltration at 2 and 10 o’clock at the
base of the penis shaft which ensures sufficient
block of the dorsal penile nerves to relieve pain
and increase patient compliance. One drain punc-
ture is enough for detumescence since corpora
usually communicate through an incomplete
midline septum; needle can be inserted either
into corpora tip, through the glans, or into the
middle of the shaft; in this case, 3 or 9 o’clock
positions are preferred to not damage the urethra
and the dorsal neurovascular bundle.

Initial aspirated blood will help differentiation
between priapism types, being dark red in IP and
bright red in NIP. Blood gas analysis is necessary
for confirmation: in IP, blood gas values are typi-
cal of hypoxemic acidotic blood, with a Po, lower
than 30 mmHg, a Pcq, higher than 60 mmHg and
a pH lower than 7.25. in NIP, blood gas analysis
reveals systemic oxygenated blood, having a P,
higher than 90 mmHg, a Pcp, lower than
40 mmHg and a pH around 7.4. Colour duplex
Doppler ultrasonography of the penis can be used
in conjunction with or as an alternative to penile
blood gas analysis to differentiate between IP and
NIP.

NIP must be promptly recognized and distin-
guished from IP owing its relative low risk in
developing ED and the tendency to spontaneous
resolution; moreover, NIP cannot be managed
with any of the therapies for IP; NIP should be
treated conservatively with ice and pelvic com-
pression and/or angioembolization of the arterial-
sinusoidal fistula after 1-2 months after onset.
NIP is therefore not a medical emergency and
will not be discussed further.

The treatment of stuttering priapism coincides
with that of IP which is described below; how-
ever, a supportive therapy for the underlying hae-
matological condition should be added, including
hydration, oxygen administration, and blood
transfusions as well as a long-term therapy for
the prevention of future episodes.

In IP, corporal aspiration should be continued
until arterial blood is seen through the syringe
and complete detumescence is reached; restora-
tion of oxygenated blood is required for prevent-
ing smooth muscle necrosis, fibrotic degeneration,
and long-term ED. Cold saline irrigation with 0.9

NaCl is often associated to aspiration to promote
evacuation of blood clots. Aspiration is resolutive
in 30% of IP cases [130]. In case of failure, injec-
tion of sympathomimetic agents should be initi-
ated. Phenylephrine is the most commonly used
agent, given its high selectivity of
al-adrenoreceptors with low systemic cardiovas-
cular effects. A dose of 100 to 200 pg of phenyl-
ephrine must be injected at intervals of 3—-5 min
until detumescence. A cumulative dose of
1000 pg is considered the maximum to avoid sig-
nificant adverse events (hypertension or brady-
cardia) in adults [131]. Pulse and blood pressure
sequential monitoring is required during admin-
istration and for at least 1 h afterwards. The
efficacy of aspiration/irrigation and sympatho-
mimetic injection is reported to be around
80% [132].

In case of failure of the above measures, surgi-
cal management of IP should be considered.
Surgical procedures for IP are divided in shunting
procedures and penile prothesis implantation
(PPI). Shunting is the first-line treatment after
aspiration/injection and are distinguished in proxi-
mal and distal shunting; goal of both is the drain-
age on hypoxic blood and restoration of venous
outflow of the corpora cavernosa by the creation of
an iatrogenic fistula with other structures.

Proximal shunts restore the venous outflow by
creating communication between the corpus cav-
ernosum and corpus spongiosum at the base of
the penis or between the corpus cavernosum and
the saphenous vein; proximal shunts have now
fallen into disuse due to the risk of serious com-
plications such as urethral damage, local throm-
bosis, and pulmonary embolism.

Distal shunting aims to create a fistula between
the tip of corpora and the glans. Several percuta-
neous procedures have been described; however,
there is insufficient evidence to draw definitive
conclusions on which to choose for efficacy,
safety, and prevention of relapse or long-term
ED. The three most common techniques obtain
this result by inserting a biopsy needle (Winter’s
technique) or a No. 11 blade scalpel (Ebbehoj’s
technique) or by inserting and rotating a No. 10
blade scalpel (T-shunt) through the glans into the
corpora cavernosa. These procedures are usually
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performed unilaterally, but they can be repeated
on the contralateral side if erection is not resolved.
Corporoglanular dilation by an Hegar dilator can
be added to increase the blood flow through the
shunt (tunnelling).

Shunt procedures must be reserved to patients
with IP lasting less than 24 h. Within this time
limit, the changes in smooth muscle are still
reversible and men who have achieved detumes-
cence recover their potency in nearly all cases
[133]. On the other side, patients with IP lasting
longer than 48 h are bound to develop ED and
must be treated with PPI. PPI is usually per-
formed between 2 and 3 weeks after IP onset.
This time window seems to balance the risks
associated to an early implantation (including
high rates of infections and penile prosthetic ero-
sions, especially in patients treated with distal
shunting) and the risks associated with a delayed
PPI (including a high complication rate and poor
patient satisfaction due to foreshortening and
narrowing of the corpora cavernosa caused by
penile fibrosis) [134]. In patients with IP lasting
longer than 24 h but less than 48 h, the decision
on the type of procedure to perform can be guided
by a contrast-enhanced penile MRI, that has been
shown to have an extremely high sensitivity in
detecting necrosis/fibrosis of the smooth muscle.
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11.1  Penile Cancer
11.1.1 Epidemiology, Etiology,
and Pathology

Worldwide incidence of penile cancer (PC) is
affected by race, ethnicity, and prevalence of HPV,
resulting in an extreme variability through differ-
ent geographic areas. In South America, Eastern
Asia, and some parts of Africa, PC can account up
to 2% of all male tumors. In USA, the higher inci-
dence is reported in white Hispanics, followed by
Native and African Americans, respectively [1-3].
Risk of PC increases with age, with a peak in the
sixth decade. HPV infections are responsible for
approximately one out of three cases [4, 5].

HPV has been found in 7-100% of intra-
epithelial cancer and 30—40% of invasive penile
tumor. Subtypes 16 and 18 are the most common
cofactors involved in the carcinogenesis of penile
squamous cell carcinoma (SCC) [6-8]. Other
anatomical conditions, such as phimosis and
chronic penile inflammation, may play a role in
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the tumor genesis. Smoking habit and multiple
sexual partners increased the risk three to five
times, although the last factor may be correlated
to higher risk of sexually transmitted infections,
including Papillomavirus.

HPYV is responsible both for penile and cervi-
cal cancer. However, female sexual partners of
penile cancer patients do not have an increased
risk of developing cervical malignancy [9—12].

About 95% of PC are SCC (or variants) and
usually originate from a premalignant lesion, as
shown in Table 11.1.

SCC could exhibit a variety of growth patterns
and HPV associations, resulting in different
aggressiveness and prognosis [13—15]. Histological
subtype, perineural invasion, lymphovascular
invasion, depth of invasion, and grade of the pri-
mary tumor are recognized as the major pathologi-
cal predictors of metastasis and prognosis of PC
[16]. According to these findings, SCC should be
classified into three risk groups:

Table 11.1 Penile cancer premalignances

Lesions sporadically associated with squamous cell
carcinoma (SCC) of the penis
* Bowenoid papulosis of the penis (HPV related)
* Lichen sclerosis

Premalignant lesions (up to one-third transform to
invasive SCC)
¢ Penile intraepithelial lesions
* Giant condylomata (Buschke-Lowenstein)
* Bowen’s disease
* Paget’s disease (intradermal ADK)
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11.1.2 Diagnostic Evaluation

Penile cancer can be cured in over 80% of cases
if diagnosed early but is a life-threatening disease
when lymphatic metastasis occurs.

Physical examination is in most of cases suf-
ficient for a clinical diagnosis, however penile
carcinoma may be hidden under a phimosis [17].
Palpation of the penis to assess the extent of local
invasion and palpation of both groins to assess
the lymph node status should always be per-
formed. Local staging to provide information
about infiltration of the corpora may be per-
formed with Ultrasound (US) or magnetic reso-
nance imaging (MRI). The sensitivity and
specificity of MRI in predicting corporal or ure-
thral invasion was reported as 82.1% and 73.6%,
and 62.5% and 82.1%, respectively [18]. Penile
Doppler US has been reported to have a higher
staging accuracy than an MRI in detecting corpo-
ral infiltration [19]. Staging for systemic metasta-
ses using abdomino-pelvic CT and chest X-ray is
recommended in patients with positive inguinal
nodes [20-22]. PET/CT is an option [23].

11.1.3 Treatment of the Primary
Tumor

The aims of the treatment of the primary tumor
are complete tumor removal with as much organ
preservation as possible, without compromising
oncological control. Surgical treatment can be
mutilating and devastating for the patient’s psy-
chological well-being, and since local recurrence
has little influence on long-term survival, organ
preservation strategies are justified [24].

11.2 Treatment of Superficial
Non-invasive Disease (PelN)

Treatment of superficial non-invasive disease
(PeIN) includes topical chemotherapy with
imiquimod or 5-fluorouracil and laser treatment
with a neodymium:yttrium-aluminum-garnet
(Nd:YAG) or carbon dioxide (CO,) laser [25-30].
Circumcision is advisable prior to the use of topi-

cal agents. Due to high persistence/recurrence
rates, treatment must be assessed by biopsy, and
long-term surveillance is warranted. Glans resur-
facing, total or partial, can be a primary treatment
for PeIN or a secondary option in case of failure
of the above mentioned. Additionally, patients
and physician should be aware that up to 20% of
patients undergoing glans resurfacing for pre-
sumed PeIN were found to have invasive disease
on histopathological examination [31].

11.3 Treatment of Invasive
Disease Confined
to the Glans (T1-T2)

In patients with invasive penile cancer confined
to the glans (T1-T2), treatment choice depends
on tumor size, histology, localization (if urethral
meatus is involved), and patient preference.
Small and localized invasive lesions should
receive organ-sparing treatment. Additional cir-
cumcision, local excision, partial glansectomy, or
total glansectomy with reconstruction are surgi-
cal options. External beam radiotherapy or
brachytherapy as well as laser therapy may be an
option but the risk of more invasive disease must
be recognized. For a general recommendation,
3-5 mm can be considered a safe maximum [20,
32]. Conservative surgery may be performed
safely in well-selected patients with discrete
tumors by intraoperative frozen-section analysis.

11.4 Organ-Preserving
Treatments

Organ-sparing surgery offers better outcomes in
terms of quality of life (QoL) but have higher risk
of local recurrence. Three years local recurrence
rates range from 18% after organ-sparing surgery
to 4% after amputation surgery (partial or radi-
cal) [33]. Amputation of recurrent disease may be
necessary, although survival appears to be unaf-
fected if early diagnosis and treatment are
achieved. For these reasons, organ-sparing
surgery should only be offered to patients com-
pliant with a strict follow-up schedule.
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11.4.1 Laser Therapy

The two most widely used laser energy sources are
the CO, and Nd:YAG, lasers. Although the CO,
laser has been widely used previously, the superfi-
cial depth of penetration (limited to 0.1 mm)
makes it less than optimal for the treatment of
penile carcinoma in situ or small T1 tumors.

Conversely, the Nd:YAG laser has a wave-
length of 1064 nm and results in protein denatur-
ation at a depth of up to 6 mm. Reported local
recurrence rates after Nd:YAG laser treatment of
T1 tumors range from 10% to 48% [27, 28].
Inguinal nodal recurrence has been reported in
21% of patients [28] and 7 years overall survival
range from 85 to 95% [30].

11.4.2 Moh’s Micrographic Surgery

Moh’s micrographic surgery is a historical tech-
nique consisting of layer-by-layer resection of
penile lesion with intraoperative microscopic
examination of histological margins. Nowadays,
Moh'’s micro-surgery has been replaced by surgi-
cal excision with intraoperative frozen-section
assessment of margin status.

11.4.3 Glans Resurfacing

Glans resurfacing has been proposed over the last
years for management of carcinoma in situ of the
glans penis. In this technique, subdermal dissec-
tion of the skin and subepithelial connective tis-
sue of the underlying corpora spongiosa is
performed. Reconstruction is then performed
with a graft (split skin or buccal mucosa). Few
studies have reported results of glans resurfacing
in patients with PeIN or T1 with local recurrence
rates of 0% and 6% respectively at a median fol-
low-up of 30 months [34].

11.4.4 Glansectomy

Up to 80% of penile lesions are confined to the
glans or prepuce [35]. Therefore, glansectomy

combined with split-skin graft reconstruction of a
neoglans is the preferred treatment for T1-T3
penile cancer of the glans. The skin is incised at
the subcoronal level and deepened onto Buck’s
fascia. Dissection is performed over or under
Buck’s fascia according to clinical or MRI suspi-
cion of tunical involvement, or when the disease
is of high volume with high-risk features. The
glans is excised, and the urethra is sutured to the
corpora. Finally, a neoglans is created using a
split-thickness skin graft. In a recent report on
172 patients undergoing glansectomy, the local
recurrence rate was 9% at a median follow-up of
41.4 m [36].

11.4.5 Radiotherapy

External bean radiotherapy with a minimum dose
of 60 Gy combined with brachytherapy or
brachytherapy alone is a safe organ-preserving
approach with good results in selected patients
with T1-2 lesions <4 cm in diameter [37, 38].

11.5 Treatment
Recommendations
for Invasive Penile Cancer
(T2-T4)

Total glansectomy with or without corpora caver-
nosa transection to achieve negative surgical mar-
gins is an option if patients with T2 tumors
without gross cavernosum involvement [39].
Partial or total amputation is the first-line treat-
ment in patients with T3 disease or patients with
T2 disease and adverse features for organ preser-
vation. These includes a tumors of size 4 cm or
more, grade 3 lesions, and invasion into the glans
urethra. Radiotherapy is an option. Partial and
total amputation should also be considered in
patients unfit for reconstructive surgery or non-
compliant to follow-up [40].

Penile amputation remains the standard ther-
apy for patients with deeply invasive or high-
grade cancers. Partial or total penectomy should
be considered in patients exhibiting adverse fea-
tures for cure by organ preservation strategies
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such as tumors size >4 cm, grade 3 lesions, and
invasion of the glans urethra or corpora
cavernosa.

11.6 Management of Regional
Lymph Nodes

11.6.1 Lymphadenectomy

Lymphatic spread of penile cancer starts with
superficial and deep inguinal lymph nodes fol-
lowed by the pelvic lymph nodes [24]. Pelvic
nodal disease without ipsilateral inguinal lymph
node metastasis and contralateral metastatic
spread have never been reported. Further lym-
phatic spread from the pelvic nodes to retroperi-
toneal nodes (para-aortic and para-caval) is
classified as systemic metastatic disease.

Following these rules, treatment of regional
lymph nodes is performed step by step based on
the clinical inguinal lymph node status. If clinical
lymph nodes appear negative on palpation and
are not enlarged (cNO), micro-metastatic disease
occurs in up to 25% of cases and invasive lymph
node staging is required since no imaging tech-
nique can reliably detect or exclude micro-
metastatic disease. In clinically positive lymph
nodes (cN1/cN2), metastatic disease is highly
likely and lymph node surgery with histology is
required.

Enlarged fixed inguinal lymph nodes (cN3)
require neoadjuvant chemotherapy and surgery.

11.7 Andrological Aspects
of Penile Cancer

11.7.1 Consequences after Penile
Cancer Treatment

Over the last 15 years, the management of penile
cancer shifted from a model based on oncologic
control to a more balanced approach, taking into
account patients’ quality of life in terms of sexual
function, voiding while standing up, and cosmesis.

Few comparative studies in the literature
reported that local excision led to better sexual out-

comes than glansectomy. Similarly, men after par-
tial penectomy reported significantly more
problems with orgasm, cosmesis, life interference,
and urinary function than those who had undergone
penile-sparing surgery (83% vs. 43%, p < 0.0001).
Interestingly, there were no differences in erectile
function, sexual desire, intercourse satisfaction, or
overall sexual satisfaction [41].

11.7.2 Sexual Activity and Quality
of Life After Treatment
for Penile Cancer

Laser and topical treatments have no impact on
quality of life and sexuality [42]. Similarly,
patients undergoing glans resurfacing reported
that the sensation at the tip of their penis was no
different or better after surgery [34]. In patients
undergoing glansectomy, spontaneous erection,
rigidity, and penetrative capacity decline in up to
21% with 25% of patients unable to orgasm [43,
44]. Patients’ satisfaction after partial and total
penectomy is much lower. Indeed, only 55.6% of
patients had erectile function that allowed sexual
intercourse after partial penectomy and only
33.3% were satisfied with their sex life. After
total amputation, a significant effect on sexual
life and overall QoL, although there were no neg-
ative implications in terms of partner relation-
ships, self-assessment or the evaluation of
masculinity [45]. Even if the evidence is very
limited, total phallic reconstruction following full
or near-total penile amputation is possible, with
cosmetically acceptable results [46—48].

11.8 Testicular Cancer

11.8.1 Epidemiology, Etiology,
and Pathology

With an estimated worldwide incidence of 75,000
new cases per year [49], testicular cancer (TC)
represents 1% of all neoplasms and 5% of uro-
logical tumors. Its incidence is constantly
increasing, especially in Western Countries, with
a peak in the third and fourth decade of life.
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Table 11.2 The 2016 World Health Organization (WHO) histological classification of TC and the 2016 TNM

classification

2016 World Health Organization (WHO) histological
classification

2016 TNM classification

Germ cell tumors
* Germ cell neoplasia in situ (GCNIS)

Stage la
Primary tumor limited to the testis and epididymis,

Derived from GCNIS
* Seminoma
* Embryonal carcinoma
* Yolk sac tumor, post-pubertal type
* Trophoblastic tumors
* Teratoma, post-pubertal type
e Teratoma with somatic malignant components
* Mixed germ cell tumors
Germ cell tumors unrelated to GCNIS
* Spermatocytic tumor
* Yolk sac tumor, pre-pubertal type
» Mixed germ cell tumor, pre-pubertal type

with no evidence of microscopic vascular or
lymphatic invasion and normal tumor marker levels
Stage Ib

Locally invasive TC, with no sign of distant
metastasis

Stage IS

Persistently elevated serum tumor marker levels after
orchidectomy

Stage 11

Lymph node invasion

Sex cord/stromal tumors
* Leydig cell tumor
* Sertoli cell tumor
* Granulosa cell tumor
* Thecoma/fibroma group of tumors
* Other sex cord/gonadal stromal tumors
* Tumors containing both germ cell and sex cord/
gonadal stromal

Stage 111
Presence of at least one distant metastasis and/or
persistently highly elevated tumor marker levels

Miscellaneous non-specific stromal tumors
e Ovarian epithelial tumors
* Tumors of the collecting ducts and rete testis

Germ cell tumor is the predominant histotype
which can be found in 90-95% of all TCs. At diag-
nosis, 1-2% of tumors are bilateral and 5% of GCTs
have a primary extragonadal location [50, 51].

TC recognizes a series of morphological and
functional risk factors enclosed in the so-called
“Testicular dysgenesis syndrome,” including
cryptorchidism, hypospadias, sub- or infertility,
and hypogonadism. Other risk factors include a
familiar history of TC and presence of contralat-
eral tumor [52, 53]. A genetic predisposition is
often responsible for advanced stage tumors.
Specifically, an isochromosome found on the
short arm of chromosome 12 (i12p) is overex-
pressed in the GCT related to germ cell neoplasia
in situ (GCNIS), while a cKIT mutations is often
present in seminoma. These mutations play a
major role in pathological upgrade and invasive-
ness [54].

The 2016 World Health Organization (WHO)
histological classification of TC [55, 56] and the
2016 TNM classification [57], are presented in

Table 11.2. About 75-80% of seminoma and
55-64% non-seminoma patients exhibit stage I at
diagnosis [58]. Serum tumor marker levels are
strong predictors of metastasis and prognosis
representing an essential selection tool for adju-
vant therapies.

11.8.1.1 Diagnostic Evaluation

Testicular cancer usually present as a scrotal mass
or diffuse enlargement detected by patient’s self-
examination or it may be an incidental finding dur-
ing testicular ultrasonography (US) [59] (Fig. 11.1).
Physical examination may reveal bulky retroperito-
neal disease or supraclavicular, scalene and ingui-
nale nodes involvement. Gynecomastia may be
present [60]; back and flank plain can be reported
because of retroperitoneal metastasis.

Valuation of symptoms is also important.
Urethral and irritative symptoms and testicular
pain of acute onset may help in differential diag-
nosis with epididymitis or epididymitis-related
orchitis.
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Fig. 11.1 Testicular cancer detected by US: you may see the hypervascular testicular lesion

Transillumination of scrotum may reveal the
presence of hydrocele. Even if testicular cancer is
evident by testicular examination, high frequency
US is mandatory. Other differential diagnosis
includes spermatocele, hematocele, granulomatous
orchitis, and varicocele. International guidelines
recommend chest, abdomen, and pelvis computer-
ized tomography (TC) for M staging.

Finally, serum tumor markers are of pivotal
for diagnosis and treatment of testicular cancer.
AFP (alpha-fetoprotein), f-HCG (human chori-
onic gonadotropin), and lactic acid dehydroge-
nase (LDH) should always be determined before
and during follow-up after orchidectomy.
Normal serum markers may not exclude tumor,
while persistence of high levels after surgical
treatment indicates a probability of disease
progression.

11.8.1.2 Disease Management

Gold standard for management of testicular
tumor is inguinal exploration with cross-clamping
of spermatic cord vasculature and eventual orchi-
funicolectomy. Scrotal approaches and open

biopsy of testis must be avoided. If testicular can-
cer cannot be excluded, radical orchiectomy must
be performed [61]. Testing sparing surgery must
be considered for small tumors, in case of soli-
tary testis, when benign pathology is suspected or
in patients with synchronous/metachronous
tumor [62]. Further treatments depends on histol-
ogy of tumor and its clinical stage.

11.8.2 GCNIS (Germinal Cell
Neoplasia In Situ)

If GCNIS is diagnosed and contralateral testis is
healthy, we can perform the following:

* Radical orchiectomy.

e Close observation (as the 5-years risk of
developing TC is 50%) if patient is compliant
[63].

e Radiotherapy (18-20 Gy in fractions of 2 Gy),
which is the gold standard in case solitary tes-
tis. It can turn out in infertility and Leydig
cells insufficiency.
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11.8.2.1 Stagel Germ Cell Tumors

Seminoma: Clinical Stage |
After radical orchiectomy, the options for man-
agement are as follows:

* Surveillance: low-stage seminoma has a very
positive survival rate (almost 90%) and can be
treated with radical orchiectomy alone.
Surveillance is the preferred option, because
radiotherapy and chemotherapy are associated
with important morbidity and risk of second-
ary malignancy [64]. It consists of 10-years
follow-up, which includes physical examina-
tion, serum markers (every 3—-6 months for
year 1, 6-12 months for years 2-3, then annu-
ally until year 10). Imaging includes abdomi-
nal and pelvic TC, chest X-ray.

e Radiotherapy (usually 2500-3000 cGy): this
low dose of radiation is well-tolerated [65],
and can be offered to patients that cannot
make surveillance, and with contraindications
to perform chest-abdomen CT.

e Carboplatin chemotherapy: adjuvant therapy
with carboplatin must be taken in consider-
ation as a salvage therapy after irradiation or if
risk of occult metastasis is present (tumor
>4 c¢m; involvement of testis).

11.8.2.2 NSGCT (Non-seminoma
Germ Cell Tumors): Clinical
Stage |
NSGCT: CS I tumors are classified according
to risk of development of occult metastasis. All
treatment options must be discussed with indi-
vidual patients, to let them make an informed
decision about further treatment. The risk-
adapted strategy takes into consideration the
lymphovascular probability of invasion:

¢ Low risk (no vascular invasion):

— Standard option: surveillance.

— If patients cannot agree surveillance proto-
col: 1 cycle of BEP (bleomycin, etoposide,
and cisplatin) as adjuvant therapy [66].

— If remains conditions against surveillance or
chemotherapy is not proposed: nerve-sparing
retroperitoneal lymph node dissection [67].

e High risk (vascular invasion present):

— Standard option: 1 cycle of BEP (bleomy-
cin, etoposide, and cisplatin) as adjuvant
therapy.

— If chemotherapy is not chosen, nerve-
sparing retroperitoneal lymph node dissec-
tion or surveillance (the last option, if any
other curative option is unavailable)
(Fig. 11.2).

