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Foreword 

This comprehensive volume fills a need for information on current methods of diagno
sis and new means of treatment of both male infertility and sexual dysfunction. These 
fields have expanded so rapidly that for practicing physicians it has become somewhat 
impossible to keep up with the latest advances merely by reading the journals. Here, 
the editor-in-chief has assembled a first-rate crew of experts from around the world 
and assigned topics in their areas of expertise. The resulting chapters range from basic 
principles and tests to newest diagnostic and therapeutic methods. Each chapter is 
limited to a discussion of a specific aspect of andrology. This focus on specific disorders 
allows the reader to quickly secure the diagnostic tools and a plan for treatment. 

Although andrology has become a specialty of its own, general practitioners and 
general urologists still diagnose and treat the majority of these patients. Thus, they 
need a source of practical, current information on which to base their management. In 
addition, the information laid out in this text will suggest what problems should be 
referred to the specialist. 

This is a book to keep at hand in the office or clinic for ready reference when a 
patient is seen with a complaint of infertility or impotency. 

Frank Hinman, Jr., M.D., FAC.S., F.AAP., FR.C.S. (Hon.) 
University of California School of Medicine 
San Francisco, California 
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Preface 

Infertility is more common than most would imagine. One in seven couples will have 
difficulty conceiving during their reproductive lives, and the male factor is implicated 
as the cause in up to 50% of these cases. The landmark birth of Denise Brown by in 
vitro fertilization in 1978 was matched in significance in 1992 by the introduction of 
intracytoplasmic sperm injection (ICSI) in humans. Although ICSI is now a main
stream topic in discussions about assisted reproductive techniques, it needs to be 
considered as an adjunct in the treatment of male infertility. To treat only the sperm 
and not do a complete history and physical examination as we were taught in medical 
school is unconscionable. The field of male infertility crosses more than one discipline, 
with a knowledge of urology, endocrinology, immunology, and even gynecology 
needed for the physician to address many of the common clinical presentations. Infer
tility may well be the presentation of a serious medical condition, and the emotional 
and financial impact on the couple undergoing any assisted reproductive technique 
should never be underestimated. 

Male sexual dysfunction, like male infertility, is receiving greater public attention. 
According to recent estimates, between 20 and 30 million American men suffer from 
some degree of sexual dysfunction. Comparative figures generally apply worldwide. 
Surprisingly, only a small proportion of men experiencing impotence have undergone 
evaluation or received treatment, often because of either their own reluctance or their 
physician's lack of comfort in dealing with the subject of sexuality. Some critics have 
commented that with the prevailing level of managed care and the introduction of 
effective oral medications, the necessity for knowing about the mechanics and 
psychogenics of male sexual dysfunction is no longer required. Nothing can be further 
from the truth. Despite the logic of goal-directed therapy, most patients are dissatisfied 
with this form of care. And, for the inquisitive physician, a knowledge of the underlying 
mechanisms of causation and prevention is intellectually fulfilling and a driving force 
for improved patient care. In no way has the introduction of oral agents for treatment 
of impotence brought an end to the necessity of investigation. New knowledge, unfore
seen complications, and innovative treatment lie ahead. 

These projections and anticipations are significant and worthy of our attention. To 
this end, Male Infertility and Sexual Dysfunction combines discussions of the latest 
advances in basic research with the recent innovations in the disciplines of male 
infertility and sexual dysfunction. 

Similar to the progress witnessed in other academic domains, the field of andrology 
continues to evolve, perhaps at an even more rapid pace than certain other areas of 

ix 



x Preface 

medicine. Nonetheless, it would be impossible to discuss every issue in andrology in a 
single volume, and it would be unlikely that a single individual could comprehensively 
cover all the latest developments in every specific area. For this reason, select interna
tional authorities have contributed in-depth coverage of their areas of expertise. 

Part I begins with a discussion of male infertility and continues to the basic sciences, 
office evaluation, laboratory and imaging techniques, use of testicular biopsy, and the 
basic information that an andrologist should have about the female partner. Next is a 
group of specialized chapters dealing with immunologic infertility, genital inflamma
tion, and reactive oxygen species, followed by clinically applicable chapters on medical 
management, sperm processing, and surgical techniques that aid or ensure the union 
of healthy gametes. Adolescent andrology and future concerns about genetics and 
gonadotoxicity are included in this section on male infertility. 

Part II reflects a more diverse format in coverage of sexual dysfunction. The basics 
of office evaluation, androgen insufficiency, and duplex and nocturnal penile tumes
cence (NPT) studies are covered. Attention is then given to more abstract subjects on 
neurotransmission, penile neurology, premature ejaculation, and psychogenic impo
tence. Finally, the medical, noninvasive, and surgical techniques are detailed. 

The study of andrology is indeed a moving target. The dogma of today will be the 
history of tomorrow. The goal of this volume is to provide a base of current knowledge 
and set standards of clinical care to assist andrology researchers and clinicians of today. 
These will in tum lay the foundations for the discoveries of tomorrow. 

I would like to take this opportunity to thank June Banks Evans, Ann Morcos, and 
Michon Breisacher Shinn for their tireless efforts and invaluable support in collecting, 
correcting, and processing the many manuscripts that went into this volume. My 
sincere appreciation to Raju Thomas, M.D., for his continued support and to Esther 
Gumpert and Anne Fossella at Springer-Verlag for their professional guidance and 
good cheer through all phases of the writing of this book. 

Wayne J.G. Hellstrom 
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1 
Anatomy and Physiology of the 
Male Reproductive System 
Kenneth P. Roberts and Jon L. Pryor 

From the hypothalamo-pituitary-testicular axis 
to the sexual accessory glands, a complex, coor
dinated system provides reproductive and 
sexual functioning for the male. Breakdown of 
this coordinated system is responsible for infer
tility in approximately 7.5% of all males as well 
as for 20 million men in the United States who 
suffer from erectile dysfunction. An under
standing of the anatomy and physiology of the 
reproductive and sexual systems is the basis for 
treating these problems. 

Testicle 

Anatomy 

The layers covering the testis and their deriva
tions, beginning superficially, are as follows: 

1. skin 
2. dartos fascia-continuation of Scarpa's 

fascia over the scrotum 
3. external spermatic fascia-derived from ex

ternal oblique aponeurosis 
4. cremasteric muscle/fascia-derived from in

ternal oblique muscle/fascia 
5. internal spermatic fascia-derived from 

transversalis fascia 
6. tunica vaginalis-remnant of the abdominal 

peritoneum 

The tunica vaginalis is the remnant of the 
processus vaginalis, a portion of the abdominal 
peritoneum that evaginates through the body 
wall via the inguinal canal during the third 

month of gestation. The testis projects into the 
abdominal peritoneum from behind as it de
scends into the scrotum around the time of 
birth. This development explains the two layers 
of tunica vaginalis around the testis-the outer 
parietal layer and an inner visceral layer closely 
apposed to the testis. Normally, there is a small 
amount of fluid between the visceral and pari
etallayers; a hydrocele is an excessive accumu
lation of fluid between these layers. In rare 
cases, the tunica vaginalis remains continuous 
with the abdominal peritoneum, a condition 
that can also result in a hydrocele or indirect 
inguinal hernia. 

The testes receive their blood supply from 
the testicular arteries, the cremasteric arteries, 
and deferential arteries (Fig. 1.1). The bilateral 
testicular arteries are the primary blood supply 
of the testes. They arise from the abdominal 
aorta, just inferior to the origin of the renal 
arteries, and course in the retroperitoneum to
ward the pelvis. Midway between their origin 
and the iliac crest, the testicular arteries cross 
over the ureters and pass laterally into the pel
vis, reaching the spermatic cord at the level of 
the internal inguinal ring. The arteries then 
pass through the inguinal canal, as a component 
of the spermatic cord, and into the scrotum 
to the testes. The cremasteric arteries, also re
ferred to as the external spermatic arteries, are 
branches of the inferior epigastric artery and 
originate as branches of the external iliac arter
ies. The deferential arteries are branches of the 
internal iliac arteries. The deferential arteries 
traverse much of the length of the vas deferens 
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FIGURE 1.1. The venous (left) and arterial (right) anatomy of the testis. 

and supply it with blood. The cremasteric and 
deferential arteries also access the ipsilateral 
testis via the spermatic cord. Although the tes
ticular arteries are the primary blood supply to 
the testis, there is sufficient anastomotic com
munication among all three arteries so that any 
one artery can often be obliterated without loss 
of adequate blood supply to the testis.1•2 

The intra testicular arterial anatomy is some
what variable, but conforms to a general pat
tern that is clinically important (Fig. 1.1). The 
testicular artery pierces the tunica albuginea 
at the posterior aspect of the superior pole, 
courses down to the inferior pole, and then as
cends along the anterior surface, just under the 
tunica albuginea, giving off several branches 
that course into the testicular parenchyma. The 

highest density of surface arteries is contained 
in the anterior, medial, and lateral surfaces of 
the inferior pole, and the lowest density is 
found in the medial and lateral aspects of the 
superior pole.3 To prevent iatrogenic injury to 
the testis, these superficial arterial branches 
should be considered when performing a testis 
biopsy or when tethering the inferior pole of 
the testis during orchiopexy.4 

The venous anatomy of the testis is a particu
larly important feature of the male reproduc
tive tract. The veins emerging from the testis 
form a dense network of intercommunicating 
branches known as the pampiniform plexus 
(Fig. 1.1), which extends through the scrotum 
and into the spermatic cord. The arteries 
supplying the testis pass through this plexus of 



1. Anatomy and Physiology of the Male Reproductive System 3 

veins en route to the testis. The venous blood 
(33°C) cools the arterial blood at abdominal 
temperature (37°C) by a countercurrent heat 
exchange mechanism. After traversing the in
guinal canal, the venous plexus disperses into 
veins that follow the arterial supply of the tes
tis. The right testicular vein empties into the 
inferior vena cava. In contrast, the left testicu
lar vein normally enters the left renal vein. 

There are three anatomical features of the 
left testicular vein that are implicated in the 
etiology of the predominantly left-sided varico
cele. First, the left testicular vein is longer than 
the right testicular vein, which supposedly 
causes increased hydrostatic pressure in the left 
compared with the right testicular vein. Second, 
the left renal vein courses anteriorly to the 
abdominal aorta and posteriorly to the superior 
mesenteric artery, and is therefore predisposed 
to compression. This compression, referred 
to as the "nutcracker effect," will raise the pres
sure in the left renal vein and, as a conse
quence, in the left testicular vein. Third, some 
autopsy studies have shown valves to be absent 
more frequently (40%) in the left testicular 
vein compared with the right (3 %), allowing 
renal vein blood to reflux more frequently into 
the left testicular vein.s Because these anatomi
cal features are much more common than the 
occurrence of a varicocele, not one of them can 
be considered as the sole cause of a varicocele. 
However, these unique anatomical features of 
the left testicular vein may contribute to the 
increased frequency of a left-sided as opposed 
to a right-sided or bilateral varicocele. 

Classic dissections in several species have 
shown that the autonomic nerve supply to the 
testis is derived from the spermatic plexus, 
which is composed of nerve fibers originating at 
vertebral levels TlO-L1.6 Later work has sug
gested that the superior spermatic nerve carries 
these nerve fibers along the course of the sper
matic vessels to the testisY This pattern of in
nervation accounts for the clinical observation 
of referred testicular pain to the lower thoracic 
and upper lumbar regions and vice versa. Pres
ently, studies using retrograde axonal tracings 
have shown that the primary innervation of the 
rat testis is supplied by the major pelvic ganglia 
and pelvic accessory ganglia, with only a minor 

component from the spermatic plexus.9 These 
issues raise the question of whether a similar 
neuroanatomy may be present in the human. 

The testis itself is composed of seminiferous 
tubules, the site of germ cell production (Fig. 
1.2). The seminiferous tubules are contained 
within septa formed by projections of the tunica 
albuginea radiating inward from the anterior 
aspect of the testis. The septa converge on the 
mediastinum testis, a fibrous mass at the poste
rior aspect of the testis that supports structures 
(e.g., blood vessels, efferent ducts) entering and 
exiting the testis. The seminiferous tubules are 
looped tubules continuous at their ends with 
the rete testis, a network of collecting tubes in 
the mediastinum that forms a manifold for col
lecting the spermatozoa produced by the semi
niferous tubules. The rete testis is connected to 
the efferent ducts that provide a connecting 
conduit for sperm transport to the epididymis. 

Physiology 

The testis has two primary functions: (1) to pro
duce mature spermatozoa within the seminifer
ous tubules, and (2) to produce testosterone 
from Leydig cells within the interstitium of the 
testis. 

The Seminiferous Tubule 

The seminiferous tubule is made up primarily 
of Sertoli cells, germ cells, and peritubular 
myoid cells (Fig. 1.3). The Sertoli cell is a non
dividing somatic cell of epithelial origin that 
forms the wall of the tubule. The Sertoli cell 
extends from the basement membrane at the 
periphery of the tubule. Tight junctional com
plexes between adjacent Sertoli cells form an 
effective barrier to the passage of macromol
ecules from lymph, in the interstitial space, to 
the lumen of the tubule. Thus, tight junctional 
complexes divide the seminiferous tubule into 
two separate compartments: (1) the adluminal 
compartment, consisting of that portion of the 
seminiferous tubule internal to the tight junc
tions; and (2) the basal compartment, consist
ing of that portion of the seminiferous tubule 
external to the tight junctions. The germ cells 
proliferate and differentiate into spermatozoa 
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within the wall of the seminiferous tubule. Each 
germ cell develops in intimate association with 
the Sertoli cell, surrounded by the Sertoli cell 
plasma membrane. The seminiferous tubule 
is surrounded by a layer of peri tubular myoid 
cells that are responsible for transport of 
mature germ cells toward the epididymis by 
peristalsis of the tubule. These cells have also 
been shown to have a regulatory effect on 
Sertoli cell function by producing paracrine fac
tors that stimulate Sertoli cell-secreted protein 
synthesis. 

K.P. Roberts and J.L. Pryor 

Spermatogenesis 

Spermatogonia, the immature germ cells, 
reside along the basement membrane of the 
seminiferous tubule in the basal compartment. 
These cells undergo several mitotic divisions to 
generate a large population of cells that will 
enter the meiotic prophase as primary sperma
tocytes. The mitotic divisions also continually 
replenish the stem cell population to allow the 
indefinite production of spermatozoa. The first 
mitotic cell divisions take place in the fetal tes-

EPIDIDYMIS 

FIGURE 1.2. The testis and epididymis. The epididymis is located posterolateral to the testis. Four to 12 
ductuli efferentes serve as a conduit between the rete testis and the initial portion of the caput epididymis. 
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tis, generating the spermatogonia and primary 
spermatocytes that are present in the testis at 
birth. There is no further development of germ 
cells until adolescence when, with the onset of 
puberty, there is a rise in serum gonadotropin 
and androgen levels, signaling the testis to con
tinue with production of germ cells. 

Meiosis comprises two cell divisions follow
ing replication of the chromosomes, generating 
haploid germ cells at the conclusion. The pro
phase of the first meiotic division is long and is 

sc 
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subdivided into five stages: (1) leptotene, (2) 
zygotene, (3) pachytene, (4) diplotene, and (5) 
diakinesis (Fig. 1.4). In the leptotene stage, the 
chromosomes, which at this stage are each com
posed of two sister chromatids, are evident as 
thin filaments that attach· themselves to the 
nuclear envelope. In the zygotene stage, the 
two sets (one paternal and one maternal) of 
23 homologous chromosomes pair and form 
trilaminar structures known as "synaptonemal 
complexes." In the pachytene stage, DNA is 
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FIGURE 1.3. The seminiferous tubule and the inter
stitium of the testis. Tight junctional (tj) complexes 
between adjacent Sertoli cells form a barrier imper
meable to macromolecules and functionally divide 

Arteriole 

the wall of the seminiferous tubule into adluminal 
and basal compartments. Cell types pictured include 
Leydig cell (LC), Sertoli cell (SC), spermatogonia 
(sg), spermatocyte (sc), and spermatid (st). 
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exchanged between homologous chromo
somes, the transfer being mediated by the syn
aptonemal complex in a large recombinant 
nodule. The pachytene stage lasts 16 days in a 
human. In the diplotene stage, the chromo
somes separate in a process called dysnapsis, 
and areas where there was exchange of genetic 
material are clearly seen as connecting sites 
called chiasmata. In the final stage of diakinesis, 
the chromosomes condense. The cells then 
proceed through metaphase, where the chro
mosome pairs align at the equatorial plate, 
and anaphase, where the paired chromosomes 
move to opposite poles of the cell. This separa
tion of chromosomes is different from mitosis: 
in meiosis the two copies of maternal or pater
nal chromatids segregate to each daughter cell, 
whereas in mitosis each pair of sister chroma
tids separates and moves to opposite poles. 
During telophase, the final stage of the first 
meiotic division, cytokinesis occurs and two 
daughter cells result. 

Interestingly, cytokinesis (the separation of 
cytoplasm during cell division) is incomplete in 
germ cell division, and all the germ cells derived 
from a common spermatogonium remain in a 
syncytium (connected by cytoplasmic bridges) 
until the mature germ cells are released at 
spermiation. This syncytial arrangement pre
sumably allows cohorts of germ cells to com
municate efficiently and to coordinate their 
synchronous development. The daughter cells 
at the completion of the first meiotic division 
are termed secondary spermatocytes. There is a 
very short interphase between the first and sec
ond meiotic division, as no DNA synthesis oc
curs. Almost immediately, the process of the 
second division begins, and the secondary sper
matocytes progress from prophase through te
lophase. This second division closely resembles 
mitosis, where there is separation of the sister 
chromatids along the centromere. At the end of 
the second meiotic division, each secondary 

FIGURE 1.4. The division of spermatocytes by meio
sis, as described in the text. Each chromosome is 
composed of two sister chromatids in the leptotene 
stage, but the two sister chromatids are closely ap
posed at this stage and are, therefore, difficult to 
differentiate from each other until the pachytene 

spermatocyte has divided, and the daughter 
cells, now called spermatids, each contain a hap
loid genome. Thus, at the end of meiosis one 
primary spermatocyte has divided twice to give 
rise to four spermatids. The two primary pur
poses of meiosis have been accomplished: (1) 
the generation of the haploid cell type by 
the reduction division, and (2) the generation 
of genetic variation by exchanging segments 
of homologous chromosomes and the random 
separation of maternal/paternal chromosomes. 

The early spermatids are round cells that 
bear no resemblance to the mature spermato
zoa. Spermatids undergo the unique process of 
differentiation, called spermiogenesis, to trans
form into the elongated flagellar cells capable 
of motility (Fig. 1.5). This transformation in
cludes the development of the acrosome, the 
condensation of the nuclear chromatin, shed
ding of excess cytoplasm, and the development 
of the tail (flagellum). The acrosome is a large 
vesicle formed from the Golgi apparatus that 
contains the hydrolytic enzymes necessary for 
the penetration of the zona pellucida of the egg. 
The nucleus of the spermatid elongates, as the 
nuclear DNA is tightly packaged to minimize 
the nuclear volume. The flagellum forms at the 
lower pole of the elongating spermatid, oppo
site the acrosome. The mitochondria coalesce 
at the proximal portion of the flagellum, form
ing the mitochondrial sheath and generating 
the energy required for motility. As germ 
cells progress through spermiogenesis, they 
move toward the lumen of the seminiferous tu
bule, and upon completion of spermiogenesis, 
mature spermatozoa are released into the lu
men of the tubule. The release of the mature 
germ cell is known as spermiation. The entire 
process of spermatogenesis in the human, from 
spermatogonia through spermiation, takes ap
proximately 72 days. 

Because of the exponential proliferation of 
germ cells during spermatogenesis, the germ 

stage of the first prophase. (From: Pryor, J.L. "What 
are the unique chromosomal events leading to the 
formation of a haploid male germ cell". In: Robaire, 
B., Pryor, J.L., and Trasler, J.M. Handbook of 
Andrology, Lawrence, Allen Press, 1995, with per
mission from the American Society of Andrology.) 
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FIGURE 1.5. The structural features of the mature human sperm. 
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cell population accounts for the majority of the 
testicular volume. Thus, the loss of germ cells 
will, in most cases, result in a decrease in tes
ticular volume.lO In many cases the decrease in 
volume will be proportional to the extent 
of germ cell loss. This fact underscores the 
clinical importance of carefully assessing tes
ticular volume in patients complaining of testis
related problems as a noninvasive indicator of 
spermatogenesis. 

The Sertoli Cell 

Germ cell development from primary sperma
tocyte through spermatozoa takes place in the 
adluminal compartment of the seminiferous tu
bule, beyond the tight junctional complexes. 
The composition of the luminal fluid in this 
compartment is composed primarily of Sertoli 
cell secretions. It is this fact, combined with the 
close physical association of the germ cells with 
the Sertoli cells, that has led to the concept of 
the Sertoli cell as the "nurse cell" of the tubule, 
facilitating the maturation of the meiotic and 
postmeiotic germ cells. The Sertoli cell has sev
eral distinct functions in support of spermato
genesis. First, the Sertoli cell provides physical 
support for germ cells, providing a scaffold 
upon which the germ cells develop and move 
toward the lumen of the tubule. Second, the 
Sertoli cells form the blood-testis barrier by vir
tue of the tight junctions that exist between 
adjacent Sertoli cells (Fig. 1.3). This barrier is 
required to isolate the meiotic and postmeiotic 
germ cells from the interstitial lymph and to 
maintain the integrity of the unique environ
ment required for germ cell development. 
Third, Sertoli cells define the environment in 
which the germ cells mature. Sertoli cells pro
vide this environment by supplying nutritional 
factors for germ cell metabolism (e.g., lactate), 
secreting proteins, and other factors required 
for germ cell maturation (e.g., transferrin), and 
secreting paracrine factors that provide cell-to
cell signaling between germ cells and Sertoli 
cells (e.g., activin). Fourth, Sertoli cells phago
cytose the excess germ cell cytoplasm that is 
sloughed in the form of a residual body prior to 
spermiation. 

Because germ cell development is dependent 
on proper Sertoli cell function, some attempt 

has been made to measure Sertoli cell-secreted 
products in patients with infertility as an indi
rect indicator of Sertoli cell function (or dys
function). Among the Sertoli cell markers that 
have proved useful for such studies are trans
ferrin and inhibin. Inhibin is a Sertoli cell-spe
cific product that is present at low, but 
measurable, levels in the serum.ll Although se
rum transferrin does not reflect Sertoli cell 
function, transferrin can be measured in semi
nal plasma as a marker of Sertoli cell function. 12 

The ability to monitor Sertoli cell function will 
improve as more Sertoli cell-specific molecules 
become available. 

Endocrine and Paracrine Requirements 
of Spermatogenesis 

The initiation and maintenance of spermato
genesis in the human require the synergistic 
actions of follicle-stimulating hormone (FSH) 
(a gonadotropin secreted by the pituitary) and 
testosterone (the primary androgen produced 
by the testicular Leydig cells). Although germ 
cells are dependent on these hormones, the 
germ cells do not possess receptors for either 
FSH or testosterone and, consequently, cannot 
respond directly to these hormones.H - is How
ever, Sertoli cells possess receptors for both 
FSH and testosterone. Thus, because Sertoli 
cells directly communicate with the meiotic and 
postmeiotic germ cells, the actions of FSH and 
testosterone on germ cells are thought to be 
mediated by the Sertoli cells. The endocrine
regulated gene products that are required for 
germ cell development and produced by the 
Sertoli cells are largely unknown. However, 
Sertoli cells synthesize several paracrine factors 
(molecules that promote cell-to-cell communi
cation within a tissue) such as inhibin, activin, 
and mullerian-inhibiting hormone (also known 
as mullerian-inhibiting substance [MIS], or 
mullerian-inhibiting factor [MIF]). These and 
other paracrine factors may be important in 
mediating the endocrine signals from the Ser
toli cells to the germ cells. 

There are other paracrine interactions in the 
testis that are undoubtedly important for 
proper testis function and spermatogenesis. 
The germ cells communicate with the Sertoli 
cells by producing their own paracrine factors. 
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For instance, spermatids have been shown to 
secrete basic fibroblast growth factor (bFGF), 
which stimulates the production of secreted 
proteins by Sertoli cells.16 The peritubular 
myoid cells produce PmodS, in response to an
drogen stimulation by Leydig cells, which 
stimulates Sertoli cell function.17 Note that even 
testosterone is a "paracrine" factor when acting 
within the testis. 

Abnormal spermatogenesis is often associ
ated with a decline in Sertoli cell function. For 
instance, a dysfunctional Sertoli cell can ad
versely affect germ cell production as well as 
have decreased inhibin production, resulting in 
clinically elevated FSH levels. Alternatively, 
abnormal germ cells can adversely affect Ser
toli cells, which, in tum, can lead to a decrease 
in inhibin levels and an elevated FSH level. 
Given the intimate interactions between germ 
cells and Sertoli cells, the primary defect in 
cases of abnormal spermatogenesis can be ei
ther Sertoli cell or germ cell dysfunction. 

Epididymis and Vas Deferens 

Anatomy 

Epididymis 

The epididymis is the site of sperm maturation 
and storage. It is derived, along with the vas 
deferens and the seminal vesicles, from the 
mesonephric (wolffian) duct. The mesonephric 
duct makes contact with the tubules of the de
veloping rete testis via the epigenital tubules. 
The epigenital tubules eventually form the 4 to 
12 ductuli efferentes that connect the epididy
mis to the rete testis. The mesonephric duct in 
the region of the epigenital tubules becomes 
convoluted and develops to form the epididy
mis, a single convoluted tubule through which 
the testicular sperm must pass. 

For descriptive purposes, the epididymis is 
divided into three major regions: (1) caput, (2) 
corpus, and (3) cauda (Fig. 1.2). The caput epi
didymis, also known as the head or globus ma
jor, overlies the upper pole of the testis. The 
first part of the caput epididymis is referred to 
as the proximal segment. The cauda epididy
mis, also known as the tail or globus minor, lies 

K.P. Roberts and J.L. Pryor 

at the inferior pole and is continuous with the 
vas deferens. The intervening region is referred 
to as the corpus or body of the epididymis and 
is only loosely attached to the testis. Sperm 
mature as they traverse the caput and corpus 
regions of the epididymis and are stored in the 
cauda epididymides. 

The epididymis is surrounded by the visceral 
layer of the tunica vaginalis in all but its poste
rior aspect. Because the corpus is loosely at
tached to the testis, the tunica vaginalis in this 
region forms a sinus or cleft between the lateral 
surface of the testis and the epididymis. The 
lateral location of this epididymal-testicular 
cleft is useful intraoperatively to establish the 
normal (untwisted) position of the testis. The 
vascular supply of the epididymis is extensive 
and somewhat variable in its detail.18 The epi
didymal artery, a branch of the testicular artery 
originating at a variable distance above the epi
didymis, supplies the caput epididymis and 
courses along the body of the epididymis to the 
cauda epididymis where it anastomoses with 
the vasal artery. The epididymal artery also 
forms anastomotic communications with the 
cremasteric artery and the subtunical portion of 
the testicular artery via small branches that 
pierce the tunica albuginea. Thus, the epididy
mis is supplied with blood from an extensive 
arterial plexus, originating from the same arter
ies that supply the testis. 

The venous drainage of the epididymis varies 
in its detail but also follows a general pattern.18 

In most cases, the veins of the caput and proxi
mal corpus communicate directly with the veins 
of the pampiniform plexus. The veins arising 
from the cauda and distal corpus regions form 
the marginal vein of the epididymis that nor
mally communicates with the vasal vein. Varia
tions of this general pattern of venous drainage 
are not unusual. 

Vas Deferens 

The vas deferens is a thick, muscular tube that 
carries sperm from the cauda epididymis to the 
ejaculatory ducts in the prostate. The first part 
of the vas deferens, originating at the cauda 
epididymis, is tortuous and is referred to as the 
convoluted portion. The vas deferens courses 
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superiorly, along the back of the epididymis, 
passes through the inguinal canal with the tes
ticular artery and veins, and enters the pelvis at 
the level of the internal inguinal ring. From this 
point, the vas deferens courses posteriome
dially, over the junction of the ureters with the 
bladder, passing behind the bladder from above 
and entering the prostate in an inferiomedial 
direction. As the vas deferens approaches the 
prostate, adjacent to the seminal vesicle, it be
comes dilated. This portion of the vas deferens 
is called the ampUlla. Thus, the vas deferens 
provides continuity of the testis with the sec
ondary reproductive structures (i.e., prostate 
and seminal vesicles) within the pelvis. 

The vas deferens, like the epididymis and 
seminal vesicle, is derived from the mesoneph
ric ducts. The common embryological origin is 
of clinical importance in that absence of the vas 
deferens may also indicate absence of the epi
didymis and seminal vesicle. 

The vas deferens receives its blood supply 
from the deferential artery. This artery arises as 
a branch from the umbilical artery, itself a 
branch of the internal iliac artery, and is accom
panied by the deferential vein. Although the 
deferential vein passes through the spermatic 
cord along with the testicular veins, it does not 
contribute significantly to the pampiniform 
plexus.19 

Physiology 
There are three primary functions of the epi
didymis: (1) it is responsible for the maturation 
of infertile testicular sperm to fertile mature 
sperm, (2) it acts as a peristaitic conduit for the 
active transport of sperm from the testis to the 
vas deferens, and (3) it serves as a storage site 
for mature sperm. 