NSGCT - Clinical Stage |

Risk — adapted treatment

—

Low-risk
(No vascular invasion)
STANDARD OPTION OPTION IF CONDITION
Survellaince AGAINST SURVELLAINCE

\

High-risk
(Vascular invasion present)

OPTION IF
CHEMOTHERAPY
NOT CHOSEN:

AND CHEMOTHERAPY NOT

CHOSEN: NS-RPLND

OPTION IF CONDITION AGAINST
SURVELLAINCE: Adjuvant therapy
(1 cycle of BEP)

STANDARD OPTION: - NS-RPLND
Adjuvant « Survellaince

therapy (1 cycle of BEP)

Fig. 11.2 NSGCT CS I—treatment according to the EAU guidelines 2021©
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In patients with elevated serum markers or
relapsing during surveillance, according to the
IGCCC Group Classification of prognosis, the
therapy may include 3-4 cycles of BEP fol-
lowed by resection in case of residual tumour
[67].

11.8.2.3 Metastatic Germ Cell Cancer
(Stage IIA-I1IB)

Stage IIA-IIB Seminoma

Nowadays, chemotherapy is the preferred alterna-
tive to radiotherapy for stage II seminoma. It con-
sists of three cycles of BEP or four cycles of EP
(etoposide and cisplatin) in case of contraindica-
tions to bleomycin for older patients. Radiotherapy
may be considered in elderly selected patients
who difficulty tolerate systemic therapy [68].
Acute toxicity is reported almost exclusively from
chemotherapy, while long-term toxicity derives

‘ IIA — Markers + ’

|

CHEMOTHERAPY
- BEP X3 -

i

RESIDUAL TUMOUR

either

~
(o)

from the irradiation following RT, with bowel
damage and risk for secondary tumors [69].

Stage IIA-1IB NSGCT

All patients with elevated serum markers (Marker
+) at Stage ITA-IIB NGCS tumors require three
cycles of primary chemotherapy (BEP) accord-
ing to IGCCCG risk-group. Nerve-sparing (NS)
retroperitoneal lymph node resection (RPLND)
can be performed in patients with II A NGCS
stage (Marker -) in specialized centers by an
experienced surgeon. Surveillance may be con-
sidered in the same stage in patients with normal
markers and lymph nodes <2 cm in greatest axial
diameter, and re-evaluation after six weeks is
mandatory.

Relapse of tumor occurs in almost 30% of
patients with pathological stage II treated with
RPLND, with specifical further therapy accord-
ing to prognosis risk-group (Fig. 11.3).

|

CS IIA — Markers - }

Follow-up after 6
weeks

4‘
)

Progessive Disease No change
l Regression
Pathological
Stage | PS IIA-IB NS-RPLND
Marker +
Marker -
RESECTION ) Further follow-up
either \

Follow-up independent of vascular l
invasion

up

Follow-

3 cycles of BEP NS-RPLNS or

BEP -max  +/- resection chemotherapy
2 cycles- of residual
tumour

Fig. 11.3 NSGCT CS IIA-IIB—treatment according to the EAU guidelines 2021©
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11.9 Andrological Aspects
of Testicular Cancer

11.9.1 Testicular Cancer and Gonadal
Function

Sperm abnormalities and Leydig cell’s dysfunc-
tion in patient with testicular cancer are very
common before orchidectomy. Histopathological
studies have shown a very high incidence of
abnormalities in the contralateral testis of patients
with unilateral TC. These abnormalities result in
poor semen quality [70]. Additionally, reproduc-
tive function may decrease after treatment [71];
for this reason, semen preservation should be
offered to all patients [61].

The association between testicular cancer,
cryptorchidism/small testis, endocrine, and
andrological aspects has been widely investi-
gated.Lower sperm concentration and total sperm
count, and increased levels of FSH were found in
patients with testicular cancer before treatment.
No differences were found in the level of testos-
terone and estradiol, while man with testicular
cancer who had increased level of HCG had very
low LH levels [72]. A possible explanation for
the lower LH-levels could be the altered secretion
of LH-RH by hypothalamus because of the can-
cer. The increased levels of HCG in some patients
could explain the normal level of testosterone
and estradiol, and the lower LH-Ievel too (in fact,
HCG may stimulate production of testosterone
and estradiol by Leydig cells, exerting LH-like
effects) [70].

11.9.2 Fertility and Sexual
Disfunction After Treatment
for Testicular Cancer

Because of the high cure rate of patients with tes-
ticular cancer, their quality life after treatment is
an important point to discuss. Fertility and sexual
aspects are known to condition QoL.

Previous studies have confirmed the impair-
ment of fertility in these patients even before
orchidectomy and diagnosis; moreover, gonadal
function is affected by surgical treatment, radio-
therapy, and chemotherapy in patients with TC.

Leydig cells are more resistant than germinal
cells to chemotherapy; however, endocrine dis-
function commonly happen during follow-up [72].
Postoperative serum measurement of LH and tes-
tosterone must be performed, and the patients
might be asked about symptoms and signs of
androgen deficiency, to assess the need of androgen
therapy. High postoperative FSH levels (>24 TU/)
are associated with persistent infertility.

Even if a new pregnancy is unlike during cyto-
toxic treatment and the first year after treatment,
contraception is recommended in this period because
of the high risk of teratogenic effects induced by
radio-chemotherapy. This risk is higher during the
first period after treatment, because the patient may
still have some sperm exposed to DNA damage.

Additionally, adjuvant therapies and the asso-
ciated psychological distress may lead to sexual
disfunction affecting partner relationship.
Orchidectomy itself do not impact erectile func-
tion but nerve-sparing retroperitoneal lymph
node dissection that may be necessary in some
advanced cases may lead to dry ejaculation.

In this scenario, it is very important to counsel
patients about cryopreservation, eventual testicu-
lar sperm extraction, fertility after treatment, and
need for androgen replacement therapies.

Every patient with testicular cancer should be
managed by a multidisciplinary team including
urologist, oncologist, radiologist, endocrinolo-
gist, pathologist, phycologist, and fertility
experts. Patients should not be encouraged with
false hopes, and alternative plans should be dis-
cussed. Indeed, although modern techniques of
assisted fecundation (e.g., ICSI-intracytoplasmic
sperm injection) can be performed even in a very
poor quality, semen [73] and the benefits of cryo-
preservation are clear, outcomes of fertility treat-
ments are in most of cases unpredictable.
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Couple infertility, defined as the lack of concep-
tion after at least 12 months of regular unpro-
tected sexual intercourse aimed at pregnancy [1],
is a common clinical condition.

It is a multifactorial disorder affecting one
out of six couples in Western countries, and
male factor infertility is implicated in about
50% of cases [2].

Male infertility may depend by pre-testicular
(for example, hypothalamic or pituitary dis-
eases), testicular, and post-testicular (for exam-
ple, obstructive pathologies of seminal ducts)
causes.

The pathophysiology and the clinical assess-
ment, including treatment strategies, of these sit-
uations will be discussed in the next chapters of
this book.

However, a large proportion (30-60%) of
infertile males does not receive a clear diagnosis.
In these cases, generally reported as idiopathic
infertility, there is a strong suspicion of genetic
factors yet to be discovered, and research in this
field will probably reduce the proportion of unex-
plained infertility in the next years [3].

Furthermore, male fertility may be influenced
by a host of lifestyle risk factors such as environ-
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ment, nutrition, exposure to infections, and
smoking. Therefore, lifestyle and environment
risk factors may have a role in many cases of
idiopathic male infertility.

In this chapter, we will focus our attention on
these risk factors, discussing three paradigmatic
situations of interference between environment/
lifestyle and male fertility, thus providing the
pathophysiological basis of their detrimental
impact on male fertility: exposure to environ-
mental endocrine disruptors, such as perfluoro-
alkyl substances (PFAS); exposure to viruses,
such as HPV; effect of nutritional status and
obesity.

12.1 PFAS Pollution and Male

Fertility

PFAS are a class of organic molecules character-
ized by fluorinated hydrocarbon chains, widely
used in industry and consumer products includ-
ing oil and water repellents, coatings for cook-
ware, carpets, and textiles. PFAS have unique
physical chemical properties due to their amphi-
philic structures and their strong carbon—fluorine
bonds. Consequently, long-chain PFAS are non-
biodegradable and bioaccumulate in the environ-
ment [4]. PFAS have been found in humans and
in the global environment and their toxicity, envi-
ronmental fate, and sources of human exposure
have been a major subject of research. PFAS have
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risen many concerns for their bioaccumulation in
body tissues and potential harmful effects in
humans [4]. In fact, inhalation of air particles
and/or ingestion of contaminated food products
and drinking water have been claimed as major
routes of exposure to PFAS. Accordingly, PFAS
have been found in several human tissues, such as
the brain, placenta, semen, and testis even in the
presence of acknowledged blood/tissue barriers
[5, 6]. Exposure to PFAS has been widely
described in several countries, with considerable
differences in terms of geographical distribution,
ethnicity, molecular weight (long-chain or short-
chain PFAS), and degree of fluorination [7-9].
On this matter, perfluorooctanoic acid (PFOA)
and perfluorooctanesulfonic acid (PFOS) are the
most common and most studied PFAS in toxico-
logical terms.

Epidemiological studies have focused not
only on their impact on foetal development, but
also on the relationship between PFAS and
human fertility, although studies have been
focused mostly on female fertility. However, both
in vitro and animal studies on PFAS toxicity have
shown a negative effect of PFOA and PFOS on
testicular function, by the alteration of steroido-
genic machinery and subsequent defect of sper-
matogenesis [10, 11].

Exposure to high levels of PFOS, and of
PFOA and PFOS combined, are associated with a
reduction in the concentration of morphologi-
cally normal spermatozoa in adult men [12, 13].
Furthermore, Raymer et al. reported, in a study of
men attending an in-vitro fertilization clinic, that
luteinizing hormone (LH) and free testosterone
were significantly positively correlated with
plasma PFOA [14]. Although conclusive data
have not still provided, preliminary data seem to
suggest moreover an increased sperm DNA frag-
mentation in exposed men [15, 16].

Among the endocrine effects of PFOS, it
should be underlined that it affects the hypotha-
lamic—pituitary axis activity [17, 18]. A testicu-
lar toxicity of PFOS has been demonstrated in
rats [18]. High doses of PFOS orally adminis-
tered in rats for 28 days modify the relative gene
and protein receptor expressions of several hor-

mones of the hypothalamus-pituitary-testicular
axis (GnRH, LH, FSH, and testosterone) [19].

In humans, in utero exposure to PFOA was
associated later in adult life with lower sperm
concentration and total sperm count and with
higher levels of luteinizing hormone and follicle-
stimulating hormone [20]. In infertile male
patients, PFOS levels were higher than fertile
subjects. Furthermore, in these patients, a higher
gene expression of estrogen receptor (ER) o, Erf,
and androgen receptor (AR) has been reported
[21, 22], thus suggesting that PFAS activity
might be linked also to the genetic expression of
sex hormones nuclear receptors.

Regarding androgen receptor (AR), PFOS and
PFOA cause a reduction in its protein expression
in hypothalamus, pituitary gland, and testis. This
inhibition might reflect PFOS action on post-
transcriptional processes of the AR synthesis.
AR-dependent gene expression is indeed crucial
for male sexual differentiation in utero and male
reproductive function and development in adults,
including spermatogenesis [23].

Three compounds (PFHxS, PFOS, and PFOA)
act as ER agonists in vitro, and five PFAS (PFHXxS,
PFOS, PFOA, PFNA, and PFDA) act as AR antag-
onists. Their combined action, as observed in
PFCs mixture, induces a synergistic impact on AR
function [24]. These findings clearly suggest an
antiandrogenic potential of PFAS.

In a recent study, we investigated the possible
association between the exposure to PFOA and
PFOS and endocrine disruption through the eval-
uation of developmental alterations and repro-
ductive disorders in a group of 212 young males
from the Veneto region, a wide area in the north-
east of Italy featured by high environmental
exposure to these chemicals [11]. Compared to
171 age-matched controls residing outside of the
exposed area, subjects from the contaminated
area showed increased levels of circulating tes-
tosterone (T) and LH, pointing toward an antago-
nistic action of PFOA on the binding of T to its
natural AR.

Interestingly, most of the exposed male popu-
lation showed a reduction in testicular volume,
penile length, and anogenital distance but not
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anthropometric measures. These findings could
be explained by considering that anogenital dis-
tance and anthropometric measures are differen-
tially determined during fetal and prepubertal
development, respectively [25]. Pre-natal expo-
sure to androgens during the “masculinization
programming window,” a critical window during
testicular development, is positively associated
with anogenital distance in mammals [26]. On
these bases, anogenital distance has been sug-
gested as a putative marker of prenatal exposure
to chemicals with a known antiandrogenic effect,
or endocrine disruptors in general. As the first
report on water contamination of PFAS goes
back to 1977 [27], the dimension of the problem
is alarming as it affects entire generations of indi-
viduals, from 1978 onward.

It has been moreover demonstrated that PFOS
has the ability to cross the blood brain barrier
[28] and the placenta [29], although the exact
mechanism has not been yet clarified. In the same
way, PFOS may disrupt the Sertoli cell tight
junction-permeability barrier, which ultimately
might induce a dysfunction in blood-testis bar-
rier, associated with infertility [30].

In semen of exposed subjects PFOA is more
represented than PFOS, despite the pattern of
serum concentrations is essentially reversed. In

detail, average PFOA levels retrieved in semen
samples from exposed subjects were 0.67 ng/mL,
ranging from O to nearly 6 ng/mL [l1].
Furthermore, seminal PFOA levels correlate with
seminal pH, thus suggesting a putative interfer-
ence of PFOA at a prostatic level [11]. The pres-
ence of PFAS in seminal plasma suggests either a
possible involvement of prostate, that might
explain a weak association between PFOS expo-
sure and prostate cancer [31].

Moreover, semen levels of PFOA are signifi-
cantly correlated with the presence of altered
sperm parameters, and namely of motility. This
evidence is suggestive of a direct effect of PFOA
on gamete function. More recently, we have dem-
onstrated that incubation of sperm cells with
PFOA is associated with negative effects on
sperm viability, independently from the exposure
time and concentration [32]. Progressive motility
is significantly impaired by PFOA exposure even
at the lowest concentration of 0.1 ng/mL, as
reported in Fig. 12.1.

The direct influence of PFOA on sperm motil-
ity is related to the impaired metabolic perfor-
mance associated with a decreased mitochondrial
respiratory activity.

Furthermore, it has been demonstrated that
PFOA accumulates in sperm membrane, thus dis-
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Fig. 12.1 Incubation of sperm cells with PFOA reduces sperm vitality and progressive motility and increases the per-

centage of non-motile cells
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rupting membrane fluidity. Membrane fluidity,
acknowledged as a major determinant of sperm
motility and fertilization potential, is associated
with decreased packing order of phospholipids in
the outer layer of the plasma membrane. Plasma
membrane is a key organelle, with a pivotal role
in sperm physiology and the fine modulation of
its composition, from ejaculation to fecundation,
has critically effect on the overall efficacy of the
fertilization process [33]. During the transit of
sperm cell through the female reproductive tract,
there is an increase in membrane fluidity, due to
cholesterol deprivation by sterols acceptors like
albumin of HDL, which is associated with the
gain of progressive motility and fusogenic prop-
erties [34, 35]. Because of its high hydrophobic-
ity, PFOA might randomly accumulate in sperm
membranes, thus altering local pH and permea-
bility to ionic species and, in turn, membrane
potential as recently observed also in somatic cell
models [36]. Accordingly this model, the local
perturbation of membrane composition, may also
induce in the production of free radicals, as
recently demonstrated for other chemical species
such as graphene-oxide [37], possibly explaining
the association between PFAS exposure and
sperm-DNA damage.

Finally, it can be hypothesized that sperm cells
may be exposed to PFAS not only in seminal
plasma of exposed males but also in genital
secretion of exposed females. It has been in fact
demonstrated that cervical mucus from women
resident in highly exposed areas have higher lev-
els of PFOA in cervical mucus, compared to con-
trol sub-jects [29].

Taken together, these data underline the multi-
faced role of pollutants, such as PFAS, in male
infertility. PFAS exposure acts at different levels
impairing the reproductive system: through a
modulation of AR expression, both in utero and
after the birth; through the alteration of the Sertoli
cell tight junction-permeability barrier, which
ultimately changes destabilized Sertoli cell BTB
integrity; directly altering sperm cell function,
causing an impairment of sperm motility, likely
relied on the alteration of plasma-membrane
potential due to a disruption of membrane fluid-
ity; inducing and increase in sperm DNA frag-

mentation, which might be due to increased ROS
levels; and finally by a putative impairment of
prostate function.

12.2 HPV Infection and Male
Infertility

A large spectrum of viruses may infect the testis
and other male genital organs, thereby impairing
male fertility [38]. Human Papillomavirus (HPV)
is the etiological agent of the most common sexu-
ally transmitted infection worldwide, with an
estimated 6.2 million new cases annually [39].
HPV comprises a group of small non-enveloped
epitheliotropic viruses with a double-stranded
circular DNA genome made- up of 8000 bp. Its
virion has an icosahedral shape, of 55 nm diam-
eter, constructed of 52 capsomeres, each contain-
ing five molecules of the major capsid protein L1
and a smaller number of the minor capsid protein
L2 [40]. HPV consists of more than 200 geno-
types, adapted to specific epithelial tissues, such
as anogenital skin and mucosa [41]. According to
the basis of oncogenic potential, HPV can be
divided into two different groups: high-risk
(HR-HPV) and low-risk (LR-HPV). The former
ones, that include the well-known 16 and 18
types, have been classified as oncogenic to
humans according to the International Agency
for Research on Cancer [42], and may cause neo-
plastic transformations in the following epithelial
areas: cervix, vagina, vulva, anus, penis, and oro-
pharynx [43]. The latter ones, such as 6 and 11
types, are responsible of benign diseases such as
genital warts [44]. HPV infections are primarily
contracted by direct contact of the skin or myco-
ses with an infected lesion. Genital HPV infec-
tion is largely transmitted through sexual
intercourse, mostly insertive intercourses,
although non-penetrative types of contact (i.e.,
genital-genital, oral-genital, and manual-genital)
represent possible routes of transmission [45].
Recently, it has been clearly confirmed that, in
addition to the well-known external genital areas,
HPV virions may also be detected inside the male
reproductive tract. In detail, it has been detected
in male accessory glands, where it can represent
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a possible cause of male accessory gland infec-
tion [46]. This localization in accessory gland is
reflected in changes in seminal parameters such
as an increase of pH and viscosity and a reduc-
tion of seminal volume [47, 48].

Finally, HPV was found in semen, both in
exfoliated cells and even bound to spermatozoa
[49] as reported in Fig. 12.2.

Several studies have underlined the possible
role of HPV in causing male infertility [50]. In
fact, several authors have confirmed the presence
of the virus in the seminal fluid of men suffering
from idiopathic infertility [47, 51]. These data,
combined with the higher prevalence of sperm
HPV-infection in infertile subjects compared to
general population [52], suggested a role for
HPV as a cause of sperm damage and, conse-
quently, of male infertility.

Several studies reported that HPV infection is
related with a reduction in seminal parameters.
Five studies reported a relation between HPV
seminal infection and a reduction in sperm motil-
ity [49, 53-56]. Moreover, Piroozmand showed
also a significant reduction of the sperm count
[53]. An increased sperm DNA fragmentation
index has been moreover reported by Boeri et al.

when semen infections involved high-risk HPV
genotypes [57] while Yang et al. demonstrated
that HPV seminal infection is associated with a
reduction in sperm normal morphology [58].

More recently, Moghimi et al., observed a sig-
nificantly higher prevalence of high-risk HPV in
infertile men, compared to fertiles, associated
with an impairment of sperm morphology and
motility [59].

HPV infection in semen represents moreover a
risk factor for the development of anti-sperm anti-
bodies (ASAs). In fact, the prevalence of ASAS is
higher in infected infertile patients compared to
non-infected infertiles and general population.
Moreover, in infected infertile subjects, presence of
antibodies is associated with a further reduction of
sperm motility [60]. In detail, more than 40% of
HPV infected infertile patients had ASAs on the
sperm surface. Moreover, infected patients had a
higher mean percentage of ASAs compared with
non-infected ones [55]. These findings suggested
that sperm autoimmunity could probably be HPV-
dependent. In order to confirm this finding, Garolla
et al. documented the presence of both viral pro-
teins and immunoglobulins in the same sperm cells
of samples with positive sperm-mixed antiglobulin

Sperm from an HPV infected patient at FISH and PCR analyses

Control

Green (Pisum sativum) = acrosome

Fig. 12.2 Immunofluorescence for HPV L1 capsid protein (red) in sperm cells
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reaction (Mar) test results. Notably, when immuno-
fluorescence for HPV 16-L1 was present on the
sperm surface, they observed co-staining for IgA
and IgG. This observation suggests that semen
infection represents a new clinical condition asso-
ciated with the presence of ASAs. In infected
males, a significant viral clearance (approximately
85.3%) is obtained after 24 months of follow-up
and the reduction in sperm infection paralleled the
disappearance of ASAs and with the progressive
improvement of sperm motility [55].

Several studies have analyzed the effect of
semen HPV infection, in terms of reduction of
fertility both in natural [61] and in assisted
reproduction [61-64]. An increase in miscar-
riage rate has been moreover reported by Garolla
etal. [61].

To understand the pathophysiological role of
HPV in fertilization, we performed an in vitro
study evaluating the ability of the virus-infected
sperm to transfer HPV DNA and capsid proteins
to oocyte during fertilization. After transfecting a
human sperm with a plasmidic episome contain-
ing HPV E6 and E7 proteins, the hamster egg-
human sperm penetration test has been performed
to show the ability of infected sperm to transfer
the capsid protein L1 to oocyte and the expression
of E6 and E7 viral protein in the fertilized oocyte
[65]. We may therefore conclude that both sper-
matozoa transfected with E6 and E7 genes and
exposed to HPV L1 capsid protein are able to pen-
etrate the oocyte. These laboratory data, com-
bined with the observation that HPV DNA is
found in a larger proportion of abortions rather
than voluntary termination of pregnancy [62],
may suggest an active role for HPV (which is car-
ried to the egg by the spermatozoa) in the etiology
of premature term gestation. This phenomenon
could lead to an increase in the fragmentation of
embryonic DNA, thus resulting in alteration and
apoptosis of the embryo [65].

On the basis of these evidences, we recom-
mend testing for HPV in the male partner of the
infertile couples in the following cases: male
affected by unexplained couple infertility (not
related to known male or female factors), asthe-
nozoospermia, presence of ASA, positive medi-
cal history for HPV infection or evidence of
ongoing HPV-related diseases [50].

When HPV is detected in at least one of the
members of an infertile couple, it is important to
provide careful counselling. A 2014 controlled
study showed the effectiveness of this strategy.
Couples in which both partners had HPV infec-
tion at genital site were carefully counselled to
follow some strict advices aimed to clear the
virus (such as hygiene of both of their reproduc-
tive tract and their hand; using personal under-
wear and personal towels only; avoiding oral and
anal sex) and monitored at 6, 12, 18, and
24 months. Counselled couples had a signifi-
cantly higher clearance rate and shorter time of
viral persistence, compared to non-counselled
infected controls [66].

Recent evidence has moreover suggested that
HPYV vaccination is a valid tool even in patients
who have already contracted the infection. In
fact, it has been demonstrated that HPV infected
patients receiving vaccination have a faster rate
of seroconversion and greater viral clearance
compared to infected patients who did not
receive vaccination [67]. In detail, vaccinated
patients showed a higher viral clearance that par-
alleled an improvement of sperm motility and a
reduction in the percentage of anti-sperm anti-
bodies. Furthermore, couples where the male
partner received vaccination recorded higher
pregnancy and delivery rates and a lower miscar-
riage rate [68].

In addition to counselling and adjuvant vac-
cination, different techniques of sperm selec-
tion (centrifugation, discontinuous density
gradient, and direct Swim-up) have been tested
aimed to remove HPV from the sperm surface.
However, all techniques had very poor or even
absent effect in the complete removal of the
virus. Very recently, our group tested a modi-
fied swim-up technique with the addiction of
hyaluronidase enzyme obtaining the complete
elimination of HPV from infected samples [69].
The rationale of this treatment was to cleave the
binding of HPV to its putative ligand,
Syndecan-I, located on the sperm surface.
Compared to normal swim-up technique, the
modified swim-up with hyaluronidase was able
to abolish the binding between HPV and sperm
in 100% cases of infected sperm, confirmed by
negative fluorescent in-situ hybridization
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(FISH) for HPV, without any significant impair- strated the association between obesity and
ment of either motility or DNA fragmentation asthenozoospermia or teratozoospermia [76]. A
in the spermatozoa. systematic review and meta-analysis performed
by Sermondade et al. in 2013 reported the asso-
ciation between obesity and azoospermia/oligo-
12.3 Obesity and Male Infertility zoospermia [77].
Several mechanisms have been hypothesized
Obesity is defined as an abnormal or excessive to explain obesity-induced sperm dam- age [78].
accumulation of fat. According to the World A pivotal role is played by heat-induced dam-
Health Organization (WHO), a body mass index age. Testicular thermal stress increases in obese
(BMI) that is greater than or equal to 25 kg/m?is  men and is mainly due to fat accumulation in the
classified as overweight, a BMI greater than suprapubic region and around the pampiniform
30 kg/m? is considered obesity, and a BMI greater  plexus. Spermatogenesis is a temperature-
than 40 kg/m? is considered severe obesity [70].  dependent process, and an increase in scrotal
The worldwide prevalence of obesity has risen  temperature can disrupt its progression. In detail,
dramatically in the last decades, so that 1.9 bil- obese men have both right and left scrotal tem-
lion adults worldwide are overweight and around  peratures that are significantly higher than con-
650 million have obesity [71]. trol subjects. Healthy controls had a mean scrotal
Couples with an obese male partner have a temperature of 34.738 °C, about two degrees
significantly higher risk of infertility than cou- below core body temperature. Moreover, in these
ples with normal-weight male partners [72]. subjects, fluctuations of scrotal temperature were
Moreover, male obesity negatively affects the characterized by a pattern similar to a circadian
success of assisted reproductive technology rhythm, with high fluctuations between day and
(ART) [72]. Mushtagq et al. reported in 2018 that night, between daily activities, and between dif-
male obesity is associated with a significant ferent body postures. In contrast, obese men
reduction in pregnancy and live birth rates in showed continuously increased mean scrotal
intracytoplasmic sperm injection cycles [73]. temperatures (35.388 °C), with temperature fluc-
Previous population-based studies reported a tuations reduced in number and amplitude, and
reduction of semen parameters in overweight and  circadian patterns less evident or even absent, as
obese men [72, 74, 75]. Further studies demon- reported in Fig. 12.3.
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These data underline that in obese men, the
spermatogenic alteration is primarily related to
hyperthermia due to the excess of adipose tis-
sue [79].

Furthermore, several hormonal alterations
have been described and contribute to impairing
spermatogenesis in obese patients.

Most obese males have impaired reproductive
hormonal profiles compared to normal-weight
men. The excessive visceral fat decreases the
serum sex hormone-binding globulin (SHBG),
total and free T, and inhibin B levels and increases
the conversion of T into 17B-estradiol due to
greater aromatase activity [80].

We have recently demonstrated in explants of
subcutaneous adipose tissue (SAT) from obese
males the presence of higher levels of intracel-
lular T and E2, compared with lean subjects. In
addition, after adrenergic stimulation, T release
is reduced in obese SAT. Testosterone accumula-
tion resulted in even lower expression in
androgen-responsive genes, further contributing
to adipose tissue dysfunction and to systemic
hypogonadism, as evidenced by higher estrogens
determined by increased aromatase expression
in obese SAT [81]. Aromatase activity indeed
increases with the body fat mass and further
increases fat accumulation, creating a vicious
cycle [82]. In obese male patients, the higher
aromatase activity leads to a decreased T/E2
ratio [83].

Furthermore, obesity is associated with higher
serum SHBG, so furtherly reducing free testos-
terone levels [84]. In addition, the associated
hyperinsulinemia has a direct inhibitory effect on
spermatogenesis, increasing nuclear and mito-
chondrial DNA damage [85].

12.4 Conclusions

In conclusion, exposure to environmental risk
factors, such as pollutants or infections, or
adverse lifestyle, i.e., causing obesity, may inter-
fere at different levels with male fertility, and
might play a major role in situations of idiopathic
infertility. We have provided three examples,
describing their role as a cause of male infertility,

from pathophysiology to clinical assessment. As
a consequence, their role should be considered in
the clinical workflow of male infertility.
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Analysis

13

Gsilla Krausz and Ginevra Farnetani

13.1 Introduction

Semen analysis is a key step in the evaluation of
the fertility potential of the male partner of a cou-
ple, as it reflects not only the efficiency of sper-
matogenesis, but also the integrity of
post-testicular structures necessary for sperm
transport and anterograde ejaculation. The
WHO reference values of sperm parameters are
based on the analysis of 3500 men (from 12
countries) in couples with time to pregnancy of
one year or less. The current thresholds refer to
the one-sided lower reference limit of the fifth
percentile and are shown in Table 13.1 together
with the 50th percentile [1, 2]. It should be
stressed that these reference values are applica-
ble only if the analysis is performed according
to the recommended standardized procedures.
The WHO manual is freely accessible at the fol-
lowing link: https://www.who.int/publications/i/
item/9789240030787. The majority of fertile
men is expected to have their parameters within
the range of the 50th percentile. However, fertil-
ity is a “couple-concept” and even severe altera-
tions of semen parameters (much below the fifth
percentile) can be compatible with the induction
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of pregnancy, provided that the female partner’s
fertility status is optimal. Vice versa, exceptionally
good sperm count does not always imply natural
conception. In fact, there is a substantial overlap of
semen examination results between fertile and
infertile men [3].

Table 13.1 Principal semen parameters and their distri-
bution corresponding to 5th and 50th percentile according
to the WHO sixth edition guidelines [1]

Lower reference
value (5th
Semen parameter | percentile) 50th percentile
Macroscopic parameters
Appearance Grey-opalescent
Viscosity Forms small discrete drops (thread
<2 cm long)
Volume 1.4 ml ‘ 2.3 ml
pH 7.2
Microscopic parameters
Sperm 16 x 10%ml 66 x 10°/ml
concentration
Total sperm 39 x 10%/ 210 x 10/
count ejaculate ejaculate
Total motility 42% 64%
Progressive 30% 55%
motility
Normal forms 4% 14%
Vitality 54% 78%
Peroxidase- <1 x 10%ml
positive
leucocytes
MAR test <50%
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13.2 Semen Analysis: General
Concepts

Semen evaluation is divided into two parts: mac-
roscopic and microscopic analysis (Fig. 13.1). It
is essential that the laboratory performs the anal-
ysis according to the current WHO guidelines
and participate at an external quality control
(EQC) program. In fact, wide discrepancies in
the assessments of sperm count, motility, and
morphology can result when comparing semen
analysis outcomes from different laboratories [4,
5]. Together with EQC programs, participating in
periodical teaching courses improves the experi-
ence of the laboratory and allows to maximize
the probability of obtaining the established stan-
dards of quality [6]. In consideration of the above,
when interpreting a semen analysis report, it is
important that the clinician ascertains whether a
given laboratory participates in EQC programs
with success.

For each part of the analysis, different param-
eters are considered and depending on their
alteration, different clinical conditions can be
suspected. In case of normozoospermia, a sec-
ond analysis is not mandatory. On the contrary,
if one or more semen parameters are altered,
repetition is necessary in order to rule out poten-
tial pre-analytical and analytical factors,
together with biological variability. Among pre-

Macroscopic evaluation Microscopic evaluation

Q.

+ Agglutination

+ Appearance

+ Odour + MAR test

* Fluidification + Sperm concentation
- Viscosity + Sperm motility

+ Volume + Sperm morphology
* pH * Sperm vitality

» Round cells

Fig. 13.1 Principal parameters evaluated during semen
analysis

analytical factors, inappropriate abstinence
time, incomplete collection of the ejaculate,
inadequate transport of the semen sample would
request a short-term repetition. Analytic vari-
ables can derive from casual and systematic
errors during the procedures. Endogenous fac-
tors such as high fever or medications may
interfere with spermatogenesis during its entire
length (approx. 72 days), therefore the repeti-
tion should take place after the completion of
the entire spermatogenic cycle.

13.3 Macroscopic Evaluation
of Semen

Macroscopic evaluation refers to the chemical
and physical parameters of the ejaculate includ-
ing fluidification, viscosity, appearance, odor,
volume, and pH. The main macroscopic altera-
tions are summarized in Table 13.2.

13.3.1 Liquefaction, Viscosity,
and Appearance

Liquefaction of the semen needs 15-30 min, and
this process is regulated by the prostatic secretion,
which is rich in citric acid acting in synergy with
proteolytic enzymes (lysozyme, a-amylase, and
B-glucuronidase) and prostatic specific antigen
(PSA), a trypsin-like protease, that cleaves the
semenogelin proteins. PSA may be altered due to
congenital or acquired (for instance, prostatitis)
factors.

Viscosity is the characteristic of an ejaculate
specimen to exhibit a homogeneous stickiness,
which may be reduced or increased due to vari-
ous conditions reported in Table 13.2. A nor-
mally liquefied sample will have an opalescent
appearance, with a cream/grey color. This
parameter is influenced by the concentration of
spermatozoa: a transparent ejaculate might indi-
cate an extreme reduction in the number of sper-
matozoa, while a highly concentrated specimen
will be opaque. High viscosity may indicate
prostatitis. A red-brown appearance of the ejac-
ulate should alert the clinician for the presence
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Table 13.2 Summary of the main semen alterations and

related suspected clinical conditions

Semen Reason for higher | Reason for lower

parameter values values

Fluidification | — Reduction or
absence of PSA

Viscosity Accessory sex Azoo/
glands cryptozoospermia
dysfunction
Infections or
inflammation of
the
genitourinary
tract (prostatitis)

Volume Exudate due to Distal obstruction
inflammation of | or CBAVD
accessory sex Fartial retrograde
glands ejaculation

Androgen
deficiency
Prostatis/
vesciculitis or
both
Incomplete
collection

pH Prostatitis Agenesis of
Delay in seminal vesicles
analysis or their

obstruction

Agglutination | Autoimmunity -

MAR test Autoimmunity -

Leukocytes Infections or -
inflammation of
the genitourinary
tract

Sperm - Hypothalamus-

number pituitary

dysfunctions
Primary
quantitative
spermatogenic
disturbances
Urogenital duct
obstruction

Sperm - Infection/

motility and inflammation of

morphology the urogenital
tract
Lifestyle/
environmental
factors
Congenital sperm
defects
Medications

PSA prostrate-specific antigen; MAR test mixed antiglob-
ulin reaction test; CBAVD congenital bilateral absence of
vas deferens

of erythrocytes in the semen. This condition is
known as hematospermia and based on the age
of the patient, it can have different etiology: in
younger men (<40 years), it could be due to
inflammation or urogenital infections, while in
older men (>40 years), it could underlie more
serious pathologies, such as prostate cancer [7].

13.3.2 Volume and pH

Seminal plasma is composed mainly by the secre-
tions of the accessory glands (about 90%) whereas
the contribution of the epididymis and bulboure-
thral glands are minimal. Semen volume not only
expresses the secretory activity of these glands,
but also their responses to autonomous nerve
stimulation elicited by sexual arousal, which will
lead to smooth muscle contractions that empties
each gland. Prostate and seminal vesicles are tar-
get organs of androgens; therefore, severe andro-
gen deficiency is associated with lower semen
volume. In addition, when seminal fluid volume is
markedly reduced, the clinician should ask the
patient whether the collection was complete.
Both prostate and seminal vesicles contribute
to the semen pH with their secretions: prostate
produces an acidic fluid, while seminal vesicles
produce an alkaline fluid leading to the typical
neutral pH, around 7.2-7.4. Changes in pH may
indicate different pathological conditions, as
shown in Table 13.2, even though this parameter
is susceptible to analytical biases as well. The pH
typically increases with time after ejaculation, so
when a highly alkaline specimen is observed,
poor sample handling and delay in analysis
should be excluded prior interpretation [1].

13.4 Microscopic Evaluation
of Semen

Microscopic evaluation refers to the characteris-
tics of the cellular fraction of semen and includes
agglutination, aggregation, sperm concentration,
motility, vitality, morphology, and round cells.
The main microscopic semen alterations are
summarized in Table 13.2.
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13.4.1 Agglutination and Sperm
Antibodies

Aggregation and agglutination are two different
parameters. Aggregation is the adherence of both
motile and immotile spermatozoa to mucus
strands or non-sperm cells. Agglutination,
instead, is the tendency of motile spermatozoa to
form clumps and it can be categorized based on
the degree of agglutination and the sperm struc-
tures involved [1]. This feature could indicate the
presence of an immunological cause of infertility,
even though the presence of anti-sperm antibod-
ies (ASA) should be confirmed by further testing,
such as the commercially available mixed anti-
globulin reaction test (MAR test). It is important
to notice that ASA and agglutination not always
come together. Indeed, sperm agglutination can
be caused by other factors rather than autoimmu-
nity, as well as antibodies can be present without
sperm agglutination.

ASA have been found in several pathological
conditions which may lead to the interruption of
the blood-testis barrier, such as testicular tor-
sion, testicular carcinoma, and orchitis [8]. The
presence of ASA as an isolated abnormality is
seen in less than 5% of infertile males and
occurs mainly in association with normal sperm
counts [8]. In fact, testing for ASA can be
requested in case of unexplained couple infertil-
ity with normozoospermic male partner [9].
ASA can interfere with physiological reproduc-
tion at many levels, affecting sperm number and
motility, the ability to transit through cervical
mucus, acrosome reaction, and zona pellucida
binding [9, 10].

13.4.2 Sperm Number, Motility,
Vitality, and Morphology

Sperm number is a quantitative marker of sper-
matogenesis, whereas sperm motility, vitality,
and morphology are qualitative parameters.
Sperm concentration is defined as the number
of spermatozoa per unit volume of semen. As
stated above, semen volume mainly originates
from the accessory sex glands, hence sperm con-

centration is influenced by their activity and does
not represent a direct measure of testicular sperm
output. A much better reflection of the capacity
of the testis to produce sperm refers to total sperm
count (TSC). The fifth percentile reference value
for TSC is >39 millions of spermatozoa.

Three quantitative alterations can be distin-
guished as follows:

e Azoospermia: absence of spermatozoa in the
ejaculate  and in the pellet after
centrifugation.

e Cryptozoospermia: absence of spermatozoa in
the ejaculate but present in the pellet after
centrifugation.

* Oligozoospermia: sperm concentration or
TSC lower than the fifth percentile value
(Table 13.1).

Sperm motility is classified based on the direc-
tion and velocity of sperm movement into the fol-
lowing categories: (i) progressive motility (rapid
and slow); (ii) non-progressive sperm movement;
and (iii) immotile spermatozoa [1]. The reduction
in sperm motility, called asthenozoospermia
(total motility <42% and progressive motility
<30%) can be due to congenital or acquired fac-
tors. Especially extreme asthenozoospermia,
with or without associated teratozoospermia (see
below), is due to different genetic anomalies
[11]. Sperm motility defects can be present in the
context of a syndrome, known as Primary Ciliary
Dyskinesia (PCD). PCD is a rare recessive auto-
somic disorder characterized by defects of motile
cilia and flagella, leading to asthenozoospermia,
chronic respiratory tract infections, and situs
inversus [12]. DNAIl and DNAHS5 gene muta-
tions account for about 30% of PCD cases,
whereas the remaining 70% could be explained
by mutations in other 26 genes involved in vari-
ous ciliary ultrastructural defects [13].

In case the percentage of immotile sperm is
higher than 40%, vitality test is indicated in order
to distinguish vital and dead cells [1]. The
extreme reduction in sperm vitality is known as
necrozoospermia.

Sperm morphology assessment is aimed at the
evaluation of the shape of spermatozoon, which
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consists of a head and tail, connected through the
midpiece, a thicker part of the tail containing
mitochondria. The rest of the tail consists of a
principal piece (axoneme or ciliary structure sur-
rounded by outer dense fibers), a fibrous sheath
with longitudinal columns and an endpiece.

The evaluation of sperm morphology is the
most challenging part of semen analysis since its
standardization is more complex than the mea-
surement of the other parameters. Human ejacu-
lates contain spermatozoa with a wide range of
different morphological appearances. Sperm
morphology is assessed by the “strict” criteria
and any slight abnormality of the spermatozoa
will classify it to have abnormal morphology. In
fact, the large majority of spermatozoa does not
fulfil the WHO criteria for being considered as
“normal” even in the specimen of fertile men [1].
Consequently, the 50th percentile of reference
values would correspond to only 14% of typical
forms. In the large majority of patients affected
by teratozoospermia (normal forms <4%), head,
midpiece, tail, and cytoplasmic residue defects
are combined, and different spermatozoa may
present different types of abnormalities. These
mixed morphological defects are usually related
to defective spermatogenesis or epididymal
inflammation. The presence of excessive cyto-
plasm around the midpiece is associated with an
increased production of ROS and oxidative stress
[14]. The WHO guidelines included the calcula-
tion of indices of multiple sperm defects among
the extended examinations of morphological
abnormalities. However, due to the overlapping
values between fertile and infertile men, the
application of these indices in the clinical prac-
tice is still questionable [1].

The opposite of “polymorphic” teratozoosper-
mia are those rare conditions, where all abnormal
spermatozoa bear the same specific anomaly.
These monomorphic teratozoospermia cases are
related to genetic defects and among them, the
two typical monomorphic sperm head defects are
globozoospermia and macrozoospermia [15].
Both conditions are associated with functional
abnormalities leading to severe impairment of
fertilizing ability. For instance, macrozoospermia
or macrocephalia is characterized by the pres-

ence of spermatozoa with large head and multiple
flagella. It is a rare recessive disease due to muta-
tions in AURKC gene. Macrozoospermia is typi-
cally associated with a high rate of aneuploidy
and polyploidy caused by the nondisjunction of
chromosomes or defective cytokinesis during
meiosis [16]. It has been reported that sulfasala-
zine treatment may induce transient increase of
large headed spermatozoa in the ejaculate with an
improvement in sperm morphology and motility
after the cessation of the treatment [17].
Therefore, careful medical history taking is
essential to rule out iatrogenic teratozoospermia.

An example of extreme astheno/teratozoo-
spermia (AT) are the sperm tail abnormalities.
Multiple morphological abnormalities of the
sperm flagellum (MMAF) are a rare form of AT,
characterized by a mosaic of sperm cells with
absent, short, irregular, and coiled flagellum.
Routine semen analysis can easily evidence
MMATF through optic microscopy, but the trans-
mission electron microscopy and genetic testing
are necessary to define the exact ultrastructural
defects and their origin, respectively. Besides the
major candidate gene (DNAHI), other gene
defects have been identified and currently a total
of 18 genetic causes are known for being respon-
sible for 30-60% of MMAF cases [18]. There is
a growing evidence that mutation in some of
these genes (DNAHI7, CFAP65, and CEP135)
confers very poor prognosis even for
IntraCytoplasmic Sperm Injection (ICSI) preg-
nancies [18]. It is therefore possible that in the
near future, genetic testing in MMAF patients
may have also a predictive value for ICSI
outcome.

It is well known since many years that sperm
centriole alterations are associated with unsuc-
cessful ICSI. Human spermatozoa contain two
centrioles: the proximal one (PC), located near
the head base, and the distal one (DC), located at
the base of the axoneme. Sperm centrioles have
many different functions, which are essential not
only for flagellum movement but also for normal
morphology, cell division, and zygote develop-
ment [19]. In fact, sperm is the sole contributor of
centrioles to the zygote, and is essential for bipo-
lar spindle formation during the first division
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after fertilization. Therefore, sperm centriole
defects may cause failure of embryo develop-
ment. The spectrum of semen phenotypes associ-
ated with centriole defects ranges from azoo/
oligozoospermia to astheno/teratozoospermia.
For instance, abnormal positioning of centrioles
can lead to dysplasia of the fibrous sheath [19]. In
addition, centriole defects can also cause ace-
phalic spermatozoa syndrome (ASS). It can be
due to the dissociation between PC and DC caus-
ing the sperm neck to break, resulting in decapi-
tated sperm heads. To date, seven genes (SUNY,
BRDT, PFMBPI, TSGA10, DNAH6, HOOK]I,
and CEP112) have been found mutated in infer-
tile men with acephalic spermatozoa [20].

13.4.3 How to Interpret the Three
Principal Sperm Parameters

Sperm number, motility, and morphology should
not be considered individually but in combina-
tion. In fact, the main clinical question is, how
many progressively motile and normal spermato-
zoa are present in an ejaculate. For instance, in
semen presenting all three parameters corre-
sponding to the WHO lowest reference value,
there are 11.7 million of progressively motile and
1.56 million morphologically normal spermato-
zoa. However, a moderately oligozoospermic
man (for instance, 25 million spermatozoa)
showing 50% of progressive motility and 7% of
typical morphology would have a higher number
of total progressive (12.5 million spermatozoa)
and normal spermatozoa (1.75 million spermato-
zoa) in his ejaculate in respect to a man defined as
“normozoospermic” based on the fifth percentile
of each of the three parameters. Therefore, the
clinical consequence of isolated oligozoospermia
in this man remains questionable. Similar sce-
narios can occur when sperm number is very high
whereas motility and morphology is slightly
below the fifth percentile. On the other hand, it is
also clear that when the three parameters are
lower than the defined thresholds, i.e., oligoas-

thenoteratozoospermia (OAT), the odds of sub-
fertility sharply increase [3]. Some authors
propose to calculate the total motile sperm count
(TMSC) which correlates better with spontane-
ous pregnancy than individual parameters [21].

13.4.4 Round Cells

Apart from spermatozoa, epithelial and round
cells can be observed in the ejaculate. Epithelial
cells are derived from the genitourinary tract,
while round cells refer to either leukocytes or
immature germ cells [1].

Leukocytospermia (LCS) is defined as the
presence of more than 1 x 10° leukocytes (white
blood cells, WBC) per ml of semen. The relation-
ship between WBCs concentration and semen
quality is questioned in men asymptomatic for a
genital tract infection [22]. The presence of a
high number of WBCs and a reduced ejaculated
volume has been proposed as an indicator for
infections and inflammations of the genitourinary
tract [23]. However, the association of LCS with
fertility potential is controversial [22].

13.5 From Semen Analysis
to Diagnosis

Semen analysis, together with medical history
and physical exam, represents the first step of the
diagnostic work-up of infertile men. In some
instances, the result of semen analysis is sugges-
tive for specific forms of reproductive impair-
ments, which then will be confirmed by
subsequent laboratory and instrumental exams
(e.g., additional semen microbiological examina-
tions in case of suspected infections or
inflammations; transrectal ultrasound exam in
case of suspected distal obstruction; genetic
exams in case of monomorphic teratozoosper-
mia, etc.). In this paragraph, we are going to
briefly describe informative semen analysis’s
outcomes.
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13.5.1 General Considerations
on Azoospermia/
Cryptozoospermia

Azoospermia, affecting about 1% of the general
male population, is incompatible with natural
pregnancy. It is extremely important that the
laboratory performs the analysis of semen sedi-
ment after centrifugation, allowing to differenti-
ate between azoospermia and cryptozoospermia.
Although the likelihood of spontaneous fertil-
ization remains extremely unlikely even in case
of cryptozoospermia, the importance in distin-
guishing between these two conditions refers to
different in vitro fertilization options, i.e., in
azoospermia testicular sperm extraction (TESE)
must precede ICSI. As stated above, when
sperm parameters are abnormal, semen analysis
must be repeated. Therefore, the diagnosis of
azoospermia must be confirmed in at least two
semen analysis (possibly after the whole sper-
matogenic cycle) because it could be a tempo-
rary disorder, or it could alternate with
cryptozoospermia.