Upon leaving the testis, sperm are nonmotile 
and, in general, are unable to fertilize the egg 
through natural means. Maturational changes 
that endow sperm with the capability to be
come motile and fertilize take place as sperm 
transit the epididymis en route to the vas defer
ens.20,21 However, the condensed nucleus of 
sperm is transcriptionally inactive (i.e., no 
genes are being expressed), and there is very 
little, if any, translation (Le., protein synthesis) 

in the epididymal spermatozoon. Thus, the 
maturation of sperm does not occur by tran
scription and translation within the germ cell 
but is carried out by default in the microenvi
ronment of sperm as they transit the epididy
mis. Experimental data from animal and 
human studies show that sperm undergo matu
rational changes that can be documented 
in many cases as changes that occur to the pro
tein composition on the sperm surface. The re
gional expression of many different genes and 
secretion of region-specific proteins and other 
compounds in the epididymis suggest a linear 
maturational mechanism for sperm as they 
transit this organ.22 In addition, many region
specific epididymal products are regulated by 
androgens and other testicular factors?3 In this 
respect, the maturation of sperm in the epididy
mis, as well as production of sperm in the testis, 
is dependent on androgen stimulation. 

The function of the epididymis as an organ 
for sperm maturation has been questioned in 
recent years. Pregnancy can result from bypass
ing most of the epididymis by anastomosing 
the vas deferens to the caput epididymis during 
a vasoepididymostomy or bypassing the epi
didymis entirely by anastomosing the vas defer
ens to the ductuli efferentes, but this does not 
mitigate the role of the epididymis in sperm 
maturation. Overall, there is less of a chance for 
pregnancy when the vas is attached to the caput 
as opposed to when it is attached to the cauda 
epididymis, and it is possible that the vas defer
ens itself may contribute to the maturation 
of the spermatozoa in such surgically altered 
patients.2o 

The transit time of the sperm in the human 
epididymis averages 12 days but is highly vari
able, with some sperm progressing through the 
epididymis in as few as 2 days.24,25 

The cauda epididymis stores approximately 
52% of the epididymal reserves.25 However, 
both the storage capacity and the ability to 
maintain viability in the cauda epididymis ap
pear to be less in the human than in other mam
mals. The sperm storage capacity of the human 
cauda epididymis has been questioned by data 
showing that the sperm number in the ejaculate 
after vasoepididyostomy, which effectively 
removes the cauda epididymis, is sometimes 
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within the normal range.26 In regard to viability, 
the motility of sperm in the human decreases 
faster as the time between ejaculations (Le., 
abstinence) increases than it does in other 
mammalian species, suggesting the human 
cauda is not as effective in preserving motility 
as it is in other species.20 The high number of 
sperm in the first ejaculate after vasectomy sug
gests that the vas deferens may significantly 
contribute to sperm storage in the human.2o Be
cause the vas deferens is probably not as ca
pable of preserving sperm viability as the cauda 
epididymis, the significant storage capacity of 
the vas deferens may explain the suboptimal 
retention of sperm viability in the human.27 Un
derstanding the limits of sperm storage by the 
human epididymis and vas deferens has signifi
cant clinical implications when researchers de
termine the optimal abstinence period for 
semen collection or timed intercourse; an absti
nence period too short may deplete the limited 
storage capacity in the human and result in low 
sperm count, whereas an abstinence period too 
long may decrease sperm viability. 

Seminal Vesicles and Prostate 

Anatomy 

Seminal Vesicles 

The seminal vesicles are glands, approximately 
5cm in length, that arise as extensive out
pocketings of the mesonephric ducts at the 
level of the prostate. Thus, these glands also 
share common embryological origins with the 
vas deferens and the epididymis. They occupy a 
location lateral to the vas deferens, at the poste
rior and inferior aspect of the bladder. The 
seminal vesicles are secretory glands and con
tribute the majority of the volume of the ejacu
late. The secretions of the seminal vesicles 
combine with the contents of the vas deferens 
as both come together at the prostate. 

The seminal vesicles receive blood from 
branches of the bilateral prostatic arteries, be
fore these arteries divide into the urethral and 
capsular branches. The venous return of the 
seminal vesicles is via the prostatic plexus to the 
internal iliac veins. 

K.P. Roberts and J.L. Pryor 

Prostate 

Like the seminal vesicles, the prostate is an 
organ unique to the male reproductive tract, 
and it contributes secretions to the ejaculate. 
The prostate arises as buds from the primitive 
posterior urethra and penetrates the surround
ing mesenchyme. The primitive buds give rise 
to tubules that develop into separate lobes: (1) 
the large right and left lateral lobes, (2) the 
middle lobe, and (3) the very small anterior and 
posterior lobes. The lobes are composed of 
ductules lined with secretory epithelium that 
drain through the converging tubules into the 
prostatic urethra. Although the lobes develop 
independently, there is no apparent gross or 
morphologic distinction between the lobes in 
the mature prostate gland. 

A recent anatomical description of th.e pros
tate has·· been developed by McNeal,28 which 
distinguishes prostatic zones based on mor
phologic features derived from systematic sec
tioning of the adult prostate (Fig. 1.6). The 
prostatic urethra is the reference structure for 
this anatomical system, with regions of the 
prostate named in relation to it. The anterior 
zone of the prostate is fibromuscular and con
tributes a sphincteric action on the urethra. The 
posterior part of the prostate is divided into a 
peripheral zone and a central zone. These two 
regions, which essentially lie in the coronal 
plane defined by the distal prostatic urethra, 
compose the bulk of the glandular prostate, 
with the peripheral zone being about three 
times larger than the central zone. The central 
zone surrounds the ejaculatory ducts as they 
traverse the prostate from the level of the entry 
of the vas deferens to the verumontanum. The 
peripheral zone lies primarily inferior to the 
central zone, and its ducts enter the urethra 
distal to those of the central zone. The periph
eral zone is of particular clinical significance, 
because this is the primary site of prostatic neo
plasms. The area anterior to the central zone 
and lateral to the proximal prostatic urethra is 
the transition zone, which makes up only about 
5% of the normal prostate gland. Although his
tologically identical to the peripheral zone, the 
transition zone is not disposed to the formation 
of neoplasms. However, it is the primary site 
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Bladder 

FIGURE 1.6. Sagittal view of McNeal's zonal anatomy 
of the prostate. Notice that the urethra forms a 35° 
anterior angulation at the level of the mid-prostate 
that divides the urethra into a proximal and distal 
segment of approximate equal length. The ver
umontanum is entirely withiri the distal segment. 
The glandular tissue makes up two thirds of the pros-

for the formation of benign prostatic hyper
plasia (BPH). 

The prostate derives its arterial supply from 
bilateral prostatic arteries, which are them
selves derived from the union of the inferior 
vesicle artery and the middle rectal artery on 
each side of the pelvis. The middle rectal and 
inferior vesicle arteries are branches of the an
terior division of the internal iliac arteries. The 
prostatic artery divides into a capsular branch 
and urethral branch. The urethral branches 
penetrate the prostate superiorly, close to the 
bladder neck, and traverse the prostate on ei
ther side of the urethra, giving blood to the 
periurethral portion of the prostate. The capsu
lar branches course along the exterior aspect of 
the prostatic capsule and supply the outer por-

Anterior Fibromuscular Zone 

Transition Zone 

Urethra 

Central Zone 

tate, whereas the fibromuscular structures make up 
one third. The two primary regions of the glandular 
prostate are the peripheral zone, which makes up 
75% of the glandular tissue, and the central zone, 
which makes up 25% of the glandular prostate. The 
central zone surrounds the ejaculatory ducts as they 
course through the prostate. 

tion of the prostate. Venous return from the 
prostate is via the prostatic venous plexus, lo
cated just under the fibrous capsule of the pros
tate gland. This plexus also receives blood from 
the base of the bladder and the deep dorsal vein 
of the penis. The prostatic venous plexus drains 
into the internal iliac veins. 

The autonomic innervation to the prostate, 
as well as to the other pelvic organs and the 
penis, is derived from the pelvic plexus. Sympa
thetic nerve fibers to the pelvic plexus originate 
from the thoracolumbar segments TIO-L2 and 
parasympathetic fibers from the sacral seg
ments, S2_S3.29 Prominent nerve ganglia are 
situated at the junction of the prostate and 
seminal vesicles. From these ganglia, nerve 
fibers course along the lateral aspect of the 
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seminal vesicles, extend inward toward the 
bladder neck, and descend along the postero
lateral aspect of the prostate toward the apex.30 

These latter nerve fibers contain the autonomic 
supply to the penis and can be spared during 
radical prostatectomy to avoid subsequent im
potence.31 Autonomic nerve fibers penetrate 
the prostate, primarily into the glandular tissue 
of the peripheral and central zones, with some 
of the nerves penetrating the substance of the 
prostate along the ejaculatory ducts. The sym
pathetic innervation is thought to be respon
sible for emission of secretory products from 
both the prostate and seminal vesicles. 

Physiology 

The primary purpose of the seminal vesicles 
and prostate, often referred to as the sexual 
accessory glands, is to provide a fluid environ
ment for sperm. Approximately 95% of an 
ejaculate is made up of a fluid from the sexual 
accessory glands, and less than 5 % is made up 
of sperm cells. The seminal vesicles contribute 
the greatest proportion of the fluid to an ejacu
late. Some of the primary factors secreted by 
the seminal vesicle include phosphorylcholine, 
ascorbic acid, flavin, prostaglandins, fructose, 
and clotting factors. The exact role of these 
substances in fertilization is not well under
stood. The prostaglandins, known to relax the 
myometrium of the uterus and cervical muscle 
in the female, may participate in sperm trans
port. Fructose is thought to be an energy source 
for sperm, and the lack of fructose in an ejacu
late indicates blocked ejaculatory ducts or ab
sent or atrophic seminal vesicles. Clotting 
factors from the seminal vesicle are responsible 
for the clotting of the ejaculate. If an ejaculate 
is very fluid and does not form a coagulum, then 
this is another physical finding of blocked, ab
sent, or atrophic seminal vesicles. 

The prostate is a 20-g musculoglandular or
gan that secretes the second highest proportion 
of fluid (approximately O.5ml) to the ejaculate. 
Factors secreted by the prostate gland include 
citric acid, acid and alkaline phosphata.ses, 
plasminogen activator, lactate dehydrogenase 
(LDH), amylase, albumin, ~-glucuronidase, 
polyamines (e.g., spermine, spermidine, and 
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putrescine), and various proteases, as well as 
calcium, magnesium, and zinc. Approximately 
10 minutes after an ejaculate coagulates, it be
gins to liquefy. There are several proteolytic 
enzymes-including plasminogen activator, 
seminin, and prostatic-specific antigen (PSA)
that may be responsible for lysis of the coagu
lum and thus liquefaction of the ejaculate. 

The growth of the prostate is under the con
trol of androgens. The free portion oftestoster
one diffuses across the cell membrane of 
prostatic cells where it is reduced by the en
zyme 5a-reductase to the more potent andro
gen, dihydrotestosterone (DHT). DHT binds 
to an androgen receptor where it is translocated 
into the nucleus and binds to DNA at andro
gen-responsive elements (AREs). The AREs 
regulate the expression of androgen-responsive 
genes. By blocking the reduction of testoster
one to DHT with a 5a-reductase inhibitor, such 
as finasteride, many of the secretions and func
tions of the prostate will quiesce. The compo
nents of the stromal compartment, including 
the extracellular matrix, are also involved in 
prostate growth. 

The paired bulbourethral glands situated in 
the urogenital diaphragm secrete approxi
mately O.2ml of fluid in an ejaculate. Although 
the first part of an ejaculate is primarily sperm 
and fluid from the prostate, and the second part 
of an ejaculate comes primarily from the semi
nal vesicles, there is significant intermixing of 
fluids in the ejaculate so that motile sperm are 
also present in the later part of an ejaculate. 
Therefore, a split ejaculate is rarely diagnostic 
in the evaluation or treatment of the infertile 
male. 

Penis 

Anatomy 

The penis is typically divided into three ana
tomic parts: (1) the body, (2) the glans, and (3) 
the root. The body is the cylindrical external 
portion that is itself composed of three parts: 
the corpus spongiosum through which the ure
thra passes and the bilateral corpora cavernosa, 
the erectile bodies of the penis. Within the 
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corpora cavernosa is spongy tissue that consists 
of endothelial-lined smooth muscle spaces 
called sinusoids. The glans penis is the distal 
expansion of the corpus spongiosum. The root 
of the penis is in the superficial perineal space 
and thus is not visible externally. The root is 
made up of the proximal corpora, which di
verge as they approach the perineum, forming 
the crura of the penis. The crura adhere to the 
ramus of the ischium, ending at the ischial tu
berosity. Proximally the corpus spongiosum di
lates, forming the bulbous penis. The corpus 
spongiosum and the two corpora cavernosa are 
each surrounded by a fibroelastic covering, the 
tunica albuginea. The tunica albuginea forms a 
septum with small perforations between the 
two closely apposed corpora cavernosa that al
lows blood from one corpus to permeate the 
contralateral corpus, which explains why medi
cation injected into one corpus affects the con
tralateral corpus. The crura are surrounded by 
the ischiocavernosus muscle, and the bulbus 
penis is surrounded by the bulbospongiosus 
muscle, which contributes to the clonic contrac
tions of these structures during ejaculation. A 
thick layer of connective tissue, referred to as 
Buck's fascia, surrounds the corpus spongio
sum and corpora cavern os a in a figure-eight 
fashion. Superficial to Buck's fascia is the 
dartos, followed by skin. The body of the penis 
is supported by two suspensory ligaments: (1) 
the fundiform ligament (a continuation of the 
linea alba), and (2) the more proximal (deeper) 
suspensory ligament that attaches to the pubic 
ramus and merges with the tunica albuginea of 
the penis. The normal anatomic position of 
the penis is in the erect state; thus, the ventral 
penis is the surface with the corpus spongiosum 
and the urethra, and the corpora cavernosa 
and dorsal neurovascular bundle are dorsal 
(posterior ). 

The blood supply to the penis is derived pri
marily from the internal pudendal artery, a 
branch of the anterior division of the internal 
iliac artery (Fig. 1.7). However, there is tremen
dous variation in the arterial supply to the pe
nis, with a high incidence of an accessory 
pudendal artery that commonly arises from 
vesical and obturator arteries.32 The internal 
pudendal artery becomes the common penile 

artery that branches to give rise to the bul
bourethral, cavernous, and dorsal arteries (Fig. 
1.7). The bulbourethral arteries give blood sup
ply to the bulb of the penis with branches to the 
corpus spongiosum. The cavernous arteries 
course centrally through each corpora, giving 
off numerous helicine arteries that supply 
blood to the sinusoids of the corpora cavernosa, 
and are the primary arteries responsible for 
erections. The dorsal arteries course along the 
dorsal surface to the glans penis. 

There are three main routes of venous drain
age of the penis: (1) the superficial dorsal vein, 
(2) the deep dorsal vein, and (3) the cavernous 
vein. The superficial dorsal vein is visible exter
nal to Buck's fascia and drains most of the pe
nile skin into the great saphenous vein. Venous 
blood from the sinus spaces of the· corpora 
cavernosa drain into venules on the under
surface of the tunica albuginea. Blood from 
these subtunical venules exits the tunica albu
ginea via the emissary veins which, in turn, 
drain into the circumflex veins. Emissary veins 
from the dorsal surface of the penis and the 
circumflex veins primarily drain into the deep 
dorsal vein, which empties into the peripros
tatic (retropubic) venous plexus. Thus, the 
deep dorsal vein drains the glans penis as well 
as the distal corpora cavernosa and corpus 
spongiosum. Finally, the emissary veins from 
the proximal corpora cavernosa and crura 
empty medially into the cavernous and crural 
veins, respectively. These veins join with ure
thral (bulbar) veins from the proximal corpus 
spongiosum to form the internal pudendal vein. 
There is also an anastomosis between the cav
ernous veins and the periprostatic plexus.33 

Both the periprostatic and internal pudendal 
veins ultimately drain into the internal iliac 
veins. 

Most of the sensation of the penis is via the 
dorsal penile nerve, a branch of the internal 
pudendal nerve. The somatic portion of the 
pudendal nerve also innervates the bulbospon
giosus and ischiocavernosus muscles, which 
contract during ejaculation. Nerve supply re
sponsible for erections is the parasympathetic 
autonomic system via the pelvic plexus (S2-S4), 
also referred to as the nervi erigentes. The 
nervi erigentes course along the posterolateral 
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FIGURE 1.7. The arterial (top), cross-sectional (middle), and venous (bottom) anatomy of the penis. 

prostate adjacent to the rectum and run toward 
the apex of the prostate and lateral to the mem
branous urethra where they penetrate the cor
pus cavernosum. 

Physiology 

Understanding of the physiology of erections 
has been greatly advanced by Virag's34 observa
tion that the smooth-muscle relaxant papaver
ine causes erections when injected directly into 
the corpora cavernosa. Similar results were 

demonstrated by Brindley35 with the 
injection of the a-adrenergic blocking agent 
phenoxybenzamine into the corpora cavernosa. 
These findings clearly demonstrate the impor
tance of dilatation of the trabeculae and penile 
arteries in producing an erection. 

When the penis is flaccid, the sinusoids of 
the corpora cavernosa are under chronic 
sympathetic stimulation and are constricted. 
However, with neurostimulation these sinusoi
dal spaces relax, causing increased arterial 
blood flow to the penis and filling the trabecular 
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spaces with blood.36 The expanded sinusoidal 
spaces compress the subtunical venules and 
pinch off the emissary veins, thus significantly 
impeding the outflow of blood. 

As previously stated, the primary neural in
nervation to produce an erection is para
sympathetic via the nervi erigentes. Recently, 
however, nitric oxide (NO) has been shown 
to be the noncholinergic, nonadrenergic neu
rotransmitter responsible for erections. Nitric 
oxide synthase, which produces NO from 
L-arginine, has been localized to the autonomic 
nerves of the penis.37 NO causes relaxation of 
vascular and trabecular smooth muscle in the 
corpora by increasing the synthesis of the sec
ond messenger cyclic guanosine monophos
phate (cGMP) in the smooth muscle cells.38,39 

The recent elucidation of this neural stimula
tory pathway controlling erectile function may 
lead to new pharmacologic interventions for 
the treatment of erectile dysfunction. 

Hypothalamo-Pituitary
Testicular Axis 

Anatomy 

The three endocrine organs required for sper
matogenesis are the hypothalamus, the pitu
itary body, and the testis (Fig. 1.8). The 
hypothalamus is located in the lower aspect of 
the third ventricle of the brain. The pituitary 
body is located in the hypophysial fossa, infe
rior to the hypothalamus, is connected to the 
hypothalamus by the pituitary stock, and is di
vided into anterior and posterior lobes. The 
posterior lobe is known as the neurohypophysis 
and is stimulated by neurons from the hypo
thalamus. The anterior lobe, also known as the 
adenohypophysis, communicates with the hy
pothalamus via the portal blood system and is 
stimulated by neuropeptides released by the 
hypothalamus into the portal bloodstream. 

Physiology 

The hypothalamus synthesizes and releases, in 
a pulsatile fashion, the decapeptide gonadotro
pin-releasing hormone (GnRH) into the portal 

system. GnRH stimulates cells in the anterior 
pituitary to synthesize and release the glyco
protein hormones' follicle-stimulating hor
mone (FSH) and luteinizing hormone (LH). 
FSH acts on the Sertoti cells, the only cells 
known to express the FSH receptor in the male, 
and LH is responsible for stimulating produc
tion of testosterone from the Leydig cells in the 
interstitium of the testis (Fig. 1.8). Measure
ment of LH, FSH, and testosterone in the blood 
of normal men shows episodic peaks of ap
proximately 90-minute intervals, reflecting the 
pulsatile release of GnRH from the hypothala
mus.40 Testosterone produced by the Leydig 
cells feeds back to the pituitary and hypothala
mus to downregulate LH secretion. Testoster
one is also readily converted to estrogen by 
aromatase in the testis and peripheral tissues 
and has an inhibitory effect on LH secretion by 
the pituitary.41.42 Stimulation of the Sertoti cell 
by FSH results in production of inhibin, which 
feeds back to the pituitary in a negative fashion, 
thus decreasing FSH production. Inhibin and 
testosterone feedback at the pituitary and hy
pothalamus complete this endocrine loop (Fig. 
1.8). 

The pulsatile release of GnRH is required for 
the release of FSH and LH. A GnRH agonist 
given in a constant, nonpulsatile fashion will 
downregulate the GnRH receptor, and LH, 
FSH, and subsequent testosterone secretion 
will be suppressed.43 This mechanism of tes
tosterone suppression is exploited clinically as a 
strategy for ablating testosterone in men with 
androgen-responsive prostate cancer.44 Under 
normal circumstances, serum testosterone lev
els fluctuate, with peaks in the morning and 
nadirs in the evening. Therefore, levels should 
be reassayed at different times during the day if 
an inappropriately abnormal level is obtained. 

Mechanism of Hormone Action 

FSH and LH are glycoprotein hormones com
posed of two disulfide-linked polypeptides, al
pha (a) and beta (~). The a subunit is identical 
in both hormones, whereas FSH and LH have 
unique ~ subunits. It is the ~ subunit that en
dows the hormone with its receptor specificity 
and, as a result, cell specificity. The a subunit is 
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Hypothalamus 

FIGURE 1.8. The hypothalamo-pituitary-testicular 
axis. The anterior pituitary (Ant. Pit.) releases 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) in response to gonadotropin-releas
ing hormone (GnRH) stimulation from the hypo-

responsible for eliciting the cellular response. 
The receptors for FSH and LH are transmem
brane proteins that have an extracellular hor
mone binding domain coupled to guanine 
nucleotide binding proteins (G-proteins) intra
cellularly (Fig. 1.9). When the hormone ligand 
(i.e., FSH or LH) binds to the receptor, a com
plex is formed with adenylate cyclase to stimu-

/ 

thalamus. FSH has a stimulatory effect on Sertoli 
cells and LH stimulates testosterone production by 
Leydig cells. LH, and to a lesser extent FSH, is 
downregulated by testosterone. FSH is downreg
ulated by inhibin (IN) produced by Sertoli cells. 

late cyclic adenosine mono phosphate (cAMP) 
production from adenosine triphosphate 
(ATP). Cyclic AMP stimulates protein phos
phorylation, resulting in a cascade of intracellu
lar events that leads to the physiologic action of 
these hormones (Fig. 1.9). Although cAMPI 
protein kinase A pathway is the most well un
derstood mechanism by which gonadotropins 
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act, there is evidence that these hormones 
stimulate target cells via other signaling path
ways as well.45 

Androgens act via the nuclear androgen 
receptor. The androgen receptor is a ligand 
activated transcription factor that actively 
regulates gene transcription after binding to 
testosterone or dihydrotestosterone (DHT). 
Androgen binding results in a conformational 
change in the receptor that endows it with the 
ability to bind to specific DNA sequences, 
called androgen response elements (AREs), in 
the regulatory region of androgen regulated 
genes. The binding of the activated androgen 
receptor then influences, either positively or 
negatively, the expression of the target gene 
(Fig. 1.9). In the prostate and seminal vesicles, 

cAMP 
t 

~ ®-Protein Protein 

~ 
Cellular . . 
Effects (I.e. - T SyntheSIS) 

Leydig 
Cell 

T----------------------
FIGURE 1.9. Mechanism of action of gonadotropins 
and androgen is illustrated by the interaction of 
Leydig cells and prostatic epithelial cells, respec
tively. LH, a glycoprotein hormone comprised of a 
and ~ subunits, binds to its receptor (R) on the sur
face of the Leydig cell causing activation of adenyl
ate cyclase (AC) via a stimulatory G protein (Gs). 
Adenylate cyclase converts ATP to cyclic AMP 
(cAMP), which activates protein kinase A (PKA) 
causing the phosphorylation of key regulatory pro
teins and resulting in a functional response, tes-

androgen action results in growth of the 
glands and in increased secretory activity. In 
the testis, testosterone acts to drive spermato
genesis. The pubertal maturation of male 
sexual organs and the development of second
ary sexual characteristics are also androgen 
dependent. 

It is important to remember that testosterone 
can be enzymatically converted to DHT or 17~
estradiol (E2) in one enzymatic step. DHT is a 
more potent androgen with a higher affinity for 
the AR than testosterone (T), whereas Ez acts 
via the estrogen receptor (ER) and typically 
has antagonistic effects to androgen. Thus, T is 
a prohormone for both DHT and Ez, and the 
biologic effect of T will often depend on the 
conversion of T to Ez or DHT. 

PSA 

tosterone biosynthesis. Testosterone enters the pro
static cell by passive diffusion where it is converted 
to 5a-dihydrotestosterone (DHT), a more potent an
drogen, by the converting enzyme 5a-reductase. 
DHT binds to the androgen receptor (AR). This 
complex binds to the androgen response element 
(ARE) found in androgen-responsive genes, and fa
cilitates the transcription of these genes. The new 
gene products reflect androgen-regulated functions 
of the cell such as the production of prostate-specific 
antigen (PSA). 
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Conclusion 

The high incidence of health problems that in
volve the reproductive and sexual systems 
largely accounts for the significant amount of 
basic research in these areas. This has led to 
specific clinical advances, most notably in the 
treatment of benign prostatic hypertrophy with 
alpha blockers, nerve-sparing radical prostatec
tomies, and intracavernous pharmacotherapy 
for the treatment of erectile dysfunction. In 
other areas, like reproduction, technological 
advances like micromanipulation of sperm 
seem to be far ahead of our understanding the 
pathophysiology of infertility. Micromanipula
tion can often result in a pregnancy for a couple 
with infertility, but not until we advance our 
understanding of the basic science of reproduc
tion will we be able to specifically identify those 
who will need and benefit the most from this 
new therapy. Therefore, to successfully treat 
patients, and do so in a cost-effective and effi
cient manner, requires not only further re
search in the reproductive system, but also that 
clinicians stay abreast of the advances that 
should follow. 
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2 
Office Evaluation of the Infertile Man 
R. Dale McClure 

Infertility affects approximately 15% of 
couples who are attempting their first preg
nancy. In the United States alone, this amounts 
to approximately 5 million couples yearly. Few 
disease entities are of this magnitude. Investi
gations have found significant pathology re
lated to the male alone in approximately one 
third of infertile cases, and in 20% abnormali
ties are found both in the man and in the 
woman.1 As the male factor is so prominent, the 
initial screening evaluation of the male ideally 
should be performed early in the infertility 
workup. 

Although primary infertility has been de
fined as the inability to achieve a pregnancy 
after 1 year of unprotected intercourse, some 
authorities now suggest couple assessment 
should commence with their initial presenta
tion, because it has been shown that the longer 
a couple remains subfertile, the worse their 
chance for an effective cure. Many couples are 
generally older at the time of presentation and 
may be suffering from the detrimental effects of 
aging on the reproductive process. The in
creasing awareness of infertility by the lay press 
has heightened the anxiety and apprehension 
many couples experience after only a few 
months of failure to conceive. Couples with 
long-standing medical diseases, family history 
of genetic disease, or past history of medical or 
surgical procedures that would alter their fertil
ity often present earlier than 1 year. 

The couple should be considered as a unit 
and evaluated in a parallel manner until a sig
nificant problem is uncovered. Interviewing the 
couple together during the initial visit allows 
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the physician to gain information about their 
dynamics as a couple, their individual motiva
tion, and it helps alleviate the stress that the 
infertility investigation tends to provoke in 
couples. Cooperation and communication with 
the woman's physician will allow an efficient 
and appropriate workup and avoid unnecessary 
tests and procedures. 

At all times during the infertility evaluation, 
the couple should feel free to question the indi
cations, rationale, and outcomes of various di
agnostic procedures. An explanation of the 
fundamental aspects of male reproductive biol
ogy by pamphlets, charts, or diagrams (Fig. 2.1) 
helps the couple understand the rationale be
hind various diagnostic tests and therapies. The 
couple needs also to be reminded that many 
aspects of both the workup and therapy are 
subject to controversy. During the evaluation, 
the physician should take into account both the 
financial and psychological resources of the 
couple, for spontaneous cures also can occur 
with almost every problem in infertility. 

The diagnostic evaluation of the man should 
proceed in a logical, cost-effective sequence to 
elucidate possible causes of the infertility 
(Table 2.1).2 The goals of the treating physi
cians are to identify both reversible and irre
versible causes of infertility and to ascertain the 
prognosis for the couple. 

History 

The cornerstone of the workup of the infertile 
man is a comprehensive history and physical 
examination to uncover factors known to be 
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FIGURE 2.1. Hypothalamic-pitu
itary-gonadal axis. Testosterone 
(or its testicular conversion to 
dihydrotestosterone or estradiol) 
has an inhibitory effect on the 
hypothalamic-pituitary axis. In
hibin specifically inhibits serum 
FSH levels. LH, luteinizing hor
mone; FSH, follicle-stimulating 
hormone; GnRH, gonadotropin
releasing hormone. (Reprinted 
with permission from Singer and 
Weiner.64) 
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Testosterone 

associated with infertility. A workup sheet that 
addresses most of the pertinent historical 
points is extremely useful (Table 2.2). Docu
mentation should be made of the duration of 
unprotected coitus with this or other partners 
as well as whether the man has fathered chil
dren in the past. Notation should be made of 
the man's previous infertility evaluation, in
cluding semen analysis, hormones, and the 
more sophisticated tests, such as sperm anti
body and sperm penetration assays. Determin
ing whether these tests were performed in a 
physician's office or in a reproductive labora
tory may indicate the reliability of the results, 
for analyses performed in a physician's office or 

in many general hospital laboratories may fail 
to match the quality, reliability, and reproduc
ibility of a reproductive laboratory's analyses. 

Because the couple should be considered as a 
unit, it is important that the physician investi
gating the man be aware of the status of the 
woman's workup. Details are important in 
terms of the woman's history: her previous fer
tility, spontaneous or induced abortions, use of 
contraceptives, and duration of past exposure 
to pregnancy. Previous episodes of genital 
tract infections or acute salpingitis may have 
led to reproductive tract obstruction. Ovulation 
should be assessed by a variety of methods, 
such as menstrual history, basal body tempera-
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TABLE 2.1. Differential diagnosis of male infertility. 