Azoospermia can be divided into obstructive
(OA) and non-obstructive (NOA) forms. In OA,
spermatogenesis is unaffected, and the absence
of spermatozoa in the ejaculate is due to bilat-
eral distal or proximal obstruction of the uro-
genital tract. NOA is a symptom that can be
associated with three different testis histology:
Sertoli cell-only syndrome (SCOS), maturation
arrest at different stages of germ cell maturation
(MA), or hypospermatogenesis. The differential
diagnosis is fundamental as the patient manage-
ment and treatment options are different [24].
The definition of the etiology is also relevant,
since NOA due to primary spermatogenic fail-
ure cannot be treated with medical therapy,
whereas if the cause is a hypothalamus-pituitary
dysfunction, the treatment with gonadotropin is
effective in about 90% of cases [25]. In the large
majority of OA cases and in primary testicular
failure, TESE is the most viable treatment
option.

13.5.1.1 Which Parameters May Help
Clinicians to Distinguish
Between NOA and OA?
In Table 13.3, we report five examples of seminal
analysis output that are suggestive for a specific
etiology. As stated above, when no spermatozoa is
present in the ejaculate, it is important to evaluate
the sediment after centrifugation, as their presence
is indicative of cryptozoospermia (scenario A).
When azoospermia is confirmed by examin-
ing the sediment, three parameters are useful to
distinguish between OA and NOA: semen vol-
ume, pH, and the presence of immature germ
cells. When semen volume is reduced, different
pH may indicate different etiology. For instance,
an acidic pH indicates the absence of the seminal
vesicles secretions, which together with the
absence of spermatozoa could strongly suggest
congenital bilateral absence of the vas deferens
(CBAVD) associated to the agenesis of seminal
vesicles (scenario B). Reduced semen volume
with normal pH, instead, can be seen in case of
severe hypoandrogenism (scenario C). When
semen volume and pH are normal, the analysis of
the pellet smears for the presence of spermatoge-
netic cells is useful [9]. If they are present, a mat-
uration arrest can be suspected (scenario D),
while if they are absent, a proximal obstruction
can be the cause (scenario E).

13.5.1.2 Which Sperm Parameters are

Informative in Quantitative

and Qualitative Impairment

of Spermatogenesis?
In Table 13.4, we report some examples of oligo/
astheo/teratozoospermia. The reduction in sperm
concentration, especially <5 x 10%ml, is rarely a
stand-alone condition, as it is typically associated
with other semen alterations. However, isolated
oligozoospermia can be found in case of patients
with congenital hypogonadotropic hypogonad-
ism treated with gonadotropins (scenario A). In
such cases, all semen parameters are normal
except for the sperm number which in the major-
ity of cases remains below the reference value.
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Table 13.3 Examples of routine semen analysis outputs in azoospermia

Semen A B C D E
parameters

Volume (ml) 2,5 1 1 2,5 2,5

pH 7,4 6 7,4 7,4 7,4
Viscosity N N N N N
Agglutination No No No No No
Total sperm count
(x109) 0 0 0 0 0
Progressive _ _ _ - -
motility (%)
Non-progressive
motility (%)
Immotile
spermatozoa (%)

Vitality (%) - - - - -
Normal forms (%) - - - - -
Leukocytes (x10%) 0 0 0 0 0

Few motile
Absence of Absence of Immature germ Absence of
spermatozoa are . . .
Notes resent in the spermatozoa in spermatozoa in cells are present spermatozoa in
p . the sediment the sediment in the sediment the sediment
sediment
Suspected etiology Crypto CBAVD SHA MA PO

Altered semen parameters are in red. N normal; CBAVD congenital absence of vas deference; MA maturation arrest; PO
proximal obstruction; SHA severe hypoandrogenism; Crypto cryptozoospermia

Regarding combined forms of semen altera-
tions, scenario B reports a man exhibiting oligo-
asthenoteratozoospermia (OAT) with other
anomalies: agglutination is present, increased
viscosity, and leukocytospermia. In this particu-
lar patient, the cause of OAT could be an inflam-
mation or infection of the urogenital tract.

Asthenozoospermia is the most frequent
sperm defect observed in infertile men, with vari-
able degrees of severity. In case of total sperm
immotility, it is mandatory to distinguish between
immotile live and dead sperm (necrozoosper-
mia). A large proportion of live but immotile
cells, as seen in scenario C, may indicate struc-
tural defects in the flagellum [26]. On the other
hand, when complete asthenozoospermia is due

to a high percentage of dead cells, as seen in sce-
nario D, it can be associated with an epididymal
pathology [27, 28], adult polycystic kidney dis-
ease or it can be observed often in patients with
spinal cord injury [28]. A second ejaculate within
a short-term period of approximately 60 min has
been shown to improve seminal quality as com-
pared with the first ejaculate in patients with epi-
didymal necrozoospermia [29].

Semen analysis outcomes reported in scenario
E exhibit alterations of motility and morphology
classified as asthenoteratozoospermia. It is
important that the laboratory describes whether
the atypical forms have different anomalies or if
they are the same. In fact, this is a case of poly-
morphic teratozoospermia in which defects of the
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Table 13.4 Examples of routine semen analysis output showing quantitative and/or qualitative defects
Semen
A B C D E F
parameters
Volume (ml) 2 15 2 2 2 2
pH 7,2 8 7,3 7,3 7,3 7,3
Viscosity N ++ N N N N
Agglutination No Yes No No No No
Total sperm
count 10 20 45 45 45 45
(x10°)
Progressive 40 5 / 0 5 45
motility (%)
Non-
progressive 30 15 2 2 5 35
motility (%)
Immotile
spermatozoa 10 80 97 98 90 20
(%)
Vitality (%) - 40 80 0 60 -
Normal
4 2 4 4 1 1
Jorms (%)
Leukocytes
(x10% 0 3 0 0 0 0
Immature
germ cells 0 0 0 0 0 0
(x10°)
mo;{wzg;];leica / Round-headed
MAR test: P g- spermatozoa
Notes - . - - anomalies .
negative . without
(tail and acrosome
head)
. Isolated Extreme . q
Definition of s OAT e Necrozoospermia AT Globozoospermia
the defect
inflammation L
or Epididymal
Examples of Hypo Hypo infection of Ultrastructural pathologies, Biallelic
potential after hormonal the defects of the polycystic MMAF deletion of
etiologies treatment . sperm tail kidney, spinal DPYI19L2
urogenital D
e cord injury

Semen alterations are in red. N normal; OAT oligoasthenoteratozoospermia; AT asthenoteratozoospermia; Hypo hypo-
gonadotropic hypogonadism; MMAF multiple morphological abnormalities of the flagellum
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tail and the head are present. This scenario is
compatible with MMAF (see above). Scenario F
reports a specific monomorphic teratozoosper-
mia, called globozoospermia. This condition is
characterized by the production of spermatozoa
with round head without acrosome, hence they
are missing PLCC, an acrosome phospholipase,
essential for the activation of the oocyte.
Globozoospermia is a rare autosomic recessive
disease and the most prevalent genetic defect
observed in men with 100% globozoospermia is
the complete deletion of DPYI9L2 [16]. In case
of complete globozoospermia, ICSI should be
followed by artificial oocyte activation [11].

13.6 Value and Limits
of the Semen Analysis

Routine semen analysis is a valuable diagnostic
test although it has its own limitations. In fact,
because infertility involves male and female fac-
tors, it will not be possible to predict fertility
using parameters from either partner alone,
unless there is azoospermia in the man or prema-
ture ovarian failure in the woman [30]. While
azoospermia undoubtedly causes infertility, the
presence of triple defects—reduced sperm num-
ber, motility, and morphology—also increases
the likelihood of a male factor responsible for
couple infertility [3]. On the other hand, in case
of normozoospermia, searching for female fac-
tors could have more relevance at the initial
stages of the diagnostic work-up. Despite many
discussions about the clinical importance of
semen parameters, semen analysis remains a fun-
damental step in clinical andrology. This is
because it may reveal a series of anomalies,
which can guide clinician to further explore the
etiology behind these defects. It is therefore
important that the report is fully reliable, which
implies that semen analysis is performed in spe-
cialized laboratories strictly following the WHO
guidelines and participating at external quality
control programs. Clinicians should also be
aware of the fact that semen parameters are sus-
ceptible of variations due to pre-analytical, ana-
lytical factors, together with intraindividual

biological variability. Therefore, when semen
alterations are observed, a second evaluation is
mandatory.

Although routine sperm analysis is able to
diagnose extreme conditions which are typically
associated with functional and genetic defects,
microscopic examination does not provide direct
information on the functional integrity of the
spermatozoa. For instance, it is unable to detect
DNA fragmentation, ultrastructural defects, the
inability of spermatozoa to undergo acrosome
reaction, to bind the zona pellucida or to fertilize
the egg. For this reason, the new WHO manual
also describes a series of test which are part of
the so-called extended examinations. Among
them, the evaluation of sperm DNA fragmenta-
tion is already introduced in many laboratories
all over the world; however, its clinical utility
remains still controversial [1, 9]. Another section
of the WHO manual deals with advanced func-
tional tests which are aimed at assessing the
competence of human spermatozoa to fulfil
those processes which are essential to concep-
tion. These specialized assays are available
mainly in research laboratories and are used to
assess the effect of environmental and pharma-
cological compounds on spermatogenesis.
However, since their association with the fertil-
izing potential of the male gamete is promising,
it is possible that these assays will be included
among the so-called extended examination pro-
cedures in the future.

In conclusion, although routine semen analy-
sis is considered a poor indicator of reproductive
outcomes, it remains a valuable diagnostic test in
couple infertility. It provides information on
whether infertility can be related to the male part-
ner and is able to identify alterations which can
guide clinicians towards tailored diagnostic
exams.
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14.1 Varicocele

Varicocele is an abnormal dilatation, elongation,
and tortuosity of the pampiniform plexus of
veins draining the testicles and is associated with
venous reflux. Varicocele is diagnosed on ultra-
sound by the demonstration of venous diameter
of >3 mm in the upright position, and during the
Valsalva maneuver, and venous reflux duration is
>2 s [1, 2]. The prevalence of varicocele is esti-
mated to be approximately 20% in the general
population, 40% among men with primary infer-
tility, and 80% among men with secondary infer-
tility [3]. A prevalence trial on 816 infertile men
report that 74.6% of them had primary infertility
while 25.4% secondary infertility. The overall
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prevalence of varicocele was 32.0% and varico-
cele accounted for 32.2% of patients with pri-
mary infertile, and 28.5% with secondary
infertile [4].

Since the early report by Tulloch [5], exten-
sive research has been done to explore the role of
varicocele in male infertility. However, the topic
of varicocele remains as one of the most contro-
versial issues among andrologists and reproduc-
tive scientists. Several mechanisms have been
postulated to explain the pathogenesis of infertil-
ity in men with varicocele, including scrotal
hyperthermia, testicular hypoxia, hormonal dis-
turbances, and the backflow of toxic metabolites
[6] (Fig. 14.1). Elevated scrotal temperature in
varicocele patients results from venous stasis and
retrograde flow, which compromises the testicu-
lar heat exchange system [7, 8]. Testicular
hypoxia in patients with varicocele is caused by
vasoconstriction of pre-capillary arterioles, a
compensatory mechanism to maintain the physi-
ological intra-testicular pressure [9].

Scrotal hyperthermia, testicular hypoperfu-
sion, and reflux of toxic metabolites enhance the
generation of reactive oxygen species (ROS) that
can overwhelm the antioxidant capacity of the
sperm resulting in the status of oxidative stress
(OS). The latter is thought to play a central role in
the pathogenesis of male infertility in general and
in varicocele in particular [10]. A meta-analysis
indicated significantly higher levels of seminal
ROS and lower antioxidant capacity in varicocele
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Fig. 14.1 Mechanism of action of varicocele on male infertility

patients compared to healthy controls [11]. High
seminal OS in infertile men with varicocele has
been associated with low conventional sperm
parameters [12, 13] and increased sperm DNA
fragmentation (SDF) [12, 14].

Additionally, a lower percentage of sperm
DNA methylation and an altered sperm DNA
integrity have been observed in varicocele
patients compared to fertile controls [15, 16].
Furthermore, the gene variants that cause prot-
amine deficiency have been reported at higher
frequencies in varicocele patients with abnormal
sperm parameters [17]. Recent studies showed
altered seminal plasma proteomic profiles of var-
icocele patients in association with increased
generation of ROS and pro-oxidant proteins, and
up-regulation of antioxidant systems [18-20].
Varicocele patients show alteration in the expres-
sion of 253 proteins that are involved in sperm
functions, including sperm motility, capacitation,
hyperactivation, acrosome reaction, and fertiliza-
tion [21]. Furthermore, the latter study indicated
higher protein alterations among patients with
bilateral varicoceles than those with unilateral
varicocele.

Experimental animal studies with induced
varicoceles indicated progressive decline of
semen quality [22], and impairment of the fertil-

izing capacity of the haploid male gamete [23].
In infertile men, varicoceles may be associated
with abnormal semen quality [24], or even com-
plete azoospermia [25]. The current treatment
options for infertile men with varicocele include
varicocele repair (VR), empirical therapies, and
assisted reproductive technology (ART).

In clinical practice, the decision to conduct
VR during the management of infertile men with
clinical varicocele is challenging in many aspects.
First, the selection of patients that will benefit
most from varicocele treatment and the timing of
treatment may be difficult [26, 27]. Second, the
outcome of VR may be a subject of great vari-
ability as it relies on several factors, including
patient’s age, varicocele grade, testicular volume,
pretreatment semen parameters, and reproductive
hormone levels [26-28]. Last but not least is the
method of VR, as the evidence is not satisfactory
enough to suggest the optimum method [1].

In addition, there is no consensus as to the
management of infertile men with subclinical
varicocele. However, a recent systematic review
and meta-analysis found no improvement in
pregnancy rate after surgical repair of subclini-
cal varicoceles [29]. Moreover, the current
guidelines by the European Association of
Urology (EAU) offers a “weak” suggestion to
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not treat varicocele in infertile men who have
normal semen analysis or with a sub-clinical
varicocele [1]. Once again, EAU guidelines [1]
and the American Urological Association
(AUA)/the American Society for Reproductive
Medicine (ASRM) guidelines [30] do not men-
tion specific measures for the management of
varicocele associated with isolated sperm defects
such as oligozoospermia, asthenozoospermia,
necrozoospermia, or teratozoospermia, and do
not determine which technique to choose for the
management of recurrent varicoceles.

VR can be either surgical (varicolectomy) or
through angiographic embolization. Surgical
repair of varicocele includes open non-
microsurgical techniques whether inguinal
(Ivanissevich) or high retroperitoneal ligation
(Palomo), open microsurgical techniques (ingui-
nal or sub-inguinal) or laparoscopic [31, 32]. In a
recent systematic review, the highest spontane-
ous pregnancy rate was found following subin-
guinal microsurgical VR (41%) as compared to
inguinal (26%), retroperitoneal (37%), laparo-
scopic transperitoneal (26%), and percutaneous
embolization (36%) [33]. However, a previous
meta-analysis indicated no specific technique to
be the most effective in improving the outcome
[34]. The EAU guidelines report the microsurgi-
cal technique as having the lowest risk of recur-
rence (evidence level 2a) compared to
non-microscopic approaches while highlighting
the need for microsurgical training and expertise
[1]. Using optical magnification helps avoid post-
operative complications such as testicular devas-
cularization or hydrocele with sparing of arteries
and lymphatics, and decreased potential of recur-
rence rates [35]. Additionally, the microsurgical
subinguinal VR has the advantage of a short post-
operative recovery because no major muscles are
dissected [36]. However, microsurgery necessi-
tates the presence of expensive equipment and
special surgical skills. Alternative methods for
identifying the spermatic artery during VR
include the use of intraoperative Doppler or
direct visualization of arterial pulsations with or
without the use of a vasodilator such as papaver-
ine [37]. Percutaneous embolization of varico-
celes may result in less post-procedural pain than

surgical repairs. However, this latter approach is
limited by technical difficulties and higher recur-
rence rates [38, 39].

The accumulating evidence suggests that VR
can improve conventional sperm parameters
(sperm concentration, motility, and morphology),
seminal OS, SDF [40-42], and serum testoster-
one concentrations [43]. Although the positive
impact of VR on semen quality is evident for all
surgical techniques [26, 44, 45], the microsurgi-
cal approach appears to provide superior results
[40]. Studies exploring the impact of VR on
spontaneous pregnancy outcomes yielded equiv-
ocal results [40, 44, 46-51]. However, a meta-
analysis revealed significantly higher clinical
pregnancy rates (OR = 1.59) and live birth rates
(OR = 2.17) among patients who underwent
intracytoplasmic sperm injection (ICSI) follow-
ing VR [52].

The impact of VR on seminal OS markers and
SDF has been extensively investigated over the
last two decades with conflicting results. Positive
outcome of VR included reduction of
8-hydroxydeoxyguanosine (8-OhdG), a known
marker for oxidative DNA damage, as well as an
increase in seminal thiols and ascorbic acid
(Vitamin C) 6 months after surgery [53].
Similarly, inguinal varicocelectomy with loop
magnification resulted in a significant reduction
of seminal ROS, and a rise in total antioxidant
capacity (TAC) and SDF [54].

Using microsurgical retroperitoneal high liga-
tion technique, a significant reduction in seminal
malonaldehyde (MDA), a lipid peroxidation
product, was observed at 3 and 6 months follow-
ing varicocelectomy [55]. Furthermore, sper-
matic vein ligation caused a significant increase
in seminal TAC levels at 3 and 6 months follow-
ing surgery, particularly in patients with grade II
and III varicoceles [56]. However, no significant
change was observed in TAC levels at 10 and
24 months post-varicocelectomy, despite a posi-
tive impact on TAC regulation and associated
improvement of sperm motility [57].

Varicocele repair has also been shown to
reduce SDF and enhance the chance of spontane-
ous pregnancy and ART outcomes [58]. A meta-
analysis concluded that VR is associated with a
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significant reduction of SDF with a mean
difference of —3.37% (95% CI —4.09 to —2.65,
p < 0.00001) [59]. Another recent meta-analysis
including 11 studies (a total of 394 patients) dem-
onstrated a significant reduction in SDF levels by
5.79% following VR [60].

A different meta-analysis, including 1070
infertile men with clinical varicocele indicated a
significant reduction of SDF rates following
VR. The effect was more evident among the
patients with elevated pre-operative SDF values
[61]. The ASRM 2015 guidelines recommend
VR and antioxidants as valuable methods in
reducing SDF [62]. The EAU guidelines also rec-
ommend VR in infertile men with high SDF and/
or unexplained infertility [63].

Given the paramount role of OS in the patho-
genesis of varicocele-mediated infertility, there
is significant interest in the use of antioxidants in
the management of varicocele as a sole therapy
or combined with VR [32, 64]. Additionally, the
fact that antioxidants are non-invasive and rela-
tively cheap may encourage their prescription by
practitioners for the treatment of varicocele prior
to surgical intervention or ART [32]. This has
been reflected in a recent global survey of clini-
cal practice patterns in which 39% of reproduc-
tive specialists stated that they recommend
antioxidant therapy for infertile men with varico-
cele [65].

A recent monocentric, randomized, double-
blind, placebo-controlled trial investigated the
effect of 6 months of supplementation with
L-carnitine, acetyl-L-carnitine, and other micro-
nutrients on sperm quality in infertile men with
oligo- and/or astheno- and/or teratozoospermia
with or without varicocele [66]. Sperm concen-
tration, total sperm count, progressive motility,
and total motility were significantly increased in
the patients that received supplementation, and
the positive outcome was more evident in those
diagnosed with varicocele. Interestingly, 10/12
spontaneous pregnancies were reported in the
supplementation group. Therapy with a combina-
tion of pentoxifylline, zinc, and folic acid
improved sperm morphology in infertile men
with varicocele [67]. Also, zinc supplementation
in infertile males with or without VR resulted in

a significant increase in sperm motility after two
months of therapy, particularly in patients with
low seminal zinc concentrations [68].

Microsurgical VR resulted in significantly
higher sperm concentration and pregnancy out-
comes compared to a combination therapy con-
sisting of clomiphene citrate, vitamin A, vitamin
E, selenium, L-carnitine, and pentoxifylline [69].
Administration of vitamin C for 6 months follow-
ing VR improved sperm morphology and motil-
ity, but not sperm count [70]. The intake of
N-acetylcysteine, post-varicocelectomy, signifi-
cantly improved SDF and pregnancy rates [71]. A
combination of folic acid and zinc sulfate follow-
ing VR improved sperm parameters and serum
inhibin-B levels, compared to surgery alone or
the intake of zinc sulfate or folic acid alone [72].

These results indicate that using antioxidants
combined with VR in infertile patients may pro-
vide additional benefits to the surgery alone [73].
However, administration of L-carnitine for six
months following inguinal varicocelectomy did
not benefit the sperm parameters or the SDF
compared to surgery alone or placebo [74]. The
role of antioxidants therapy in infertile men with
varicocele is not clear due to the lack of well-
designed studies and the absence of guidelines
[75-79]. Future studies are warranted to clarify
the role of antioxidants in the management of
varicocele-associated male infertility, and to
answer many queries related to the type, dose,
and duration of antioxidants, as well as the poten-
tial complications including reductive stress [75].

Finally, ART is an additional option offered to
infertile couples with varicocele under certain
circumstances such as failure of natural preg-
nancy following surgery or advanced female
partner’s age. ART outcomes in infertile men
with clinical varicocele may be enhanced by sur-
gical and/or antioxidant treatment [32].

14.2 Cryptorchidism

Cryptorchidism, undescended testis, is a com-
mon birth defect of the male genital tract that is
usually diagnosed before male puberty. It is
defined as the absence of one or both testes in
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normal scrotal position. During initial clinical
evaluation, it may refer to palpable or nonpalpa-
ble testes, which are either cryptorchid or absent.
Even if cryptorchidism is generally considered
congenital, some cases occur beyond the neona-
tal period (acquired cryptorchidism). Most com-
mon risk factors for congenital cryptorchidism
are prematurity, low weight at birth, small gesta-
tional age size, breech presentation, and mater-
nal diabetes, while for acquired one, the main
risk is retractile testis [80]. Genetic studies report
a hereditary risk, but the susceptibility is poly-
genic and multifactorial. Clustering of unde-
scended testis has been observed in some
families affecting different individuals in the
same generation with variable phenotype [81,
82]. The most studied genes for nonsyndromic
cryptorchidism are INSL3, RXFP2, HOXAI1O,
and HOXAI11 [83]. Environmental risk factors
include maternal excessive alcohol consump-
tion, smoking (the most debated), increased use
of anti-inflammatory/painkillers, and endocrine-
disrupting chemicals consumption (particularly
diethylstilbestrol) [84—87]. Testicular hormones
also regulate testicular descent, and a defective
production or action may contribute to the patho-
genesis of cryptorchidism. Persistent Mullerian
duct syndrome, Klinefelter syndrome (47,XXY),
central nervous system, and gastrointestinal dis-
orders are even associated with a higher inci-
dence of cryptorchidism [88-90]. It was also
postulated that cryptorchidism is a part of testicu-
lar dysgenesis syndrome along with hypospadias,
testis cancer, and reduced semen quality [91].
The development of gonads starts during the
fifth week of gestation, and cells arise from the
posterior abdominal wall of the embryo [92].
Cells’ differentiation and their organization pro-
ceed to create the histologic compartments within
the testicle, and at the same time, the scrotum
develops together with the connection to the
prostate, creating the sperm route [92]. The most
common alteration, occurring during the first tri-
mester and resulting in an extra-inguinal local-
ization of testis, is reported during the migration
of germ cells from the posterior abdominal wall
toward the inguinal canals and the scrotum [92].
Certain regulatory genes have been identified in

animal models to drive gonads descent: insulin-
like 3 (INSL3), laxin/insulin-like family peptide
receptor 2 (LGRFS), anti-Miillerian hormone
(AMH), and HOX gene family [93]. All these
genes can be involved in testis descent alteration,
and infertility due to impaired spermatogenesis
can be associated. Even androgens are required
to induce regression of the cranial suspensory
ligament and allow testis descent [93].

When an alteration in any of these processes is
reported, cryptorchidism can occur. Incidence is
4% of newborns, and in the first year of age 1.5%,
unilateral cryptorchidism is more common and is
almost twice bilateral [94]. Undescended testis is
related with male infertility, but there is an impor-
tant difference between who has unilateral
(treated during first years of life) and those with
bilateral and treated later. Studies underling this
difference, and paternity ranges from 96%
between unilateral treated cryptorchidism to 70%
in bilateral cryptorchidism. In these patients,
inhibin-B levels differed between unilateral and
bilateral undescended testis while testosterone
levels were almost similar [95]. These differ-
ences are significant to underline that fertility is
impaired more because of alteration in seminifer-
ous epithelium than Leydig cell steroidogenesis.
Even analysis performed with electron micros-
copy found higher ultrastructural defects in men
with bilateral cryptorchidism than in the control
group’s unilateral ones [96].

The diagnostic process is not often easy and
should start with the physical examination per-
formed in supine, upright cross-legged and stand-
ing position that are the best to determine the
localization of testis. Scrotal asymmetry is a
common clinical sign usually reported in unilat-
eral cryptorchidism [97]. More than 75% of
undescended testes are palpable and more than
60% are unilateral usually involving the right
side [98, 99]. Analyzing metanalysis and biggest
single center series, after surgery, 3—34% of testis
were localized in the abdomen, 12% near internal
ring, 16-63% canalicular, and all the others near
to the external ring [98, 100-102]. Undescended
testis can be palpable when are localized along
the line of normal descent between the abdomen
and scrotum or anterior to the rectus abdominus



190

G. M. Busetto et al.

muscle or, more rarely, in a perirenal, prepubic,
femoral, peripenile, perineal, or contralateral
scrotal position [101] (Figs. 14.2 and 14.3).
Nonpalpable testis are reported when localized in
abdominal or transinguinal position, in case com-
plete atrophy or vanishing testis, and when an
extra abdominal localization is reported [101].

Abdominal

Inguinal canal

High scrotal

Normal

TRUE

Hypospadias can be associated with cryptorchi-
dism in 12% to 24% of cases and even small
penis can be reported when cryptorchidism is due
to hypogonadotropic hypogonadism [101].

The dosage of hormones is important in cases
of suspected bilateral atrophy or vanishing testes
because elevated basal serum gonadotropin lev-
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Fig. 14.2 True and ectopic undescended testis localizations
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els (FSH and LH), undetectable AMH and inhibin
B levels, and no response to hCG stimulation are
common [103]. When doubts remain, surgical
abdominal exploration is suggested. Diagnostic
evaluation often is completed with inguino-
scrotal ultrasonography and magnetic resonance
imaging, particularly in cases of nonpalpable tes-
tis [104, 105]. The first has a sensitivity and spec-
ificity of 45% and 78% while the latter of 65%
and 100% [104, 106, 107]. There is no specific
imaging evaluation for vanishing and atrophic
testes that requires initial scrotal exploration
because often are near the scrotum, but this
approach is useless when a vanishing testis is
intraabdominal. Laparoscopy should be per-
formed to confirm or exclude the presence of a
viable or remnant abdominal testis, unless a
prominent scrotal nubbin is palpable [108, 109].
Usually, diagnostic laparoscopy and contempo-
rary orchidopexy is the preferable approach for
all nonpalpable testis [108, 109].

The management of cryptorchism is based on
surgical correction. The surgical approach for
palpable undescended testis is inguinal orchido-
pexy with eventual repair of concomitant hernia
[110]. Scrotal surgical approach is a viable alter-
native [111]. For nonpalpable undescended testis,
surgical approach can be open or laparoscopic, in
one or two stages and possibly with spermatic
vessel transection. In some cases, orchiectomy is
required (testis abdominal localization, impossi-
bility of mobilization, or high neoplastic risk)
[112]. The surgery is performed to optimize tes-
ticular function and cosmesis, prevent testicular
malignancy, maintain fertility, and avoid hernia
or torsion. After six months of postnatal observa-
tion, to allow spontaneous testicular descent,
orchidopexy is indicated. This approach is sug-
gested because after six months, spontaneous
descent is uncommon, and after the surgery, testis
growth is restored [113, 114]. After orchidopexy,
studies report that size of the undescended testis
is like those of normal contralateral testis [115].
However, final recommendations cannot be made
because some series report a difference in size of
testes, even if the treatment is performed before
puberty [116]. There are not conclusive reports
on contralateral fixation of a solitary testis in

cases of monarchism. Medical therapy with hor-
mones (hCG or LHRH), to stimulate testes
descent and germ cell maturation is no longer
suggested because of the lack of conclusive data.
The majority of studies report no difference or a
slight difference with placebo [117, 118].

Analyzing data regarding fertility in later life,
the perfect timing of orchidopexy remains still
inconclusive. In general, surgery is suggested
before puberty because there is the belief that
germ cells development remains quiescent till
puberty, causing no remarkable difference if
orchidopexy is performed at an earlier age [119].
Negri et al. reported that retrieval of sperm from
30 azoospermic men, affected by undescended
bilateral testis and treated with orchidopexy, was
not affected by the timing of surgery (overall suc-
cess rate was 73%) [120]. Another experience
with 42 azoospermic patients, once again, does
not underline the difference in sperm retrieval
success rate if orchidopexy is performed before
or after ten years of age (61.9% and 57.1%,
respectively) [121]. On the other side, there is a
trial with 38 azoospermic men where sperm
retrieval success rate was 94% for those who per-
formed orchidopexy up to 10 years of age, 43%
between 11 and 20 years, and 44 % for those older
than 20 years [122]. Finally, in EAU guidelines,
it is stated that “paternity in men with unilateral
cryptorchidism is almost equal to men without
cryptorchidism” (LE:1B). Last but not least, even
though it is considered experimental, some cen-
ters worldwide offer testicular tissue cryopreser-
vation to children with undescended testis to
restore fertility in adulthood [123, 124].

Inflammation and Seminal
Tract Infections

14.3

Male accessory gland infections (MAGI) indi-
cate infection and/or inflammation of accessory
glands such as the prostate, seminal vesicles, and
Cowper’s glands. Male genital tract infections
(MGTI) is commonly used to indicate the even-
tual involvement of the complete male genital
tract. During MGTI and MAGI, the presence of
an elevated number of leukocytes and/or
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pathogens in semen, together with inflammatory
signs, are common.

Male infertility is often linked with MGTIs
and is one of the most common cause of male
infertility, accounting for approximately 15% of
cases. An abnormal leukocyte count is reported
in the ejaculate and Chlamydia trachomatis,
Escherichia coli, and Neisseria gonorrhoeae are
the most common causes of infection [125, 126].

The impaired accessory glands function and
genital tract inflammation can affect semen qual-
ity, leading to deterioration of spermatogenesis,
sperm function alteration, and seminal tract
obstruction [127, 128]. Inflammatory response is
led by pro-inflammatory cytokines: tumor necro-
sis factor-o (TNF-ar), IL-1a, IL-6 or IL-8 [129,
130].

The most common reported infections are
prostatitis and epididymitis, both different
between acute and chronic presentation and can
lead to seminal tract obstruction. In severe cases,
involvement of the testis can cause orchitis with
high rates of infertility and sometimes can be a
cause of testicular atrophy and spermatogenic
impairment [131, 132]. Also, there is a broad
spectrum of urethritis caused by both sexually
transmitted and non-sexually transmitted patho-
gens [133, 134].

Usually, pathogens reported for seminal tract
infections are bacteria including Chlamydia tra-
chomatis, Urea plasma urealyticum, Neisseria
gonorrhoeae, Mycoplasma  hominis, and
Mycoplasma genitalium [125]. Between Gram
negatives, Escherichia coli is the most common
and is responsible for most prostatitis and
epididymo-orchitis [125]. All pathogens, and
especially Chlamydia, can affect semen parame-
ters and sperm function [135-137]. Even if
MGTI/MAGI are common, often present asymp-
tomatically (50% of cases) [125], and these silent
infections may remain undetected and untreated
leading to female partner transmission, severe
complications and/or infertility [136—138].

Bacterial prostatitis are classified in accor-
dance with the National Institute of Diabetes,
Digestive and Kidney Diseases (NIDDK) of the
National Institutes of Health (NIH) and should be
distinguished by chronic pelvic pain syndrome

(CPPS). The classification include type [—Acute
bacterial prostatitis (ABP), type II—Chronic bac-
terial prostatitis (CBP), type III - Chronic non-
bacterial prostatitis (CPPS) divided in IITA and
B (Inflammatory CPPS and Non-inflammatory
CPPS), and type IV—Asymptomatic inflamma-
tory prostatitis (histological prostatitis) [139,
140]. Acute bacterial prostatitis is characterized
by voiding symptoms and perineal pain that can
be associated with malaise and fever. Chronic
bacterial prostatitis is defined by symptoms that
persist for at least three months. Analyzing pros-
tatitis syndrome, a retrospective trial on more than
1400 patients found that an infectious etiology
was found in 74.2% of cases (C. trachomatis
37.2%, T. vaginalis 10.5%, E. coli 6.6%, and U.
urealyticum 5%) [141]. Diagnostic evaluation is
based on culture of mid-stream urine and the
Meares and Stamey test to determine the bacte-
rial strain and choose antibiotic therapies [142,
143]. Further test can include transrectal ultra-
sound and PSA dosage, and in rare cases prostate
biopsy. Therapeutic management is mainly
dependent on bacterial strain, inflammation sta-
tus and symptoms. Fluoroquinolones are the
most used antibiotics with second and third gen-
erations (ciprofloxacin, levofloxacin, and pruli-
floxacin) reported to be similarly effective in
microbiological eradication [144]. Different
antibiotics such doxycycline, azithromycin, and
metronidazole have been reported to be effec-
tive [144]. Further than antibiotics, phytother-
apy or PDES5i can be used in association and
may improve symptom relief and quality of life,
particularly in patients with chronic prostatitis
[145, 146].

Epididymitis, as the second most common
MAG]I, is characterized by pain, swelling, and
increased temperature of the epididymis, which
may involve the testis and scrotal skin. The
mechanism underlying epididymitis is retro-
grade reflux of infectious agents. The most com-
mon  pathogens are C.  trachomatis,
Enterobacteriaceae (E. coli), and N. gonorrhoeae
[147]. Other less commonly seen agents are
mumps virus, tuberculosis, or Brucella and
Candida spp. Culture of a mid-stream urine is
the most used test for diagnosis, while sexually
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15.1 Introduction
Azoospermia is defined as the absence of sperm
in the ejaculate. This diagnosis is confirmed by
centrifugation of a semen specimen for 15 min
and at least two semen samples obtained more
than two weeks apart should be examined [1].
Azoospermia should be distinguished from
cryptozoospermia, when rare nemasperms
(<500,000) are present after centrifugation of
the seminal fluid, and aspermia, defined as the
complete absence of seminal fluid emission dur-
ing orgasm.
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15.2 Classification

Although many causes of azoospermia have
been described, all etiologies can be catego-
rized in pre-testicular, testicular, and post-tes-
ticular conditions:

e Pre-testicular causes include hypothalamic-
pituitary-gonadal axis abnormalities.

e Testicular causes include intrinsic disorders
of spermatogenesis inside the testes.

* Post-testicular etiologies include obstruction
at any location of the male seminal tract and
ejaculatory disfunctions.

In most cases, the assessment of both clinical
and laboratory findings, including semen vol-
ume, testicular volume, palpable vas deferens
and serum FSH, LH, and inhibin B levels, will
facilitate the differentiation between the three
categories.
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— Pre-testicular

Endocrine disorders

r Testicular

Intrinsic disorders

Azoospermia

— Post-testicular

Ejaculatory disfunction

Obstruction of the

However, azoospermia is more commonly
classified into two large groups:

e Nonobstructive azoospermia (NOA) or
secretory azoospermia due to a sperm pro-
duction impairment (pre-testicular and testic-
ular etiologies).

¢ Obstructive azoospermia (OA) due to an
obstruction of the passage of sperm along the
seminal tract, leading to a complete absence of
sperm in the ejaculate (post-testicular etiologies).

15.3 Epidemiology

The prevalence of azoospermia is approximately
1% among the general male population and ranges
between 10% and 15% among infertile men [2].
The prevalence of OA and NOA is variable and
depends on geographic areas and authors.
However, NOA represents the main cause of azo-
ospermia (60-75%). When considering fertility
prognosis, OA showed more favorable outcomes.

15.4 Etiology

15.4.1 Pre-Testicular Etiology
15.4.1.1 Hypogonadotropic
Hypogonadism (HH)

It is a very rare cause of NOA (<1%). The condi-
tion is characterized by decreased secretion of

seminal pathway

gonadotropins due to dysfunction of the hypo-
thalamus or the pituitary gland.

HH recognizes both congenital and acquired
causes. Congenital HH can be idiopathic (1/3 of
the cases) or due to genetic syndromes (Kallmann
syndrome, Prader-Willi syndrome). Acquired
HH may be caused by pituitary lesions (tumor,
granuloma, abscess) or injuries (irradiation,
trauma, surgery), illicit drugs intake (anabolic
steroids, opiates), alcohol abuse, hyperprolac-
tinemia, and iron overload.

This condition is treatable with medical ther-
apy that consists of gonadotropins (hCG, FSH),
androgens, or GnRH administration. Therapeutic
management depends on patient’s desire for
future fertility. Androgen replacement alone (tes-
tosterone) is indicated for men who already have
children or have no desire for children.
Conversely, in men willing to reach fatherhood,
treatment with human chorionic gonadotropin
(hCG) alone or in combination with follicle-
stimulating hormone (FSH) is mandatory to stim-
ulate spermatogenesis.

15.4.2 Testicular Etiology

In almost all cases of NOA, the defect is at
gonadal level. Intrinsic disorders of spermato-
genesis are derived from genetic mutations,
gonadotoxic effects from drugs, undescended
testes, varicocele-induced testicular damage, tes-
ticular torsion, orchitis, and idiopathic causes.
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Despite definition of the exact etiology being
desirable, subsequent conventional medical or
surgical treatments are ineffective and sperm
retrieval represents the only option.

15.4.2.1 Genetic Mutations

Chromosome alterations represent the most fre-
quent genetic cause of azoospermia (15%) [3].
Several conditions have been identified:

Klinefelter syndrome is the most common
numerical chromosome anomaly observed in
infertile men occurring in 1:500 males [4]. It is
characterized by X chromosome polysomy (47,
XXY), even if a mosaicism has been also
described (10% of cases). Affected men show
small and hard testicles, azoospermia, and high
levels of gonadotropins with low testosterone
levels; the classical phenotype is characterized by
tall eunuchoid body proportions.

47. XYY syndrome is caused by paternal non-
disjunction during meiosis and occurs in 1:1000
men [5]. Patients present tall stature, azoosper-
mia with normal serum testosterone level.

Y-chromosome _microdeletion is caused by
mutations of the gene localized in the AZF region
(Yq). Three different forms have been identified
due to mutation in AZFa, AZFb, and AZFc locus
[6]; complete deletion of the AZFa and AZFb loci is
always associated with the absence of spermatogen-
esis, with subsequent worse fertility prognosis [7].

15.4.2.2 Gonadotoxins

Medications (chemotherapy agents, irradiation,
androgens, or antiandrogens) or environmental tox-
ins (pesticides, solvents) can directly damage germ
cells in the testis or cause disfunction of the Sertoli-
cells [8]: in any case spermatogenesis is compro-
mised. Many patients recover a normal sperm
production months or years afterwards; however, in
some cases, azoospermia is permanent.

15.4.2.3 Undescended Testis

Also defined cryptorchidism, it is a condition
characterized by undescended testes/testis into
the scrotum during embryonic development.
Usually, the testicle remains in the inguinal canal
(70%) or in the pre-scrotal region (20%); in these
cases, germ cells count is compromised in

20-40% of patients. Conversely, if intra-
abdominal retention occurs (8%), spermatoge-
netic dysfunction is recorded in 90% of cases.
The probability of infertility is correlated with
bilaterality and degree of retention.

15.4.2.4 Varicocele
The role of varicocele in determining azoosper-
mia is still debated. In most cases, the two condi-
tions are concomitant and not directly correlated.
However, some authors have reported a beneficial
effect of varicocele treatment in azoospermic
patients, with the appearance of sperm in the ejac-
ulate after correction. In particular, this improve-
ment seems to be more likely when a histological
diagnosis of hypospermatogenesis is present [9].
Current practice in azoospermic patients with
clinically significant varicocele and no other
clear causes of azoospermia is to schedule a bilat-
eral TESE for sperm search, freezing, and histo-
logical evaluation, with simultaneous or delayed
varicocele correction in selected cases [10].

15.4.2.,5 Idiopathic Cause

Unfortunately, in almost 50% of NOA, it is not
possible to determine the etiology of azoosper-
mia. It is likely that in many of these conditions,
an unknown genetical or congenital defect or a
previous exposition to toxins is present.

15.4.3 Post-testicular Etiology

Obstruction of sperm transit and ejaculatory dys-
function represent post-testicular causes of
azoospermia.

Obstruction of the Seminal
Pathway
Obstructive conditions may affect:

15.4.3.1

¢ Proximal seminal ducts.
— Efferent ductules (testis).
— Epididymis.
— Vas deferens.
¢ Distal seminal ducts.
— Deferential ampullas.
— FEjaculatory ducts.
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Testicular Obstruction

Total absence of spermatozoa in the epididymis
with preserved spermatogenesis is an extremely
rare condition in the isolated form, and it is usu-
ally due to congenital malformation. Most com-
monly, itis associated with epididymal obstruction
because of inflammation or infection.

Epididymal Obstruction

This condition is frequently diagnosed in patients
with azoospermia (30-67%). Congenital obstruc-
tion could be secondary to bilateral agenesis of
vas deferens (frequently associated with cystic
fibrosis gene mutation) or Young’s syndrome.
Acquired forms are mostly due to sexually trans-
mitted infections (N. gonorrhoeae, Chlamydia)
or iatrogenic (blow-out of the epididymal tubules
in vasectomized patients, fibrosis after epididy-
mal aspiration, hydrocele repair, or orchiopexy).

Vas Deferens Absence
Congenital bilateral absence of the vas deferens
(CBAVD) is found in 1% of infertile men and in
up to 6% of those with obstructive azoospermia
[11]. There are two possible mechanisms respon-
sible for this condition:

*  Mutation of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene. More than
800 different mutations have been described,
but deletion in exon 10 (delta F508) is the most
common mutation found in Caucasian popula-
tion [12]. CFTR gene mutations have been
detected in 80% of patients with congenital
bilateral absence of the vas deferens and in
43% of men with unilateral absence [13].

e Abnormalities in the differentiation of the
mesonephric duct [14]. Any insult to the
Wolffian duct before week seven of gestation
may impair urinary and reproductive tract for-
mation including partial epididymal aplasia,
seminal vesicle aplasia, or hypospadias, which
may lead to a low ejaculate volume. Secondary
findings include ipsilateral renal agenesis and
imaging confirmation is imperative in patients
with unilateral or bilateral absence of the vas
deferens, without CFTR gene mutations.

The clinical features of CBAVD include nor-
mal testicular volume with normal spermatogen-
esis and normal levels of FSH. The caput
epididymis is always present, but corpus and
cauda are found only occasionally. Seminal vesi-
cles are often absent or atrophic, but may also be
enlarged or cystic. Spermatozoa can be easily
retrieved from the testis or the caput epididymis.

Vas Deferens Obstruction

Vasal obstruction etiologies include vasectomy,
inguinal or scrotal surgery such as hernioplasty
or hydrocelectomy, infection, or trauma.
Inadvertent injury of vas deferens during surgical
hernia repair is a common cause of the obstruc-
tion. Entrapment for fibrosis induced by contact
with the mesh can be also possible. However, the
most common cause of obstruction is vasectomy
performed for selective sterilization [15]. The
diagnosis is suspected when examination reveals
normal testicular volume and epididymis full and
firm.

Ejaculatory Duct Obstruction

Ejaculatory duct obstruction (EDO) is an uncom-
mon cause of male infertility (1-5%) [16] and
represents almost 10% of the obstructive forms
of OA. It is characterized by the obstruction of
one or both ejaculatory ducts and may be con-
genital or acquired [17].

Congenital causes of EDO include congenital
atresia or stenosis of ED and prostatic cysts
(utricular, Mullerian duct, and wolffian duct
cysts). Acquired causes include iatrogenic trauma
secondary to prolonged catheterization, pelvic or
bladder outlet surgeries or pelvic trauma, infec-
tious etiologies, stones, and prostatic abscesses
which all may lead to calculi, inflammation, and
scarring [17].

Bilateral complete EDO is characterized by
low volume (<1.5 mL), low pH, and azoospermia
without fructose in the ejaculate in the setting of
normal hormonal values. In cases of partial
obstruction, the patient may have oligoastheno-
spermia (OAT) with low-normal volume and low-
normal pH. In addition to infertility, other
symptoms may include pelvic or scrotal pain exac-
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erbated by ejaculation and rarely hematospermia.
Seminal vesicles study usually show dilation.

In absence of anatomic obstruction, there may
be dysfunctional voiding of the ejaculatory appa-
ratus without a physical obstruction [18].

Ejaculatory Dysfunctions

Although these represent a relatively unusual
cause of male infertility, disorders of ejaculation
include a variety of conditions with individualized
treatment. Ejaculatory dysfunction should be sus-
pected in any patient with low volume or absent
ejaculate. Retrograde ejaculation can be defined as
the abnormal backward flow of semen into the
bladder with ejaculation; the etiology may be iat-
rogenic postsurgical, anatomic, neurogenic, phar-
macologic, or idiopathic. The diagnosis is made by
finding sperm in the post-ejaculate urinalysis.

15.5 Diagnosis

Accurate andrological evaluation is crucial to
understanding the etiology of azoospermia.
15.5.1 Medical History

The first step for azoospermia assessment

includes a detailed personal history: childhood
illness (cryptorchidism, orchitis, testicular tor-

sion), previous testicular trauma or surgery, his-
tory of irradiation, or medications.

15.5.2 Physical Examination

General examination can reveal typical pheno-
types (Klinefelter syndrome, Kallmann syn-
drome) and allows sexual development
evaluation. Testicular consistency and volume
and presence of epididymis, vas deferens, and
varicocele should be assessed.

15.5.3 Lab Tests

An endocrine evaluation based on serum testos-
terone and FSH levels helps to diagnose the
majority of clinically significant endocrinopa-
thies. If the testosterone level is low, complete
evaluation including free and total testosterone,
luteinizing hormone (LH), prolactin (PRL),
inhibin B, and estradiol levels should be
performed.

Semen analysis can reveal the nature of azo-
ospermia via the evaluation of volume, pH, and
fructose. The ejaculate volume is an essential tool
in the evaluation of an azoospermic patient, dif-
ferentiating distal seminal tract obstructions from
proximal ones, considering that seminal fluid is
mainly due to seminal vesicle production.

(PROXIMAL)
OBSTRUCTION
NORMAL
EJACULATE
VOLUME
ABNOMALITIES IN
SPERMATOGENESIS
AZOOSPERMIA
EjDO
LOW
EJACULATE
VOLUME
EJACULATORY
DISFUNCTION
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15.5.4 Genetic Screening

Karyotype, chromosome Y microdeletions, and
CFTR gene mutations evaluations are advised
for patients with azoospermia. Particularly,
karyotype and chromosome Y microdeletion
assessment must be done when NOA is sus-
pected and in any case before assisted reproduc-
tive technique. Conversely, CFTR gene mutation
screening is suggested in patients with obstruc-
tion. When assisted reproduction techniques
(ART) are scheduled, screening should be
extended to the partner, to define the risk of
development of cystic fibrosis in the newborn.

15.5.5 Radiological Assessment

Testicular ultrasound adds information regarding
structure of testicular tissue, testicular volume,
epididymal aspect, and presence of varicocele or
unpalpable tumor.

Transrectal ultrasound (TRUS) could be use-
ful when ejaculate volume <1.5 mL and EjDO is
suspected: obstruction should be suspected when
seminal vesicle (SV) width is >1.5 cm and ejacu-
latory duct diameter is >2.3 mm or when cyst or
duct calcification is observed [19]. However,
TRUS did not show high specificity for EjDO

diagnosis: only 50% of men need surgery based
on TRUS findings.

Magnetic resonance imaging (MRI) is showed
to be beneficial for soft-tissue and cystic lesions;
however, it is expensive, time consuming, and
accuracy is not greater than TRUS [20].

15.5.6 Invasive Diagnostic Tools

Seminovesciculography, vasography, testicular
fine needle aspiration, open testicular biopsy, and
transurethral cyst aspiration can be used to con-
firm the diagnosis. Today, they are hardly used
for pure diagnostic purposes.