Potentially treatable causes 
Cryptorchidism 
Varicocele 
Obstruction (acquired, congenital) 
Infection 
Ejaculatory dysfunction 
Hypogonadotropic hypogonadism 
Immunologic problem 
Sexual dysfunction 
Hyperprolactinemia 
Vasal agenesis 
Gonadotoxins (drugs, radiation) 
Idiopathic 

Untreatable causes 
Bilateral anorchism 
Germinal cell aplasia 
Primary testicular failure 
Chromosomal anomalies 
Immotile cilia syndrome 

TABLE 2.2. Male infertility history. 

Male reproductive history 
Duration of unprotected coitus 
Previous marital/extramarital offspring 
Previous infertility evaluation (hormones/semen 

analysis/sperm antibodies/sperm penetration assay) 
Previous diagnostic conclusions and therapy 

Personal history 
Developmental 

Onset of puberty (precocious/normal/delayed) 
Undescended testes 
Gynecomastia 

Surgical 
Retroperitoneal 
Pelvic (Y-V plasty bladder neck, transurethral) 
Inguinal (herniorrhaphy, orchidopexy) 
Scrotal (trauma/torsionlvasectomylhydrocele) 

Medical 
Systemic illnesses and therapy (diabetes mellitus/ 

ulcerative colitis/respiratory infections/cystic 
fibrosis) 

Mumps orchitis 
History of venereal disease/urethritis/epididymitis/ 

orchitis/prostatitis 
Recent (3--6 months) febrile/viral illness 

Gonadotoxins (occupational/environmental) 
Occupation( s) (past/present) 
Thermal exposure (work/saunaslbathslbikiniltights) 
Radiation (work/diagnostic/therapeutic) 
Chemical exposure (work/insecticides/therapeutic) 
Smoking (amount/duration) . 
Alcohol (amount/duration) 
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ture, urinary luteinizing hormone (LH) kits, as 
well as serum progesterone. Luteal phase ad
equacy may be determined by endometrial bi
opsy or serum progesterone. Tubal patency and 
assessment of uterine cavity are usually carried 
out with a hysterosalpingogram. A properly 
timed postcoital test evaluates the cervical mu
cus, the delivery of the semen sample, and the 
survival of sperm within the cervical mucus. 
Pelvic pathology, including adnexal adhesions, 
endometriosis, leiomyomata uteri, and tubal 
pathology, may be identified by laparoscopy.l 

Documentation of developmental abnor
malities in the man is the next step in the 
investigation. Time of puberty is important, 
as precocious puberty may indicate the pres
ence of adrenal-genital syndrome, whereas 
delayed puberty may indicate Klinefelter's syn-

Sexual history 
Potencyllibido 
Coital technique 
Timing and frequency of intercourse 
Lubricants 

Medications 
Personal (past/present) 
Maternal (diethylstilbestrol) 
Recreational drugs (marijuana/cocaine) 

Family history 
Hypogonadism/congenital midline defects 
Cystic fibrosis 
Androgen receptor deficiency (undermasculinization) 

Endocrine history 
Hypothalamic-pituitary 

Headaches/visual changes/polydipsia/impaired ability 
to smell 

Excessive growth of jaw, hands, feet 
Thyroid 

Heat or cold intolerance 
Change in bowel movements 
Increased appetite with weight loss 
Palpitations 

Adrenal 
Muscle weakness/anorexia/purpura 
Postural hypotensionlhyperpigmentation 

Gonadal 
Retardation of hair growth (facial/body) 
Breast changes 
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drome or idiopathic hypogonadism. Similarly, 
gynecomastia may indicate an endocrine ab
normality. Specific childhood illnesses should 
be noted, including cryptorchidism/,4 postpu
bertal mumps orchitis,S and testicular trauma or 
pain (torsion).6 Approximately 50% of men 
with a history of bilateral cryptorchidism and 
30% of men with unilateral cryptorchidism may 
have sperm counts below normal.3 Trauma or 
torsion may result in testicular atrophy, or, if 
occurring after the time of puberty, may be 
related to the presence of sperm antibodies.6,? 

Approximately 10% of individuals who de
velop mumps orchitis bilaterally postpubertally 
may end up with severe testicular damage.s 

Previous surgical procedures, such as bladder 
neck operations (Y -V plasty) or retroperito
neal lymph node dissection for testicular can
cer, may cause retrograde ejaculation or absent 
emission. Similarly, diabetic neuropathy may 
result in either retrograde ejaculation or im
potence. Both the vas deferens and the testicu
lar blood supply can easily be injured during a 
hernia repair or during scrotal surgery. 

Recurrent respiratory infections and infertil
ity may be associated with the immotile cilia 
syndrome, in which the sperm count is normal 
but spermatozoa are completely nonmotile due 
to ultrastructural defects.8 Kartagener's syn
drome, a variant of immotile cilia syndrome, 
consists of chronic bronchiectasis, sinusitis, 
situs inversus, and immotile spermatozoa. In 
Young's syndrome, also associated with pulmo
nary disease, the cilia ultrastructure is normal, 
but the epididymis is obstructed due to inspis
sated material, and these patients present with 
azoospermia (absence of spermatozoa).9 Many 
males with cystic fibrosis have congenital ab
sence of the vas deferens and seminal vesicles.lO 
These individuals present with low semen vol
ume, failure of the semen to coagulate, and 
azoospermia. 

Inflammatory processes that involve either 
the lower urinary tract or the reproductive tract 
may result in scarring and obstruction of the 
reproductive ducts or damage to the secondary 
sex organs. A generalized febrile illness can 
impair spermatogenesis. I1 ,12 The ejaculate, how
ever, may not be affected for 3 months after the 
event, as spermatogenesis takes about 74 days 
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from initiation to the appearance of mature 
spermatozoa, and there is also a varied trans
port time in the ducts.13 Therefore, events that 
have occurred in the previous 3 to 6 months are 
extremely important. 

A variety of gonadotoxins-occupational, 
environmental, or therapeutic-may have 
detrimental effects on fertility.14 Cancer chemo
therapy has a dose-dependent, potentially 
devastating effect on the testicular germinal 
epithelium and may also compromise Leydig 
cell function. ls The alkylating agents cyclophos
phamide, mustargen, and chlorambucil are 
particularly damaging. Exposure to x-rays, neu
trons, and radioactive materials may also affect 
spermatogenesis. Radiation effects depend on 
the total dose received and the developmental 
stage of the germ cell during exposure.IS Perma
nent sterility generally occurs after a single field 
dose of radiation of 600 to 800 rad. Semen 
cryopreservation is recommended for men 
prior to either chemo- or radiotherapy. Al
though numerous chemicals are known to 
affect the male reproductive tract, few have 
been extensively studied. Dibromochloropro
pane (DBCP), a nematocide used widely in ag
riculture, appears to be a testicular toxin.14,16 
Lead, known to be a reproductive toxin since 
the Roman Empire, affects the hypothalamic
pituitary-testicular axis and results in suppres
sion of serum testosterone.17 

Both cigarette smoking and marijuana have 
been associated with infertility.18,19 Although 
some studies have shown an impairment of 
sperm density, motility, and morphology 
among male smokers, other authors have found 
no statistically significant effect of smoking. I ,19 
Individual susceptibility may be responsible for 
this difference. Human studies have shown 
that with marijuana usage there is a lowering 
of serum testosterone and a temporary de
crease in sperm counts and motility.18,2o Among 
abusers of alcohol, there is a reduction in sperm 
density, motility, and the number of normal
appearing sperm.21 Independent of its effect on 
the liver, alcohol reduces testosterone levels 
both acutely and chronically. The liver disease 
concomitant with chronic alcoholism also leads 
to changes in androgen metabolism and may 
result in sexual dysfunction.22 Opiate abuse also 
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inhibits gonadotropin secretion, lowering se
rum testosterone.23 

Some authorities suggest that boxer shorts, 
as compared with briefs, should be worn by 
individuals with suboptimal semen quality, and 
studies in the 1960s did show that excessive 
heat could, with time, alter sperm density.24 
However, the higher-than-normal scrotal tem
perature in men with cryptorchidism and 
varicocele may explain abnormal spermatogen
esis. It is therefore recommended that use of 
saunas, hot tubs, or tight nylon bikinis should 
be discontinued because elevated temperature 
may impair sperm production. 

The type of ejaculation (antegradeiretro
grade), sexual habits, including frequency of 
intercourse and use of coital lubricants, and the 
patient's understanding of the ovulatory cycle 
should be discussed. Decreased coital fre
quency may be related to decreased libido, 
marital difficulties, or work-related absences 
from the home as well as religious practices, 
such as the Mikveh among Orthodox Jews.25 
Caution must be used with lubricants, for sub
stances such as K-Y jelly, Lubrifax, Keri lotion, 
and saliva have been shown to cause a deterio
ration of sperm motility when tested in vitro. 
On the other hand, raw egg white, peanut oil, 
vegetable oil, and petroleum jelly do not ap
pear to impair in vitro motility.17 

The optimal timing of intercourse is still not 
understood by many couples. Recent data have 
shown that the fertile period for conception 
lasts about 6 days and ends on the day of ovula
tion. The drop in conception probability after 
ovulation may be related to short survival time 
for ova or perhaps the detrimental effects of the 
cervical mucus on sperm entry.26 Historically, it 
was felt that frequent ejaculations could theo
retically reduce the potency of subsequent 
ejaculates. However, unless the male has severe 
oligospermia, the present recommendation for 
couples seeking pregnancy is not to limit the 
frequency of sexual intercourse during the opti
mal period. 

Medications that disrupt either ejaculation or 
emission can cause male infertility. Alpha 
blockers used to control hypertension (e.g., 
prazosin, terazosin, phentolamine, and phen
oxybenzaroine), along with ganglion blockers 
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(e.g., methyldopa, guanethidine, and reserpine) 
can cause retrograde ejaculation or failure of 
emission. Preventable causes of male infertility 
can sometimes be found in the careful review of 
the patient's medications. 

A variety of other therapeutic medications 
may also affect reproductive capability. Prena
tal exposure to diethylstilbestrol (DES) may 
cause an increased incidence of epididymal 
cysts, slightly increased frequency of cryptor
chidism, and may in some individuals affect se
men quality,z7 Sulfasalazine, commonly used in 
treatment of ulcerative colitis, has been associ
ated with a drop in sperm motility and density, 
which may be reversed upon stopping therapy.28 
Drugs known to inhibit androgen production 
include spironolactone, cyproterone, keto
conazole (antifungal agent), and cimetidine.29 
These all may significantly affect fertility. 
During short-term therapy, tetracycline lowers 
serum testosterone about 20%.29 Nitrofuran
toin depresses spermatogenesis and therefore 
should be avoided. Other antimicrobial agents 
(e.g., erythromycin and gentamicin) may also 
impair spermatozoal function and spermato
genesis.30 Low-dose androgens, given by some 
physicians for male infertility, may also affect 
sperm production by inhibiting gonadotropin 
secretion. The anabolic steroids used by many 
professional and amateur athletes also depress 
gonadotropin secretion, acting as a "male con
traceptive.,,31 This effect on spermatogenesis 
appears to be temporary and should be revers
ible after discontinuing steroids. 

Symptoms of other endocrine gland abnor
malities (pituitary, thyroid, and adrenal) should 
be elucidated (Table 2.2). Unless testicular 
damage is severe or sufficient time has elapsed 
to regression of male secondary sex characteris
tics, Leydig cell failure occurring after puberty 
is difficult to diagnose clinically. Complaints of 
decreasing libido and poor erections associated 
with the decreased testicular function may pre
cede changes in shaving pattern, loss of pubic 
and axillary hair, and the development of 
gynecomastia. Hot flashes may occasionally be 
seen in men with declining testicular function. 
A rapid loss of beard and body hair (over 6 to 
12 months) suggests concomitant adrenal insuf
ficiency,z9 
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Physical Examination 

A careful physical examination on the initial 
visit may delineate abnormalities indicating a 
male factor in infertility (Table 2.3). Particular 
attention should be given to discerning any fea
tures of hypogonadism: poorly developed sec
ondary sexual characteristics; eunuchoidal 
skeletal proportion (arm span 2 inches greater 
than height); ratio of upper body segment 
(crown to pubis) to lower body segment (pubis 
to floor) less than 1; lack of normal male hair 
distribution (sparse axillary, pubic, facial, and 
body hair), and lack of temporal hair recession 
(Table 2.4).29,32-34 Excessive wrinkling is often 
noted with hypogonadism. 

Abnormal skin pigmentation may be related 
to adrenal disease. Headache, visual field de
fects, galactorrhea, and signs of other tropic 
hormone deficiencies may point to a secondary 
(hypothalamic-pituitary) cause.35 A man with 
congenital hypogonadism may have associated 
midline defects, such as anosmia, color blind
ness, cerebellar ataxia, harelip, and cleft 
palate.36 

Gynecomastia is a consistent finding of a 
feminizing state. Its presence may be a clue to 

TABLE 2.3. Infertility physical examination. 
Height 
Weight 
Arm span 
Hair 

Pubic 
Axillary 
Chest 

Skin (wrinkles/pigmentation) 
Virilization (poor/normal) 
Visual fields 
Sense of smell 
Breasts (gynecomastia/galactorrhea) 
Abdomen (hepatomegaly/previous surgical scars) 
Penis (length/meatus/deformities) 
Prostate (size/consistency/tenderness) 

Testes 

Size (length X width or volume by Prader) 
Consistency 
Vas deferens 
Epididymis 
Varicocele (grade I-III) 

Right Left 

TABLE 2.4. Features of eunuchoidism. 

Eunuchoid skeletal proportions 
Upper body to lower body ratio below 1 
Arm span more than 2 inches greater than height 

Lack of male hair distribution 
Sparse axillary, pubic, and body hair 
Lack of temporal hair recession 

Infantile genitalia 
Small penis, testes, and prostate 

Diminished muscular development and mass 
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testicular dysfunction, whether the failure is 
primary testicular or secondary to disease in the 
hypothalamic-pituitary axis. Because palpation 
by the flat of the hand with the patient supine 
may fail to detect minimal breast enlargement, 
gynecomastia may be more easily found by ex
amining the patient sitting, using the fingers to 
grasp the glandular tissue. 

Particular emphasis should be placed on the 
male's genitalia. Testicular size correlates well 
with semen quality and fertility. Seminiferous 
tubules account for approximately 95% of tes
ticular volume. The normal adult testis aver
ages 4.6 cm in length (range, 3.6 to 5.5 cm) 
and 2.6cm in width (2.1 to 3.2cm) with a mean 
volume of 18.6 ± 4.8 (SD) me2,37 (Fig. 2.2). The 
lower limit of normal length and width for a 
mature testis is approximately 4 x 2.5 cm, 
equivalent to a testicular volume of 15 ml. A 
ruler, caliper, or Prader orchidometer may be 
used to measure testicular size (Fig. 2.3). When 
the seminiferous tubules are damaged before 
puberty, the testes are small and firm; with 
postpubertal damage, they are usually soft 
and small. Small testicular volumes, features of 
eunuchoidism, and the presence of gyneco
mastia on physical examination are all highly 
suggestive of endocrine disease. The finding of 
a unilateral smaller testis may indicate the pres
ence of a varicocele or a previous inflammatory 
or vascular injury to that testis. 

Irregularities in the epididymis or vas may 
suggest a previous infection and possible ob
struction. Examination may reveal a small pros
tate in men with androgen deficiency or slight 
tenderness (bogginess) in those with prostatic 
infection. The penis, which should be at least 
5 cm in length when stretched, should be exam
ined for abnormality (hypospadias, abnormal 
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FIGURE 2.2. Normal values for testicular volume in relation to age. (Modified from Zachmann et a1.37; 

reprinted from McClure34 by permission of W.B. Saunders Co.) 

curvature, phimosis), because such a problem 
may interfere with the deposition of the ejacu
late in the vagina. Both vasa should be pal
pated, as 2% of infertile men have congenital 
absence of the vasa and seminal vesicles. 

There should be a careful search for a 
varicocele, a frequent finding in the infertile 
male.38 The patient should be examined in a 
warm environment, both in the supine and the 

standing position, with and without the Val
salva maneuver. Spermatic cord structures 
from both sides should be palpated and com
pared. With the patient performing the Val
salva maneuver, the examiner secures the cord 
between index finger and thumb. During this 
maneuver, an increase in the thickness of 
the cord or a discrete pulse wave indicative of 
a venous reflex indicates the presence of a 

" .0" . '" ., • 
.. _ ..•...... ,,,. 

FIGURE 2.3. A Prader orchidom
eter for measuring testicular 
volume. 
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varicocele. On occasion, the cremasteric muscle 
will contract, foreshortening the cord and lead
ing to an erroneous positive diagnosis. A 
smaller left testis and a boggy feeling in the 
surrounding scrotal tissue (bag of worms) even 
in the supine position will suggest that a 
varicocele is present. 

The examination is not complete without a 
thorough physical examination to rule out 
chronic or unsuspected systemic disease that 
may contribute to the infertility. Proper neck 
examination will rule out thyromegaly, a bruit, 
or nodularity associated with thyroid disease. 
Liver disease may represent undiagnosed cir
rhosis, and lymphadenopathy may be the early 
sign of Hodgkin's disease. Although previously 
undiagnosed systemic disease is usually very 
unlikely in the workup of an infertile man, cor
rection of this illness may improve the man's 
overall health and improve his semen quality. 

Laboratory Investigation and 
Interpretation 

Although completeness of history and thor
oughness of physical examination are ex
tremely important, the laboratory testing 
should be more selective. 

Semen Analysis 

A carefully performed semen analysis provides 
important information concerning the male re
productive hormonal cycle, spermatogenesis, 
and the patency of the reproductive tract.39 A 
past history of paternity or an adequate postco
ital test does not eliminate the need for semen 
analysis that may reveal subtle, but important, 
abnormalities. However, interpretation of se
men analysis must take into consideration the 
variations in an individual's samples. The mini
mum number of specimens to define good or 
poor quality of semen is three samples over a 2-
month period with a consistent period of prior 
abstinence (48 to 72 hours). In a longitudinal 
analysis of semen from both fertile and infertile 
men, Sherins et al40 found that 97% of men with 
initial good sperm concentration would con
tinue to show good density after as many as 
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three to six specimens. Those rated poor at the 
first specimen also remained poor at the third 
and sixth specimens. For those rated equivocal, 
the first specimen was of little value and at least 
three specimens were needed to obtain stabil
ity. Conventional semen analysis is an indirect 
assessment of fertility potential, but pregnancy 
is the only irrefutable proof of sperm capability 
to fertilize. 

Despite its limitation, semen analysis is a 
simple, inexpensive screening test. If the first 
analysis is normal, repeat the analysis for con
firmation. If, however, the first one is abnormal, 
obtain at least three analyses to document ab
normalities. 

Normal Values 

Semen specimens should be regarded as abnor
mal if the following values and characteristics 
persist: volume, less than 1.5 ml or more than 
5 ml; sperm concentration, less than 20 X 106 

per ml; total sperm number of fewer than 50 
million; sperm motility of less than 50% of cells 
with forward progression and quality graded 
below 2 (scale 0 to 4); and sperm morphology 
of less than 30% oval forms (Table 2.5)?9,41 
The terms oligospermia, asthenospermia, and 
teratospermia refer to individual semen samples 
with abnormalities in sperm numbers, motility~ 
and morphology, respectively. 

Categories of Male Infertility 

Upon completion of a history and physical ex
amination and evaluation of semen parameters, 
the patient's infertility can usually be classified 
into one of nine categories: azoospermia, ejacu
latory dysfunction, varicocele, gonadotoxins, 

TABLE 2.5. Semen analysis: normal values. 
Ejaculate volume 
Sperm concentration 
Total sperm count 
Motility 
Rapid progression 
Morphology 

~1.5ml 

~20 million/ml 
~40 million 
~50% with forward progression 
~25% 

> 30% normal form 

Data from World Health Organization.39 
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antisperm antibodies, infection, endocrinop
athy, idiopathic infertility, or miscellaneous. 

Azoospermia 

Azoospermia, a complete absence of sperm 
within a centrifuged semen specimen, is a rela
tively infrequent but absolute cause of male 
factor infertility. Semen samples with less than 
1 million sperm per milliliter should be evalu
ated in the same manner. Investigation should 
be carried out to differentiate between pretes
ticular (hormonal deficiency), testicular (sperm 
production abnormality), and posttesticular 
(delivery problem) causes. Ejaculatory volume, 
serum hormones, and testicular size are useful 
factors in determining the diagnosis (Fig. 2.4). 

Low ejaculatory volume «1.5 ml) is consis
tent with either ejaculatory dysfunction (failure 
of emission or retrograde ejaculation), ejacula-

R.D. McClure 

tory duct obstruction, congenital abnormalities 
of the Wolffian duct structures (absence of the 
vas), or hypogonadism. Physical examination 
can easily identify patients with bilateral con
genital absence of the vas. A postejaculatory 
urinalysis revealing sperm within the bladder 
is consistent with retrograde ejaculation. Al
though the standard fructose test has been used 
to evaluate the presence or absence of the semi
nal vesicles, this test is qualitative rather than 
quantitative and the results are often mislead
ing in cases of incomplete obstruction or hypo
plasia. Transrectal ultrasonography (TRUS) of 
the prostate, seminal vesicles, and ejaculatory 
ducts may reveal an obstructive etiology of the 
azoospermia. Individuals with low volume, se
vere oligospermia, or severe motility defects 
should also be evaluated by TRUS. 

Hypogonadism can be ruled out on the basis 
of testes size and hormonal testing. A low 

Azoospermia Algorithm· 
·Or with severe oligospermia <1 X106/ml 

>1.5 ml I I <1.5 ml 
+r-------------Isemen Volume ._---.., 

Assess Hormones 
(T/LH/FSH) 

TFSH 
Small Testes 

LowLH 
Low FSH 
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@LH 
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@T 
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FIGURE 2.4. Azoospermia algorithm. 
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serum testosterone level is one of the best indi
cators of hypogonadism. Low LH and follicle
stimulating hormone (FSH) values concurrent 
with low serum testosterone indicate hypo
gonadotropic hypogonadism, which may be ap
parent clinically. Although uncommon, this is a 
readily treatable form of male infertility. 

Elevated serum FSH and LH values help to 
distinguish primary (hyper gonadotropic hypo
gonadism) from secondary testicular failure 
(hypogonadotropic hypogonadism). Most pa
tients with primary testicular failure usually 
have severe, irreversible testicular defects. 

In azoospermic and severely oligospermic 
patients with normal FSH, primary spermato
genic defects cannot be distinguished from ob
structive lesions by normal investigation alone; 
scrotal exploration, testicular biopsy, and 
vasography should be considered. An elevated 
serum FSH associated with small atrophic tes
tes, however, implies irreversible infertility sec
ondary to germ cell failure and biopsy may not 
be warranted. 

Ejaculatory Dysfunction 

Ejaculatory dysfunction should be suspected in 
individuals with cloudy urine after ejaculation 
or low-volume azoospermic samples, or in indi
viduals presenting with anejaculation. The mi
croscopic examination of the postejaculatory 
urine for sperm easily reveals a diagnosis of 
retrograde ejaCUlation. Therapy for retrograde 
ejaculation has been highly successful with both 
medical therapy (sympathomimetic medica
tion) and harvesting the sperm from the blad
der. Failure of emission is diagnosed by the 
absence of sperm in the ejaculate or in the 
voided urine. In anejaculatory individuals with 
a typical history of spinal cord injury, retroperi
toneal surgery, or a neurologic disorder, vibra
tory stimulation or electroejaculation is often 
required to obtain a semen sample.42 

Injury to the sympathetic nervous system will 
cause bladder neck incompetence and result in 
retrograde ejaculation. Retroperitoneal lymph 
node dissection for nonseminous germ cell tu
mors performed in the traditional manner often 
results in sympathetic ganglia damage and ei
ther retrograde ejaculation or lack of emission. 
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Other extensive retroperitoneal surgery, such 
as colorectal surgery, aneurysmectomy, or 
aortoiliac bypass, may damage the sympathetic 
chain. Neurologic conditions affecting the spi
nal cord, such as multiple sclerosis and trans
verse myelitis, may also affect ejaculation. In 
men with diabetes, sympathetic neuropathy is a 
common occurrence. Many psychotropic and 
antihypertensive medications are known to af
fect the ejaculatory process by interfering with 
the sympathetic nervous system42 (Table 2.6). 

A variety of surgical procedures on the geni
tourinary tract may either cause sympathetic 
nerve damage, disturb closure of the bladder 
neck through disruption of the normal anat
omy, or obstruct the ejaculatory duct (Table 

TABLE 2.6. Etiology of ejaculatory dysfunction. 

Bladder neck incompetence 
Congenital 

Posterior urethral valves/polyps 
Exstrophy 

Acquired 
Bladder neck surgery 
Trauma (pelvic fracture) 
Postprostatectomy 

Neurogenic 
Spinal cord lesions 
Surgical injury 

Retroperitoneal lymphadenectomy 
Abdominal vascular surgery 
Colorectal surgery 

Neuropathies 
Diabetes mellitus 
Multiple sclerosis 
Transverse myelitis 

Pharmacologic 
Alpha-adrenergic blockers 

Phenoxybenzamine 
Bethanidine 
Prazosin 

Peripheral sympatholytics 
Guanethidine 

Ganglion blockers 
Hexamethonium 

Antipsychotics 
Chlorpromazine 
Haloperidol 

Mechanical obstruction 
Urethral stricture/meatal stenosis 
Urethral valves 
Ureterocele 
Postprostatectomy surgery 
Epispadias 
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2.6). Some of the newer procedures, including 
laser prostatectomy and bladder neck incision, 
may be less harmful to the ejaculatory process. 
Congenital causes of retrograde ejaculation 
are uncommon and may include epispadias, 
exstrophy, or posterior urethral valves. The 
congenital condition itself or its corrective sur
gery may interfere with the normal ejaculatory 
process. 

Varicocele 

Numerous clinical studies have demonstrated 
an association of varicoceles with male infertil
ity and have shown an improvement in semen 
parameters following surgical repair. A seminal 
improvement rate of approximately 65% and a 
pregnancy rate of approximately 35% have 
been noted.38•43 Although varicocelectomy is 
presently the most common surgical therapy 
for the infertile male, and 15% of the adult 
male population have a varicocele, its mere 
presence in an individual undergoing an infer
tility evaluation is not in itself an indication for 
surgery. Other less invasive and treatable 
causes of both male and female infertility 
should be ruled out before undertaking varico
cele correction. Males presenting with a varico
cele and normal semen parameters should have 
a sperm penetration assay (SPA) to evaluate 
the functional aspects of the sperm. In spite of 
"normal" conventional semen parameters, 
16.3 % of males have a functional defect in their 
sperm.44 A negative SPA warrants surgical cor
rection of the varicocele. 

Gonadotoxins 

Gonadotoxins are drugs, chemicals, or other 
substances (radiation or heat) that have a sup
pressive or toxic effect on spermatogenesis. 
Usually the effect is reversible if the substance 
is identified and discontinued. Cryopreserva
tion of sperm should be considered in anyone 
undergoing chemotherapy or radiation, as full 
recovery of spermatogenesis may not be guar
anteed. With the expanded use of in vitro 
fertilization and in particular with the advent 
of micromanipulation, successful pregnancies 
are being obtained even with the severest 
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oligospermic, teratosperinic, or asthenospermic 
samples. 

Sperm Antibodies 

Sperm antibodies have been reported in 3% to 
7% of infertile men and may be a relative cause 
of infertilityY A history of inflammation of the 
genitourinary tract, testicular injury or torsion, 
and a previous vasectomy may lead to the de
velopment of sperm antibodies.7•45 Although 
the majority of infertile men with sperm immu
nity have normal findings on semen analysis, 
the presence of a spontaneous agglutination or 
poor motility should alert the clinician to the 
possibility of antibodies. Often sperm aggluti
nation is nonspecific and may be related to the 
presence of bacteria or cellular debris and may 
not reflect an immunologic problem. Postcoital 
testing provides an excellent means to screen 
for antisperm antibodies. If fewer than five 
motile sperm per field are seen in a well
estrogenized mucus sample or if the sperm 
seem to shake or vibrate, sperm antibody test
ing should be performed. 

Sperm antibodies can be found in the circula
tion, in the seminal plasma, or directly on the 
sperm surface. Several studies have shown a 
discordance between results of sperm antibody 
testing in matched serum and sperm samples. 
Although humoral antibodies may be detected 
in blood but not in sperm, locally secreted 
antisperm antibodies within the genital tract 
may be detected on sperm with no evidence in 
the blood. In 166 of 856 matched samples, 
Bronson45 found human antibodies in blood but 
not on the sperm. Conversely, he found anti
bodies in the genital tract with no evidence in 
the serum in 14% of cases. The presence of 
human antibodies directed against sperm is not 
relevant to fertility unless these circulating anti
bodies are also present within the reproductive 
tract. It appears, therefore, that tests capable of 
detecting immunoglobulins on living motile 
sperm retrieved from the ejaculate are the most 
direct way to determine whether significant au
toimmunity to sperm exists. 

Although found in the circulation of men, 
antisperm antibodies of the immunoglobulin M 
(IgM) class are not present within the male 
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genital tract. Therefore, testing for sperm-asso
ciated immunoglobulins of the IgM class 
is unwarranted. On the other hand, IgG found 
within the male genital tract is either derived 
from local antibody production or from transu
dation from the circulation. IgA is assumed to 
be from local production, because seminal 
plasma IgA is of the secretory IgA type. Sperm 
antibody testing should include both IgG and 
IgA. 

There are several useful assays that detect 
immunoglobulins present on the surface of 
motile spermatozoa. These include the mixed 
antiglobulin reaction (MAR), the radiolabeled 
antiglobulin test (RAT), and the immunobead 
test (IBT).7,46 Each of these tests can be used 
either as a direct test for detecting immunoglob
ulins already bound to a patient's spermatozoa 
or as an indirect test.17 In the indirect test, 
passive antibody is transferred to donor sperm 
(previously tested and found to be negative) 
from any body fluid (e.g., cervical mucus, semi
nal plasma, or serum). 