15.6 Surgical Treatment

Clinical management depends on etiology of
azoospermia. Two main different options are
available to procreate:

e Surgical correction, with the goal to restore
natural fertility and allow the couple to con-
ceive naturally. It is a valid, and often pre-
ferred, option in selected cases of OA.

e Sperm retrieval for assisted reproductive tech-
niques (ART) purposes. It is the only option in
case of NOA and in many cases of OA.
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15.6.1 Recanalization of the Proximal
Seminal Pathways

15.6.1.1 Vasoepididymostomy

This approach should be considered as first
option when epididymal or vasal obstruction is
present. The distal cauda epididymis represents
the best site to perform the anastomosis due to
presence of more robust tubules at this level and
a long tract of epididymal tubule left for sperm
maturation and motility acquirement. However,
multifocal epididymal obstructions require that
the anastomosis is performed proximally to all
sites of obstruction. Proof of proximal patency is
given by finding whole sperm in the open epi-
didymal tubule. A standard microscope for sperm
identification in the aspirated fluid is therefore
necessary in the operating theatre.

Surgical technique consists in 3—4 cm vertical
incision in the anterior aspect of the scrotum,
preferably in the median raphe to expose the tes-
tis. The vas deferens is identified and transected
close to the epididymal cauda. Several techniques
have been described for microsurgical vasoepi-
didymostomy, including end-to-side tubulovasos-
tomy, triangulation, and tubular intussusception
techniques [21]. However, the end-to-side anasto-
mosis, firstly described by Thomas, is currently
the most commonly used technique. It consists of
a 1-2 mm incision of the epididymal tubule fol-
lowed by a two-layer microsurgical anastomosis:
a mucosal edge of 4-5 interrupted 10-0 nylon
sutures and an additional 10-12 interrupted 9-0
nylon sutures for the outer muscular layer
(Fig. 15.1).

Despite the operating microscope represent-
ing the gold standard to perform the procedure,
robot-assisted surgery has been proposed, but its
use is not widespread at present [22].

15.6.1.2 Vasovasostomy

It consists of an end-to-end anastomosis of the
vasal stumps, after resection of the obstructed seg-
ment. Scrotal, inguinal, or infrapubic incision can
be performed [23]. Adequate mobilization of the
vas, without compromising vascularization,
should be performed to ensure a tension-free anas-
tomosis. However, in case of multifocal obstruc-
tion along the vas, recanalization is not indicated.

Fig. 15.1 End to side vasoepididymostomy

Fig. 15.2 Microsurgical two-layer vasovasostomy

Most surgeons perform vasovasostomy using
two-layer microsurgical anastomosis, described by
Silber. Like the vasoepididymostomy technique,
the procedure consists of 5-6 interrupted 10-0
nylon sutures in the inner mucosal edges of the vas
deferens, followed by 10—12 additional interrupted
9-0 nylon sutures in the outer muscular layer
(Fig. 15.2) [24]. A modified one-layer anastomosis
using interrupted 9-0 nylon suture through the
mucosal and muscular layers of the vas has also
been described [25]. Again, a robotic vasovasos-
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tomy has also been proposed with apparently good
results and very high costs (Video 15.6).

The quality of the semen retrieved in the tes-
ticular stump represents the most important pre-
dictor of outcome and should be considered to
assess the best surgical approach. Testicular vasal
fluid has been graded according to the quality of
the seminal fluid, as follow:

* Grade 1: Prevalence of normal motile sperm.
e Grade 2: Prevalence of normal nonmotile sperm.
e Grade 3: Prevalence of sperm heads.

e Grade 4: Only sperm heads.

* Grade 5: Absence of sperm.

Vasovasostomy should be performed for
grades 1-4 [26]. For grade 5 vasal fluid, vasova-
sostomy should be performed if the fluid is
watery and copious. If the fluid is thick and
creamy, successful rate of vasovasostomy is low
and vasoepididymostomy should be considered,
particularly when magnification reveals discol-
ored or indurated area in the epididymis (tubule
rupture due to back pressure) or demarcation
between collapsed and dilated tubules.

Other variables to consider are obstructive
interval, length of the testicular vasal stump,
presence of sperm granuloma, prior vasectomy
reversal, and surgeon skills [21].

Robot-assisted approach for scrotal or intra-
abdominal vasovasostomy as an alternative to
microsurgery has been applied to obviate the
need for an operating microscope [27].

15.6.2 Recanalization of the Distal
Seminal Pathways

Preoperative assessment is crucial to determine
appropriate surgical approach. When prostatic
cyst is diagnosed, the communication with the
ejaculatory ducts should be evaluated.

15.6.2.1 Trans Rectal Ultrasound-
Guided Cyst Aspiration
(TRUCA)

It is the treatment of choice when a noncommuni-
cating prostatic cyst determines an ab-extrinsic
compression and obstruction of the ejaculatory

ducts. Both transrectal and transperineal access
have been described. The procedure is performed
using a sterile disposable needle guidance device
mounted over the ultrasound probe puncture; a fine
needle (20-22-gauge, 200 mm-long) is inserted
into the cyst under real-time ultrasound guidance
(Fig. 15.3). Cyst fluid is aspirated and analyzed to
evaluate the presence of sperm (400x magnifica-
tion). Contrast agent is injected to determine the
relation with ejaculatory ducts. If the diagnosis of
noncommunicating cyst is confirmed (Fig. 15.4) by
absence of sperm and radiologic imaging, cyst
sclerotization using ethanol 90% is performed.

Fig. 15.3 TRUCA: Ultrasonographic guidance of needle
into the cyst

Fig. 15.4 TRUCA: Noncommunicating prostatic cyst
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Fig. 15.5 TRUCA: Prostatic communicating cyst.
Injection of contrast through transperineal fine needle
shows median prostatic cyst communicating with both
seminal vesicles and vas deferens (arrows)

15.6.2.2 Transurethral Resection
of Ejaculatory Duct (TURED)

In 1973, Farley and Barnes first described stenosis
of the ejaculatory duct (ED) and management
with transurethral resection [27]. The rationale is
to restore the continuity of the seminal ducts,
through the resection of the intraprostatic tract of
the ejaculatory ducts or the incision of an obstruct-
ing prostatic cyst. Surgical technique depends on
obstruction etiology. When communicating cyst
is diagnosed (Fig. 15.5), its anterior wall is incised
using a Collings loop, allowing voiding of the cyst
into the prostatic urethra (Video 15.4). Conversely,
a “true” resection in performed in case of intrinsic
obstruction/stenosis of the ejaculatory ducts,
using a U loop. Prior injection of methylene blue
into the seminal vesicles can help in identifying
the ejaculatory ducts during resection.
Simultaneous transrectal ultrasound control could
be useful to perform the procedure in a safe man-
ner (Video 15.5). In presence of extraprostatic ste-
nosis or extended atresia of ejaculatory ducts,
recanalization is not possible and indicated [28].

15.6.3 Sperm Retrieval Techniques

Sperm retrieval techniques for intracytoplasmic
sperm injection (ICSI) represent the only thera-

peutic option in patients with nonobstructive azo-
ospermia (NOA), in those with untreatable
obstructive azoospermia (OA), and in cases
where female factors are present and require the
use of ART. In case of OA, any sperm retrieval
technique might be used, either percutaneous or
open surgical (MESA; TESA; TESE; PESA),
with high probability of obtaining the material
needed for ICSI; on the contrary, in case of NOA,
it is necessary to use open surgical techniques,
TESE or Micro-TESE, with lower chances of
success [29].

Obstructive Azoospermia

MESA MICROsurgical Epididymal Sperm
Aspiration

TESA/ TEsticular sperm aspiration/fine

TEFNA needle

TESE TEsticular sperm extraction

PESA Percutaneous epididymal sperm

aspiration

Nonobstructive azoospermia
TESE TEsticular sperm extraction

Micro-TESE | MICROsurgical testicular sperm
extraction

It should be noted that clinical situations might
be complex and are best handled by an expert in
the field, particularly on surgery of the male repro-
ductive tract, no matter whether specialist in
Andrology or Gynaecology. Techniques available
today include:

15.6.3.1 MESA

MESA has been considered in the past the gold
standard for spermatozoa collection in any cases
of OA, as it allowed to obtain more than 1 mil-
lion/mL sperm counts [30]. The original tech-
nique is rarely adopted today due to longer
surgical times and higher costs. We developed a
simplification of the original technique, named
Mini-MESA, which combines the advantages of
percutaneous and microsurgical surgery (x). It is
performed through a window scrotal incision,
allowing exposure of the epididymis head; at this
level, the puncture is performed with an insulin
needle under direct vision. This procedure allows
to recover larger number of gametes, providing
plenty of material for cryopreservation. Many
studies have compared ICSI results using freshly
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retrieved or frozen-thawed sperm and the major-
ity of these have concluded that there is no differ-
ence in terms of fertilization, implantation, and
pregnancy rates [31].

15.6.3.2 TESA/TEFNA

This is the simplest percutaneous technique indi-
cated in case of OA. It permits collection of sper-
matozoa for immediate ICSI and sometimes for
one or more subsequent cycles.

This procedure consists in puncturing the tes-
ticle with a butterfly 21 G needle, followed by
aspiration of the testicular fluid, which is then
analyzed by biologist for retrieving spermatozoa.
By maintaining aspiration during the extraction,
it is often possible to remove a seminiferous
tubule (Fig. 15.6), which is fragmented in a Petri
plate for sperm extraction (Video 15.2).

15.6.3.3 PESA

This procedure is similar to TESA, differing only
for sampling site, which in this case is repre-
sented by the head of the epididymis (Fig. 15.7).
The number of gametes that can be obtained is
generally higher than TEFNA technique and it is
almost always possible to freeze the sample for
subsequent cycles. PESA is particularly indicated
in case of vas deferens agenesis and in all the
other situations where a surgical restoration of
the seminal tract is not possible.

Fig. 15.6 Seminiferous tubule obtained by aspiration
during TESA

Fig. 15.7 Butterfly 21G needle inserted in the head of
epididymis during PESA

Fig. 15.8 Multiple conventional TESE

15.6.3.4 TESE

This technique is the gold standard in case of
NOA. In this case, a surgical biopsy is performed,
single or multiple (Fig. 15.8), monolateral or bilat-
eral, with window technique (Fig. 15.9) or with
delivery of the testicle. This procedure is more
invasive, but allows a good amount of material to
be obtained. It is therefore indicated when there is
the possibility of cryopreservation, after failure of
percutaneous techniques or when differential diag-
nosis between OA and NOA is not yet discovered.
If no spermatozoa are found at first biopsy, multi-
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Fig. 15.9 TESE: Window technique

ple biopsies are taken at different testicular sites
[32]. Sperm recovery rate in NOA is around
50-60% [33], in contrast to OA cases where gam-
etes can be recovered in all patients [34]. The
appropriate number of biopsies to be performed is
variable, but studies have shown that if gametes are
present, they are often found within the first 4 biop-
sies [35]. Approximately half of the cases with
positive results occur on the first sample [36]
(Video 15.3).

15.6.3.5 MICRO-TESE

This approach, also known as Microdissection
TESE, proposed by Schlegel in 1999, presents, as
important innovation, the use of an operating
microscope for gamete retrieval, resulting in higher
success rate and fewer complications compared to
TESE with multiple biopsies [37]. It consists in a
single equatorial incision of the tunica albuginea
and opening of the testicle; then, single seminifer-
ous tubules are sampled from different areas of the
testicular parenchyma by using microsurgical for-
ceps and an operating microscope, and then sent to
the laboratory for spermatozoa extraction. Optical
magnification of the microscope enables to recog-
nize and collect seminiferous tubules of larger
diameter (Fig. 15.10), more likely containing sper-
matozoa [38]. This scenario of focally dilated
tubules, typical of some patients with incomplete
Sertoli Cells Only Syndrome (SCOS), is unfortu-

Fig. 15.10 Micro-TESE in a Klinefelter patient. Area of
dilated tubules is visible between the forceps tips

nately detectable in only 30% cases of NOA. At the
end, the incision is closed with a running suture
with minimal scarring (Video 15.1).

The advantages of Micro-TESE over multiple
TESE are: less vascular damage, minor tissue
loss, less postoperative pain due to reduced
retraction of the albuginea, and less compression
of the testicular parenchyma [37]. According to
literature, this technique is often chosen in case
of failure of conventional TESE or in severe con-
ditions of azoospermia (SCOS, Klinefelter’s syn-
drome) [32, 33]. Considering that in
approximately 50% of naive NOA cases, sperma-
tozoa are recovered at the first biopsy, a ‘gradual’
Micro-TESE technique has been proposed by our
group [39]. Under general or local anaesthesia
(cord block and skin infiltration), an initial scro-
tal window incision is performed, similarly to
traditional TESE, and a single testicular biopsy is
extracted from mid-portion of the testis. The
sample is immediately sent to the biological lab-
oratory together with a specimen for histology
and, if spermatozoa are found, the procedure is
ended. If no spermatozoa are found, however, the
incision is extended equatorially until the testis is
fully opened and Micro-TESE is performed. In
this way, a considerable saving of Micro-TESE
procedures and consequent surgical invasiveness
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on testis may be achieved, with significant reduc-
tion in operating time and costs. This makes
sense, if we consider that a significant hormonal
impairment has been described after one or more
Micro-TESE procedures [39, 40]. Histological
examination is also highly desirable during TESE
and Micro-TESE (at least one sample per testi-
cle). This will provide useful prognostic informa-
tion for possible re-interventions and may
exclude intratubular germ cell neoplasia pres-
ence, a well-known possibility in azoospermic
subjects, in consideration of the links between
male infertility and germ cell neoplasia.

15.6.3.6 New Horizons

One of the major challenges in sperm retrieval
surgery is represented by the preoperative predic-
tion of successful sperm retrieval. Many predic-
tive markers or models have been proposed such
as histology, FSH, or other hormones levels and
testicular volume, with debated values of effi-
cacy. For the future, the presence of some omics
in seminal plasma, particularly microRNA,
appears particularly promising in detecting testes
which contain areas of spermatogenesis [41].

Although micro-TESE has become first-line in
sperm retrieval in men with NOA, there are some
challenges with the procedure. For this reason, new
interesting methods have been proposed: some of
the latest advances on the horizon, such as multi-
photon microscopy (MPM), Raman spectroscopy
(RS), and full-field optical coherence tomography
(FFOCT), have demonstrated the potential to better
identify areas of spermatogenesis and improve
sperm extraction success. Furthermore, ORBEYE
(anovel 4 K three-dimensional [3D] surgical exo-
scope), Contrast Enhanced Ultrasonography
(CEUS), and artificial intelligence have been men-
tioned, nowadays, as new strategies to enhance
sperm retrieval for ART [42].

Although these new procedures seem to
appear very sophisticated, showing higher mag-
nification of the surgical field, faster operating
time and, in some cases, less invasiveness, their
reproducibility and higher costs and the absence
of strong and solid human clinical trial indicate
that their role in sperm retrieval surgery is still to
be established.
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Fecundability is the ability to conceive.
Successful pregnancy requires a complex
sequence that includes ovulation, ovum pick-up
by a fallopian tube, fertilization, transport of a
fertilized ovum into the uterus, and implantation
into a receptive uterine cavity. Various studies
show a monthly probability of conceiving up to
20-25%.

The female genital system is made up of
dynamic organs that change during the woman’s
life cycle.

Schematically, during the period between two
menses, it can be divided into:

e Opvarian Cycle: It consists of the growth and
development of the ovarian follicle, its burst-
ing, and transformation into the corpus luteum
with relative production of estrogens and
progesterone.

e Menstrual Cycle: It consists of the modifica-
tions of the endometrium, affected by ovarian
hormones, that has to be prepared to accom-
modate the fertilized egg.

The normal menstrual cycle is the result of the
integration of the primary neuroendocrine com-
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plex (the hypothalamus—pituitary—ovarian axis)
into a control system regulated by a series of
peripheral mechanisms of feedback and nerve
signals that result in the release of a single
mature oocyte from a pool of hundreds of thou-
sands of primordial oocytes [1, 2].

16.1 Hypothalamic-Pituitary Axis
[3-5]

The hypothalamus is made up of a series of nuclei
located at the base of the brain, whose neurons
contract synapses throughout the central nervous
system. It is linked with the anterior pituitary
gland by the portal system of blood supply. The
posterior pituitary gland or neurohypophysis is
like a “repository” for the hypothalamic hor-
mones ADH and oxytocin. In fact, it contains the
axonal terminals of neurons arising in the supra-
optic (SO) nucleus that produces ADH and para-
ventricular nucleus (PVN) that produces oxytocin
of the hypothalamus.

The hypothalamus produces GnRh, a deca-
peptide which stimulates gonadotropins biosyn-
thesis and secretion: follicle-stimulating hormone
(FSH) and luteinizing hormone (LH). Pulsatile
GnRbh input is required for activation and mainte-
nance of GnRh receptors; changes in GnRh pulse
frequency affect the absolute levels and the ratio
of LH and FSH release.
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The anterior pituitary gland contains five
hormone-producing cell types: gonadotrophs
(LH and FSH), lactotrophs (PRL), somatotrophs
(GH), thyrotrophs (TSH), and adrenocortico-
trophs (ACTH). All the pituitary hormones are
stimulated by hypothalamic neuroendocrine
secretion, while PRL is under tonic inhibition
and its expression is primarily under inhibitory
regulation by dopamine. In fact, the gonadotro-
pins (LH and FSH) are regulated by GnRH. The
biosynthesis of ACTH is stimulated by the
corticotropin-releasing hormone. The secretion
of TSH is induced by the Thyrotropin-releasing
hormone.

By convention, the first day of menses repre-
sents the first day of the cycle (day 1). The cycle
is then divided into two phases: follicular and
luteal.

e The follicular phase begins with the onset of
menses and ends on the day before the LH
surge.

e The luteal phase begins on the day of the LH
surge and ends at the onset of the next
menses.

An average menstrual cycle lasts from 28 to
35 days, with approximately 14 to 21 days in the
follicular phase and 14 days in the luteal phase
[1, 2]. Changes in the intermenstrual interval are
primarily due to changes in the follicular phase;
in comparison, the luteal phase remains relatively
constant.

16.2 Early Follicular Phase

In the early follicular phase, the ovary is least hor-
monally active, resulting in low serum estradiol
and progesterone concentrations. Influenced from
the negative feedback effects of estradiol, proges-
terone and probably inhibin, there is an increase in
gonadotropin-releasing hormone (GnRH) pulse
frequency and a subsequent increase in serum fol-
licle-stimulating hormone (FSH) concentrations
of approximately 30% [6]. This small increase in
FSH secretion appears to be required for the
recruitment of the next cohort of developing folli-

cles, one of which will become the dominant and
then ovulatory follicle during that cycle [7-9].
There is also a rapid increase in LH pulse fre-
quency at this time, from one pulse every four
hours in the late luteal phase to one pulse every
90 min in the early follicular phase [10]. Serum
anti-Miillerian hormone (AMH) has been used as
a potential marker of ovarian health and aging. It is
secreted by small antral follicles and correlates
with the total number of ovarian antral follicles.
The variability of serum AMH across the men-
strual cycle appears to be minimal [11].

16.2.1 Ovaries and Endometrium

The ovary is quiescent in the early follicular
phase, except for the occasionally visible resolv-
ing corpus luteum from the previous cycle. It is
possible to see small follicles of 3 to 8 mm in
diameter at this time. The endometrium is rela-
tively indistinct during menses becoming a thin
line once menses are completed.

16.3 Mid-Follicular Phase

The moderate rise in follicle-stimulating hor-
mone (FSH) secretion progressively stimulates
folliculogenesis and estradiol production, leading
to progressive growth of the cohort of follicles
selected. When several follicles initially grow to
the antral stage, their granulosa cells increase in
the size and divide, producing increasing serum
concentrations of estradiol via FSH stimulation
of aromatase and then inhibin A from the granu-
losa cells in the ovaries. The increase in estradiol
production negatively affects the hypothalamus—
pituitary axis, suppressing the FSH and LH con-
centrations as well as the LH pulse amplitude. At
the same time, the gonadotropin-releasing hor-
mone (GnRH) pulse generator accelerates
slightly to a mean LH pulse frequency of approx-
imately one per hour (versus one per 90 min in
the early follicular phase). This GnRH stimula-
tion is probably due to the negative feedback
effects of progesterone from the previous luteal
phase.
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16.3.1 Ovarian and Endometrial

Changes

Several antral follicles of 9—10 mm are visible on
ovarian ultrasonography. There is a proliferation
of the uterine endometrium that becomes thicker
with an increase in the number of glands and the
typical aspect of a “triple stripe” due to the
increased concentrations of estradiol [12].

16.4 Late Follicular Phase

During the week before ovulation, the growing
follicle induces the increase of estradiol and
inhibin A. This increase of the estradiol is respon-
sible for reducing the concentrations of FSH and
luteinizing hormone LH due to negative feedback
effects. Once the dominant follicle has been
selected, FSH induces LH receptors in the ovary
and increases ovarian secretion of intrauterine
growth factors.

16.4.1 Ovarian, Endometrial,

and Cervical Mucus Changes

A single dominant follicle has been selected. It
increases in size 2 mm per day until a mature size
of 20 to 26 mm is reached. The rest of the grow-
ing cohort of follicles gradually stop developing
and undergo atresia. There is a gradual thicken-
ing of the uterine endometrium due to the rising
of estradiol concentrations and changes of the
cervical mucus; in particular, there is an increase
in the amount and “stringiness”.

16.5 Midcycle Surge
and Ovulation

One day before the ovulation, an important neu-
roendocrine phenomenon occurs: the midcycle
surge [10, 13]. It consists of a switch from nega-
tive feedback control of LH secretion by ovarian
hormones (such as estradiol and progesterone) to
a sudden positive feedback effect, resulting in an
increase in serum LH concentrations and a

smaller rise in FSH concentrations. This is prob-
ably due to an increase in the number of pituitary
gonadotropin-releasing hormone (GnRH) recep-
tors, but there is probably no change in GnRH
input to the pituitary gland [14]. At this time, the
amplitude of the LH pulses increases drastically
even if the frequency of LH pulses continues to
be approximately one per hour [15].

16.5.1 Ovarian Changes

The LH surge is responsible for important
changes in the ovary. The oocyte in the dominant
follicle completes its first meiotic division, then it
is released from the follicle at the surface of the
ovary approximately 36 h after the LH surge. It
then travels down the fallopian tube to the uterine
cavity. At the same time, there is an increase of
secretion of plasminogen activator and other
cytokines required for the process of ovulation
[16, 17]. Before the oocyte is released, the granu-
losa cells begin to luteinize and produce proges-
terone. Progesterone is responsible for reducing
LH pulse that becomes less frequent by the termi-
nation of the surge. There is a close relation of
follicular rupture and oocyte release to the LH
surge; as a result, measurements of serum or
urine LH can be used to estimate the time of ovu-
lation in women.

16.5.2 Endometrium

The endometrium becomes more uniformly
bright, the “triple stripe” image is lost. This is due
to the impact of progesterone increase that it is
responsible for cessation of mitoses and “organi-
zation” of the glands [12, 18].

16.6 Luteal Phase

The corpus luteum induces the rising of proges-
terone concentrations in the middle and late
luteal phase [19]. This increase causes the pro-
gressive slowing of LH pulses down to one pulse
every four hours. A decrease in LH secretions
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results in a gradual fall in progesterone and estra-
diol production by the corpus luteum in the
absence of a fertilized oocyte [20]. However, if
the oocyte becomes fertilized, several days after
ovulation starts its implantation in endometrium.
The early embryo begins to make chorionic
gonadotropin, which maintains the corpus luteum
and progesterone production. Inhibin A is also
produced by the corpus luteum, and serum con-
centrations of inhibin A reach peak in the mid-
luteal phase. Inhibin B secretion is virtually
absent during the luteal phase.

16.6.1 Endometrial Changes

In response to estradiol and progesterone decline
due to the resolving of corpus luteum, the endo-
metrium lose the blood supply. Menstruation is
the cyclic, orderly sloughing of the uterine lining
approximately 14 days after the LH surge [6].
Simultaneously, the hypothalamic—pituitary axis
induces the LH rise and a new cycle starts.

16.7 Puberty

After birth, the gonads are quiescent until they
are activated by gonadotropins from the pituitary
gland to bring about the final maturation of the
reproductive system (gonadarche). This period
of transition to final sexual maturation is known
as puberty. The age at the time of puberty is vari-
able, generally occurring between the ages of 8
and 13 in girls depending on race/ethnic back-
ground and weight status. Between 5 and 12% of
girls have menarche younger than 11 years of
age [21]. The main physiological events in
puberty are:

e Gonadarche: the activation of the gonads by
gonadotropins from the pituitary gland. In
details, the follicle-stimulating hormone
(FSH) stimulates the growth of ovarian folli-
cles and LH stimulates production of estra-
diol by the ovaries. At the onset of puberty,
estradiol induces breast development and
growth of the skeleton, leading to pubertal

growth acceleration. Later in puberty, the
interaction between pituitary secretions of
gonadotropins and the secretion of estradiol
by ovarian follicles leads to ovulation and
menstrual cycles [22].

e Adrenarche: An increase in the secretion of
adrenal androgens by the adrenal cortex.
Typically happens in females before the onset
of puberty occurring at age of 8—10 years. It is
probably due to a rise in a 17a-hydroxylase
activity. There is a gradual decline in this
activity as plasma adrenal androgen secretion
declines to low levels in old age.

Most adolescents have a predictable path for
pubertal maturation, although there is some vari-
ability between individuals in terms of timing
and sequence.

The first event of puberty is thelarche, the
development of breasts. The breasts develop
under the influence of the ovarian hormones,
estradiol and progesterone, with estradiol primar-
ily responsible for the growth of ducts and pro-
gesterone primarily responsible for the growth of
lobules and alveoli.

Thelarche is then followed by pubarche, the
development of axillary and pubic hair. The adre-
nal androgens significantly contribute to the
growth of axillary and pubic hair.

Finally, there is menarche, the first menstrual
period. The initial periods are generally anovula-
tory and occurs up to 2-2.5 years after the onset
of puberty. A physiologic leukorrhea which is a
thin, white, non-foul-smelling vaginal discharge
occurs up 6 to 12 months before menarche for the
estrogen stimulation of the vaginal mucosa
[23-26].

The initial manifestation and the earlier onset
of puberty has a lot of clinical implications.
Earlier menarche (before 12 years of age) is
associated with higher BMI during adulthood as
compared with later menarche [27]. The earlier
onset of puberty has important implications for
the diagnosis of precocious puberty that has been
defined as breast development prior to eight years
of age in girls. Earlier puberty is associated with
increased risk of adult pathological conditions.
Multiple studies have reported the association of
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earlier age at menarche with breast cancer, with a
7% decreased risk for premenopausal breast can-
cer and 3% decreased risk for postmenopausal
breast cancer for every year menarche is delayed
[28]. Earlier puberty is also associated with
increased risk for other reproductive cancers:
endometrial and ovarian cancer in women and
prostate cancer in men [29]. The relationship of
pubertal timing and cardiovascular disease is
more complex; in women, both earlier and later
age at menarche are associated with increased
risk of coronary heart and cerebrovascular dis-
eases [30]. Additionally, earlier age at menarche
is associated with increased risk for type 2 diabe-
tes and impaired glucose tolerance; part of this
association is mediated by increased adiposity
and part is independent from adiposity [31]. Later
puberty onset includes lower bone mineral den-
sity, increased fracture risk, and in men, increased
risk for depression and anxiety. The pathophysi-
ological processes for these associations are not
known [32, 33].

16.8 Menopause

Natural menopause is the permanent cessation of
menstrual periods, determined retrospectively
after a woman has experienced 12 months of
amenorrhea without any other obvious patho-
logic or physiologic cause. It is a reflection of
complete, or near complete, ovarian follicular
depletion, with resulting hypoestrogenemia and
high FSH concentrations. Perimenopause is
characterized by irregular menstrual cycles,
endocrinological changes, and many symptoms.
Early menopause begins between the ages of 40
and 45 years and late menopause after age of
55 years.

16.8.1 Clinic

Perimenopause starts about several years before
the final menstrual cycle and results in various
physiological changes that may affect woman’s
quality of life. It is characterized by irregular
menstrual cycles and hormonal fluctuations.

Some of the symptoms are:

e Neurovegetative symptoms (the most frequent
clinical manifestation of menopause are hot
flushes (80%)) [34]. Palpitations and insomnia
also occur.

e Sleep disorders.

e Atrophy of the urogenital system.

¢ Mood fluctuations.

* Emotional instability, nervousness, decreased
libido, concentration difficulties, memory
loss.

e Atrophy, dryness, and itching of skin and
mucous membranes.

e Higher cardiovascular risk [35].

e Osteoporosis [36].

*  Body composition (in the early postmenopausal
years women usually gain fat mass and lose lean
mass with a central fat distribution) [37].

16.8.2 Menopausal Endocrinology

During menopause, there is a gradual decrease in
estradiol and inhibin and an increase in gonadotro-
pins (more FSH than LH) as there is no negative
feedback of ovarian steroid hormones [38]. The
main source of estrogens will be the peripheral con-
version of adrenal androgens to estrogens; estrone
is the most important estrogen in menopause.

Other endocrine changes through the meno-
pausal transition include a progressive decrease
in serum inhibin B and AMH. Also, ovarian
antral follicle count (AFC) declines steadily
across the  reproductive  years  until
postmenopause.

16.8.3 Diagnosis

Generally, it is clinical: amenorrhea for 1 year
accompanied by climacteric  symptoms.
Hormonal determinations also can be carried out:
FSH >40 mU/mL, estradiol <20 pg/mL, and
AMH < 10 pg/mL [39]. However, hormonal con-
centrations are less predictive of menopausal
stage than clinical criteria, so they should not be
used alone [40].
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16.8.4 Treatment

Postmenopausal women experience vulvovaginal
symptoms including dyspareunia and atrophy,
which can be treated by local administration of
estrogen. Osteoporosis is treated with calcium-
rich diets, moderate exercise, calcitonin, and/or
bisphosphonates. Coffee, tobacco, and alcohol
should be avoided. Hormone replacement ther-
apy is indicated for the management of meno-
pausal symptoms, but not to prevent chronic
disease such as cardiovascular disease, osteopo-
rosis, or dementia [41, 42]. Indications are:
symptomatic menopause (systemic estrogens are
the most effective treatment available for relief of
hot flashes) and early menopause (surgical or
nonsurgical). Absolute contraindications are:

e Hormone-dependent gynecological carcino-
mas (breast, endometrial).

e Thrombophilia.

e History of coronary or
disease.

e Ongoing severe hepatopathy or liver tumors.

e Abnormal uterine bleeding of unknown cause.

cerebrovascular

There are two categories of menopausal hor-
mone therapy: combined estrogen-progestin
therapy and estrogen-alone therapy. The protec-
tive and side effects of both therapies have been
investigated [41].

16.9 Amenorrhea

Approximately 2.5% of the population is affected
by primary amenorrhea, defined as the absence of
menses by age of 13 years in the absence of nor-
mal growth or secondary sexual development, or
the absence of menses by age of 15 years in the
setting of normal growth and secondary sexual
development.

Secondary amenorrhea is defined as the
absence of menses, in a previously menstruating
woman, for more than three cycle intervals, or six
consecutive months.

Regular and spontaneous menstruation requires:

e Functional hypothalamic—pituitary—ovarian
endocrine axis.

* An endometrium able to respond to steroid
hormone stimulation.

* An intact outflow tract from internal to exter-
nal genitalia.

16.9.1 Causes of Amenorrhea

Frequent:

e Pregnancy.

e Hypothalamic amenorrhea.

* Galactorrhea-amenorrhea syndrome.
* Polycystic ovarian syndrome.

* Pituitary amenorrhea.

Less frequent:

¢ Premature ovarian failure (POF).
e Asherman’s syndrome.

e Sheehan’s syndrome.

e Drug-induced amenorrhea.

Rare:

e Diabetes.

e Hyperthyroidism or hypothyroidism.

e Cushing’s syndrome.

* Addison’s disease.

e Cirrhosis.

* Infection (tuberculosis, syphilis, encephalitis/
meningitis, sarcoidosis).

e Chronic renal failure.

e Malnutrition.

e Irradiation or chemotherapy.

* Hemosiderosis.

e Surgery.

16.9.2 Causes of Primary
Amenorrhea

Primary amenorrhea is mainly due to genetic and
anatomical disorders. The most common etiolo-
gies are Gonadal dysgenesis, Mullerian agenesis,
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Polycystic ovary syndrome (PCOS), and isolated
GnRH deficiency.

Ovarian dysgenesis is caused primary by
chromosomal abnormalities of the X. Most of the
patients have Turner syndrome (45, XO or 45,
XO/XX mosaics) and present with primary
amenorrhea. Women with Turner syndrome are
missing an X chromosome. The oocytes and fol-
licles go into apoptosis even before the fetus is
born. The ovaries are replaced by steak gonads,
and in the absence of follicles, there is no secre-
tion of ovarian estrogen, resulting in primary
amenorrhea. However, the external female geni-
talia, uterus, and fallopian tubes develop nor-
mally until puberty, when estrogen-induced
development does not occur. However, some
patients with mosaic abnormalities may experi-
ment secondary amenorrhea [43].

Miillerian dysgenesis: It results from agene-
sis or hypoplasia of the Miillerian duct system,
with different degrees of severity according to the
absent anatomical components. All or part of the
vagina will be absent while the other female sex-
ual characteristics are normal.

Other anatomic defects include imperforate
hymen, transverse vaginal septum, and isolated
absence of the vagina or cervix. These conditions
present with cyclic pain and an accumulation of
blood behind the obstruction, which can lead to
endometriosis and pelvic adhesions [44].

Polycystic ovary syndrome: It is the most
common reproductive disorder in women,
accounts for approximately 20% of cases of sec-
ondary amenorrhea, but may account for approx-
imately 50% of cases of oligomenorrhea [48]. It
is a rare cause of primary amenorrhea. After
exclusion of other etiologies, the diagnosis is
based on the presence of at least two of the fol-
lowing criteria: (1) oligo- or anovulation, (2)
clinical and/ or biochemical signs of hyperan-
drogenism, and (3) polycystic ovaries on ultra-
sound [45]. Even if the exact mechanics are not
clear, it appears that insulin resistance and hyper-
insulinemia are involved [46].

Isolated GnRH deficiency is rare and is
called idiopathic hypogonadotropic hypogonad-
ism or Kallmann syndrome if it is associated with
anosmia [47].

Steroid Enzyme Defects alter ovary steroido-
genesis in the different steps leading to testoster-
one and estradiol synthesis. The resulting clinical
picture is different depending on the involved
enzyme. They are a rare cause of primary
amenorrhea.

16.9.3 Causes of Secondary
Amenorrhea

The most common causes of secondary amenor-
rhea are, in order of frequency, pregnancy, func-
tional hypothalamic amenorrhea, pituitary
defects, polycystic ovary syndrome, premature
ovarian insufficiency, and intrauterine adhesions.

Functional hypothalamic amenorrhea
(FHA) is one of the most common causes of sec-
ondary amenorrhea and excludes pathologic dis-
ease. Several factors can lead to this condition,
including a significant weight loss or restricted
diet, intense exercise, and stress.

Pituitary Defects: acquired pituitary dysfunc-
tion can follow local radiation or surgery or
Sheehan’s syndrome, characterized by postpar-
tum amenorrhea, in women with significant post-
partum blood loss. This may result in ischemic
necrosis of the pituitary gland and hypopituita-
rism [48]. Hyperprolactinemia is the most com-
mon pituitary cause of secondary amenorrhea.
Prolactin-secreting adenomas are the most com-
mon subtype of secretory pituitary adenoma.
These tumors are usually benign, and prolactin
levels typically correlate with tumor size.
Elevated prolactin levels lead to amenorrhea, but
the mechanisms underlying are unclear [47].
Isolated hyperprolactinemia is an infrequent
cause of primary amenorrhea. The diagnosis is
suggested by a history of galactorrhea and ele-
vated serum prolactin level. Medications such as
antipsychotic, antidepressant, and prokinetics
can increase serum prolactin levels and lead to
amenorrhea. TRH also induces prolactin secre-
tion, so primary hypothyroidism will result in
elevated TRH, hyperprolactinemia, and
galactorrhea-amenorrhea syndrome [49].

Premature Ovarian Failure (POF): If meno-
pause occurs before age 40 year, it is marked by
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amenorrhea, increased gonadotropin levels, and
estrogen deficiency. Causes of premature ovarian
failure may be different: Turner syndrome, frag-
ile X premutation, autoimmune ovarian destruc-
tion, radiation therapy, or chemotherapy with
alkylating agents or unknown [50].

Intrauterine synechiae are often caused by a
complicated dilatation and curettage (Asherman’s
syndrome).

16.9.4 Differential Diagnosis

16.9.4.1 Diagnosis of Primary
Amenorrhea

A pelvic examination and an ultrasound scan can

be used to define the presence of uterus, vagina,

and no outflow obstruction that may cause the

absence of menses.

Moreover, FSH serum level should be mea-
sured too. If hypergonadotropic hypogonadism is
present, the probable diagnosis is gonadal dys-
genesis, and a karyotype should be done.

In case of Mullerian agenesis, serum gonado-
tropins are in the range and the uterus is absent.

In case of obstructed outflow, FSH is normal,
uterus is present, but instrumental examination
reveals accumulation of blood in the uterus or
vagina. A story of pelvic pain will be attended.

If the FSH is low, the uterus is present and
there’s no evidence of breast development, most
likely the patient has a hypothalamic-pituitary
disorder. Distinction of hypothalamic from pitu-
itary disorders can be obtained by the injection of
GnRH, but pituitary causes are rare and can often
be diagnosed by history alone.

16.9.4.2 Diagnosis of Secondary
Amenorrhea

The first cause of secondary amenorrhea is preg-

nancy, so measurement of beta-hCG is

recommended.

History of weight loss, extreme exercise, diet,
or illness should be indagated to discover a func-
tional hypothalamic amenorrhea. If there are
clinical evidences of hyperandrogenism, an ultra-
sound should be done to study the ovaries and
serum total testosterone should be measured. If a

patient has no history of dilatation and curettage,
we can almost certainly exclude Asherman’s syn-
drome. Karyotype genetic test is indicated for all
women who present with primary ovarian failure.
Serum PRL, FSH, and TSH should be tested. If
PRL is initially higher than 50-200 ng/mL, the
patient must be studied to discover a prolacti-
noma. If prolactin level is in the range of
20-50 ng/mL, TSH levels should be measured. If
TSH levels are high, hypothyroidism must be
corrected and prolactin must be measured again.
Estrogen status can be assessed with a progestin
challenge. Withdrawal bleeding after progestin
discontinuation indirectly determines that endo-
metrium has been prepared with ovarian estro-
gen. Absence of bleeding can be due to
hypoestrogenism or an outflow obstruction.

16.9.5 Amenorrhea Complications

Many are the complications of amenorrhea,
including infertility and psychosocial disorders.
Hypoestrogenism can lead to the development of
severe osteoporosis [36]. In patients responding
to progesterone challenge, hyperestrogenism not
counterbalanced by progestin is a risk factor for
endometrial hyperplasia and cancer.

16.9.6 Treatment

16.9.6.1 Ovulation Induction

in Patient Desiring

Pregnancy
Dopamine agonist drugs remain the first-line
therapy in patients with both micro and macroad-
enomas. These drugs can decrease prolactin
secretion and tumor size. Thyroid replacement
therapy should be used in patient with hypothy-
roidism. In patients with a negative progestin-
challenge, estrogen levels are low, and the
pituitary does not produce high quantities of LH
and FSH, so exogenous gonadotropins are the
first-line therapy. Patients with a positive proges-
tin challenge would probably respond to clomi-
phene citrate, which has important antiestrogenic
activity on the hypothalamus and pituitary, pre-
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venting negative feedback on GnRH release and
leading an increase in endogenous FSH.

Most of the premature ovarian failures are
idiopathic and cannot be treated.

16.9.6.2 Patient Not Desiring

Pregnancy Can Be Divided

into Two Categories
Hypoestrogenic patients must be treated with
both estrogen and progestin to prevent complica-
tions due to the absence of these two hormones.
Oral contraceptives can be used. Patients who
respond to the progestin challenge require spo-
radic progestin delivery to prevent endometrial
hyperplasia and carcinoma. In patients with
hyperprolactinemia, prolactin should be mea-
sured periodically, and they must be studied for
the development of macroadenomas.

16.10 Infertility

16.10.1 Definition

* Infertility is defined as the inability of a cou-
ple to conceive within 1 year of regular, unpro-
tected sexual intercourse.

e Primary infertility applies to those who have
never conceived.

e Secondary infertility designates those who
have conceived in the past.

e Sterility implies an intrinsic inability to
achieve pregnancy.

e Fecundability is the probability of being preg-
nant in a single menstrual cycle.

e Fecundity is the probability of achieving a live
birth within a single cycle.

The prevalence of women diagnosed with
infertility is approximately 13%, with a range
from 7 to 28%, depending on the age of the
woman [51]. The incidence of primary infertility
has increased, with a concurrent decrease in sec-
ondary infertility, most likely because of social
changes such as delayed childbearing. In normal
fertile couples having frequent intercourse, the
fecundability is estimated to be approximately
20-25%. Approximately 85-90% of couples

with unprotected intercourse will conceive within
1 year.

16.10.2 Timing of Infertility
Evaluation

Infertility evaluation should be undertaken for
couples who have not been able to conceive after
12 months of unprotected and frequent inter-
course, but earlier evaluation should be under-
taken based on medical history and physical
findings, and in women over 35 years of age [52].

An inverse relationship exists between fecun-
dity and the age of the woman. This decline in
fertility is multifactorial. Females are born with a
fixed number of oocytes, which decreases with
age. The quality of oocytes also falls with age
because meiotic errors occur more frequently
with increasing age [53]. During the menstrual
cycle, the process to select a dominant follicle for
ovulation does not exclude genetically abnormal
oocytes. In addition to the endogenous accumula-
tion of genetic errors in the oocyte pool, other
factors such as smoking, other environmental
exposures, and certain medical and surgical treat-
ments can compromise oocyte quality, ovarian
reserve, and chance for a healthy outcome for
pregnancy [54].

16.10.3 Most Common Female
Factors of Infertility

Female factor infertility was reported in 37% of
infertile couples in developed countries. The
most common identifiable female factors, which
accounted for 81% of female infertility, were:

e QOvulatory disorders (25%).
¢ Tubal abnormalities (20%).
¢ Endometriosis (15%).

e Pelvic adhesions (12%).

e Hyperprolactinemia (7%).

16.10.3.1 Ovulatory Disorders
An ovulatory dysfunction is responsible for
approximately 20-25% of infertility cases. The
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history, including the onset of menarche, men-
strual cycle length, and presence or absence of
premenstrual symptoms, should be investigated.
Signs and symptoms of systemic disease, espe-
cially of hypothyroidism, and physical signs of
endocrine disease (i.e., hirsutism, galactorrhea,
and obesity) should be focused on. The degree
and intensity of exercise and a history of weight
loss and of hot flushes are clinical clues of pos-
sible endocrine or ovulatory dysfunction.
Progesterone serum levels of 3 ng/mL or greater
in the mid-luteal phase are coherent with ovula-
tion, which can be supported by pelvic ultraso-
nography. In the follicular phase, the developing
follicle can be monitored until maturation and
subsequent rupture. The disappearance of the
follicle and appearance of free fluid can docu-
ment ovulation. A secretory endometrium con-
firms ovulation. To detect the LH surge, the
patient can use urinary LH kits or serum LH
assay. Ovulation occurs 24-36 hours after the
onset of the LH surge and 10-12 hours after the
peak of the LH.

Ovarian reserve is the functional capacity of
the ovary and it is determined by the number and
the quality of oocytes at a certain time. It depends
on age, exposure to toxic factors (i.e., smoking,
surgery, gonadotropic therapies), and individual
follicular wealth.

Initially, the basal FSH level in the early fol-
licular phase was used as a test of ovarian reserve.
However, FSH has considerable intra- and inter-
cycle variability, and this greatly limits its reli-
ability [55].

The most appropriate quantitative tests are the
AMH assay [54] and the transvaginal ultrasound
count of pre-antral follicles (AFC), which are
used as predictors of the potential success of fer-
tility treatments.

AMH is secreted exclusively by the granulosa
cells of the pre-antral pool and small FSH-
independent antral follicles, so it can be assayed
at any stage of the cycle.

The antral follicle count (AFC) is calculated
by adding up the number of follicles between 2
and 10 mm in size in both ovaries. Ninety nine
percent of the follicles in the ovary are primordial
follicles, plus a proportion of follicles in the early
growth phase that are too small to be seen by

ultrasound. However, a proportion of these folli-
cles mature into antral follicles with a diameter of
more than 2 mm, forming the recruitable pool
responsive to FSH. These follicles can be detected
by transvaginal ultrasound.

16.10.3.2 Pelvic Factor

The pelvic factor includes abnormalities of the
uterus, fallopian tubes, ovaries, and adjacent pel-
vic structures. A history of pelvic infection, the
use of intrauterine devices, endometritis, and
septic abortion are suggestive for diagnosis.

Endometriosis may be suggested by worsen-
ing dysmenorrhea, dyspareunia, or previous sur-
gical reports. Endometriosis decreases fertility
due to anatomic distortion from pelvic adhesions,
damage to ovarian tissue by endometrioma for-
mation and surgical resection, and the production
of substances such as cytokines and growth fac-
tors which impair the normal processes of ovula-
tion, fertilization, and implantation [56].

Uterus: An impaired implantation, due to
mechanical factors or reduced endometrial recep-
tivity, is the uterine cause of infertility.

Uterine fibroids are common benign smooth
muscle monoclonal tumors. Apparently, fibroids
with a submucosal or intracavitary component
can reduce implantation rates [57].

Uterine abnormalities, like Miillerian anoma-
lies, are a significant cause of recurrent preg-
nancy loss. The septate uterus is associated with
the poorest reproductive outcome [58, 59].

Any history of ectopic pregnancy, adnexal sur-
gery, leiomyomas, or exposure to diethylstilbes-
trol (DES) in utero should be noted as possibly
contributory to the diagnosis of a pelvic factor.

A pelvic examination can give many informa-
tion (a fixed uterus is suggestive of adhesions,
leiomyomas, or adnexal masses).

A transvaginal ultrasound examination can
add information (hydrosalpinx, leiomyoma,
ovarian cysts, including endometriomas, can
often be observed).

16.10.3.3 Tubal Disease

The main cause of tubal factor infertility is pelvic
inflammatory disease caused by pathogens such
as Gonorrhea, Chlamydia trachomatis, or
Mycoplasma genitalium [60]. Other conditions



16 Pathophysiology of Female Reproduction and Clinical Management

223

that may interfere with tubal transport include
severe endometriosis, adhesions from previous
surgery or non-tubal infection (i.e., appendicitis,
inflammatory bowel disease), pelvic tuberculo-
sis, and salpingitis isthmica nodosa (i.e., diver-
ticulosis of the fallopian tube).

16.10.3.4 Cervical Factors

Congenital malformations and trauma to the cer-
vix may result in stenosis and inability of the cer-
vix to produce normal mucus, which usually
facilitates the transport of sperm.

Cervix abnormalities may be indicated by a
history of abnormal Pap-test, postcoital bleeding,
or surgery. The best evaluation of the cervix is
performed with speculum examination, which
can reveal evidence of cervicitis or cervical ste-
nosis, especially in a patient with prior history of
surgery (i.e., conization or cryotherapy).

16.10.3.5 Genetic Causes

Infertile couples have a higher prevalence of
karyotype abnormalities than the general popula-
tion. The most common aneuploidies associated
with infertility are 45, X (Turner syndrome) in
women and 47, XXY (Klinefelter syndrome) in
men [61].

16.10.3.6 Unexplained Infertility

Diagnosis of unexplained infertility generally
implies normal uterine cavity, bilateral patent tubes,
normal semen analysis, and evidence of ovulation.