The IBT or the immunobead rosette test is 
one of the most informative and specific of all 
assays currently available to detect antisperm 
antibodies bound to the surface of the sperm. 
This test determines the isotope of immunoglo
bulin bound, the percentage of sperm bound 
with antibody, and, in contrast to RAT and 
MAR assay, it determines the region of sperm 
to which specific antibodies are bound. 

The end point of the immunobead assay is 
the percentage of motile sperm that bind to 
immunobeads. Exactly what degree of sperm 
immunobead binding may indicate a clinically 
significant level of any sperm antibodies is 
controversial. From observations of sperm 
immunobead binding, postcoital test results 
and pregnancy, Bronson45 concluded that bead 
bind of 50% or more of the population is clini
cally significant. If 50% of the sperm were anti
body bound, there was a significant reduction in 
fertility (21.8%) compared with a similar group 
with less than 50% bound sperm (45.3%).45,47 
Clark et al,48 on the other hand, suggested that 
if 20% or more sperm bind to beads, the anti
body level should be considered significant. 
The information provided by the IBT on loca
tion and the class of antibody can be used in 
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conjunction with the couple's clinical history to 
provide the clinician important information for 
management of their infertility problem. 

Infection 

Symptoms of infection usually include urethral 
discharge, dysuria, urgency, frequency, testicu
lar/suprapubic or perineal discomfort, as well as 
hematospermia or pain with ejaculation. The 
findings of greater than five white blood cells 
per high power field on the first lOml of voided 
bladder urine 1 (VB1) are considered abnormal 
and indicative of urethral inflammation. 
There should be appropriate intervention 
and treatment of the organism, including 
therapy for the female partner if sexually trans
mitted. If the expressed prostatic secretions 
show more than 10 to 15 white blood cells 
per high power field, the diagnosis should be 
prostatitis. Culture of the urine immediately 
after prostatic massage should identify the 
infected organism, and treatment can be 
initiated.49 

Gram-positive aerobic bacteria, primarily 
Staphylococcus epidermidis, diphtheroids, and 
streptococcal species, frequently colonize in 
the male urethra. The ubiquitous nature of 
the gram-positive bacteria is responsible for 
urethral contamination of the ejaculate during 
semen culture and makes routine semen 
cultures usually useless. On the other hand, the 
gram-negative enteric bacteria-Chlamydia 
trachomatis, Neisseria gonorrhoeae, and 
Trachomatis vaginalis-are rarely isolated 
from the urethra of normal asymptomatic men 
and, when isolated, indicate infection.50 

In asymptomatic infertile men, evaluation 
for a subclinical infection focuses on the 
accurate determination of seminal white blood 
cells. Leukocytospermia or pyospermia has 
been defined by the World Health Organiza
tion (WHO) as the presence of greater than 
I x 106 white blood cells per milliliter of 
semen.39 Increases in seminal leukocytes ad
versely affect sperm motility and fertilization 
functions.51,52 Under routine wet mount light 
microscopy, both immature germ cells and 
white blood cells appear as round cells and are 
difficult to differentiate. Traditional staining 
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techniques, such as Papanicolaou stain and 
Bryan-Leishman stain, differentiate the cell 
types based on nuclear morphology. The widely 
used peroxidase method primarily detects 
polymorphonuclear leukocytes, which com
pose 50% to 80% of white blood cells in 
semen.53 More recently, labeled monoclonal 
antibodies directed against leukocyte surface 
antigen have been used to develop immuno
histochemical stains that allow for easy dif
ferentiation between white blood cells and 
immature germ cells.54 Although leukocyto
spermia is usually thought to be caused by bac
terial pathogens, other factors may also be 
responsible, including viral infections, recruit
ment of white blood cells to scavenged defec
tive sperm, and exposure to environmental 
toxins (alcohol and cigarettes).53 

The evidence is still inconclusive as to 
whether asymptomatic genital tract infections 
are a significant cause of male infertility. There
fore, there appears to be little justification 
for empiric antibiotic therapy. The commonly 
sexually transmitted organisms-Chlamydia 
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trachomatis, Mycoplasma hominis, and Urea
plasma urealyticum-have been implicated, but 
not proven, as a cause of male infertility.55 

Endocrine Infertility 

Most cases of male infertility are nonendocrine 
in origin. Routine hormonal" evaluation is not 
warranted unless sperm density is extremely 
low or there is a clinical suspicion of an 
endocrinopathy. The incidence of primary en
docrine defects in infertile men is less than 3 % 
and is rare in men with sperm concentrations 
greater than 5 X 1Q6/ml. Individuals with a his
tory of birth anomalies, delayed or premature 
sexual maturation, erectile difficulties, or libido 
loss may need hormonal evaluation. Small tes
ticular volumes, features of eunuchoidism, and 
the presence of gynecomastia on physical ex
amination are highly suggestive of endocrine 
disease. Suspect patients should have serum 
gonadotropins (LH and FSH) and serum 
testosterone drawn. The algorithm presented 
in Figure 2.5 demonstrates common patterns 

Endocrine Algorithm 

I Azoospermia/Oligospermia* I 

I J. T tLH tFSH I I J. T J.LH J.FSH I 

~ 
l' Testicular 

Failure 
2' 

Failure 

I Serum Prolactin I 

'Sperm Count 
<SX1()6/ML 

I®T ®LH ®FSH II IT tLH ®FSH I 
: Rare , 

Androgen 
Resistance 

FIGURE 2.5. Endocrine algorithm. 
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of serum gonadotropins and testosterone by 
which a diagnosis can be made. 

A single LH determination has an accuracy 
of approximately ±50% because of the epi
sodic nature of LH secretion and its short half
life. Similarly, testosterone secreted episod
ically in response to LH pulses has a diurnal 
pattern with early morning peak.32 To over
come these sampling inaccuracies, three blood 
samples can be drawn at least 15 to 20 minutes 
apart, and an equal volume of serum from each 
can be pooled for a single determination.56 Se
rum FSH has a longer half-life and fluctuations 
are less obvious. 

A low serum testosterone level is one of the 
best indicators of hypogonadism of either hy
pothalamic or pituitary origin. Mean serum LH 
and FSH concentrations are significantly lower 
in hypogonadotropic than in normal men, al
though in some individuals they can overlap 
with the lower limits of normal. Low LH 
and FSH values concurrent with low serum 
testosterone indicate hypogonadotropic hyper
gonadism. Individuals presenting with hypo
gonadotropic hypogonadism should have other 
pituitary hormones assessed, including thyroid
stimulating hormone (TSH), adrenal cortico
tropic hormone (ACTH), and growth hormone 
(OH). Further evaluation should include mag
netic resonance imaging (MRI) of the patient's 
sella. 

Elevated serum FSH is a reliable indicator 
of germinal epithelial damage and is usually 
associated with azoospermia or severe oligo
spermia. This elevation is indicative of signifi
cant, usually irreversible, germ cell damage.34 

Elevated serum FSH and LH will help 
distinguish primary testicular failure (hyper
gonadotropic hypogonadism) from secondary 
testicular failure (hypogonadotropic hypo
gonadism). Patients with primary hypo
gonadism usually have severe, irreversible 
testicular defects. Secondary hypogonadism 
has a hypothalamic or pituitary origin, and 
in these patients infertility may be medically 
correctable. 

Hyperprolactinemia has been reported to 
cause oligospermia, but the diagnostic evalua
tion of routine prolactin measurements is ex
tremely low in men with semen abnormalities, 

35 

unless associated with decreased libido, impo
tence, or evidence of hypogonadism.35•57 Prolac
tin measurements are warranted in patients 
with low serum testosterone without an associ
ated increase in serum LH. In individuals 
with hyperprolactinemia and testosterone defi
ciency, serum LH levels are inappropriately 
low, indicating that the hypothalamic-pituitary 
axis fails to respond to the reduced testosterone 
level. 35 MRI of the pituitary is required to rule 
out a pituitary adenoma. 

Individuals with gynecomastia or suspected 
androgen resistance (elevated serum testoster
one and LH levels with undermasculinization) 
should have a serum estradiol determination. 
The diagnosis can be confirmed by measuring 
androgen receptor levels in cultured skin 
fibroblasts. 33 

Individuals with a rapid loss of secondary 
sexual characteristics, implying both testicular 
and adrenal failure (adrenal androgen), 
should undergo investigation of adrenal func
tion. In men with a history of precocious pu
berty, congenital adrenal hyperplasia should 
be considered.58 In the common variant 
(21-hydroxy deficiency), serum levels of 17-
hydroxyprogesterone are elevated, as is urinary 
pregnanetriol. 

Idiopathic Infertility 

In approximately 40% of infertile men, the im
pairment of sperm count, motility, and mor
phologic features can be defined, but the cause 
remains unknown. In the absence of definitive 
pathogenesis, logical treatment is difficult. 
Many drugs have been used empirically with 
varying claims of success, but the few placebo
controlled studies have failed to show any effi
cacy. Fortunately, the remarkable advances in 
reproductive biology are now being applied to 
male infertility. A variety of assisted reproduc
tive techniques (ART) attempt to overcome 
the problems of reduced sperm motility and 
number. These procedures circumvent specific 
stages in the fertilization process without cor
recting the actual basis of the disorder. These 
techniques include intrauterine insemination 
(lUI), in vitro fertilization and embryo transfer 
(IVF-ET), and gamete intrafallopian tube 
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transfer (GIFT). Recently, micromanipulation 
techniques have been developed that allow by
passing of further steps of fertilization by me
chanically facilitating contact between sperm 
and oocyte. Intracytoplasmic sperm injection 
(ICSI), one form of micromanipulation, has 
been very successful in treating men with se
vere quantitative and qualitative disorders of 
spermatogenesis.59,60 Successes are now being 
obtained in the ICSI technique both with 
epididymal and testicular-retrieved sperm.61 

In another advance, investigators have used 
immature sperm precursors (spermatids) for 
oocyte insemination.62 Pregnancies also have 
been reported with this round spermatid 
nuclear injection (ROSNI) technique.62,63 

Miscellaneous 

Immotile Cilia Syndrome 

In this condition, the sperm count is normal, 
but spermatozoa are completely nonmotile be
cause of ultrastructural defects. The estimated 
prevalence of this condition is approximately 1 
in 20,000. Kartagener's syndrome is a variant of 
immotile cilia syndrome and has a prevalence 
of 1 in 40,000. Electron microscopic examina
tion of flagellar or ciliary axonemal structure is 
diagnostic of this syndrome.8 

Increased Semen Viscosity 

This appears to be unrelated to the coagula
tion-liquefaction phenomenon and may signify 
accessory gland dysfunction. It often interferes 
with accurate assessment of sperm density and 
motility. It only becomes clinically relevant 
when there are but a few sperm in the postco
ital test (PCT). 

Conclusion 

Reproductive difficulties encountered by cou
ples are receiving increased attention both in 
the news media and in medical literature. Sev
eral factors are responsible for this increasing 
awareness of infertility. The baby boom gen
eration, born 1946 through 1964, has been de-
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laying childbearing into the ages when their re
productive potential has decreased. Wide
spread availability and improved methods of 
contraception as well as increased numbers of 
abortions have decreased the number of babies 
available for adoption. Major advances in re
productive techniques are giving new avenues 
of hope for couples with diagnoses previously 
thought to be untreatable. 
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Semen Analysis and Other Tests 
for Male Infertility 
James W. Overstreet 

Semen analysis includes the basic laboratory 
tests for initial assessment of the male partner 
of an infertile couple. The basic semen evalua
tion provides the clinician not only with infor
mation on testicular function but also with 
evidence for patency of the reproductive tract 
and of the man's ability to ejaculate. Despite 
the basic importance of these tests, neither the 
methods for semen evaluation nor the criteria 
for interpretation of results have been fully 
standardized. These problems are well illus
trated by the current controversy over the sug
gested decline in sperm counts worldwide 
during the past 50 years.1- 3 Scientific criticism 
has been based not only on the statistical meth
odology used in the original analysis but also on 
the realization that the methods for collection 
and analysis of semen have varied widely in the 
past five decades.3 Although much progress has 
been made recently in the standardization of 
semen evaluation procedures, the results of 
previous studies must be evaluated carefully. 
Nevertheless, when infertility is suspected, a 
semen evaluation should be obtained at the ini
tiation of the clinical workup. 

Standard Semen Evaluation, 
Specimen Collection, and Initial 
Assessment of Semen Properties 

There may be significant variability in ejaculate 
quality from day to day.4 Transient semen ab
normalities may be caused by systemic infec-

tion, genitourinary infection, or any febrile ill
ness. Therefore, one abnormal semen evalua
tion cannot be accepted as evidence of male 
subfertility. The number of semen evaluations 
required for assessment of male fertility poten
tial depends on both the characteristics of the 
semen and the variability in semen parameters 
for a given individual. It is important to stan
dardize the period of sexual abstinence prior to 
semen evaluation, because sexual activity also 
affects semen quality.s The period of absti
nence before semen evaluation conventionally 
is set at 48 to 72 hours. However, it is important 
to recognize that frequent ejaculations may 
have different effects on men with abnormal 
semen as compared with those who have nor
mal semen. For normospermic men, an ejacula
tion frequency of 24 hours or less can result in a 
decrease in semen volume, sperm concentra
tion, and sperm motility.6.7 In contrast, men 
with abnormal semen may experience either 
little change in semen quality8 or an improve
ment in semen parameters with frequent ejacu
lation.8•9 In some cases, it may be appropriate to 
evaluate the semen at the same interval that the 
couple has sexual intercourse. 

The semen specimen may be collected by 
masturbation or with a semen collection con
dom.lO Contraceptive condoms should not be 
used because most are spermicidal. Coitus in
terruptus also is not recommended for semen 
collection.ll The laboratory should supply the 
container for semen collection, and quality con
trol procedures should be followed to ensure 
that these containers are free of spermicidal 

39 



40 

activity. The laboratory should provide a pri
vate room for semen collection to avoid arti
facts that may arise because of changes in the 
semen that may occur during transport from 
the home. 

The semen evaluation may be as simple as a 
sperm count or may include a variety of sophis
ticated measurements. The parameters that are 
reported in most clinical evaluations include 
semen volume, number of sperm in the 
semen, and measurements of sperm motility 
and sperm morphology. In modem andrology 
laboratory practice, most semen parameters 
are measured objectively. Objective mea
surements can be made manually (e.g., with a 
counting chamber) or with computer-aided 
sperm analysis (CASA) systems. Even with au
tomated CASA systems, rigorous technician 
training and quality control procedures are re
quired to achieve precision in measurements of 
semen parameters.12 

Following ejaculation, semen normally co
agulates and remains clot-like for 15 to 30 min
utes. Semen that does not liquefy within 1 hour 
should be considered abnormal.13 As liquefac
tion takes place, the semen becomes more 
homogeneous, and in the final stages of lique
faction the semen is fluid with only small areas 
of coagulation remaining. Semen coagulation is 
different from semen viscosity, which is mea
sured after the completion of liquefaction. In 
general, the semen viscosity should be consid
ered abnormal if the semen is insufficiently 
fluid to flow into a counting chamber. Semen 
viscosity can be measured on a subjective scale 
of 0 (water-like) to 4 (gel-like), or more objec
tive methods can be used.14 If the semen is ab
normally viscous, it may be necessary to reduce 
the viscosity by repeated aspiration through a 
15-gauge blunt needle before further analysis 
can take place. 

The semen should be evaluated as soon as 
possible after ejaculation and always within 1 
hour of collection. Semen volume is measured 
to the nearest 0.1 rnl using a 1-, 5-, or lO-rnl 
serologic pipette. The specimen as a whole is 
examined for color and odor. It is normally 
opaque and gray-white in color; yellow, pink, or 
red coloration is abnormal. Abnormal odors, 
such as urine or putrefaction, should be noted. 
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Semen pH, measured with an instrument or 
with pH paper, is typically 7.2 to 7.8.14 

Microscopic Evaluation of Semen 

Sperm Motility 

After the macroscopic characteristics of the se
men are recorded, the specimen is evaluated 
microscopically. The semen is evaluated with 
phase-contrast microscopy at 37°C. Sperm mo
tility is scored visually to determine the per
centage of motile sperm and the characteristics 
of sperm progression. Percent motility is deter
mined by evaluation of at least two different 
slide preparations. Sperm motility can be as
sessed in a commercially available counting 
chamber (see below), or a standardized slide 
preparation with a specified volume and cover
slip can be used. Sperm are classified as motile 
if they have a moving flagellum, regardless of 
whether the sperm is progressive. One hundred 
sperm are scored on each slide to determine 
percentage of motility, and at least five micro
scopic fields per slide should be sampled. An 
ocular grid is a useful aid for standardizing the 
sample of sperm counted in each field. When 
the values for percentage of motility are com
pared for the two separate slides, the percent
age of difference between the two values 
should be ::;10%. If the difference is greater 
than 10%, then a third slide should be prepared 
and counted. When two slides are counted, the 
mean value of the two percentages is reported; 
when three slides are counted, the median 
value is used. This procedure for counting mul
tiple slides and comparing results between 
slides is an important internal quality control 
procedure in the visual evaluation of sperm 
motility. 

Sperm progression also can be assessed visu
ally. When the sperm population is given an 
overall rating, the precision of assessment can
not be as good as for percentage of motility. A 
common practice is to use a scale of 1 to 4: 1, no 
sperm progression; 2, sluggish-to-fair pro
gression; 3, good progression; and 4, very vigor
ous forward progression. This evaluation also 
should be based on observations of at least five 
different fields in two preparations. In other 
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protocols, better precision can be obtained by 
counting the percentage of progressive sperm 
in addition to the overall percent motilityY 
Some laboratories calculate a "sperm drive" 
based on sperm velocity as a measure of sperm 
progression.16 

Sperm Concentration 

Sperm concentration is determined following 
dilution of the semen with a spermicidal solu
tion. The number of sperm in the diluted semen 
is then estimated with a counting chamber, such 
as a hemocytometer,17 a MaIder chamber/8 or a 
Microcell chamber .19 Errors can occur during 
semen dilution, during chamber filling, or dur
ing sperm counting. Suspensions of latex beads 
of known concentration can be used for quality 
control of counting procedures.z° In a recent 
comparative study, the Microcell chamber was 
found to be the most accurate and precise of 
the counting chambers for determining sperm 
concentrations?l Quality control of the dilution 
and counting procedures can he attained by 
routinely preparing and counting two separate 
dilutions of the specimen. When the difference 
in the sperm concentration as determined in the 
two dilutions is ::;;10%, the mean value is re
ported. If the percentage of difference is 
greater than 10%, a third dilution is prepared 
and counted, and the median of the three val
ues is reported. 

CASA instruments also can be used to mea
sure sperm concentration, and the Microcell 
chamber has been reported to be the most ap
propriate for this application?l It is important 
to recognize the limitations of CASA instru
ments for counting sperm. These instruments 
are particularly prone to error when the sperm 
concentration is very high or very low, or when 
there is sperm agglutination or seminal debris.22 

In such situations, a manual sperm count 
should always be performed. 

Sperm Agglutination 

Sperm agglutination can be assessed using the 
same slide preparation as for motility assess
ment, and at least five microscopic fields (20X 
objective) should be scanned for this determi
nation. Any motile sperm that is stuck to an-

other sperm by the sperm head, midpiece, or 
tail is considered agglutinated. Immotile sperm 
clumps or motile sperm stuck to other cells or 
debris are not classified as agglutinated. The 
degree of agglutination can be scored on a scale 
of 0 to 3: 0, no agglutination; 1, one or fewer 
agglutination clumps per three or more micro
scopic fields; 2, one clump per one to two fields; 
and 3, one or more clumps in every field. Other 
scoring methods for agglutination may also be 
used.23 

Other Microscopic Observations 

During microscopic observation of the semen, 
other unusual constituents should be noted, in
cluding epithelial cells, protozoa, bacteria, and 
round cells. Round cells are not necessarily leu
kocytes and many are prematurely exfoliated 
immature germ cells. The identity of round 
cells cannot be determined with phase contrast 
microscopy, but most round cells can be classi
fied on a stained seminal smear (see below). 

Sperm Morphology 

Sperm morphology is assessed subjectively on 
stained seminal smears. This semen parameter 
generally is measured with poor precision.24 

Reasons for high variability in results between 
laboratories include differences in slide prepa
ration and staining, differences in technician 
proficiency, and differences in the inter
pretation and implementation of protocols.24 

Sperm morphology is commonly assessed on 
Papanicolaou-stained slides with bright-field 
oil-immersion optics. The percentage of "nor
mal" spermatozoa on the slide is reported. 

There is no widely accepted definition of the 
characteristics of a morphologically normal 
sperm. The classic descriptions of normal ver
sus abnormal sperm were based on the visual 
perception of an oval-shaped head with regular 
contours, and a slender, straight midpiece and 
fiagellum.25,26 More recently, metric standards 
for sperm-head length and width have been 
proposed, but even these standards are contro
versial. Most clinical laboratories use some ver
sion of the World Health Organization (WHO) 
criteria.15,27 More strict morphologic criteria 
can be used to define a normal sperm, with the 
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result that more sperm are excluded from the 
normal category because of subtle abnormali
ties in head shape and staining properties.28 

Thus, semen from fertile men may have as few 
as 14% normal sperm by strict criteria,28 in 
comparison with a 50% cutoff when the WHO 
criteria of 198727 are used. The situation has 
been further confused by the 1992 revisions of 
the WHO criteria that include new metric stan
dards and stricter requirements for a normal 
classification; the recommended cutoff for nor
mal sperm morphology with this new protocol 
is 30% .15 These arbitrary cutoff points have not 
been established with comparative studies of 
semen from fertile and subfertile men. The 
value of any cutoff point is further reduced by 
the low precision of the morphology assess
ment. It was recently pointed out that given a 
coefficient of variation for repeated measures 
of 20% (rarely achieved for assessments of per
cent normal sperm), when the measured value 
is 50%, the true value for the measure will be 
between 30% and 70%.29 Such uncertainty 
makes any sperm morphology cutoff point 
suspect. 

Many morphology protocols also assign ab
normal sperm to separate categories on the ba
sis of structural abnormalities, but. there is also 
no consensus on the definitions of abnormal 
sperm types. Electron microscopy has been 
used to enumerate the morphologic abnormali
ties of sperm,30 but this approach is not widely 
used. There are only a few specific situations in 
which a knowledge of the types of abnormal 
sperm has proven useful in the clinical assess
ment of subfertile males. Sperm with a "round
head defect" have agenesis of the acrosome and 
are nonfunctional. This condition appears to be 
congenital, and when present in all sperm, the 
abnormality leads to complete sterility.31 Ta
pered sperm are found more frequently in 
the semen of infertile men if they have a 
varicocele?2 Epididymal dysfunction may be 
suspected when there is coiling of the sperm tail 
or other flagellar abnormalities.33 Although 
concern is often expressed regarding the rela
tionship of abnormal sperm morphology to 
abnormalities of pregnancy, there is no correla
tion between sperm morphology and sperm 
chromosomal complement,34 nor is there any 
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association between abnormal sperm morphol
ogy and recurrent spontaneous abortion.35 

Evaluation of Round Cells in Semen 

The stained seminal smear also can be used to 
evaluate round cells. Most of these cells are 
likely to be either leukocytes or immature ger
minal cells, but definite identification of the cell 
type is not possible without special staining 
procedures, such as those that use monoclonal 
antibodies to leukocyte antigens.36 For a less 
definitive assessment, seminal granulocytes 
can be counted in a hemocytometer following 
peroxidase staining. 15 Polymorphonuclear leu
kocytes can be recognized on a Papanicolaou
stained smear on the basis of nuclear 
morphology, and their concentration in semen 
can be estimated from the ratio of leukocytes to 
sperm cells on the seminal smear.19 

Automated Semen Analysis 

CAS A instruments are used routinely in many 
andrology laboratories. These instruments can 
be used to make precise measurements of 
sperm concentration, percent motility, and 
sperm movement characteristics.37 Standardiza
tion of procedures and strict quality control are 
essential for obtaining reproducible results. Se
men specimens with low sperm concentrations 
may not be accurately assessed by CASA be
cause of misclassification· of seminal debris as 
sperm cells. Similarly, semen with high sperm 
concentrations may prove difficult for CASA 
because sperm collisions that result in overlap 
of sperm trajectories are erroneously inter
preted by the instrument. Therefore, it is rec
ommended that semen specimens be diluted 
before CASA analysis when the sperm concen
trations are greater than 50 x 106/m1.22 More 
recently, a number of instruments have become 
available for automated sperm morphology as
sessment. 38 Such instruments are particularly 
attractive because of the poor precision that is 
generally attained when sperm morphology is 
assessed visually.24 The major problem with 
current instruments is that they are not capable 
of assessing most midpiece and tail abnor
malities.38 Also, the time required to mea-
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sure 100 sperm cells can be as long as 100 
minutes.38 

Interpretation of Semen Parameters 

Clinical criteria for distinguishing men with 
normal semen from men with subfertile semen 
are based on older studies that compared se
men parameters in populations of fertile men 
and infertility patients.39--41 Unfortunately, these 
studies did not use modern methods of semen 
analysis or strict quality control. Some prospec
tive studies, in which semen parameters were 
used to predict fertility, have found that sperm 
numbers, sperm motility, and normal sperm 
morphology are correlated with the chance for 
conception.42-44 These studies suggest that the 
results of semen evaluation have the potential 
to dIagnose male subfertility. Nevertheless, un
til large-scale studies are carried out with con
temporary laboratory methodology, the clinical 
application of semen analysis will remain lim
ited to a more general categorization of 
patients. 

The semen parameters can be used to classify 
sperm into the general categories of normal, 
marginal, or abnormal (Table 3.1). Because 
both large and small semen volumes have been 
associated with male infertility,45 the range of 
normal semen volume (2.0 to 5.0 ml) has a 
lower and upper boundary. Interpretation of 
abnormal semen volume is often improved 
when the result of the postcoital test is known.46 

Large semen volumes may result in reduction 

TABLE 3.1. Classification of semen from the results 
of a standard semen evaluation. 

Semen Normal Marginal Abnormal 
parameter semen semen semen 

Semen volume (ml) 2-5* 1-2 <1 
Sperm concentration 20-250* 10-20 <10 

(><106/ml) 
Sperm motility >50 40-50 <40 

(% motile) 
Straight-line velocity >25 20-25 <20 

(~lmlS) 
Sperm morphology >50 40-50 <40 

('Yo normal) 

* Values that exceed the upper range of normal may result 
in classification of the semen as marginal or abnormal. 

of the sperm density as a consequence of dilu
tion. Small semen volumes may not have ad
equate buffering capacity in the acidic vagina. 
Either of these circumstances (low sperm den
sity or inadequate buffer) would result in an 
abnormal postcoital test. Therefore, when the 
postcoital test is normal, semen volume can 
usually be discounted as a direct cause of male 
subfertility. Low semen volume still may be in
dicative of other clinical conditions, such as ret
rograde ejaculation or obstruction in the male 
reproductive tract. 

The number of sperm in semen is often con
sidered the most reliable parameter of semen 
quality. There is a biologic basis for this as
sumption because this is the most direct mea
surement of sperm production by the testis. 
This parameter is measured with greater preci
sion in the manual semen evaluation than ei
ther sperm motility or morphology. Sperm 
concentration or sperm count is usually consid
ered to be abnormal when the value is less than 
20 x 106/ml,47 although there is evidence that 
the more accurate cutoff point may be as low as 
5 X 106/ml.48 Sperm production by the testis is 
most accurately described by the total number 
of sperm in the ejaculate, calculated by multi
plying the sperm concentration by the semen 
volume. The normal value for total sperm num
bers is widely agreed to be 40 X 106 sperm per 
ejaculate.15 Prospective studies have shown that 
this parameter is correlated with conception.49 

The likelihood that low sperm numbers are 
compatible with male fertility is suggested by 
reports of treatment failures with male contra
ceptive agents,50 and by the well-known clinical 
condition of hypogonadal males being success
fully treated with exogenous gonadotropins.51 
In both examples, fertile men may have very 
low numbers of sperm in their semen. Logic 
leads to the conclusion that men with low 
sperm counts may have additional defects in 
sperm function as the actual cause of their in
fertility (see below). 

Several large prospective studies have shown 
that subjective measurements of sperm motility 
are correlated with fertility,44,52,53 and recent 
studies have indicated that sperm motility data 
obtained by CASA also may be predictive of 
fertility.49 However, reliable data with which to 
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establish cutoff points for normal and abnormal 
sperm motility are lacking. The widely accepted 
value for the lower limit of percent motile 
sperm is 40% to 50% motile (Table 3.1). How
ever, the data on sperm motility from older 
clinical studies40,41,54 were obtained by subjec
tive methods and may not be applicable for 
interpretation of contemporary motility param
eters. CAS A instruments can measure many 
parameters of sperm velocity,55 and there are 
data to suggest that these measures of sperm 
progression may be correlated with fertility.49,56 
Ultimately, it may be possible by use of CASA 
data to calculate the probability of conception 
over a given time.49 Until more definitive infor
mation is available, the cutoff point for normal 
sperm progression is a straight-line velocity of 
2511m/s.5? 

As previously discussed, the results obtained 
for sperm morphology assessment depend on 
the definition of a normal sperm, and there is 
still no consensus on this definition. Applying 
the original WHO criteria for normal sperm 
morphology,z? the recommended cutoff point 
of 50% normal sperm is an indicator of normal 
semen quality (Table 3.1). Subjective assess
ment of sperm morphology is likely to result in 
considerable variation of results, both within 
and between technicians and laboratories.58,59 
The use of CAS A instruments for sperm mor
phometrl8 will reduce this variability, but 
large, well-controlled clinical studies are still 
needed to determine a normal range of sperm
head sizes and shapes. 

Sperm numbers, motility, and morphology 
must all be taken into account in assessing male 
fertility, but multiplication of individual param
eters (e.g., semen volume x sperm concentra
tion X percent motility) is no more predictive 
than single parameters alone.48 The semen 
parameters can be used to assign patients to 
clinical categories,19,6(} but these categories are 
useful primarily for planning the future clinical 
workup. They cannot be considered reliable for 
predicting fertility, except in extreme cases. 
The following categories may be used: 1, semen 
quality within normal limits, no evidence for 
infertility; 2, marginal semen quality, infertility 
is possible; and 3, abnormal semen quality, in-
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fertility is likely (Table 3.1). Assignment of pa
tients to clinical categories is subjective because 
of the many unresolved issues regarding the 
methodology and interpretation of semen data 
as well as the normal variability in semen prop
erties. When one or more semen parameters 
are abnormal or in the marginal range of values 
(for example, marginal sperm motility), the pa
tient is usually assigned to the corresponding 
clinical category (in this case, marginal semen 
quality). Patients usually are assigned to the 
clinical category that reflects the poorest of the 
semen parameters recorded. 

Because of normal variability, several semen 
evaluations may be required to correctly clas
sify a patient. Normal semen quality should be 
confirmed by repeat evaluation, and three or 
more evaluations may be needed to classify 
some individuals. As previously discussed, the 
basic semen evaluation is an initial step in the 
fertility evaluation, and it indicates the appro
priate direction of subsequent clinical workups 
for the infertile couple. A finding of marginal or 
abnormal semen quality should lead to a com
plete clinical evaluation of the male. When the 
semen quality is normal or even marginal, com
plete evaluation of the female is also warranted 
because there is a significant possibility that fe
male factors are contributing to the couple's 
infertility. 

Specialized Laboratory 
Tests on Sperm 

Semen evaluations often are followed by other 
specialized tests carried out to gain additional 
information on the functional capabilities of 
sperm. These tests may be indicated because of 
abnormal results on the standard semen evalu
ation or when there is normal semen but unex
plained infertility. Although most of these tests 
have a strong foundation in basic science, their 
clinical application is hampered by many of the 
same problems that affect the routine semen 
evaluation, particularly a lack of standardiza
tion and the absence of rigorous assessment in 
controlled studies. 
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Tests of Sperm Structures 
or Organelles 

Plasma Membrane Integrity 

The sperm plasma membrane must be intact 
for sperm to reach the oocyte and complete the 
complex functions required for fertilization. 
The approaches for assessing the integrity of 
the sperm plasma membrane generally rely 
on the detection of a cytologic stain that is 
too large to enter the sperm unless the plasma 
membrane is disrupted. Sperm that exclude 
these vital stains are often called "viable" 
sperm, but sperm viability should not be con
fused with sperm motility. Abnormal semen 
may contain many cells that are viable yet 
immotile. Sperm with abnormalities of the 
flagellar structure6i might be viable even 
though they lack the capability for flagellar 
movement. Conventional stains, such as eosin 
or trypan blue/s can be used for testing 
sperm viability. Fluorescent nuclear stains, 
such as the Hoechst dye 258 (H258), also have 
been used to assess sperm viability, often in 
combination with other cytologic probes.62 
Sperm viability is considered normal if more 
than 75% of the sperm exclude the vital dye.is 
Flow cytometry can be used for automated 
and objective assessment of sperm membrane 
integrity, and dual fluorescent staining tech
nology has been applied for simultaneous 
assessment of both the plasma membrane and 
mitochondrial membrane integrity.63 

The hypoosmotic swelling (HOS) test 
measures sperm viability without the use of 
vital dyes.64 In this test, sperm are challenged 
with a hypoosmotic medium, and sperm 
membrane integrity is assessed by evaluation 
of osmotic function. Therefore, in addition 
to sperm viability, the HOS test is sensitive to 
other functions of the sperm membrane in
volved in transport of water. The normal value 
for this test is reached when more than 60% 
of the sperm tails swell in hypoosmotic 
medium; the test is abnormal if less than 50% 
swell.64 A number of clinical studies have re
ported this to be a useful test in assessing male 
fertility.64 

Acrosomal Integrity and Function 

The acrosome is a complex organelle of the 
sperm head that functions at the time of fertili
zation to enable sperm penetration of the oo
cyte cumulus and zona pellucida. The acrosome 
reaction must take place for sperm to fuse with 
the oolemma.65 In rare fertility disorders, the 
acrosome may be completely missing from 
spermatozoa.3i More commonly, the acrosome 
is present but is either nonfunctional or dys
functional. 66 

The presence or absence of the acrosome can 
be evaluated most thoroughly with electron 
microscopy,3i but cytologic techniques also can 
be used to visualize the acrosome with the light 
microscope. Conventional staining techniques 
have been used,67 as well as fluoresceinated 
lectins62 and monoclonal antibodies68 that bind 
to acrosomal constituents. All of these tech
niques can be used to score the percentage of 
acrosome-reacted sperm. Because acrosomal 
loss may be a normal consequence of sperm 
death, most cytologic approaches employ a 
second supravital stain to identify viable, 
acrosome-reacted sperm.62,67 A recently devel
oped clinical diagnostic test uses monoclonal 
antibodies that are coated on immunobeads 
and can bind to acrosome-reacted sperm.69 Ag
gregates of beads and motile, acrosome-reacted 
sperm can be identified microscopically. 

Acrosomal function is evaluated with bioas
says, such as tests of sperm-zona pellucida 
interaction or sperm penetration assays 
(SPA), using zona-free hamster oocytes (see 
below). Another approach is to treat sperm 
with chemical or biologic agonists of the acro
some reaction, and then observe the presence 
or absence of acrosome reactions using one 
of the tests discussed above. These agonists 
include the calcium ionophore A23187,1° 
progesterone,71 human follicular fluid,n human 
cumulus oophorus,73 or human zona pellucida.74 

No cutoff points for male infertility have 
been established with these acrosomal function 
tests, although many have been used to 
screen for normal fertilizing capacity prior 
to assisted reproduction technology (ART) 
procedures. 
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Hyperactivated Motility 

Prior to fertilization, spermatozoa must un
dergo a physiologic change termed capacita
tion, which involves alterations of the sperm 
surface and other changes in the subcellular 
compartments of the cell.65 Capacitation is a 
prerequisite for the acrosome reaction and also 
for a specialized type of movement called 
hyperactivated motility.7s Hyperactivation is a 
marker for capacitation and may be required 
specifically for sperm transport through the fal
lopian tube and for penetration of the oocyte 
investments.7S Hyperactivated motility of hu
man sperm is characterized by an increase in 
flagellar amplitude and a decrease in the linear
ity of the sperm swimming trajectory. Hyper
activation can be measured manually76 or with 
CASA instruments.77 There is some evidence 
that hyperactivated motility may be abnormal 
in sperm of subfertile men,18 but there are no 
data to establish normal values for this sperm 
function. 

Bioassays of Sperm Function 

These laboratory tests use reproductive tract 
cells or secretions from humans or animals or 
both to assess functions of the sperm cell re
quired for fertility. The sperm functions being 
evaluated are complex, and some are not well 
understood at the basic cell biology level. 
Therefore, interpretation of the test results is 
often empirical. As with any bioassay, the tests 
are not well standardized; therefore, quality 
control has proven difficult. However, these 
tests have been shown to be useful diagnostic 
tools for assessing sperm function. It is likely 
that in the future many of the bioassays will be 
replaced with specific tests, such as the tests of 
acrosomal function described previously. 

Sperm-Cervical Mucus Interaction 

The most basic test of sperm-cervical mucus 
interaction is the postcoital test (PCT). This 
test assesses the capability of sperm to enter the 
cervix and to survive in cervical mucus for a 
number of hours.46 The PCT measures interac
tion between the sperm and the female tract, so 
abnormal female reproductive function may 
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result in abnormal findings. There are many 
versions of this test, and there is no consensus 
on the method for the PCT or the interpreta
tion of results.46 However, prospective studies 
have suggested that the results of the PCT are 
closely related to the probability of a couple's 
conceiving.43,44,79 

Laboratory tests of sperm-cervical mucus in
teraction are usually performed in follow-up to 
an abnormal PCT. These tests address the 
cause of sperm-cervical mucus incompati
bility46 and involve observations of sperm 
interaction with cervical mucus in vitro. The 
methodology for these tests varies widely. 
Sperm-mucus interaction can be observed on a 

lid 80· ·11 t b 81,82 The microscope s e or m capl ary u es. 
tests require use of normal, midcycle cervical 
mucus, so that female factors will not confound 
the assay results. Many of the sperm functions 
that are assessed in these tests involve sperm 
motility which is required both for entry into , ~ 

mucus and for progression through mucus. In 
addition, normal interaction between the 
sperm surface and the cervical mucus macro
molecules is necessary for a normal test result.84 

The presence of antisperm antibodies on the 
sperm surface is usually revealed in tests of 
sperm-cervical mucus interaction,8S although 
specific tests for antisperm antibodies are re
quired to make the diagnosis. There are D? 
widely accepted values for normal sperm-cervl
cal mucus interaction tests although standard 
protocols have been published.1s 

Sperm Penetration Assay (SPA) with 
Zona-Free Hamster Oocytes 

The SPA is possible because the zona pellucida 
of the golden hamster oocyte is the primary 
block to interspecies fertilization.86 When the 
zona is removed from hamster oocytes in 
the laboratory, human sperm can fuse with 
the plasma membrane of

86 
the. oocyte. a~d 

decondense in the ooplasm. ThIS event, m It
self, is required for fertilization, but sperm-oo
cyte fusion also requires a ~umb~r of oth~r 
functions of the sperm cell, mcludmg capaCl-

. 6S It tation and the acrosome reactIon. seems 
logical, therefore, that a single bioassay that 
measures so many fertilization-related sperm 
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functions would have clinical value in identify
ing subfertile males. Nevertheless, the SPA has 
been a controversial test since its inception in 
1976,86 and there is still no consensus either on 
the best methodology for a clinical assay or on 
the interpretation of the SPA results.87 

It is now generally recognized that many 
subfertile men can have normal SPA results 
(so-called false-positive results), because a 
number of important sperm functions including 
sperm transport to the oocyte and sperm pen
etration of the oocyte investments are not mea
sured by the assay.88 A negative result with the 
assay (no oocytes penetrated) should be diag
nostic of male subfertility, yet a high incidence 
of false-negative results has been reported in 
some studies.89 The occurrence of false-nega
tive SPA results has been attributed to biologic 
variation in the in vitro capacitation require
ments of sperm from different men.87 This 
problem has been obviated by use of calcium 
ionophore to induce acrosome reactions, there
by eliminating differences between men in the 
occurrence of capacitation-mediated, sponta
neous acrosome reactions. The results obtained 
with this version of the SPA correlate with 
fertility.90 

An important methodologic problem that 
must be addressed in all bioassays is the re
quirement for appropriate laboratory quality 
control. In the case of the SPA, frozen human 
semen from fertile donors has been used for 
quality control. A high degree of precision and 
low interassay variability have both been re
ported for the SPA when this approach was 
used.91 

The SPA also has been widely used as a 
screening tool for in vitro fertilization (IVF) 
programs. The same methodologic problems 
must be addressed when the SPA is used in this 
context, and in some studies the test has proven 
valuable in predicting the results of IVF.92•93 

Results of the SPA also can be used to devise 
modifications of sperm preparations and IVF 
conditions for subfertile semen.94 

Sperm-Zona Pellucida Interaction 

Tests of sperm-zona pellucida interaction are 
used less frequently than the SPA because they 

require zonae pellucidae of human oocytes, 
which are much less plentiful than hamster 
oocytes. These assays, like the SPA, provide 
information on sperm functions required for 
fertilization. Zona pellucida assays can be used 
to assess sperm capacitation and the acrosome 
reaction as well as specific functions, such as 
sperm binding to the zona and sperm penetra
tion through the zona. The specific functions 
measured are complementary to those mea
sured in the SPA, and in some experimental 
studies the assays have been used together as a 
mixed gamete assay.66 

These assays are used primarily to predict 
IVF success, and the hemizona assay (HZA) is 
the most widely used test of this type. This bio
assay uses bisected zonae pellucidae to com
pare the sperm-zona binding capability of a 
patient's sperm (which are incubated with one 
hemizona) with sperm from a fertile control 
sample (which are incubated with the other 
hemizona).95 For each hemizona pair, a 
hemizona index (HZI) is calculated from the 
ratio of the number of patient sperm bound and 
the number of control sperm bound. Receiver 
operating characteristics (ROC) analysis has 
been used to determine diagnostic cutoff points 
for the HZA.96 Other sperm-zona binding as
says used clinically measure sperm binding to 
whole zonae.97 False-positive results with these 
assays can be expected because only a limited 
number of sperm functions are measured. 

Biochemical Tests of Sperm Functions 

The seminal plasma is a highly complex bio
logic fluid, and there are numerous biochemical 
tests that have been employed to characterize 
its properties.98 Relatively little is known of the 
biologic functions of the seminal fluid, and this 
lack of information has limited the clinical 
value of these tests. Nevertheless, the WHO 
laboratory manual15 lists measurements of (l

glucosidase, zinc, citric acid, acid phosphatase, 
and fructose as optional tests, and the manual 
provides normal values for each of these mea
surements. 

There are also components of the sperm 
cell that can be measured biochemically and 
that may have clinical relevance. Acrosin is an 
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intraacrosomal, trypsin-like enzyme that may 
have functions in sperm-zona binding and in 
sperm penetration of the zona pellucida.65 
There is also some evidence that this enzyme 
may be involved in sperm-oolemma interac
tion.99 Clinical studies have demonstrated that 
acrosin activity is lower in sperm samples from 
infertile men as compared with those of fertile 
men. 1OO- 102 Similar differences from normal 
sperm have been noted in sperm samples that 
failed to fertilize oocytes during IVF.103,104 Ad
enosine triphosphate (ATP) also has been in
vestigated as a marker for sperm fertility, but its 
clinical value is controversial.105 

One of the most promising biochemical tests 
under current investigation is the measurement 
of sperm creatine kinase (CK). Clinical studies 
have demonstrated an inverse correlation be
tween per-sperm CK activity and sperm con
centrations, as well as a lower CK activity in 
sperm selected by swim-up as compared with 
unselected sperm in the total ejaculate.106,107 In 
men with oligospermia who were fertile, the 
per-sperm CK activities were significantly dif
ferent from those of men with oligospermia 
who did not produce a pregnancy. lOB Immuno
histochemical studies showed that high CK
staining intensity was found in sperm with 
abnormal structure, and it was concluded that 
CK is a marker for a defect in spermatogenesis 
that is characterized by incomplete cytoplasmic 
extrusion from sperm.109 Investigation of the 
isoforms of CK in sperm led to the conclusion 
that the percentage of M (muscle) type of CK 
increases and the percentage of B (brain) type 
of CK decreases as cytoplasmic extrusion be
comes more complete.110 The ratio of the CK 
isoforms has been shown to be predictive of 
IVF success.111 

Another contemporary approach for predic
tion of the fertilizing capacity of semen samples 
focuses on measurements of the biochemical 
properties of individual sperm cells. Studies of 
sperm membrane components involved in zona 
pellucida recognition have focused on the capa
bility of sperm to bind mannose, a saccharide 
believed to be critical for human sperm-zona 
interaction. ll2 Using a fiuoresceinated, man
nosylated, neoglycoprotein probe, Benoff et 
aIm demonstrated mannose-specific receptors 
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on the surface of capacitated human sperm and 
a reduced expression of these receptors on 
sperm that failed to fertilize oocytes in vitro. 
This laboratory approach for assessing sperm 
function also may be useful in identifying 
subfertile men with fertilization failure in 
vivo.114 

Conclusion 

For many years, clinicians and laboratory scien
tists have worked to develop methods for as
sessing male fertility by evaluations of semen. 
In spite of this substantial effort, the goal of 
accurate male fertility prediction has not been 
reached. The biologic and technical problems 
that have limited progress in this area have 
been discussed in detail by Amann and 
Hammerstedt.115 They point to the heteroge
neous nature of the ejaculate, which contains 
sperm in different stages of maturity and prob
ably with different functional capabilities. The 
mean values of any semen parameters, there
fore, are unlikely to describe the sperm that 
reach and fertilize the oocyte. 

The spermatozoon undergoes a continuous 
process of change that begins during spermato
genesis and continues in the female reproduc
tive tract. Reasonable hope exists that 
abnormalities of the sperm that occur in the 
male tract will be detected with appropriate 
tests on semen. There is less likelihood that 
abnormalities expressed or induced in the fe
male tract will be detected by tests on seminal 
sperm. The fact that so many cases of male 
subfertility can be successfully treated with 
ART suggests that such postejaculatory sperm 
dysfunctions are important causes of human 
reproductive failure. 

Jeyendran and Zaneveld116 have argued that 
it is important to develop the widest possible 
array of sperm function tests, providing differ
ent tests to measure activities of different 
sperm organelles. The true measure of the 
sperm's fertilizing capability is the "combined 
effective amount" of functional attributes as
sociated with these organelles.115 Neither the 
number of sperm attributes required for fertil
ity nor the level of their expression has been 
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determined. Therefore, any battery of contem
porary test results on sperm that are "normal" 
will have limited clinical value because other, 
unrecognized attributes of the sperm cells may 
still be defective.115,116 Only true abnormal tests 
can be considered definitive proof of male in
fertility.115,116 The definition of an abnormal test 
is critical for this classification, and for every 
test a cutoff point must be selected, below 
which fertility rarely occurs. When the outcome 
to be predicted is fertilization of oocytes in 
vitro, then IVF data are appropriate for these 
analyses. However, when prediction of male 
infertility with natural coitus is the goal, 
data from populations of untreated couples 
with normal female partners must be studied. 
In many cases, these fertility data are available 
only in animal models, and extrapolation of re
sults between species must be carried OUt.115 A 
major challenge for clinical investigators is to 
develop comparable databases for human 
populations. 
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4 
Treating the Sperm: Selection, 
Stimulation, and Cryopreservation 
Techniques 
Erma Z. Drobnis 

In evaluation of an infertile couple, clinicians 
tend to overlook the male partner or delay his 
workup. This tendency could become more 
pronounced if immediate application of intra
cytoplasmic sperm injection (ICSI) becomes 
the standard treatment for male-factor infertil
ity. Compelling reasons exist for giving the 
male partner a thorough evaluation before 
suggesting appropriate treatment for his infer
tility.l In some cases, a man can be treated 
directly after the minimal expense of a careful 
history, physical examination, and semen eval
uation.2 Other men will benefit from having 
their sperm treated for use in assisted reproduc
tive technology (ART) procedures. Of the 
ART methods available, less invasive and less 
costly procedures, such as intrauterine insemi
nation (lUI), may be the most appropriate 
therapy.3,4 For patients who have a high likeli
hood of success with lUI, it is unwarranted to 
proceed directly to more expensive and risky 
micromanipulation procedures. To improve the 
methods of "treating the sperm," meaningful 
assays of sperm function are required for ap
propriate evaluation and comparison of various 
sperm treatments. 

Factors Critical for Collection of 
Quality Semen Samples 

Factors, such as preparation of the patient, se
men collection, and sperm-processing methods, 
can affect the quality and survival of processed 
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sperm. To prepare the best possible sperm 
sample for a patient, it is important to (1) ob
tain the highest quality semen possible, (2) 
minimize iatrogenic damage to the sperm cells 
during treatment, and (3) improve the func
tional capacity of the sperm. Sperm treatments 
used in preparation for lUI, in vitro fertiliza
tion (IVF), and other ART procedures include 
washing to remove seminal plasma, selection of 
a population of motile sperm, and stimulation 
of sperm with various bioactive substances.5-7 
For some patients, treatment may involve 
cryopreservation of sperm prior to use in ART 
procedures.6,8,9 

When devising improved sperm treatments 
and measuring their success in vitro, it is impor
tant to consider the complex physiology of 
normal sperm function in vivo. Diagnostic tech
niques for analyzing sperm have improved 
considerably over the past decade and are be
ginning to provide useful prognostic informa
tion for the various ART procedures. Even 
when optimal techniques are used, however, 
cryopreservation may result in the death of a 
significant proportion of sperm and may reduce 
the functional capacity of those surviving. 

Protection of sperm from cellular insult dur
ing collection and processing is a primary con
cern. Human sperm are often considered quite 
resistant to noxious treatment because they re
main motile under a variety of conditions, but 
sublethal changes difficult to detect can disrupt 
sperm function, particularly in vivo. Because 
the sperm chromatin is highly condensed and 
the DNA is unavailable for transcription, cellu-
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lar repair mechanisms in sperm are quite lim
ited. Mature sperm incapable of making new 
proteins or replacing other damaged or lost 
molecules are unusually susceptible to iatro
genic damage during collection, processing, and 
cryopreservation. This susceptibility and the 
sperm cell's minimal cytoplasmic stores may re
sult in a brief life span ex vivo. Selection of the 
most appropriate methodology for sperm treat
ment involves use of optimal techniques to 
maintain or improve the sperm's functional 
capacity. 

Donor and Patient Factors 

Many factors can affect the reproductive status 
of an individual and consequently influence 
sperm quality. The age of the man, his general 
health, his sexual activity, environmental fac
tors, and toxicologic exposure can all influence 
sperm quality and cellular resistance to sub
optimal conditions. Because in vitro treatments 
and cryopreservation impose significant stress
es on these cells, minor defects that are virtu
ally undetectable can have profound effects on 
the final quality or functional capacity of sperm. 
Careful selection of sperm donors and prepara
tion of infertility patients can optimize the qual
ity of the sperm collected. Certain patients, 
regardless of their reproductive health, may be 
considered for treatment or to cryopreserve 
semen; for example, a male infertility patient 
may become a candidate for ART because he 
has poor semen quality. In these cases, steps 
must be taken to maximize the survival and 
function of suboptimal cells. Whenever pos
sible, these factors should be identified in male
factor infertility patients by a careful history, 
and the patient should be counseled to mini
mize adverse exposures. 

Age of Patient or Sperm Donor 

Sperm production and semen quality are af
fected by male age.lO Young men produce fewer 
testicular sperm and have smaller reserves of 
epididymal sperm than mature men. After pu
berty, a rapid increase in sperm production 
generally accompanies adolescence and con
tinues, but with a more gradual increase in 
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young adulthood. Although total numbers of 
sperm are relatively low in young males, the 
quality of sperm produced is high. 

Mature men continue to produce large num
bers of sperm; however, reproductive function 
generally declines with advancing age, although 
there is considerable variation among individu
als. Not only is sperm production reduced, but 
the quality of sperm may also decline. Humans 
of advanced age tend to produce sperm having 
lower motility, poorer structure, and altered 
rates of fusion in the zona-free hamster oocyte 
assay.l1-13 Some of these changes in sperm qual
ity are undoubtedly related to lower ejaCUlation 
frequency, declining health, and lifelong expo
sure to damaging agents, rather than to the ef
fect of age alone. 

A critical effect of age on sperm quality is the 
increase in chromatin defects in older men. 
Risk assessment of congenital abnormalities in 
offspring and direct cytogenetic analysis of 
sperm have demonstrated that chromosomal 
abnormalities increase with age.14 Because 
there is no correlation between age-related 
chromosomal abnormalities and sperm mor
phology/2,15.16 this condition cannot be detected 
by standard semen analysis. Concern about 
chromosomal abnormalities in older men has 
led to suggested upper age limits of 35 or 40 
years for sperm donation. 

Genetic Factors 

Several genetic factors are important in the se
lection of sperm donors. Ideally, donors should 
be free from genetic disorders and should have 
outstanding reproductive efficiency. In hu
mans, selection of donors for physical and men
tal attributes is minimal for ethical reasons. I? 

Justified concerns about the misuse of ART 
technologies have limited use of genetic screen
ing to selection of generally healthy donors. 
However, efforts to minimize the transmission 
of known genetic defects necessitates genetic 
evaluation for sperm donors. Clearly, individu
als having congenital abnormalities in their an
cestry should be excluded from donation. 

Guidelines for genetic screening of human 
gamete donors have been published by the 
American Association of Tissue BanksI8 and 
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the American Fertility Society.19 Potential ga
mete donors should be interviewed by a medi
cal geneticist and should be excluded from 
donation if their progeny are more at risk for 
a disease or abnormality than the general 
population. All abnormalities reported in the 
progeny of a donor must be investigated retro
actively to determine the chances that a geneti
cally transmitted disorder was transmitted by 
the donor, and the preserved tissues from the 
donor must be destroyed if such evidence is 
obtained.20 Because approximately 4% of hu
mans are carriers for cystic fibrosis, testing of 
donors for this disorder has recently been 
recommended?1-23 

In addition to screening for inherited dis
eases, donors should be screened for their po
tential to produce high-quality gametes that 
survive cryopreservation. Inheritance is an im
portant factor determining reproductive effi
ciency. In the most extreme cases, congenital 
abnormalities cause sterility?4-26 For the pur
poses of sperm cryopreservation, more subtle 
effects must also be considered. Many human 
sperm banks simply reject potential donors 

'with poor sperm cryosurvival. 

General Health and Nutrition 

Reproductive efficiency is highest for individu
als with good nutritional status and health. The 
effects of health and nutrition on reproductive 
efficiency have been studied for many years in 
agricultural species, suggestive of strong eco
nomic incentives to maximize productivity. To 

. maintain sperm production, a lower plane of 
nutrition is required in adulthood compared 
with adolescence, but general health and a 
minimal plane of nutrition must be main
tained.27 Specific deficiencies of vitamins and 
minerals are known to decrease male fertility; 
in particular, low dietary vitamin C levels have 
been associated with DNA oxidation and dam
age in the sperm of young, otherwise healthy, 
humans. 

Over the years, there has been some interest 
in specific nutritional strategies to improve 
sperm quality and cryosurvival. Because the 
lipid composition of membranes underlies 
some differences in sperm cryosurvival,28,29 sev-
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eral researchers have attempted to improve 
cryosurvival by dietary alterations, but these 
attempts have been disappointing. Poor health 
can have a negative effect on reproduction in 
both males and females, such as temporary re
duction in semen quality following a high fever. 
Another well-documented example is the poor 
semen quality, and the accompanying poor 
sperm cryosurvival, seen in cancer patients. 
Men often elect to have sperm cryopreserved 
prior to treatment for leukemia, testicular can
cer, or renal failure, treatments that can result 
in both genetic damage and permanent damage 
to the spermatogenic epithelium. A sizable pro
portion of these patients have existing marginal 
or poor semen quality, low resistance of their 
sperm to cryodamage, or both.30-37 Disease con
ditions apparently contribute to impaired tes
ticular function. Stress can also impair sperm 
production and quality.37 

Infectious Diseases 

The potential for transmission of infectious dis
ease by ART has been recognized since the 
early use of artificial insemination (AI) in do
mestic species.38 Although genitally transmitted 
diseases can be spread by AI, insemination with 
cryopreserved sperm can actually be used to 
reduce the danger of such infection by allowing 
for quarantine and testing of frozen semen. 
The importance of screening human sperm 
donors for infectious diseases has been recog
nized.18,19,39 The relatively recent change from 
the widespread use of fresh semen for donor 
insemination to the exclusive use of cryo
preserved sperm was driven by recognition of 
the potential for transmitting human immuno
deficiency virus (HIV).40 Currently, individuals 
judged to be at risk for HIV, hepatitis infection, 
or both are excluded from semen donation. 

Each specimen is cultured for gonorrhea and 
other pathogenic microorganisms. In addition, 
donors are tested for chlamydia, Ureaplasma 
urealyticum, cytomegalovirus (CMV), hepatitis 
B virus surface antigen, hepatitis C virus anti
body, HIV type 1 and type 2 antibodies, human 
T-Iymphotropic virus (HTLV) type I, and 
syphilis. The semen is then cryopreserved and 
held in quarantine for at least 6 months, after 
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which the donor is retested. Units are released 
from quarantine for use only after negative re
sults are received. The use of CMV-positive 
donors remains controversia1.41 Active CMV 
infection during pregnancy can result in severe 
birth defects and low birth weight.42 Because 
some 40% of prospective donors are CMV 
positive, exclusion of these individuals from 
donation makes it difficult to find adequate 
numbers of qualified donors to satisfy the de
mand for therapeutic donor insemination. For 
this reason, some programs do offer cryo
preserved semen from CMV-positive donors. If 
semen from a donor seropositive for CMV is to 
be used, the recipient should be restricted to a 
patient who is also CMV positive. Each speci
men from CMV -positive donors should be 
tested for viral shedding and rejected if CMV 
culture is positive. . 

Abstinence Period 

The frequency of sexual activity can affect the 
number of sperm per ejaculate as well as sperm 
quality. During periods of sexual rest, sperm 
accumulate in the caudal epididymides. An in
sufficient abstinence period depletes this sperm 
reserve and decreases the number of sperm 
produced per ejaculate. During extended peri
ods of sexual activity, sperm stored in the 
epididymides begin to age. Semen collected 
following a long abstinence period tends to 
have high numbers of sperm but generally 
with a lower percentage of motile sperm, 
poorer sperm function in vitro, and reduced 
sperm cryosurviva1.43•44 In general, semen qual
ity is maximized by regular sexual activity fol
lowed by a short period of abstinence prior to 
collection. 

For humans, sperm numbers are increased 
after 2 to 3 days' abstinence, and both the per
centage of motile sperm and sperm quality are 
higher if no more than 5 days have elapsed 
since the last ejaculation. Men with normal se
men parameters have significantly reduced 
sperm numbers in semen specimens produced 
after an abstinence period of 1 day or less.45- 48 

Although an abstinence period of 2 to 5 days 
has been suggested, studies of oligozoospermic 
men have consistently demonstrated that these 
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patients often produce equivalent sperm num
bers for two samples collected within a day.48,49 
Collection of successive ejaculates can be at
tempted in these patients to allow for pooling 
of samples prior to sperm cryopreservation. 