16.10.4 Essentials of Infertility
Diagnosis

* History

In presence of oligomenorrhea, amenorrhea,
short or very irregular menstrual cycles, or when
ovulation is not confirmed, evaluation of the
hypothalamic—pituitary—ovarian axis is advised.
A usual initial assessment includes the serum con-
centrations of FSH, estradiol, prolactin, and TSH.

¢ Ovarian Factor.
— Ovarian reserve.

— Day 3 serum follicle-stimulating hormone
and estradiol levels.
- AMH.
— Antral follicle count.
e Confirmation of Ovulation.
— History.
Serum progesterone assay.
Pelvic ultrasonography.
— Changes in cervical mucus.
Luteal phase defect.
* Pelvic Factor.
— Physical exam.
— Ultrasound examination.
— Hysterosalpingogram to evaluate uterine
cavity and fallopian tubes.
— Possible saline sonogram to evaluate uter-
ine cavity.
— Laparoscopy to assess endometriosis when
indicated.

¢ Cervical Factor.

— History.
— PAP test.
— Speculum examination.

¢ Metabolic Disease.

— Thyroid assessment.
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17.1 Introduction

Infertility is a disease of the male or female
reproductive system defined by the failure to
achieve a pregnancy after 12 months or more of
regular unprotected sexual intercourse [1].

This condition affects millions of people
worldwide with subsequent impact on their fami-
lies and communities. Estimates suggest that
between 48 million couples and 186 million indi-
viduals live with infertility globally [2].

Management of infertility is a difficult chal-
lenge, and the couple should be aware that delay-
ing pregnancy increases the rates of infertility
and complicated pregnancies. In the era of artifi-
cial intelligence, different functional in vitro fer-
tilization prediction models for tailoring
personalized treatment of infertile couples have
been proposed. [3].
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Practically, evaluation of the couple should
begin after 12 months in a woman under 35 years,
and after 6 in a woman over 35 and should be
initiated even earlier in a woman older than
40 years, as age seems to play a role in the quality
of oocytes, which appears to be a central point
not only for infertility, but also in order to reach a
viable pregnancy.

The assessment of infertility should be carried
out by experienced physicians trained in the field
of both diagnostics and surgery in a context of a
multidisciplinary team.

The first step is a complete personal and
familiar interview, in order to customize the fol-
lowing steps. In particular, it is essentially a
complete obstetric, sexual, and menstrual
history.

Moreover, it is important to assess any previ-
ous pelvic surgery or any possible symptom of
endometriosis (dysmenorrhea, dyspareunia,
dischezia), previous chemotherapy or irradia-
tion, and also lifestyle habits that can interfere
with conception such as alcohol or tobacco
abuse.

BMI should be assessed at first visit as
both obesity and underweight can reduce
fertility.

Also, a complete physical examination should
be performed looking for signs of discrinia, con-
genital Mullerian anomalies, and secondary sex-
ual characteristics.
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17.2 Laboratory Tests in Infertility

Some couples deserve laboratory tests in order to
assess causes of infertility. Among others:

1. Semen analysis to exclude male factor.

2. Assessment of ovarian reserve: it can be either
performed with ultrasound or biochemical
tests. All women with infertility should
perform:

(a) a dosage of Anti Mullerian hormone
(AMH). AMH is produced by the granu-
losa cells of early follicles and it is a good
marker of ovarian reserve. It is also
gonadotropin-independent, so it can be
measured in all phases of the menstrual
cycle. Moreover, AMH is a good predic-

tor of success in IVF (in vitro
fertilization);
(b) an early-follicular-phase dosage of

inhibin b, produced by preantral follicles.
In advanced age, both AMH and early-
follicular phase inhibin b tend to decline,
reducing negative feedback on pituitary
gland, and therefore on FSH secretion;

(c) Follicle-stimulating hormone (FSH) is

therefore an indirect marker of ovarian

reserve. It should be dosed like inhibin b

on the third day of the menstrual cycle.

FSH stimulates the selection of a new

pool of oocytes and therefore is higher in

women with low ovarian reserve;

Clomiphene Citrate Challenge Test

(CCCT): it is performed with measure-

ments of FSH on the third day of the men-

strual cycle and on day 10, after treatment
with clomiphene citrate (100 mg from
day 5 to 9). Women with a high level of

FSH after CCCT have a lower ovarian

reserve.

However, CCCT is not superior as a
marker of ovarian reserve than basal FSH
combined with antral follicle count.

3. Assessment of ovulation: women who refer
regular menses are likely to ovulate. In order
to confirm it, a dosage of progesterone during
mid-luteal phase can be useful (around day
21): a value >3 ng/mL confirms ovulation.

(d)

It is also possible to confirm ovulation with
serial ultrasound transvaginal scans from the
appearance of follicles to the selection of the
dominant one till it disappears at ovulation.

Irregularity in menses should be checked for
the most common causes of anovulation, such as
thyroid dysfunction, PCOS, and PRL function.
All these tests are not mandatory in evaluation of
infertile women, but become necessary in case of
suspicion of anovulation.

17.3 Imaging in Infertility

First of all, we must ask ourselves: is this enough
to assess tubal patency and at the same time
neglecting functional aspects of the tubal
epithelium?

17.3.1 Hysterosalpingography

Even if hysterosalpingography (HSG) is still
widely considered as the second step in the diag-
nostic approach to infertile women, it grants very
low sensitivity in diagnosis of proximal (51%)
and distal (42%) tubal occlusion [4].

Hysterosalpingography is performed with no
analgesia as an outpatient procedure even if it is
proven to be quite painful; van Welie et al. (2022)
[5] showed that the mean pain score for HSG on
the 1-10 Visual Analogue Scale (VAS) was 5.4
(SD 2.5), significantly high especially when
compared to less expensive or less invasive tech-
niques without leading to substantial differences
in pregnancy rates. On the other hand, sonohys-
terography (HyFoSy) is associated with signifi-
cantly less pain [6].

HSG only assesses tubal and cavity patency;
the injection of contrast allows the evaluation of
various genital tract anomalies using X-rays, but
it needs further instrumental examinations to
confirm diagnosis in several situations:

(a) Filling defects, such as polyps, myomas, and
synechiae, are indistinguishable in hystero-
salpingograms and always require further
evaluations;
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(b) Uterine contour anomalies, such as adenomy-
osis, and Mullerian anomalies, (single horn
uterus, arcuate uterus, didelphys uterus, or
uterine septa). However, for differential diag-
nosis, it is often mandatory to evaluate the
diagnosis with magnetic resonance, 3D ultra-
sound, hysteroscopy, and/or laparoscopy.

So we may conclude that HSG is an obsolete
technique with very poor performance.

Given those evidences since 2013, the
National Institute for Care and Health Excellence
(NICE) proposes sonohysterography (HyFoSy)
as an effective alternative to HSG [7].

This imaging does not require contrast media,
reducing the risk for allergic reactions, or adverse
events such as Wolff-Chaikoff effect or
thyrotoxicosis.

HyFoSy should be scheduled, like HSG, dur-
ing mid-luteal phase, when the endometrium is
very thin in order to avoid false positives. Using a
small catheter, saline water-based infusion media
is injected in utero. Uterine cavity is then studied
both in longitudinal axis and coronal planes. If
fluid passes in the Douglas, at least one of the two
tubes is patent.

Maheux-Lacroix et al. in 2014 demonstrated
that HyFoSy, performed alternatively to HSG in
the evaluation of tubal patency, grants best per-
formances for the evaluation of uterine cavity and
gives the benefit of simultaneous evaluation of
both ovaries and myometrium [8].

17.3.2 Ultrasounds

Together with HyFoSy, a Three-Dimensional
ultrasound (3D) scan is nowadays an essential
tool to optimize the infertility treatment out-
comes [9]. It allows to see several renderings that
wouldn’t be possible with a 2D technique.

An ultrasound assessment is an essential search-
ing for infertility causes in several conditions:

1. Congenital uterine  anomalies:  Since
Congenital Uterine anomalies are mostly
asymptomatic, it is difficult to determine the
exact prevalence.

(a)

(b)

(©

(d)

(e)

tee

Arcuate uterus, a milder abnormality,
consists in a midline indentation, some-
times associated with a fundal cavity
indentation. It is not associated with preg-
nancy adverse outcomes in literature.
Ultrasound scan shows a <1 cm depth
from the interstitial line to the apex of the
fundal indentation and an indentation
angle greater than 90°;

Septate or subseptate uterus, the most
common Mullerian anomaly. A 3D US
coronal view allows diagnosing a septate
uterus using the following criteria: the
depth from the interstitial line to the apex
of the indentation is >1 cm, and the angle
of indentation is less than 90°. MRI could
be an option, especially if expertise in
3D-US is not available. Septate uterus is
strongly associated with preterm birth,
breech presentation, and abruption and
has been associated with several preg-
nancy adverse outcomes;

Bicornuate uterus: A 3D-US scan will
show two separate endometrial cavities and
an indentured uterine contour. Pregnancy
adverse outcomes are quite common;
Didelphys uterus comes from the failure
of Mullerian ducts fusion. US shows two
separate horns with a wide fundal inden-
tation. In this case, MRI is the gold stan-
dard for definitive diagnosis. High rates
of abortion and premature delivery have
been reported, 32% and 28%, respec-
tively. Surgical treatment (metroplasty)
must be considered in case of RPL or pel-
vic pain.

Unicornuate uterus, only one Mullerian
duct evolves correctly, so one normal
emicavity is associated with a rudimen-
tary horn which can communicate with
the uterus or may not. A noncommuni-
cant horn exposes the patient to higher
risk of ectopic pregnancies, chronic pel-
vic pain, first and second-trimester abor-
tion, preterm birth.

In 2013, the CONUTA scientific commit-
proposed a new classification system for

Mullerian abnormalities (the ESGE/ESHRE
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2013 CONUTA classification System). The
main classes are designed to focus on the
embryological origin of the uterine malforma-
tion, while each subclass is designed focusing
on the different degree of uterine deformity
and its clinical significance [10].

2. Fibroids and Polyps: A recent meta-analysis
conducted by Somigliana et al. showed insuf-
ficient evidence to confirm a cause-effect rela-
tionship between fibroids and infertility.
Nevertheless, fibroids affect up to 27% of
women looking for pregnancy. Fibroids dis-
tort the cavity with subsequent alteration of
endometrial receptivity, and sometimes sex-
ual discomfort. Ultrasonography is the pre-
ferred initial imaging modality for diagnosis
of fibroids. Based on the position in the myo-
metrium, fibroids are defined as intramural,
subserous, and submucosal.

In 1993, Wamsteker suggested the follow-
ing fibroid classification based on myometrial
penetration assessed by ultrasound and hys-
teroscopic findings; this classification is still
recommended by the European Society of
Gynecological Endoscopy (ESGE).

(a) GO Myoma’s development is completely
inside the uterine cavity.

(b) G1 The myoma is inside the uterine cav-
ity for more than 50%.

(c) G2 The myoma is inside myometrial
thickness for more than 50%.

Moreover, in 2011, FIGO classification
system (PALM COEIN), for causes of abnor-
mal uterine bleeding in women of reproduc-
tive age, added 6 more classes [11]:

(a) Type 3, entirely submucosal myoma.
(b) Type 4, entirely intramural myoma.

(c) Type 5 subserosal, at least 50%
intramural.

(d) Type 6 subserosal, less than 50%
intramural.

(e) Type 7 subserosal, attached to the serosal
by a stalk.

3. Pelvic inflammatory disease: Pelvic inflam-
matory disease is a polymicrobial infection-
induced inflammation that involves upper
female genital tract, sometimes including
endometrium, fallopian tubes, ovaries, and

peritoneum. It primarily affects sexually
active young women.

Organisms most commonly isolated are
Neisseria Gonorrhoeae and Chlamydia
Trachomatis.

Sonographic markers of acute salpingitis
are [12]:

(a) Tubal wall thickness >5 mm.
(b) Sausage-like structure.

(c) “Cogwheel” sign

(d) Incomplete septa.

(e) Fluid in the Pouch of Douglas.
(f) Tubo-ovarian complex.

17.3.3 Laparoscopy

Unluckily, both HSG and ultrasound can evalu-
ate less more than patency and cannot assess
tubal mucosa nor permit direct vision of the
pelvis.

On the other hand, laparoscopy (LPS) offers a
direct vision of the entire abdomen and allows
diagnosis and eventually treatment of other
pathologies such as endometriosis, pelvic adhe-
sions, and some Mullerian anomalies.

Laparoscopy with chromo-pertubation allows
direct vision of the tubes and it is possible to
inject a dye through a catheter directly in utero
and then it flows through fallopian tubes [13].

However, laparoscopy requires general anes-
thesia and it is an invasive procedure and conse-
quently it is not usually performed in the
beginning of the workup of an infertile woman;
as a matter of fact, the National Institute for Care
and Health Excellence (NICE) recommends lap-
aroscopy only in women suspected for comor-
bidities such as endometriosis which can be
cured at the same time [14].

Laparoscopy with cromo-salpingoscopy pro-
vides direct vision of the external surface of fal-
lopian tubes and its patency as HSG and HyFoSy,
respectively.

In the early 80s, in order to overcome these
limits, salpingoscopy was proposed as a new
endoscopic technique, useful for direct vision of
tubal mucosa other than the presence or absence
of anatomical distortions [15].
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Salpingoscopy was done in infertile women
who underwent diagnostic laparoscopy and
showed at least one patent tube on chromo-
pertubation test, during postmenstrual phase (day
5—day 9) under general anesthesia.

Laparoscopy was done through a standard
3-trocar access (5-mm ports for ancillary instru-
ments) and salpingoscope. Laparoscopic exter-
nal tubal morphology can be assessed, but at the
same time for salpingoscopy, a 2-mm, 30 rigid
salpingoscope (Karl Storz, Germany Hopkins
II) with an outer sheath of 2.8 mm diameter is
used.

Salpingoscopic mucosal appearance can also
be graded according to Brosens and Puttemans
classification (1989) as follows:

— Grade I: normal mucosal folds (both major
and minor).

— Grade II: the major folds are separated and
flattened, but otherwise normal/dye staining
of mucosa/minimal flattening.

— Grade III: focal adhesions between mucosal
folds and variable flattening.

— Grade IV: extensive adhesions between muco-
sal folds and disseminated flat areas.

— Grade V: complete loss of mucosal fold
pattern.

Other classifications have been proposed by
Kerin et al. [16] and Hershlag et al. [17].

With salpingoscopy, lesions of the infundibu-
lum and ampullary region can also be detected in
patients for whom HSG has shown apparently
normal tubes [18].

According to previous studies, laparoscopy
and salpingoscopy probably complement; unfor-
tunately, this technique is no longer performed
and disappeared maybe for complexity of instru-
mentation and consequent lack of investments.

17.3.4 Hysteroscopy

In infertile women, a complete assessment of the
uterine cavity is essential, and among several
modalities, hysteroscopy is considered the gold
standard.

Since the early 90s, our group advisedly
decided to abandon previous dogmas and look at
the uterine cavity from a completely different
perspective.

Methodically implementing some great intu-
itions time after time, we first put aside the tradi-
tional and outdated approach to hysteroscopy and
nowadays clinicians performing office hysteros-
copy worldwide use the vaginoscopic approach:
quicker and less painful [19].

By not using the speculum and the tenaculum
before hysteroscopic examination, we eliminated
discomfort not related to the technique itself and
reduced the number of instruments necessary. It
is ideal for office hysteroscopy and in patients
who otherwise might require general anesthesia.

Two recent randomized studies with several
critical biases failed to demonstrate a real advan-
tage of hysteroscopy before IVF in increasing
live birth rates.

The inSIGHT study is a multicenter, random-
ized, comparative study. InSIGHT concerned
women scheduled for IVF (in vitro fertilization)
and a normal transvaginal ultrasound. Women
were randomized for proceeding directly for IVF
or performing an hysteroscopy before
IVFE. Routine hysteroscopy did not increase live
birth rate, therefore is not recommended in case
of normal US scan [20].

In 2016, a similar study (the TROPHY study)
involved women with at least two failed IVF and
a normal US scan, randomized for performing
routine hysteroscopy or directly another IVF
cycle. Hysteroscopy did not increase the live
birth rate [21].

Otherwise, we must be aware that the real
innovation constituted by hysteroscopy is the so-
called see & treat’ approach, which introduced
the concept of a single procedure in which the
operative part is perfectly integrated in the diag-
nostic workup.

Despite the great advantages and cost savings
of such philosophy, the number of gynecologists
who prefer to perform operative procedures in an
outpatient setting rather than in the operative the-
atre continues to be low.

Apart from this new perspective, our group
proposed a contemporary approach to almost
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every concept in the field of hysteroscopy such as
myomas and cervical stenosis, and on the other
hand, we helped to develop increasingly less
invasive and effective devices.

Absolute indications for hysteroscopy in
infertile women include intracavitary abnormali-
ties such as endometrial polyps, submucous
fibroids, uterine septum, endometritis, and adhe-
sions (Figs. 17.1, 17.2, 17.3, and 17.4).

Several intracavitary pathologies that may
cause infertility can be diagnosed and at the same
time treated with an outpatient hysteroscopy:

— Endometrial Polyps can cause infertility with
different mechanisms, including irregular
endometrial bleeding, inflammatory
response, interference in the interaction

between embryo and endometrium, and
interference with normal patterns of endo-

Fig. 17.1 Endometrial polyp. (Reproduced from Bettocchi
etal. 2021)

Fig. 17.2 Cervical polyp. (Reproduced from Bettocchi
et al. 2021)

Fig. 17.3 Sub-mucous
Bettocchi et al. 2021)

myomas. (Reproduced from

17.4 Uterus with fibroids,

Fig.
(Reproduced from Bettocchi et al. 2021)

Laparoscopy.

crine function. Moreover, polyps were com-
monly associated with chronic endometritis
and the majority are positive for CD-138
staining, suggesting a link between chronic
inflammation, a debated cause of infertility,
and Eps [22]. Hysteroscopic polypectomy
can be performed with cold instruments,
such as miniaturized forceps or scissors, with
bipolar instruments or with laser devices
mostly in an outpatient modality;

— Submucosal Fibroids: as polyps do, fibroids
can cause infertility in different ways: distor-
tion of the cavity, abnormal uterine contractil-
ity, obstruction of tubal ostia, abnormalities in
uterine vascularization, impaired endometrial
receptivity, and subsequent implantation fail-
ure. Only hysteroscopy allows a complete
mapping of the localization of the myoma and
depth of myometrial invasion. Vaginal
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approach for submucosal myomectomy is fea-
sible, secure, and with low discomfort for the
patient.

Nowadays, hysteroscopic myomectomy is the
gold standard in order to improve cumulative
pregnancy rate as well as live birth rate in selected
women with submucosal myomas and history of
reproductive failure.

The rate of live birth increases and the rate
of abortion decreases after hysteroscopic
myomectomy. Pregnancy rate is higher in
women who underwent a hysteroscopic myo-
mectomy compared with those with fibroids
left in situ even if the evidence is still widely
debated [23].

Myomectomy could be performed with sev-
eral techniques apart from the classical slicing
technique [24]. Sometimes this technique upfront
could be somehow challenging, especially when
facing some large G1 or G2 submucosal fibroids.
OPPIuM technique has been proposed and seems
to achieve the downgrading of these types of leio-
myomas in approximately 93% of cases, without
any significant surgical complications or the need
of hormonal agents’ administration. In this way,
the safer and quicker subsequent complete myo-
mectomy is facilitated [25].

This technique developed by our group more
than a decade ago consisted of an incision of the
endometrial mucosa covering the myoma by
means of cold scissors or bipolar Versapoint
Twizzle electrode, along its reflection line on the
uterine wall, up to the precise identification of the
cleavage surface between the myoma and its
pseudo-capsule. Such procedure was aimed at
triggering the protrusion of the intramural por-
tion of the myoma into the uterine cavity during
the following menstrual cycles, thus facilitating
the subsequent total removal of the lesion via
resectoscopic surgery [26].

In the last few years, new other minimally
invasive techniques have been developed for the
treatment of uterine fibroids. There are some
incisionless procedures that use various forms of
energy to heat and ablate uterine fibroids like
radiofrequency, focused ultrasound, and micro-
waves (Figs. 17.5 and 17.6).

Fig. 17.5 Laparoscopic myomectomy. (Reproduced
from Bettocchi et al. 2021)

Fig. 17.6 Endometriosis—Xkissing ovaries. (Reproduced
from Bettocchi et al. 2021)

Recently, MR-guided focused ultrasound
(MRgFUS), another modality of hyperthermic
ablation, has been approved by the US Food and
Drug Administration as a validated treatment for
fibroids in women seeking pregnancy.

Radiofrequency myolysis (RFM) is the latest
uterine-conserving technique, generates thermal
effects inside the myoma (60-80 °C), and it
results in distinct histological changes: necrosis
of tissue cells from coagulation, vascular throm-
bosis, and inactivation of hormonal receptors
within the myoma that prevents tumor tissue
from growing [27].

Other incisionless techniques include the use
of surgical lasers (Argon, CO,, Yag, KTP, and
others). Diode lasers have been used in hystero-
scopic surgery with many advantages.

The main disadvantages for the clinical appli-
cation of this technology might be the cost
because laser equipment currently tend to be
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expensive and an adequate learning curve to bet-
ter understand the instrumentation technical
characteristics [28].

Recent literature strongly supports hystero-
scopic approach even in the treatment of uterine
septum, as it has proven to be simple, with mini-
mal postoperative sequelae, improving reproduc-
tive outcomes.

These findings have been strong enough to lead
to a more liberalized approach, which includes the
treatment not only of patients with recurrent preg-
nancy loss or premature labor, but also the ones
with infertility or with IVF plans [29, 30].

We usually perform each metroplasty during
the early proliferative phase (day 4 to 9) under
general anesthesia using a bipolar 15 Fr. Mini-
Resectoscope (Karl Storz Co., Tuttlingen,
Germany is connected to an advanced bipolar
generator (Autocon III 400, Karl Storz Co.,
Tuttlingen, Germany). Intrauterine pressure is
carefully kept stable (around 45 mmHg) using a
dedicated pump (Endomat, Karl Storz Co,
Tuttlingen, Germany).

Usually the septum is initially incised “in a
classic fashion,” adopting an “L-shape” bipolar
electrode (Karl Storz Co., Tuttlingen, Germany)
up to the fundal area. The septum is then longitu-
dinally transected into two parts, forming an
anterior and a posterior triangle on each uterine
wall, with the base on the fundus.

Thanks to a careful analysis, we are nowadays
able to describe the fine anatomy of the muscle
bundles taking part to the septum: this entity
should no longer be considered as a fibrous notch
in the middle of the cavity, but as a real three-
dimensional structure with a ‘“‘myoma-like”
component.

Once we got rid of previous misconceptions,
we developed and proposed a new surgical
approach based on fine anatomy of the septum:
first of all, we completely incise/resect those
symmetric fibrous bundles at the base of the sep-
tum and then we resect the apex of the septum
until the central muscular core is reached.

During this step and given the parallel arrange-
ment of muscular fibers in this area, the fundal
area spontaneously flattens and the central mus-
cular core is finally resected [31].

Apart from adequate anatomical knowledge
which is essential for successful clinical practice
[30], our proposal in resectoscopic surgery
should also persuade from a technical point of
view as relies on the implementation in our clini-
cal practice of the 15 Fr.

Mini-Resectoscope itself grants at least two
more great advantages. First of all, it’s a native
bipolar system and carries itself all the clear
advantages of bipolar energy: the plasma effect
of bipolar current allows better cut and coagula-
tion. Moreover, it has minor risk of interference
on other electronic equipment (electrocardio-
gram, pace makers, and others) simultaneously
connected to the patient.

Incidence of overflow syndrome in gynecol-
ogy and TUR syndrome in urology varies consid-
erably in the literature, ranging from 0.18% to
10.9%.

The use of saline solution for distension media
of the uterine cavity is the principal advantage of
this technology avoiding hypotonic nonelectro-
lyte solution that can cause fluid overload during
the surgical procedure.

Everything said up to now represents a new
frontier in the modern hysteroscopic surgical
approach to intrauterine pathology in order to
increase fertility [32]; the relevance of this tech-
nique has been emphasized over during the recent
pandemic [33]. Otherwise, large multicentric tri-
als are needed in order to evaluate and reevaluate
the endometrial function after surgery and its
impact on fertility, of which we know relatively
little or nothing.
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