Iatrogenic Damage to Sperm In Vitro 

Sperm Aging In Vitro 

Cellular aging can decrease the resistance of 
sperm to the stresses imposed during washing, 
incubation, and cryopreservation. Aging pro
cesses occur in vivo for sperm within both the 
male and female reproductive tracts and are 
accelerated under most in vitro conditions. 
After sperm collection, aging phenomena may 
be compounded by suboptimal culture condi
tions and damage resulting from preparative 
techniques. It is desirable to collect sperm be
fore significant aging has begun in vivo and 
to begin processing as soon after collection as 
possible. 

The initial manifestations of sperm senes
cence are subtle, and it may be difficult to de
tect the sublethal defects in sperm that reduce 
their functional capacity. As sperm age, mem
brane integrity and motility are retained longer 
than is the ability to complete gamete fusion.50 

Sperm lose the ability to penetrate the zona 
pellucida while still capable of fusion with the 
001emma.51 There is recent evidence that aging 
sperm also develop chromosomal abnormali
ties; when mouse sperm were aged in vitro, fer
tilization rates decreased.52,53 The same was 
true of male pronuclei in zona-free hamster 
oocytes arising from human sperm incubated in 
protein-free media.54 

Seminal Plasma Effects 

From the standpoint of in vitro treatments for 
sperm, the seminal plasma is a nuisance vari
able. There is considerable variation among 
males and among ejaculates in seminal plasma 
constituents, and whole seminal plasma can 
have both cytotoxic and protective activity. In
dividual males vary in the toxicity of their semi
nal fluids.55- 57 In some species, the seminal 
plasma is quite toxic to sperm cells, so the time 
between collection and processing must be 
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minimized, or the semen must be diluted or 
washed soon after collection or both.58-{;1 
Although phospholipase A2 activity is present 
in human seminal plasma, the levels are much 
10wer.62 Nevertheless, the seminal plasma in 
most species contains some cytotoxic activity, 
and sperm survive longer if diluted or washed 
and resuspended in a more appropriate culture 
medium.61-{i8 Human sperm function is irrevers
ibly impaired by relatively brief exposure to 
seminal plasma.55,69-72 Cryosurvival is reduced if 
human semen is held for an hour or more be
fore processing, even though the motility is usu
ally unaffected at this time point. Although it 
seems surprising that sperm survive poorly in 
seminal plasma, the sperm do not remain in 
contact with whole seminal plasma in vivo. Af
ter ejaculation, the semen is quickly diluted by 
secretions of the female reproductive tract, and 
strongly motile sperm migrate into the cervical 
mucus and secretions overlying the epithelial 
surfaces of the female reproductive tract.73,74 

Cytoplasmic droplets are another potentially 
toxic constituent of semen. These membrane
bound structures are remnants of the final sper
matogenic stages during which sperm lose most 
of their cytoplasm. Cytoplasmic droplets re
main attached to sperm following their release 
from the residual bodies on the seminal 
vesicle epithelium.75-77 Under normal circum
stances, the cytoplasmic droplets are shed by 
sperm as they traverse the epididymis, and in 
some species they appear in semen in equal 
numbers to sperm cells?8 These structures 
are rich in hydrolytic enzyme activity.79-82 The 
cytoplasmic droplet membrane is susceptible 
to damage by cold shock and freeze-thawing 
and is rendered more fragile by some media, 
notably Tris buffer.83 Rupture of these struc
tures has the potential to release damaging 
enzyme activity.75 

Some inhibitory substances present in semi
nal plasma are probably not a concern with 
respect to sperm processing and storage. Soon 
after techniques for IVF were developed, it was 
discovered that seminal plasma inhibits fertili
zation.84 This inhibition has been attributed to 
protein decapacitation factors in semen that 
adsorb to the sperm surface at ejaculation. Cer
tain proteins become strongly associated with 
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the sperm surface during epididymal matura
tion or at ejaculation and are lost during capaci
tation.85-89 In addition to seminal proteins, 
cholesterol, which is present in seminal plasma, 
can act as a decapacitation factor, inhibiting the 
acrosome reaction and fertilization.90-97 Deca
pacitation factors are eventually lost during ca
pacitation, allowing fertilization to proceed. 
Because premature capacitation and acrosomal 
lability are now known to be manifestations of 
cryoinjury to sperm,98 decapacitation factors 
(although inhibitory when present during fer
tilization) are not damaging if present during 
cryopreservation. 

In addition to various cytotoxic activities, the 
seminal plasma can also be protective, even 
cryoprotective.28,99 For sperm collected from 
the caudal epididymides, addition of seminal 
plasma constituents stimulates motility and im
proves fertility.57,1°o,101 

Microbial Contamination 

A major concern is that microorganisms are 
preserved when conditions are optimized to 
protect sperm from damage during collection 
and processing. In fact, these cells are generally 
less sensitive to adverse conditions than are 
spermatozoa. When the media and conditions 
employed are designed for optimal preserva
tion of cellular function, they provide ideal 
environments for microorganismal growth. Al
though some investigators speculated that key 
pathogenic microorganisms would be killed by 
cryopreservation, the careful methods em
ployed to preserve sperm function are gener
ally sufficient to preserve pathogens as well. 
Even CMV, which is quite cold labile, survives 
cryopreservation in human semen.102 When 
sperm are being prepared for deposition in the 
uterus by lUI or for IVF procedures, the 
sample must be essentially free of contamina
tion with bacteria, fungi, and viruses. For 
cryopreserved samples, there is the concern 
that microorganisms may leak from stored 
samples and contaminate the coolant in freez
ers and storage tanks, thereby gaining access to 
other specimens. Several strategies are gener
ally employed to control microbial contamina
tion of tissues: donor screening for disease, 
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aseptic or sterile processing techniques, inclu
sion of antibiotics in media, and testing of tis
sue. Some of the semen separation techniques 
efficiently remove bacterial contaminants dur
ing sperm processing. Rigorous and sustained 
quality control (QC) procedures are critical to 
ensuring that contamination is minimized on a 
continuous basis. 

Ejaculated semen is not sterile. Even in 
healthy males, microorganisms are present in 
the urethra and on the external surfaces of the 
penis.103 Ideally, a dedicated room, which can 
be cleaned and sanitized daily, should be avail
able for semen collection. Each donor or pa
tient should be provided with a sterile towelette 
and instructed to clean the penis before semen 
collection. Sterile or aseptic containers and 
media should be used for all steps in semen 
collection and processing. 

Because blood products are often used as 
constituents of semen diluents and culture 
media, they represent a source of potential 
contamination of sperm. Serum albumin prep
arations are subject to viral contamination,104 
although the actual risk of infection from the 
usual fraction V human serum albumin (HSA) 
used in most laboratories is very low due to the 
ethanol precipitation step used in its prepara
tion.6 Donors of human serum and HSA to be 
used in sperm preparation must be screened for 
diseases (e.g., hepatitis, HIV) in a similar man
ner to sperm donors. The importance of this is 
illustrated by a case in which 79 women, and a 
significant number of their husbands, con
tracted hepatitis B after undergoing IVF in 
which contaminated serum was used to prepare 
media. lOs Cells used for coculture with sperm 
are also a potential source of pathogens, par
ticularly if they derive from human cells. 

Although not a substitute for aseptic collec
tion and processing conditions, antibiotics are 
sometimes included in sperm diluents and me
dia. Selection of motile sperm by self-migration 
or gradient centrifugation efficiently removes 
bacteria from sperm suspensions, but inclusion 
of antibiotics in media further reduces micro
bial contamination.106 Penicillin and streptomy
cin are most commonly used in media and 
diluents for human sperm.107 These drugs have 
minimal toxicity to gametes and embryos and 
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inhibit the growth of a broad spectrum of mi
croorganisms.38,108 

There are some concerns regarding the use 
of antimicrobial drugs for ART procedures. 
These agents may have adverse effects on 
gamete function, on embryo development, or 
both.109 A second concern is the potential for 
an allergic response in the sperm or embryo 
recipient. Women allergic to penicillin have 
developed hypersensitivity reactions following 
intrauterine insemination (lUI) and embryo 
transfer. 110 

Toxicity of Labware and Media 

Strict QC of materials used in collection of 
sperm has not always been used. Although bio
assays to evaluate labware and media were in
troduced into human IVF laboratories in some 
early programs,111-113 these methods have been 
less common in andrology laboratories. Over 
the past decade, numerous materials used in 
the collection and preparation of gametes and 
embryos have proved cytotoxic. Ironically, it 
was the desire to use more reliable and con
trolled materials that led to the widespread use 
of sterile, disposable labware in place of labora
tory glassware. The cytotoxic properties of 
plastics have been known for some time,113-115 
but many research programs had not appreci
ated the toxicity of disposable syringes to sperm 
and embryosl16-120 or the toxicity of other dis
posable labware, such as culture dishes, pi
pettes, micropore filters, blood-collection 
tubes, and plastic catheters.121-126 Most ART 
programs now realize that any plastic surface is 
potentially cytotoxic.127 An in-house program 
for toxicity testing of materials is an essential 
component of QC. 

Among the most toxic materials used in 
ART laboratories are disposable plastic exami
nation gloves.128 Touching a culture dish on the 
spot later used for the bioassay culture drop can 
cause developmental arrest of embryos or 
complete immobility of sperm. All types of 
examination gloves, whether latex or vinyl, 
powdered or powder-free, can be toxic. In 
fact, it is likely to be the more flexible plastics, 
such as those used in gloves, that are toxic be
cause the plasticizers used to impart flexibility 
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are themselves cytotoxic. As with plasticware, 
rinsing the gloves can reduce toxicity. How
ever, careful screening to find gloves of low 
toxicity is important, and new lots should al
ways be tested for cytotoxicity. 

Lubricants have also been identified as a 
source of toxicity to sperm. They are often 
provided to patients and donors for use during 
semen collection. Lubricants are also used 
before inserting vaginal probes and speculums 
during insemination. Because sperm may be
come contaminated by these substances, lubri
cants should be evaluated for cytotoxicity 
or their use should be avoided. A similar prob
lem exists with the ultrasound transmission gel 
commonly used in ultrasound-guided oocyte 
retrievals.129,l30 

Medium contamination by bacterial en
dotoxins may be present even after ultra
purification. Endotoxins, shed during bacterial 
growth, are lipopolysaccharide components of 
the outer cell wall of gram-negative bacteria. 
Because they remain after bacteria are killed or 
removed by filtration, sterilization of media 
does not eliminate these toxic compounds. 
Serum albumin preparations are a potential 
source of endotoxins and can damage both 
sperm and embryos.l3l,132 Serum albumin prepa
rations, as well as lots of whole serum, are quite 
variable133 and can contain substances detri
mental to embryo development. 104,134 Fatty 
acid-free preparations are less likely to contain 
toxic contaminants and are, therefore, recom
mended for use in handling of gametes and 
embryos.104 The concentrated HSA solutions 
that are available commercially and licensed 
for clinical use are primarily intended for intra
venous administration and may contain deter
gents that stabilize the HSA molecule and 
prevent flocculation.6 Clearly these cytotoxic 
detergents are undesirable for sperm prepara
tion. Density gradients used to prepare sperm 
suspensions are another source of toxic con
tamination. Percoll, commonly used to provide 
density gradients, can also be toxic to em
bryos.135 Biologic fluids and cells can also con
tain cytotoxic activity. Serum, follicular fluid, 
and oviductal fluid are undefined solutions that 
can contain inhibitory substances, partially 
masked by their protective properties.134,136-142 
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Cold Shock and Ultraviolet Light 

Sperm of some species are irreversibly dam
aged when cooled rapidly to room tem
perature.143,l44 Although relatively resistant to 
cold shock,145,l46 human sperm are damaged 
if cooled rapidly to below 20°c.147-151 When 
semen is collected off-site, patients should be 
instructed to protect their specimen from cool
ing after collection and during transport to the 
laboratory. 

Sperm cells are also sensitive to ultraviolet 
light,l08 which catalyzes the formation of reac
tive oxygen species (ROS) and peroxidation of 
membrane lipids. Sperm become particularly 
sensitive to oxidative stress when the antioxi
dants present in seminal plasma are diluted or 
removed. Lipid peroxidation increases the per
meability of the sperm membrane, decreasing 
the cell's ability to maintain homeostasis. Be
cause sperm cryopreservation itself results in 
increased lipid peroxidation, it is particularly 
important to minimize this damage during 
prefreeze processing. Facilities used for sperm 
collection and processing should use incandes
cent lighting if possible, and measures should 
be taken to minimize the exposure of sperm to 
light. 

Semen Separation and Sperm 
Selection Techniques 

Semen contains a variety of cellular and soluble 
elements other than motile sperm, including 
dead sperm, epithelial cells, leukocytes, micro
organisms, cellular debris, lytic enzymes, and 
oxidizing molecules. These elements can have 
cytotoxic effects on sperm, can cause painful 
cramping if deposited in the uterus during lUI, 
and can damage the oocyte and early embryo if 
present during IVF. 

Sperm Dilution and Washing 

Initial processing of sperm usually involves di
lution in a specially formulated medium. Imme
diate dilution or washing can be used to 
minimize sperm exposure to damaging seminal 
constituents. Dilution or washing of sperm with 



4. Treating the Sperm 

specially formulated semen extenders, cryo
diluents, or culture medium produces a more 
favorable and controlled extracellular environ
ment for the sperm during incubation or 
cryopreservation. In many cases, more sophisti
cated techniques designed to separate sperm 
from other seminal constituents are used dur
ing processing, including preferential selection 
of motile sperm. 

Centrifugation and Washing 

The term washing in cell biology refers to dilu
tion of cells (or other particles) with medium, 
centrifugation to sediment the cells, removal of 
the supernatant, and resuspension of the cells 
in fresh medium. Similarly, washing has tradi
tionally been used to describe this procedure of 
dilution and centrifugation for sperm. Inclusion 
of other preparative techniques, such as gradi
ent centrifugation, under the description of 
washing techniques can be misleading. 

After collection and liquefaction of semen, 
many preparative techniques include washing 
to remove the soluble components of the se
men. The seminal plasma must be removed 
from human sperm prior to lUI because 
spasmogens in the whole semen can cause 
painful cramping of the uterus. Washing alone 
is one method used clinically to prepare sperm 
for lUI. Of the methods available for seminal 
plasma removal, washing by dilution and cen
trifugation is rapid, simple, and results in recov
ery of most motile sperm while removing many 
constituents of the seminal plasma. Most meth
ods for separation of semen include at least one 
washing step. 

Unfortunately, washing is damaging to 
sperm. In some species, severe damage to 
sperm results from simple washing.152,153 For 
most species, including humans, sperm are 
more resistant to washing, and damage can be 
reduced by various methods; however, even 
when gentle washing techniques are employed, 
sublethal damage is sustained by motile sperm 
during dilution and washing,148.154-160 with conse
quent reduction in functional capacity and 
longevity. This damage is not caused by centri
fugation alone, because cellular injury is 
reduced when centrifugation is followed by 
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resuspension in the original solution instead of 
fresh medium.153,161-163 Some of the damage ap-
parently results from removal of the seminal 
plasma. Nevertheless, the process of centrifuga
tion itself is damaging to sperm.l64 

Washing damage can be minimized by vari
ous techniques. Variables involved in washing 
methodology include temperature, washing 
medium, dilution, volume, centrifugal force, 
and centrifugation time. It is generally agreed 
that forces exceeding 800g are damaging to hu
man sperm,154,155 and forces in the range of 300 
to 400g are usually recommended.5 However, 
lower forces sediment a smaller proportion of 
the motile sperm. There is a direct negative 
correlation between the proportion of the mo
tile sperm recovered and the centrifugation 
force. 165 Although it is often assumed that all of 
the motile sperm are recovered after a washing 
procedure, this is inaccurate. In fact only 60% 
to 80% of the motile sperm are recovered at 
suggested centrifugal forces of 300 to 600g. 
This can be easily verified by examination 
of the supernatant. Sedimentation can be im
proved and centrifugal force minimized by 
decreasing the volume in individual tubes. Be
cause the time required to sediment sperm is a 
function of the volume, dividing samples into 
multiple tubes for centrifugation can improve 
recovery.5 

Selection of Motile Sperm 

Simple washing can efficiently remove soluble 
constituents of the seminal plasma; however, it 
does not remove dead sperm and other cells. 
Even without sedimentation during washing, 
the presence of dead sperm cells is detrimental 
to sperm functionl66,167 and cryosurvival.168 Se
men separation methods, which have been 
devised to select motile sperm and remove po
tentially harmful elements from semen, fall into 
three general categories: (1) solid-phase adhe
sion, (2) self-migration, and (3) gradient cen
trifugation. An ideal separation method would 
recover all of the motile sperm and remove 
all other seminal constituents without damag
ing motile sperm. In practice, however, each 
method has advantages and disadvantages.6,7 
The method of choice depends on the imp or-
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tance of these factors for each application. Cur
rent methods of sperm selection involve loss of 
some fraction of the motile sperm present in 
the original sample. Swim-up and Percoll gradi
ent are the methods most widely used in clinical 
practice, and each involves loss of the majority 
of the motile sperm. At present, simple washing 
remains the most efficacious method of prepar
ing samples with very low sperm numbers for 
IU1.169 

Solid-Phase Adhesion 

A rapid method for removing dead sperm 
from semen is column separation, based on 
the principle that dead sperm become sticky 
and adhere to glass and plastics. Semen is 
placed at the top of a column filled with glass 
beads,17()-175 glass WOOI,175-180 or Sephadex.181-183 

As the semen percolates through the solid ma
terial, dead sperm are retained in the column 
while living sperm continue through and are 
collected below. These techniques have the 
advantages of being very rapid, not requiring 
dilution or sedimentation of sperm, and sepa
rating a very high proportion of the motile 
sperm. However, seminal plasma components 
and cellular contaminates are not removed. 
Sperm collected in the filtrate must be washed. 
It is possible that column filtration may be most 
useful prior to initial washing in order to reduce 
the cytotoxic effects of sedimenting motile 
sperm with dead sperm. 

A relatively new strategyl84,185 involves in
cubation of sperm with the lectin peanut ag
glutinin agent. 186 This method has potential 
for isolation of high-quality sperm without 
centrifugation. Monoclonal antibodies that 
recognize epitopes on the inner acrosomal 
membrane or acrosomal contents have been 
used to isolate acrosome-reacted human 
sperm.187-190 This technique could also be 
adapted to removal of sperm with damaged 
acrosomes. 

Self-Migration 

Column separation alone does not remove 
soluble components of seminal plasma and 
nonsperm cellular material, including cytoplas-
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mic droplets and microorganisms. Migration 
methods rely on sperm motility to isolate mo
tile sperm from semen and are thus capable 
of reducing these undesirable semen con
stituents. The most common of these methods 
are the swim-up or rise techniques, in which 
sperm migrate from semenI54.191-194 or from the 
washed pellet5,167,195-198 into overlying culture 
medium. With the albumin methods, sperm 
migrate from semen into an underlying layer 
of solution containing bovine serum albumin 
(BSA) or HSA.199-203 Not only dead sperm are 
removed during migration methods, but other 
contaminating cellular elements, including 
microorganisms,71,104,204-206 are significantly 
reduced. 

The main disadvantage of self-migration 
methods is that they recover only a small 
fraction of the motile sperm. When motile 
sperm are selected by swim-up, only about 
20% are recovered.154,167 This can be a problem 
if sperm are being prepared for lUI, in 
which case large numbers of motile sperm 
are required. It is also a consideration for 
oligozoospermic samples in which sperm 
numbers are low to begin with.170 In addition, 
all migration methods involve an incubation 
period, usually an hour, to achieve separation. 
This added incubation can be damaging, par
ticularly if sperm with impaired longevity are 
being treated. 

Variables involved in sperm migration meth
ods include the temperature and incubation 
time,193 the medium used, and whether the 
sperm are washed prior to migration. An addi
tional factor is the method used to produce the 
maximum surface area of the interface between 
the sperm suspension and the fresh medium, 
generally achieved by increasing the number of 
tubesl98-207 and positioning the tubes in a nearly 
horizontal position.193 In a migration method, 
which is unique because it does not require 
washing before or after separation, the sperm 
migrate into a viscous, hyaluronate medium, 
which can then be used directly for IVF or 
IUI.197,208-211 Another strategy proposed to im
prove the recovery is to treat the sperm with 
substances that stimulate motility during the 
migration procedure. 
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Gradient Centrifugation 

Gradient centrifugation methods are more 
rapid and generally recover a higher proportion 
of the motile sperm than do migration meth
OdS.194.212,213 Dense solutions of sucrose, Ficol, 
dextran, and polyvinyl pyrrolidone (PVP) can 
be used to remove most soluble constituents of 
seminal plasma plus many cellular elements. 
Because sperm cells are unusually dense, solu
tions can be prepared having a density interme
diate to the sperm and the other seminal 
constituents. After loading the semen on top of 
the gradient solution, centrifugation will sedi
ment the sperm while retaining the seminal 
plasma and lower density cellular elements 
above the gradient. This method selects sperm 
from other semen constituents in a single cen
trifugation step but does not separate motile 
from immotile sperm. 

The density medium Percoll, a colloidal sus
pension of PVP-coated silica particles, has the 
advantage of producing high-density solutions 
with minimal increase in osmolality and has 
been used successfully to select motile sperm 
during gradient separation.160,194,214-217 The se-
men specimen is loaded on top of a continuous 
or discontinuous gradient of increasing density. 
During centrifugation, sperm are drawn into an 
underlying, high-density solution, isolating 
them from seminal plasma.77,214,218 After sperm 
are recovered from Percoll gradients, they must 
be washed in order to return them to solutions 
of normal density. 

It is not known with certainty how Percoll 
gradient separation selects for motile sperm. 
The strongest evidence219 suggests that because 
the sperm head has higher density than the tail, 
sperm become oriented in the centrifugal field. 
Continued migration into the higher density 
medium isolates the motile sperm from 
nonmotile material of similar density. Thus, the 
Percoll method actually does involve selection 
by self-migration. Other data220 suggest that the 
immature, morphologically abnormal sperm in 
some poor-quality samples actually have lower 
density and are retained at a lower-density level 
than more normal sperm. These sperm, charac
terized by the immature isoform of creatine ki-
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nase and incomplete replacement of histones 
with protamines, may not have completed the 
final maturational changes that normally pro
duce sperm of high density. 

The sperm population that is recovered 
after Percoll separation can have almost 100% 
motility, although, as with migration methods, 
there is a trade-off between recovery of motile 
sperm and percentage motility.221 Usually, a 
high percentage of motile sperm is associated 
with relatively low recovery rates, comparable 
to those obtained using swim-up proce
dures.198,215,222 On the other hand, efficient re-
covery of sperm from poor quality semen is 
usually associated with minimal increase in the 
percentage of motile sperm. For these poor
quality samples, it may not be possible to select 
motile sperm by standard Percoll gradient 
methods, unless very few sperm are required 
for the ART procedure. One strategy used to 
improve the recovery of motile sperm from 
oligoasthenozoospermic samples is the mini
Percoll method. Multiple gradients having very 
low volume are used, and the sperm are washed 
and concentrated before applying the pellet to 
the gradients.223,224 

Percoll gradient separation is widely used to 
prepare human sperm for ART procedures and 
in a number of clinical trials has proved supe
rior to swim-up methods of preparing sperm for 
IVF.160,216,225,226 There is some evidence that 
Percoll separation may result in alteration of 
sperm function, which has generally been 
viewed as beneficial.198,217,227 However, these 
changes in sperm function resemble those 
produced during capacitation (e.g., motility 
changes similar to hyperactivation and early 
fusion with zona-free hamster oocytes). Al
though early capacitation could be an advan
tage for IVF, it is potentially damaging for lUI 
and sperm cryopreservation. Another concern 
about the use of Percoll is that it has not been 
approved for human use. Although many pro
grams use Percoll for clinical procedures re
gardless of its status, the advisability of this 
practice is questionable. As a possible alterna
tive to Percoll, Nycodenz is another density me
dium that has been used to prepare human 
sperm?28 This molecule is a constituent of an 
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x-ray contrast medium commonly used for 
angiography. 

improved sperm function for lUI may be quite 
different from those used to evaluate improved 
capacity for IVF. The underlying sperm abnor
malities being treated are another important 
consideration. Current ability to measure these 
various functional capacities of sperm remains 
quite limited, as does the ability to determine 
the underlying lesions in the sperm being 
treated. An example of this problem is the pro
portion of sperm that are acrosome-reacted af
ter treatment, typically interpreted as a positive 
outcome for human sperm; indeed, if sperm are 
being prepared for IVF, and the sperm of 
this particular patient do not acrosome-react 
normally, then this is an appropriate end point. 
However, if sperm are to be used for lUI, 
the sperm of this patient have unusually labile 
acrosomes or both, increased acrosome reac
tions are actually a negative outcome because 

Sperm Stimulation Techniques 

End Points Used to Measure Sperm 
Stimulation 

An important consideration when choosing or 
developing a method of sperm treatment is the 
end point to be taken as evidence of improved 
sperm function. The natural history of sperm in 
the female reproductive tract is complex, in
volving significant changes in sperm physiology 
(Table 4.1). Before choosing which sperm at
tributes or functions to evaluate, it is important 
to determine what is expected of the sperm 
after treatment. The end points used to detect 

TABLE 4.1. Treating the sperm: selection, stimulation, and cryopreservation techniques. 

I. Factors critical for collection of quality semen II. Semen separation and sperm selection techniques 
samples A. Sperm dilution and washing 
A. Donor and patient factors 1. The dilution effect 

1. Age of patient or sperm donor 2. Centrifugation and washing 
2. Genetic factors 3. Dialysis 
3. General health of patients or sperm donors B. Selection of motile sperm 
4. Environmental effects and toxicologic 1. Solid-phase adhesion 

exposure 2. Self-migration 
5. Infectious diseases 3. Gradient centrifugation 
6. Abstinence period III. Sperm stimulation techniques 

B. Iatrogenic damage to sperm in vitro A. End points used to measure sperm stimulation 
1. Sperm aging in vitro B. Culture media for sperm 
2. Seminal plasma effects C. Substances used to stimulate sperm 
3. Microbial contamination 1. Methylxanthines and modulation of 
4. Toxicity of labware and media intracellular cAMP 
5. Cold shock and ultraviolet light 2. Metabolites, hormones, lytic enzymes 

C. Semen collection 3. Antioxidants 
1. Collection of ejaculated semen 4. Promoters of capacitation and induction of 
2. Semen coagulation and liquefaction the acrosome reaction 
3. Electroejaculation and retrograde D. Coculture 

ejaculation E. Treatment of sperm bearing antisperm 
4. Collection of testicular and epididymal antibodies 

sperm IV. Sperm cryopreservation techniques 
A. End points used to measure sperm cryosurvival 
B. Fecundability with cryopreserved human sperm 

Summary of normal sperm function in the female reproductive tract and requirements for membrane, cell surface, and 
motility. The mammalian sperm displays complex physiology during sperm transport and fertilization in vivo. In the course 
of these processes, the surface characteristics and motility pattern change dramatically. In choosing end points to assess 
methods of sperm stimulation, it is important to consider which of these functions will be required of the sperm after 
treatment, and what the underlying lesions in sperm function are for the patient to be treated. Some end points commonly 
accepted as indicators of improved sperm function, such as fusion with zona-free hamster oocytes, may not be desirable if 
sperm are to be deposited in the uterus. 
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sperm survival after the acrosome reaction is 
quite brief?29 Available evidence indicates that 
the fertilizing sperm remain acrosome-intact 
until interaction with the oocyte.230.231 In fact, 
the acrosome reaction can be viewed as a sign 
of sperm damage and can be induced by 
detergents and other membrane-disrupting 
agents.232,233 For similar reasons, the ability of 
sperm to fuse with zona-free hamster oocytes, 
which can also be enhanced by membrane
disrupting agents,234 is not necessarily a positive 
outcome, although it does measure the ability 
of sperm to survive, capacitate, and acrosome
react in vitro. In general, changes associated 
with capacitation (e.g., acrosome reaction, 
hyperactivation) are not beneficial until sperm 
reach the site of fertilization.231,235,236 

The remarkable success of ICSI is an indica
tion that most functional lesions in the sperm of 
male-factor patients involve impaired sperm 
transport and perfusion before fertilization. 
Lack of strong motility and inappropriate sur
face characteristics could reduce the ability of 
sperm to penetrate cervical mucus, to avoid 
phagocytosis in the uterine lumen, to cross 
the uterotubal junction (UTJ), to penetrate the 
zona pellucida, or all of these. Reduced sperm 
longevity could result in an inadequate popula
tion of surviving oviductal sperm when the oo
cyte is ready for fertilization. Inappropriate 
membrane changes could result in failure to 
capacitate, failure to associate appropriately 
with the oviductal isthmus, failure to undergo 
the acrosome reaction, failure to bind to the 
zona pellucida, failure to fuse with the oolem
ma, or all of these. 

Substances Used to Stimulate Sperm 

Many substances have been evaluated for 
their ability to enhance human sperm func
tion in vitro,237 including substances that in
crease the concentration of cyclic adenosine 
monophosphate (cAMP) within the sperm 
(caffeine, pentoxifylline, other methylxan
thines, dbcAMP, kallikrein), antioxidants (a
tocopherol, ~-hydroxytheophylline [BHT], 
catalase), biologic fluids and molecules that 
promote capacitation (serum, serum albumin, 
follicular fluid, egg yolk, Percoll, urea), meta-
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bolically active substances (creatine kinase), 
membrane-active lipids (cholesterol, phospho
lipids), hormones, platelet activating factor 
(P AF), steroids, prostaglandins, relaxin, pro
teases and other lytic enzymes (trypsin, 
chymotrypsin, a-amylase, hyaluronidase, plas
minogen activators), and sulfhydryl reducing 
agents (dithiothreitol [DTTD. 

Motility Stimulation by Modulation of 
Intracellular cAMP 

The most extensively studied additives to 
stimulate sperm function are substances that 
act to increase intracellular cAMP levels 
([cAMP]i) in sperm. Of the methylxanthine de
rivatives, caffeine and pentoxifylline have re
ceived the most attention. Methylxanthines 
act primarily to inhibit the breakdown of 
cAMP by cAMP-phosphodiesterase, allowing 
[cAMP]i to increase. The adenosine analogue 
2-deoxyadenosine and the enzyme kallikrein 
have also been studied and apparently act by 
increasing [cAMP1. Various other methylxan
thines and substances that modulate [cAMPl 
have been evaluated for sperm stimulation, but 
they have not been studied as completely as 
other additives.237 It is well known that [cAMPl 
acts as a second messenger system in many cell 
types, including sperm. The understanding of 
the role of [cAMPl in sperm functional capac
ity and how this signal interacts with other sig
nal transduction systems is somewhat sketchy. 
The response of an individual sperm cell de
pends on other factors, such as (1) the in
tracellular concentration of free calcium ions 
([Ca2+l), (2) the intracellular pH, and (3) inosi
tol phosphate turnover. These other com
ponents of sperm physiology interact with the 
cAMP system, having profound effects on 
sperm function. 231 ,238-24o Some of the diverse and 
seemingly inconsistent actions these drugs have 
on sperm undoubtedly derive from the com
plexity of the interaction between [cAMPl and 
other components of sperm physiology. 

Caffeine stimulates sperm motility241,242 and 
is more effective in this activity than several 
other methylxanthines (theophylline, isobutyl
methylxanthine) or dbcAMP.241-245 The per
centage of motile sperm is increased by 
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appropriate concentrations of caffeine, as is the 
velocity of swimming sperm in some studies.246 

Although the results with caffeine have not 
been completely consistent, most investigators 
have reported stimulation of sperm motility, 
particularly an increase in the percentage of 
motile sperm in cases involving a large propor
tion of viable sperm (sperm with intact mem
branes) that are nonmotile.247 It is often the 
case that sperm samples with a low percentage 
of motile sperm actually have a high proportion 
of viable, nonmotile (VNM) sperm. There 
are significant numbers of VNM sperm follow
ing cryopreservation,I84 and caffeine increases 
the percentage of motile sperm by more than 
15% in cryopreserved human semen.24&-250 
Caffeine increases the percentage of motility 
for sperm from asthenozoospermic semen, 
which also tends to contain a significant propor
tion of VNM sperm.251 Senescent sperm also 
lose motility in advance of viability, and this 
loss of motility is delayed by caffeine.242.245.246 

One explanation for the ability of methylxan
thines to increase the percentage of motile 
sperm is the interaction between [cAMPl 
and [Ca2+V37 Sperm generally become immo
tile under conditions that are damaging. to 
membranes. Until induction of the acrosome 
reaction, the [Ca2+1 of sperm is normally main
tained in the nanomolar range by active export 
of Ca2+ from the cytoso1.252-256 In contrast, semi
nal plasma contains some 100IlM free calcium 
ions, and culture media generally contain 1 to 
5 JlM concentrations. The difference between 
intracellular and extracellular concentrations 
of this crucial ion is some 10,OOO-fold for sperm 
in medium. Small increases in [Ca2+]j normally 
accompany capacitation, causing the increased 
curvature of flagellar bends and asymmetry 
of the flagellar wave, which are hallmarks of 
hyperactivation. This process can be reversible, 
with motility returning to normal following 
reduction of [Ca2+]j. Large elevations of sperm 
[Ca2+]j (i.e., into the micromolar range) cause 
complete inactivation of the sperm flagel
lum.257,258 This process can also be reversed in 
some cases. Increased [Ca2+1 reSUlting from 
membrane leakage during cold shock immobi
lizes a significant proportion of sperm in some 
species-that is, they become nonmotile. How-
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ever, motility of many sperm returns as they 
export the excess calcium. Thus, increasing 
[Ca2+]j can both stimulate and inhibit sperm 
motility. High levels of VNM sperm produced 
by procedures that damage sperm membranes 
undoubtedly result from leakage of calcium 
ions into the sperm. Although the interaction 
between [cAMP]j and [Ca2+]j is quite complex, 
increased cAMP can stimulate transport of 
Ca2+ from sperm under some conditions,237,259 a 
process that may enable the VNM sperm to 
return [Ca2+11evels to those compatible with 
flagellar motility. 

Although caffeine stimulates sperm motility, 
this enhancement is retained only in the pres
ence of the drug,250 and only when extracellular 
[Ca2+] is very low.260 Therefore, the potential of 
this drug to treat sperm prior to lUI is limited. 
In a clinical trial, caffeine treatment of sperm 
prior to artificial insemination was not benefi
cial.259-262 Caffeine treatment also has a negative 
effect on the function of cryopreserved sperm 
as assessed by fusion with zona-free hamster 
oocytes,250 and scanning electron microscopy of 
caffeine-treated human sperm revealed dam
age to the sperm surface over the acrosome, 
especially in asthenozoospermic samples.251 
However, these alterations may be indicative of 
suboptimal conditions of caffeine treatment. In 
principle, caffeine could help stimulate the mo
tility of sperm prepared for IVF, prolonging the 
maintenance of motility during co-incubation 
and enhancing their ability to penetrate the 
zona pellucida. However, the safety of co
incubation of the gametes and the early embryo 
in the presence of this drug is not known. Re
sults using the zona-free hamster oocyte assay 
have been mixed,237 and this may be due in part 
to disruptive effects at high concentrations of 
caffeine. 

Pentoxifylline (another methylxanthine) and 
caffeine have very similar effects on sperm in 
vitro. The percentage of motile sperm and the 
sperm velocity are increased at an appropriate 
dose,263,264 which improves the motility of 
sperm from electroejaculates265 and from as
thenozoospermic patients.266-268 Pentoxifylline 
also increases the percentage of motile sperm 
and the swimming velocity in cryopreserved 
sperm269 and in sperm with poor morphology.27o 
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It also increases penetration of zona-free ham
ster oocytes,269.271.272 and this activity may be re
lated to its stimulation of capacitation or the 
acrosome reaction or both.237•268,273,274 Results 
with IVF have been promising,267,268 although 
some researchers have not obtained improved 
fertilization results, even when motility was 
improved.275 It has been suggested that part of 
the beneficial effect of pentoxifylline on motil
ity and longevity in vitro is due to its activity as 
a free radical scavenger, reducing oxidative' 
stress rather than by elevation of [cAMPl 
alone.6,276 

The adenosine analogue 2-deoxyadenosine 
has been shown to cause an increase in sperm 
[cAMP]/n In contrast to the transient motility 
improvement produced by the methylxan
thines, 2-deoxyadenosine stimulates a sus
tained rise in [cAMPl and improves motility 
for several hours after its removal. This mol
ecule also increases the motility of cryopre
served sperm and improves penetration of 
zona-free hamster oocytes. 

Kallikrein is a pancreatic protease that re
leases the active molecules kinins. The kinins 
are pep tides that must act via membrane recep
tors. In sperm, the kallikrein-kinin system, ap
parently improving uptake of substrate by 
sperm by elevation of [cAMPl, increases the 
motility of cryopreserved and poor quality 
sperm. This effect may not occur when sperm 
are held at 37°C rather than at room tempera
ture.237,269 However, clinical results of treating 
sperm with kallikrein for lUI and IVF are inad
equate to draw conclusions about its efficacy 
for ART procedures. 

The clinical value of these molecules that in
crease sperm [cAMPl is probably limited to 
procedures that bypass sperm transport. How
ever, their application for IVF and perhaps 
gamete intrafallopian transfer (GIFT) are 
promising for asthenospermic samples, cryo
damaged sperm, and sperm having impaired 
longevity. 

Coculture 

Coculture with primary cell cultures or cell line 
monolayers has been primarily applied by re
productive biologists to improve the survival 
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and development of embryos. This strategy has 
also been applied to sperm, with the goal of 
improving sperm longevity, functional capacity 
in vitro, or both. In embryology, coculture has 
been most advantageous for improving the re
sults with poor-quality embryos and has been 
proposed as a means of rescuing embryos with 
original quality judged too poor for transfer or 
cryopreservation. Similarly, coculture may be 
useful for the treatment of poor-quality sperm 
and cryopreserved sperm. Human sperm have 
been incubated with cumulus cells, oviductal 
cells, and other cells of human reproductive 
tract origin. This strategy may sustain sperm 
having poor longevity until they are able to 
undergo capacitation in vitro. Because normal 
sperm will undergo capacitation if they are in
cubated in culture medium, it is not surprising 
that capacitation and spontaneous acrosome 
reactions occur during coculture. The presence 
of the cultured cells increases the proportion of 
sperm undergoing capacitation in vitro and im
proves their performance in assays of sperm 
function. The cells used for co culture in these 
experiments are not immortal cell lines; thus, 
freshly prepared cell cultures must be available 
at the time of sperm preparation. Currently, 
only the largest ART programs have a ready 
supply of these cells for routine application in 
sperm preparation, but it is possible that these 
cells could be cryopreserved and banked for 
this purpose. Cells of nonreproductive tract 
origin, Vero cells, and human skin fibroblasts 
have also been used for sperm; however, im
proved culture techniques and scrupulous at
tention to the quality of media may obviate the 
need for these complex techniques. 

Sperm Cryopreservation 
Techniques 

In the current treatment of infertility, artificial 
insemination (AI) with donor semen is a widely 
used therapy for selected donors with excep
tional semen quality and cryosurvival. Using 
current methods of donor selection, sperm 
cryopreservation, and timing of insemination, 
results with cryopreserved human sperm are 
acceptable, even approaching those with non-



68 

frozen sperm. It is considerably more difficult 
to preserve sperm for patients who request 
sperm banking. Cryosurvival of patient sperm 
is often low, and continued efforts are required 
to improve cryopreservation methods for pa
tient sperm by minimizing cryodamage. 

End Points Used to Measure 
Sperm Cryosurvival 

There are a number of detectable and consis
tent changes in sperm morphology and physiol
ogy following cryopreservation, but there is 
limited understanding of what a given cellular 
change means in terms of function. Large 
changes in some parameters may have a mini
mal impact on the functional capacity of sperm, 
but small changes in other parameters may 
have profound effects on fertility. Sublethal 
cryoinjury to sperm can also be quite dif
ficult to detect. Exposure to even relatively low 
concentrations of glycerol, even without freez
ing, can dramatically reduce sperm fertility 
without measurably affecting motility. Al
though many sperm attributes altered by 
cryopreservation have been identified, it is 
less clear which of these are predictive of post
thaw fertility. 

Cell membranes are the major site of injury 
to cells during freezing. 39,144 Cryoinjury to cell 
membranes, and consequent disruption of per
meability barriers, results in death or dimin
ished function of the cell. During freezing and 
thawing, even if intracellular ice formation is 
avoided, many forces stress the membrane, in
cluding the increased solute concentration that 
accompanies intracellular dehydration, me
chanical shear, osmotic damage during warm
ing, lipid-phase separation, and disruption of 
temperature-sensitive molecular relationships. 
Large increases in membrane permeability will 
render sperm immotile; however, among the 
surviving motile cells, sublethal increases in 
membrane permeability and other membrane 
damage can have profound and diverse effects 
on sperm function. 

A significant consequence of cryodamage to 
membranes is reduced longevity of sperm in 
vitro, and it is widely accepted that the fertile 
life span of cryopreserved sperm in vivo is sig-
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nificantly shorter than that of nonfrozen sperm. 
Consistent with this notion, cryopreserved 
sperm disappear more rapidly from the cervix 
after AI in comparison with nonfrozen sperm. 
Because of reduced sperm longevity, the timing 
of insemination is much more critical for 
cryopreserved sperm. 

Cryopreserved sperm swim with reduced 
velocity. This diminished sperm vigor may 
be responsible for the impaired transport of 
cryopreserved sperm in the female reproduc
tive tract. For cryopreserved human sperm, 
even when postthaw motility remains high, 
penetration of cervical mucus is reduced and 
cryopreserved sperm move more slowly within 
this biopolymer than do nonfrozen sperm. It is 
likely that abnormalities of the sperm surface 
result in increased resistance of the mucus mi
crostructure to penetration by these sperm. 
Such cryodamage to the sperm surface may 
also underlie the diminished ability of cryopre
served sperm to remain in the cervix or form 
appropriate associations with the biopolymers 
that coat the epithelial surfaces of the female 
reproductive tract and invest the oocyte. Be
cause cryopreserved sperm have reduced abil
ity to penetrate cervical mucus, best results are 
obtained with cryopreserved sperm if they are 
placed in the uterus rather than in the cervix. 

The acrosome has long been recognized as a 
significant site of cryoinjury to sperm. Cryo
preservation induces swelling of the acrosome 
and considerable ultrastructural damage to the 
acrosomal membranes of sperm. Abnormal 
acrosomal function is a known consequence of 
cryodamage to sperm and can facilitate prema
ture acrosome reactions.98,278 Significantly, cryo
preserved human sperm have the ability to fuse 
with zona-free hamster oocytes immediately 
after separation from seminal plasma but rap
idly lose this ability during subsequent incuba
tion.279 In contrast, nonfrozen sperm require 
several hours of preincubation to complete ca
pacitation in vitro and retain the ability to fuse 
with oocytes for many hours, suggesting that 
the kinetics of sperm capacitation can be al
tered by cryopreservation and the longevity re
duced. If oocyte fusion rates are compared at 
an early time point, cryopreserved sperm pen
etrate oocytes at higher rates than do fresh 
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sperm. Therefore, the emphasis on high rates of 
oocyte fusion does not always indicate more 
normal sperm physiology. 

Other aspects of fertilization are also af
fected by cryopreservation of sperm. The re
sults of in vitro fertilization have indicated that 
cryopreserved sperm have lower fertilizing 
potential in vitro than fresh sperm. In the hemi
zona assay, cryopreserved human sperm ex
hibit decreased binding to the zona pellucida 
compared with fresh sperm. 

One component of cryodamage to sperm 
membranes involves lipid peroxidation. In 
cryopreserved human sperm, superoxide dis
mutase (SOD) activity is reduced, particularly 
in sperm with low motility after thawing, and 
membranes undergo changes in lipid composi
tion consistent with peroxidative damage. Anti
oxidants are not in widespread use in human 
sperm cryodiluents. 

Fecundability with Cryopreserved 
Human Sperm 

Over the past decade, fecundability with 
cryopreserved sperm (i.e., probability of con
ception in the first cycle of insemination) has 
improved as a consequence of several impor
tant factors: (1) improved donor selection pro
cedures, (2) improved cryopreservation and 
storage methods, (3) lUI for cryopreserved 
sperm, and (4) improved ovulation detection 
that allows more accurate timing of insemina
tion. In the absence of female-factor infertility, 
fecundability using cryopreserved sperm is 
nearly equivalent to that with nonfrozen sperm. 

Cryopreservative Methodology 

During the 40 years that cryopreservation of 
sperm has been used successfully for AI in 
humans and domestic species, the methods 
for cryopreservation of human sperm have 
changed relatively little, particularly following 
the application of liquid nitrogen to sperm 
freezing and storage. Human sperm freeze re
markably well relative to sperm of other mam
mals. Only in humans are reasonable fertility 
rates achieved by simply adding glycerol to 
whole semen, packaging in screw-top, plastic 
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cryovials, and freezing in nitrogen vapor in the 
neck of a storage Dewar. Attempts to improve 
methodology have been hampered by a lack of 
meaningful end points to assess cryodamage 
and the large variation among men in the re
sponse of their sperm to cryopreservative treat
ments. For many years, human semen was 
nearly always frozen either without dilution or 
after dilution with an egg-yolk citrate (EYC) 
diluent, usually containing glycine. In these 
early days, Eye diluents were common for 
cryopreservation of sperm from domestic spe
cies as well. When freezing without dilution, 
glycerol alone was added to the whole semen 
after liquefaction. Using the Eye diluent, the 
semen was diluted 1: 1 or less with Eye, which 
contained the glycerol. More recently, two new 
diluents have been applied: human sperm pres
ervation medium (HSPM), developed from a 
Tyrode's culture medium containing sucrose 
and HSA [737]; and TEST-yolk, adopted based 
on its success in a variety of species. Overall, 
Eye preserves sperm motility and function 
somewhat better than seminal plasma alone,280 
but TEST-yolk and HSPM are somewhat 
superior to these earlier techniques.102,149,281 At 
the present time, TEST-yolk diluent is avail
able from a variety of commercial sources and 
is the most widely used diluent in the United 
States. Because large foreign proteins such as 
BSA can induce severe allergic reactions in 
women undergoing lUI and embryo transfer 
(ET), it is possible that other large proteins, 
such as those found in egg yolk, could cause 
similar reactions if they are not removed from 
sperm prior to deposition in the uterus. 

The dilution factor used when adding cryo
diluent depends on the desired volume of the 
final cryopreserved unit and the number of 
motile sperm required for insemination. Sev
eral studies have considered pregnancy rates 
achieved with varying numbers of motile sperm 
inseminated. In general, pregnancy rates are 
higher when larger numbers of motile sperm 
are used. A major problem with retrospective 
studies is that the sperm dose is statistically 
confounded with postthaw survival and sperm 
quality, but samples in which initial sperm con
centration was high and sperm cryosurvival 
was superior produced higher doses of motile 
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sperm for insemination. The low-dose samples 
were those with low initial concentration or 
poorer cryosurvival or both. Based on these 
studies and practical experience, most pro
grams in the United States use 10 to 20 million 
motile sperm (postthaw) per insemination 
dose. In other countries, where 0.25- or 0.5-ml 
cryostraws are used to package a semen dose 
instead of 1.0-ml cryovials, somewhat lower 
doses of motile sperm are generally used. Preg
nancy rates over the first six cycles of insemina
tion were not different for the two doses of 
sperm, although fecundability for both treat
ments was low (7%). 

The concentration of sperm in human semen 
is relatively low; thus, it is difficult to provide 
adequate sperm numbers in a I-ml cryopre
served unit. Sperm banks in the United States 
commonly guarantee 20 million motile sperm 
per unit postthaw. Assuming that approxi
mately 50% of the motile sperm will become 
immotile during the process of freezing and 
thawing, the prefreeze sperm concentration 
must be at least 40 million motile sperm per 
milliliter. To take advantage of the protective 

TABLE 4.2. Dilution of human donor semen. 
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activity of the cryodiluent, it is desirable to di
lute the semen at least 1: 1. Thus, the concen
tration of motile sperm before processing must 
be at least 80 million per milliliter. To attain 
this standard, donors accepted by sperm banks 
must have exceptionally concentrated sperm or 
sperm with exceptional cryosurvival or both. 

To maximize the number of cryopreserved 
units produced from each ejaculate, donor se
men should be diluted more than 1: 1 if pos
sible, maintaining the appropriate dose of 
motile sperm per unit postthaw (Table 4.2). 
The total number of motile sperm in the speci
men is first calculated from the semen volume, 
sperm concentration, and percentage of motile 
sperm. If the freezability (percentage of motile 
sperm retaining motility postthaw) is known for 
each donor, this factor may be included in the 
calculation to allow more appropriate dilution 
rates. A running average of freezability values 
of the last three or four samples for each donor 
can be calculated for this purpose. 

By far the most common packaging method 
for frozen semen is plastic cryostraws. Even for 
human semen, cryostraws are the preferred 

Sperm function 
Location 
in vivo 

Membrane and surface 
requirements 

Motility 
requirements 

Sperm transport/storage 
Mucus penetration 

Cervical storage 
Uterine transport 
UTJ penetration 
Isthmic storage 
Isthmic release 
Cumulus penetration 

Fertilization 
ZP binding 
Acrosome reaction 
ZP penetration 
Gamete binding 
Gamete fusion 
Chromatin decondensation 
Pronuclear formation 
DNA replication 
Sperm aster and syngamy 

Cervix 

Uterus 

Isthmus 

Ampulla 

Ooplasm 

Negative surface charge (avoid 
adhesion, phagocytosis) 

High membrane cholesterol 
Membrane stability 
Low Ca2+ permeability 
Capacitation 

Neutral surface charge 

Receptors expressed 
Fusigenic membrane 
Increased Ca2+ permeability 

Strong 

Some (avoid flushing into lumen) 

Strong 
Quiescent 

Hyperactivated 

Example of how to calculate the appropriate dilution for a sample of human donor semen. By this method, more efficient 
use is made of donor samples by increasing the number of units produced from specimens with exceptional quality. 
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method worldwide. The shape and heat trans
fer properties of cryostraws provide a high sur
face-area-to-volume ratio, and promote even 
cooling throughout the sample volume. How
ever, concern about potential contamination 
of freezers and Dewars resulting from straw 
breakage or loss of straw seals has limited the 
use of cryostraws in the United States, where 
human sperm are generally cryopreserved 
in screw-top, plastic cryovials with Teflon 
sealing rings to prevent contamination of other 
samples. Although not ideal for cryopres
ervation purposes, these cryovials also hold 
a larger volume (cryostraws hold 0.25 or 
0.5 ml), are easier to label, and are easy to 
thaw and empty in a clinical setting. These 
containers are not optimal for sperm cryo
preservation, and improved results may be pos
sible for some patients if more appropriate 
packaging is used. Flexible and essentially un
breakable cryostraws that may prove ideal for 
sperm storage are now available from the com
pany that invented cryostraws (IMV, L'Aigle, 
France), and they are actually less likely to 
cause contamination of freezing and shipping 
equipment than are cryovials. Pathology labo
ratories are presently using them to store infec
tious organisms. 

Freezing of human sperm is sometimes car
ried out rapidly by holding the containers in 
liquid nitrogen vapor for several minutes, al
though most sperm banks freeze at a more 
moderate rate (usually lOOC per min) in an au
tomatic freezer. Semen samples are generally 
thawed at room temperature, in a thermos con
taining 37°C water, or stepwise using both tem
peratures. As is true for other cell types, rapid 
freezing rates (e.g., in the vapor above liquid 
nitrogen) must be followed by rapid thawing 
rates to minimize cryoinjury, and slow freezing 
must be followed by gradual thawing.282 Human 
sperm are unusually resistant to differences in 
these factors, and it has been difficult to dem
onstrate a significant and consistent difference 
among the various freezing and thawing 
rates.146,150,269 For the most common cooling rate 
used during freezing of human sperm (10°C/ 
min), rapid warming rates during thawing best 
preserve motility, membrane integrity, and mi
tochondrial function. 
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After thawing, cryopreserved sperm must be 
processed for insemination. When these sperm 
are first exposed to culture media or other solu
tions (e.g., isotonic Percoll) having physiologic 
osmolality, significant osmotic shock occurs. 
For lUI-ready sperm, this process takes place 
when sperm are deposited in the female repro
ductive tract. The glycerolized sperm have 
quite high intracellular osmolality. Rapid dilu
tion results in irreversible damage. As is the 
case with cryopreserved oocytes and embryos, 
thawed sperm should be diluted gradually into 
physiologic media to allow glycerol to leave the 
cell slowly. 

Conclusion 

Over the past two decades, andrologists have 
made some progress in efforts to treat sperm 
from male-factor patients. This success has 
largely resulted from improved methods of de
tecting sperm dysfunction. Continued improve
ments will require better understanding of 
normal sperm function. As knowledge regard
ing the cellular and molecular mechanisms 
underlying sperm physiology and pathophysi
ology increases, it will be possible to devise 
more effective therapies for poor quality 
sperm. Development of new methodologies for 
sperm should focus on (1) obtaining the best 
sample possible from each patient, (2) minimiz
ing iatrogenic damaging to sperm during treat
ment, and (3) choosing appropriate functional 
and cellular end points of treatment success. 
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5 
What Every Andrologist Should Know 
About Female Reproduction 
Gloria Richard-Davis and P. Ronald Clisham 

The reproductive cycle in the female is a coor
dinated interaction between the hypothalamus 
and pituitary in concert with the ovary, uterus, 
endometrium, and fallopian tubes. Any de
rangement in the function of the reproductive 
system may result in infertility or subfertility. 

Anatomy 

Hypothalamic-Pituitary Axis 

Hypothalamus and Pituitary 

The hypothalamus lies at the base of the brain 
superior to the optic chiasm. The pituitary 
gland lies below the hypothalamus within a 
bony cavity called the sella tursica. The dia
phragm sella, a condensation of dura mater, 
separates the pituitary from the cranial cavity. 

The pituitary gland is divided into two parts: 
a neurohypophysis and an adenohypophysis. 
The neurohypophysis comprises the pars 
nervosa (posterior lobe) and the neural stalk 
(infundibulum). It is derived from neural tissue 
and is in direct contact with the hypothalamus 
and central nervous system. The adenohy
pophysis consists of a pars distalis (anterior 
lobe), pars intermedia (intermediate lobe), and 
a pars tuberalis that surround the neural stalk. 
The adenohypophysis results from an invagina
tion of ectoderm (Rathke's pouch) and has no 
direct contact with the hypothalamus or central 
nervous system. 

Within the hypothalamus, there are three 
nuclei that have primary significance to the 

neuro- and adenohypophysis. The supraoptic 
and paraventricular nuclei contain cell bodies 
of neurons that are responsible for the produc
tion of oxytocin and vasopressin (antidiuretic 
hormone). The axons of these neurons termi
nate in the neurohypophysis where secretion 
of these hormones occurs and gains access to 
the circulatory system. The arcuate nucleus 
contains tuberoinfundibular neurons that are 
responsible for the production of the gonado
tropin-releasing hormone (GnRH). The axons 
of these neurons terminate on fenestrated 
blood vessels of the hypophysial portal system 
located in the median eminence of the neural 
stalk. The hypophysial portal system is the arte
rial blood supply to the neural stalk and serves 
as the major avenue of transport for hypotha
lamic secretions to the adenohypophysis. 

Within the adenohypophysis, five different 
cell types produce six different peptide hor
mones: (1) the gonadotroph-follicle-stimulat
ing hormone (FSH) and leutinizing hormone 
(LH); (2) the thyrotroph-thyroid-stimulating 
hormone (TSH); (3) the corticotroph-adreno
corticotrophic hormone (ACTH); (4) the 
lactotroph-prolactin (PRL); and (5) the 
somatotroph-growth hormone (GH)Y 

GnRH is produced in the axonal terminals of 
the tuberoinfundibular neurons and released 
into fenestrated capillaries of the hypophysial 
portal system located in the median eminence. 
The GnRH is then delivered to the anterior 
pituitary where it binds to receptors on the 
gonadotrophs and initiates gonadotropin re
lease (FSH, LH). Gonadotropins circulate 

83 



84 

systemically and perfuse the ovary to initiate 
follicular development. 

The FSH and LH released from the anterior 
pituitary are mediated by changes in the pulse 
frequency of GnRH release. Modulation of the 
pulse frequency of GnRH may occur by several 
methods. Feedback inhibition is mediated by 
neighboring opiodergic neurons with steroid 
receptors whose axons terminate on neurons in 
the arcuate nucleus. The degree of GnRH inhi
bition is dependent on ovarian steroid hormone 
production. GnRH pulse frequency is inhibited 
most during the luteal phase when the ovary is 
producing large amounts of estrogen and 
progesterone from the corpus luteum. This in
hibition is relieved following the disruption of 
the corpus luteum and the subsequent decrease 
in steroid hormone production. The increase in 
GnRH pulse frequency increases the release of 
FSH and LH and results in a cycle of follicular 
development. At midcycle, higher levels of es
tradiol enhance hypothalamic release of GnRH 
and help to induce the midcycle LH surge, ei
ther by increasing the release of GnRH or by 
increasing the sensitivity of the pituitary to the 
GnRH decapeptide. Gonadotropins may have 
an inhibitory effect on GnRH release. Cat
echolamines also appear to have regulatory 
effects on GnRH release: dopamine and sero
tonin have inhibitory effects, whereas norepi
nephrine is stimulatory.3 

Female Pelvic Anatomy 

The vagina, uterus, fallopian tubes, and ovaries 
are the main components of the female repro
ductive tract. Functionally, these components 
provide a means for gamete production, collec
tion and transport, fertilization, implantation, 
incubation, and parturition. 

Ovary 

The ovaries are flattened, compressed, oval 
structures responsible for the periodic release 
of gametes and the production of the steroid 
hormones.4,s Each ovary consists of three re
gions: the outer cortex, the central medulla, and 
the rete ovarii (the hilum). The outer cortex is 
composed of a superficial layer of cuboidal 
cells (the germinal epithelium), the tunica albu-
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ginea, and an inner cortex. Within the inner 
cortex are numerous follicles that contain 00-

cytes surrounded by a supporting stroma. The 
stroma comprises connective tissue and inter
stitial cells (theca cells) that are responsive to 
gonadotropins (LH, human chorionic gonado
tropin [HCG]) in the production of androgens. 
Central to the cortex is the medullary layer of 
the ovary, which is composed of cells that are 
derived from the mesonephros. The hilum pro
vides a more central point of attachment for the 
ovary to the ovarian and infundibulopelvic liga
ments, through which the major blood supply 
courses. In addition to blood vessels, nerves 
and hilus cells are present in this area. Hilus 
cells, similar in function to Leydig cells, can 
secrete steroids and have been known to pro
duce androgen-secreting tumors, primarily in 
elderly women. 

Vagina 

The vagina is a flattened tube extending from 
the hymenal ring at the introitus up to the for
nices that surround the cervix. Its epithelium is 
formed from stratified squamous epithelium 
and it is nonkeratinized. The vaginal mucosa is 
devoid of mucous glands and hair follicles. The 
vagina has a very acid environment (pH 4.3), 
maintained by the presence of lactobacillus in 
the vaginal secretions. 

Uterus 

The uterus functions as the incubation site for 
developing gestation and is mechanically re
sponsible for the expulsion and delivery of the 
conception at parturition. The uterus consists 
of the cervix and the uterine corpus, which join 
at the isthmus. 

Cervix 

The uterine cervix projects into the vagina and 
serves as the point of entry for the spermato
zoa. The cervix is about 2 to 3 cm in length and 
is covered with a nonkeratinizing squamous 
epithelium. The endocervical canal is a tubular 
structure composed primarily of connective tis
sue lined by many deep crypts. These crypts are 
lined with a secretory, ciliated and nonciliated 
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columnar epithelium covered with microvilli. 
The microvilli present on the epithelium in the 
endocervix direct mucus outward from the cer
vix into the vagina. The quality and quantity of 
cervical mucus can change, depending on the 
phase of the menstrual cycle. In the follicular 
phase under estrogenic influence, the cervical 
mucus is watery and abundant and can serve as 
a medium for sperm access to the upper repro
ductive tract. In the secretory phase, under 
progestational influence, the cervical mucus 
thickens and forms a plug over the endocervical 
canal. This mucous barrier may serve to pre
vent the upward ascent of bacteria, thus pre
venting reproductive tract infections. 

Uterine Corpus 

The uterine corpus is pear-shaped, composed 
of interlacing smooth muscle fibers. Within the 
uterine corpus lies the endometrium, the site of 
implantation for developing gestations. The 
external surface of the uterine corpus is cov
ered with visceral peritoneum. 

Fallopian Tubes 

The fallopian tubes are muscular tubes be
tween 8 and 10em in length that are contiguous 
with the uterus. These structures have a lumen 
that connects with the endometrial cavity, pro
viding access between the peritoneal cavity and 
the uterus. The tubes have internal rugae and 
are lined by a ciliated columnar epithelium. 
This type of epithelium may be crucial in the 
fallopian tube because of its function in the 
transport of the egg/embryo to the uterus. In 
rabbits, the reversal of a segment of the 
ampullar portion of the tube, reversing the 
direction of the ciliary beat, interferes with 
pregnancy without inhibiting fertilization.6 

However, the cilia do not beat in women with 
Kartagener's syndrome (the congenital ab
sence of dynein arms in the cilia). Pregnancies 
have been reported in these women, which sug
gests that cilia playa less important role in the 
human.? 

The secretory characteristics of the fallopian 
tube epithelium also vary, depending on the 
phase of the menstrual cycle. During the late 
follicular phase when estradiol levels are the 
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highest, the secretions in the region of the isth
mus become more abundant and viscous. This 
mucous column is analogous to the mucous 
column observed in the endocervix and may 
play an important role in the transport of 
sperm through the isthmus toward the isthmic
ampullar junction where fertilization occurs. 
During the luteal phase, when progesterone is 
present, this mucous secretion is suppressed. 

The Menstrual Cycle 

The menstrual cycle can be divided into four 
phases based on ovarian and endometrial 
histology: follicular, ovulatory, luteal, and 
menstrual. 

Follicular Phase 

The follicular phase coincides in the ovary with 
the development of the graafian follicle. During 
the preceding cycle, as the corpus luteum be
gins to fail, levels of steroid hormones and 
inhibin begin to fall, allowing for a rise in FSH 
secretion. The rising FSH rescues a cohort of 
developing primary oocytes from atresia (days 
27 to 28). Follicular recruitment proceeds for 
several days. From this cohort of follicles a 
dominant follicle is selected (days 5 to 7), ma
tures (days 8 to 12), and ovulates (days 13 to 
14). The remaining follicles undergo atresia. 
The follicular phase lasts on average about 13 
days, the time required for a follicle to become 
mature and ovulate. 

Ovulatory Phase 

As the dominant follicle develops, estradiol lev
els increase. With the rising levels of estradiol, 
the granulosa cells of the follicle acquire the 
LH receptor and the ability to secrete proges
terone (leutinization). About 12 hours later, a 
rise in LH and FSH occurs, signaling the begin
ning of the ovulatory phase. This is associated 
with a peak in estradiol in the serum that occurs 
about 24 to 36 hours prior to ovulation.s The 
LH surge occurs and results in three events: the 
final maturation of the oocyte, the initiation of 
an inflammatory process that will eventually 
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result in ovulation, and further leutinization of 
the follicle to establish the corpus luteum. 

Luteal Phase 

The luteal phase is characterized by pro
gesterone dominance as compared with the 
estrogen dominance of the follicular phase. The 
corpus luteum is responsible for progesterone 
secretion, produced in the luteal cells. Maximal 
production of progesterone occurs during the 
midluteal phase. During this time, the endo
metrium becomes secretory in response to 
progesterone and is most receptive for im
plantation of an embryo. If pregnancy is 
initiated, the syncytiotrophoblast of the fetal 
placenta secretes HCG, which signals the cor
pus luteum to continue hormonal support. If 
pregnancy fails to occur, luteolysis ensues, lead
ing to a decline in progesterone, estradiol, and 
inhibin. 

Menstrual Phase 

The failure of the corpus luteum and loss of 
hormone production initiates a sequence of 
events within the endometrium and results in 
the onset of menses. With the regression of the 
corpus luteum, basal levels of FSH increase and 
begin the recruitment of a subsequent cohort of 
follicles for development in the ensuing cycle. 

Sperm Transport Through the 
Female Reproductive Tract 

With respect to the entry of male gametes into 
the female reproductive system, the vagina 
serves as the repository for the male ejaculate 
following intercourse. The environment in the 
vagina is extremely acidic and hostile to sperm 
(pH < 5.0) because of resident lactobacilli. 
Seminal plasma has an alkaline pH that sup
ports sperm motility and buffers the effect of 
the acid vaginal pH. However, even with the 
deposition of this alkaline buffer into the va
gina, the acid environment returns within 3 to 4 
minutes.9 Sperm that do not find their way into 
the cervical mucus or cervical crypts within this 
time period after ejaculation usually die. 
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During intercourse, intromission and ejacu
lation may cause negative changes in vaginal 
pressure. Female orgasm may cause a positive 
vaginal pressure followed by a rapid drop after 
relaxation.9 Both phenomena may lead to the 
drawing of sperm into the endocervical canal. 

Prostaglandins have been postulated as hav
ing a role in promoting uterine contractility 
(PGE and PGF2a)10-12 and sperm transport; 
however, the types of prostaglandins primarily 
present in the seminal fluid (19-hydroxyiated) 
are known to be less biologically active.13,14 
PGE has been found in the seminal plasma of 
fertile men.IS PGF2a, added to a sperm suspen
sion, has been noted to increase the penetration 
of sperm through cervical mucus in vitro.16 
However, there are very low quantities of pros
taglandin present in seminal plasma, and the 
relationship between fertility and prostaglan
dins remains largely unknown. Relaxin, an
other compound found in seminal plasmal7 has 
been shown to increase sperm motility and to 
enhance the movement of sperm through bo
vine cervical mucus.18 

In the cervix, the endocervical glands are re
sponsible for the secretion of a cervical mucus 
that provides sperm with a medium through 
which they may gain access to the lower uterine 
cavity. Cervical mucus is penetrable by sperm 
as early as the ninth day of the menstrual cycle. 
The rate of sperm penetration increases until 
the peak penetration is observed around the 
periovulatory period. During the periovulatory 
period, the mucus serves to protect sperm from 
the hostile vaginal environment, prevent entry 
of seminal plasma into the uterus, exclude 
morphologically abnormal sperm, and serves 
as a reservoir for sperm for later migration to 
the upper tract. One to two days after ovula
tion, sperm penetration is inhibited because of 
mucus thickening secondary to progesterone 
secretion. 

Rapid delivery of sperm from the endocervix 
to the uterotubal junction is probably due to 
contraction of the uterine musculature. Sperm 
motility may only serve to maintain the cells in 
suspension within the uterine fluid.19 Uterine 
activity may be stimulated by a number of dif
ferent mediators, including catecholamines,2o 
prostaglandins/I and platelet activating fac-
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tor;22 all of which propel sperm to the vicinity of 
the fallopian tubes. 

Within the uterus, the endometrium provides 
an environment that supports the transport of 
sperm through the uterus and to the fallopian 
tube. At the time of ovulation, the human en
dometrium secretes a fluid that is rich in amino 
acids and proteins. An amino acid found in sub
stantial quantities is taurine, which serves to 
sustain motility by protecting sperm from high 
potassium concentrations.23 

Intimate contact of sperm with the en
dometrium has been noted to cause changes in 
the swimming characteristics of sperm. Sperm 
incubated with monolayers of uterine or tubal 
epithelium exhibit a higher degree of hyper
activation when compared with sperm incu
bated with cells from a kidney cell line.24 

Hyperactivated swimming movements may 
give sperm the ability to penetrate the viscous 
fluid of the oviduct and the cumulus mass.25 

Polypeptides from uterine fluid may also playa 
role in capacitation following passive absorp
tion to the sperm surface.26 In addition to the 
cervix, the tubal isthmus may serve as an addi
tional storage site for sperm. 

Capacitation 

After transit through the male reproductive 
tract, spermatozoa are active but do not have 
the ability to fertilize the female gamete. The 
acquisition of this capability is termed capacita
tion. It is achieved by the sperm's residence in 
the female reproductive tract. In the human, 
capacitation most likely begins as the sperm 
pass through the cervical mucus.27 

In the human, capacitation is not an organ
specific phenomenon. Pregnancies have re
sulted from sperm that have been deposited in 
the peritoneal cavity following direct intraperi
toneal insemination (DIPI)28-30 as well as in the 
fallopian tube via the gamete intrafallopian 
transfer (GIFT) procedure.31-33 Transit through 
the cervix and uterus is not required. Capacita
tion is not species-specific, for sperm capacita
tion may be facilitated by co-incubation with 
cells from the reproductive tracts of other spe
cies.34 Capacitation may also occur in vitro with 
the use of various biologic fluids and chemically 
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defined capacitation media.35 The acrosome re
action has been used as an indicator of the 
completion of the capacitation process. Sperm 
will not undergo acrosome reaction, either by 
contact with egg vestments or spontaneously, 
unless they have been capacitated.36-44 

Fertilization 

Because the eggs of mammals are covered with 
a protective glycoprotein coat (zona pellucida), 
the sperm must possess a means to either enzy
matically or mechanically disrupt this protec
tive barrier to gain access to the plasma 
membrane of the egg. Covering the sperm head 
is a caplike structure or acrosome that contains 
enzymes capable of dissolving the vestments of 
the egg. During the acrosome reaction, the 
overlying plasma membrane and outer acroso
mal membrane undergo multiple sites of fusion, 
which allows the acrosomal contents to escape. 
Numerous enzymes have been identified in the 
acrosomal contents. The two most extensively 
studied are hyaluronidase and acrosin. It is 
thought that hyaluronidase dissolves the cumu
lus matrix and acrosin aids in the passage of the 
sperm through the zona pellucida.45-5o 

After traversing the zona pellucida, the 
postacrosomal region of the sperm head fuses 
with the oocyte membrane and triggers the cor
tical granule reaction, activation of the oocyte, 
and the completion of meiosis. The second po
lar body is then released, leaving the egg with a 
haploid complement of chromosomes. The 
sperm nucleus is then incorporated into the 
ooplasma of the oocyte. The cortical reaction 
results in changes to the oocyte membrane and 
zona pellucid a that prevent the penetration of 
another sperm into the oocyte.51 This forms a 
block to polyspermy. Following penetration of 
the oocyte, the sperm nucleus de condenses to 
form the male pronucleus, which eventually 
fuses with the female pronucleus at syngamy to 
form the zygote.47 

Implantation 

Implantation is a process of attachment be
tween the embryo and endometrium and 
establishment of a vascular connection to the 
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mother. The process begins with the initial 
transport of the embryo from the fallopian tube 
to the uterus. The embryo arrives in the uterus 
about 3 to 4 days after ovulation. After 2 to 3 
days in the uterus, the blastocyst begins to lose 
its zona pellucida (hatches) due to lytic factors 
within the uterine fluid. Attachment begins 
as microvilli on the surface of the embryo 
interdigitate with those on the luminal surface 
of the endometrium. Junctional complexes 
form between the embryo and endometrial epi
thelium. Three types of interactions between 
the embryo and the endometrial epithelium 
have been described: an interdigitation of tro
phoblast cells between endometrial cells, an 
undermining of the trophoblast between the 
endometrial cell and the basement mem
brane,52 and fusion of the trophoblast with the 
endometrial cell.53 

The trophoblast produces plasminogen acti
vator, an enzyme activity that is important in 
the early establishment of the trophoblast in 
the endometrium.54,55 Plasminogen is converted 
to plasmin by urokinase produced by the tro
phoblast. The amount of conversion is regu
lated by HCG, which is also produced by the 
trophoblast and inhibits the activity of the 
urokinase.56 

At later stages, the embryo can digest the 
normal intracellular matrix with a number of 
proteolytic enzymes.57,58 The space made by this 
process allows spreading of the trophoblast, 
gaining further access to the endometrium.59,60 

Infertility and Disturbances in 
Female Reproduction 

Disturbances in the normal function of the re
productive cycle generally result in infertility or 
subfertility. Infertility is defined differently by 
epidemiologists, public health planners, and cli
nicians. Its incidence, prevalence, and demo
graphics vary in the population, depending on 
which definition is used. In the United States, 
the currently accepted medical definition of in
fertility is 1 year of unprotected intercourse 
without conception. Based on this definition, 
10% to 20% of married couples in the United 
States in which the wives were 15 to 44 years 
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old were infertile in 1982.61 Without contracep
tion, about 25% of couples will conceive in the 
first month, 60% within 6 months, and 80% 
within 1 year.62 Of the remaining 20% of 
couples, a significant number will conceive 
within an additional year. Therefore, the World 
Health Organization Scientific Group has pro
posed 2 years of unprotected intercourse 
without conception as a more conservative defi
nition of infertility.63 It has been estimated that 
3% to 5% of couples worldwide have never 
conceived despite 2 years of exposure.63 These 
couples represent a core popUlation with nearly 
irreducible infertility. 

Causes of Infertility 

The incidence of any individual factor as a 
cause of infertility can only be estimated and 
varies with the study population. Among 
women seeking treatment for infertility, the 
proportion of reported causes has been similar 
in several studies.62 The causes reported include 
ovulatory dysfunction in 20% to 30%, tubal 
disease in 15% to 30%, endometriosis in 4% to 
6%, cervical and uterine factors in 10%, sperm 
defects in 30%, and unexplained infertility in 
15% of the couples.62 Furthermore, infertility 
in many couples has multiple causes (Table 
5.1). The prognosis is best for women with 
failure of ovulation secondary to amenorrhea 
or oligomenorrhea, with 2-year conception 
rates of 96% and 78%, respectively. Only 20% 
to 25% of reported patients with tubal damage 
conceived despite surgery.63 Couples with 
sperm defects have a poor chance of pregnancy 

TABLE 5.1. Etiology of infertility. 

Cause Percentage of infertile couples 

Female factors 
Ovulatory dysfunction 
Uterine/tubal factor 
Cervical factor 
Endometriosis 
Immunological 
Unexplained 

Male factor 

Data taken from Speroff et al.62 

20-30 
15-30 

5 
5-10 
<3 

10-15 
30-40 
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without donor insemination or assisted repro
ductive technology (ART). 

Epidemiology 

Several epidemiologic factors contribute to 
infertility. Many couples are delaying child
bearing, which makes age a major factor. In the 
female, reproductive ability is maximal be
tween age 21 and 24 years and gradually de
clines thereafter.64 The male is most fertile 
around 24 to 25 years of age.64 In addition to the 
inherent effects of age on the reproductive or
gans, advancing age increases the risk for expo
sure to diseases with potentially damaging 
effects on fertility, such as endometriosis, sexu
ally transmitted diseases, and pelvic inflamma
tory disease (PID). The fertility rate is also 
related to frequency of intercourse and such 
factors as cigarette smoking and illicit drug use. 
Excessive coital activity may result in a decline 
in sperm density, whereas infrequent coital 
activity reduces the chance of sperm and egg 
encounter. Nicotine and other components of 
smoke adversely affect cervical mucus, tubal 
motility, spermatogenesis, and oocyte viability. 
Illicit drugs, such as marijuana or narcotics, 
affect hypothalamic-pituitary secretion of 
hormones.65 

Environmental and occupational exposures 
to ionizing radiation, textile dyes, and numer
ous chemicals may have an adverse effect on 
female or male fertility. 

Infertility Evaluation 

History 

Every effort should be made to initiate the fer
tility survey by a joint interview with both part
ners. The couple should be encouraged to 
appear at the initial consultation together. At 
this visit, a comprehensive medical and surgical 
history of both partners should be obtained. 
The female partner should be questioned re
garding menstrual cycle, previous pregnancies, 
contraceptive use, and sexual history. Details 
relating to coital frequency and timing, sexual 
dysfunction, and possible use of lubricants 
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should be obtained. The male partner's history 
should also have a comprehensive evaluation. 
A social history and prior exposure to environ
mental and occupational toxins should be elic
ited from both partners. Finally, the history 
must include information generated by any 
prior workup or treatment for infertility. Every 
effort should be made to obtain the pertinent 
records. 

Physical Examination 

The gynecologist is generally the woman's 
primary-care physician. The general examina
tion should be a complete one. Special atten
tion should be directed to height, weight, 
presence of galactorrhea, acne, breast size, and 
hair distribution. The pelvic examination 
should screen for any anatomic or pathologic 
abnormalities, such as masses, infection, and 
signs of endometriosis. 

Infertility Factors in 
Female Patients 

The factors that affect fertility in couples may 
be either singular or multifactorial. A system
atic and methodical approach to evaluate the 
individual partners must be comprehensive. 

Ovulation Dysfunction 

All infertile women should have an evaluation 
of their ovulatory status as to whether they 
have regular menstrual cycles or evidence of 
menstrual dysfunction. Ovulation disorders ac
count for approximately 20% to 30% of all in
fertility. If only female factors are considered, 
ovulatory dysfunction accounts for at least 40% 
of infertility.62 Ovulation, the key event in the 
ovarian cycle, usually occurs in most women 
who are menstruating normally and regularly, 
i.e., uterine bleeding occurring at 21- to 36-day 
intervals. However, even in women who exhibit 
cyclic bleeding, occasional anovulatory cycles 
may occur. Abnormal menstrual function can 
be a symptom reflecting both an ovulation 
problem and an underlying medical condition. 
Ovulatory disturbance may result from thyroid, 
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pituitary, or adrenal disease; eating disorders; 
drugs; or chronic ilhiesses. 

Polycystic Ovarian Syndrome 

Most commonly, polycystic ovarian syndrome 
(PCOS) accounts for the majority of ovulatory 
dysfunction. The characteristic polycystic ovary 
emerges when a state of anovulation persists 
for any unusual length of time. The precise ini
tiating event in this complex process is yet un
known, but it involves the hypothalamus, 
pituitary, ovaries, adrenal, and peripheral adi
pose tissues, all contributing to an endocrine 
imbalance usually associated with oligo-ovula
tion, hirsutism, and infertility. In contrast to the 
characteristic fluctuating hormonal pattern in 
PCOS, there is a "steady state" of gonadotro
pins and sex steroids associated with chronic 
anovulation. The daily production of estrogen 
and androgens is both increased by and depen
dent on LH stimulation,66 which is reflected in 
higher circulating levels of testosterone, andro
stenedione, dehydroepiandrosterone (DHA), 
dehydroepiandrosterone sulfate (DHAS), 17-
hydroxyprogesterone (17-0HP), and estrone.67 

Insulin resistance and a hyperinsulinemia re
sulting from an insulin receptor defect have 
been associated with PCOS. An increase in in
sulin results in increased thecal androgen pro
duction in response to LH. Insulin binding to 
insulin-like growth factor-I (IGF-I) receptors 
augments the LH response.68 After appropriate 
evaluation and diagnosis, treatment for fertility 
patients generally involves ovulation induction 
using clomiphene citrate or gonadotropins. In 
rare cases, it may be necessary to institute sur
gical treatment, such as ovarian wedge resec
tion or ovarian drilling. The goal of medical or 
surgical treatment is to overcome the excess 
androgen production and thereby to interrupt 
the chronic anovulatory cycles. 

Hyperprolactinemia 

Elevation in prolactin level (normal range 0 to 
25 nglml) may also cause ovulatory distur
bances. Increasing levels of prolactin can cause 
a woman to progress through a spectrum 
beginning with an inadequate luteal phase to 
anovulation to the amenorrhea associated with 

G. Richard-Davis and P.R. Clisham 

complete GnRH suppression. Elevated prolac
tin inhibits the pulsatile release of GnRH 
necessary for follicular development, which 
culminates in ovulation. Prolactin may be 
elevated as a result of pregnancy, pituitary 
adenoma, hypothyroidism, stress, amino acid
rich foods, sleep, and multiple drug intake (par
ticularly drugs affecting the central nervous 
system [CNS] and drugs containing estrogen). 
A detailed drug history, exclusion of thyroid 
disease, and the imaging studies of the pituitary 
(computed tomography [CT] or magnetic reso
nance imaging [MRI]) are generally necessary 
in the evaluation process. Once a life-threaten
ing CNS tumor is excluded by imaging studies, 
the patient with hyperprolactinemia will re
spond readily to dopamine agonist therapy. 
The treatment of choice is bromocriptine 
mesylate (Parlodel, Sandoz Pharmaceuticals). 
Additional choices of medications include 
pergolide mesylate and nonergoline dopamine 
agonist CV205-502. 

Hypothyroidism 

Thyroid hormone is needed for the normal 
function of most organs, and the clinical pre
sentation of hypothyroidism varies according to 
the magnitude and duration of thyroid hor
mone deficiency. Thyroid dysfunction, by con
tribution to anovulation, luteal-phase defect, or 
hyperprolactinemia, may be associated with in
fertility. Thyroid hormone profiles are recom
mended in women presenting with infertility. 
Generally, treatment is simply the replacement 
ofthe deficient thyroid hormone after the etiol
ogy has been determined. Replacement of thy
roxine (T4) is the method of choice and is 
usually administered lifelong. Other thyroid 
hormone preparations available for replace
ment therapy besides T4 include triiodothyro
nine (T3), the combination of T3 and T4, 
desiccated thyroid, and thyroglobulin. The dose 
for healthy patients will almost always restore 
TSH to normal values. 

Luteal Phase Defect 

Luteal phase defect (LPD) is a disturbance 
of the ovulatory process associated with inad
equate secretion of progesterone to support the 
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luteal or secretory phase of the menstrual cycle. 
In general terms, this means a malfunction of 
the corpus luteum. The standard diagnosis is 
made by endometrial biopsy performed in the 
late secretory phase. Diagnosis and treatment 
of LPD remain controversial. It is generally 
accepted that the diagnosis of LPD requires 
two endometrial biopsies to be 2 or more days 
out of phase. The luteal phase is inadequate in 
up to 30% of cycles in normal females. The 
incidence of recurrent LPD in the infertile 
population ranges from 3% to 14%.65 Serum 
progesterone levels have been used as a 
noninvasive method of diagnosing LPD. If the 
levels are below 10pglml when serum pro
gesterone is drawn at the midluteal phase (cycle 
day 21), LPD is suspected. Additionally, on a 
basal body temperature (BBT) chart, if 
the patient's temperature does not remain el
evated (>O.4°C above baseline) for 10 days 
or greater, LPD should be suspected. The treat
ment for LPD may include the use of ovulation
induction drugs to improve corpus luteum 
function or to produce more than one corpus 
luteum or progesterone supplementation in the 
luteal phase. 

Tubal, Uterine, and Peritoneal Factors 

Tubal factors are responsible for approximately 
15% to 30% of infertility, and uterine abnor
malities are a factor in less than 10%.69 
Tubal dysfunction is one of the most common 
causes of infertility, its incidence increased 
primarily due to rising rates of sexually trans
mitted infection and resultant PID. Other 
etiologic factors in tubal disease include 
scarring from endometriosis, previous abdom
inal surgery, intrauterine device usage, or 
diethylstilbestrol (DES) exposure. Uterine 
abnormalities are most commonly congenital 
or DES related. The most common congenital 
uterine abnormalities include uterine septum, 
bicornuate or unicornuate uterus, or uterine 
didelphis. Congenital uterine anomalies are 
most commonly associated with recurrent preg
nancy losses, rather than with impaired con
ception. 

The most common procedure for initial 
evaluation of uterine and tubal factors is the 
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hysterosalpingogram (HSG). Further diagnos
tic evaluation may include laparoscopy, hys
teroscopy, or hysterosonography. 

Endometriosis 

Definition, Incidence, and Pathogenesis 

Endometriosis is a disease, commonly associ
ated with infertility, which occurs in women of 
reproductive age. The mean age of diagnosis 
has been reported to be 25 to 29 years.70,71 

Endometriosis occurs in approximately 10% of 
women in reproductive age and in up to 50% of 
women with a history of infertility.72,73 It is de
fined as the presence of endometrial tissue in 
an ectopic location (any place outside of the 
uterine cavity). Endometrial implants are 
commonly located in the posterior cuI de sac, 
and on the ovaries, fallopian tubes, bladder, 
sigmoid, and other pelvic structures. The 
American Society for Reproductive Medicine 
(formerly the American Fertility Society) in 
1978 organized an expert panel to develop a 
consensus for a classification system of the stag
ing of endometriosis (Fig. 5.1). This system, re
vised in 1985, is based on scores assigned 
according to the size of endometrial implants 
and adhesions and allows for more accurate 
comparisons of the effect of treatment modali
ties on pain and fertility. 

The pathogenesis of endometriosis includes 
histogenesis, etiology, and factors critical 
for growth and maintenance. The existence 
of endometriosis may be by coelomic meta
plasia of cells lining the pelvic peritoneum 
or by transplantation and dissemination of 
shed uterine endometrium to ectopic locations 
by a number of routes (lymphatic dissemi
nation, vascular spread, iatrogenic trans
plantation, retrograde menstruation, of all of 
these). Olive and Hammond74 have suggested 
that retrograde menstruation and deficient cel
lular immunity are both important etiologic 
factors. A familial tendency for endometriosis 
has been documented by a number of investiga
tors, and recent reports suggest that genetic 
transmission is highly likely, with the most 
probable mode of inheritance being polygenic 
and multifactorial.75,76 
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Stage I (Minimal) Stage II (Mild) Stage III (Moderate) 

Peritoneum Peritoneum Peritoneum 
Superficial Endo 1-3 2 Deep Endo > 3cm 6 Deep Endo > 3cm 6 

A. Ovary A. Ovary Cul-de-Sac 
Superficial Endo < 1cm 1 Superficial Endo < 1cm Partial Obliteration 4 
Filmy Adhesions < 1f3 1 Filmy Adhesions < 1f3 L. Ovary 

Total Points 4 L. Ovary Deep Endo 1- 3cm 1.2 
Superficial Endo < 1 cm 1 Total Points 25 

Total Points 9 

Stage III (Moderate) Stage IV (Severe) Stage IV (Severe) 

Peritoneum Peritoneum Peritoneum 
Superficial Endo > 3cm 4 Superficial Endo > 3cm 4 Deep Endo > 3cm 6 

A. Tube L. Ovary Cul-de-Sac 
Filmy Adhesions < l f3 Deep Endo 1- 3cm 32" Complete Obliteration 40 

A. Ovary Dense Adhesions < l f3 8" A. Ovary 
Filmy Adhesions < l f3 L. Tube Deep Endo 1-3cm 16 

L. Tube Dense Adhesions < l f3 ~ Dense Adhesions < l f3 4 

Dense Adhesions < 1f3 16' Total Points 52 L. Tube 
L. Ovary Dense Adhesions > 2/3 16 

Deep Endo < 1 cm 4 L. Ovary 
Dense Adhesions < 1f3 ....! , Point assignment changed to 16 Deep Endo 1-3cm 6 

Total Points 30 ,. Point assignment doubled Dense Adhesions > 2/3 ---.l2 
Total Points 114 

FIGURE 5.1. Stages of endometriosis. Endo, endometrial involvement. (Reproduced from American Fertility 
Society87 with permission.) 

Symptoms 

Although many patients with the disease are 
entirely asymptomatic, endometriosis is associ
ated with a wide variety of symptoms, such as 
infertility, noncyc1ic pelvic pain, dysmenorrhea, 

dyspareunia, backache, and dysfunctional uter
ine bleeding.77 The cause of dysmenorrhea 
in patients with endometriosis remains spec
ulative, although prostaglandins appear to be a 
plausible factor. Recent investigations have re
vealed that the depth of endometrial implants 
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correlates with both pelvic pain experienced 
and hormonal responsiveness of the implants.78 

Infertility associated with endometriosis may 
be related to adhesions impairing normal tubal 
function. In the absence of pelvic distortion, 
endometriosis can still affect conception rates; 
however, the exact mechanism by which 
endometriosis affects fertility is controversial. 
In general, it is accepted that women with 
moderate-to-severe disease experience de
creased fecundity rates. The hypothesized 
mechanisms for the decrease include ovulatory 
disturbances, luteinized unruptured follicles, 
and immunologic factors affecting fertilization 
and implantation.72 

Treatment 

Treatment directed against endometriosis may 
be medical or surgical. Medications currently 
available are designed to create a pseudopreg
nancy, postmenopausal state, or chronic an
ovulatory pattern. Medical options include 
danazol, continuous oral contraceptives, high
dose progestins, and GnRH analog therapy. 
Medical therapy directed at endometriosis ap
pears to be of value in diminishing the anatomic 
extent of disease or reduction of pain, but the 
role of medical therapy in the promotion of 
fertility is less evident. 

Surgery is the most commonly used treat
ment for endometriosis. Conservative surgery 
can be efficacious in the reduction of disease 
and relief of pain and has been used extensively 
to enhance fertility; however, it is not a pana
cea. Although a variety of surgical instruments 
and techniques, such as sharp dissection, cau
terization, endocoagulation, and laser vapor
ization, have been used, there has been no clear 
advantage of anyone approach, and the sur
geon should use instruments of personal choice 
and experience.79,8O 

Cervical Factor 

A cervical factor accounts for approximately 
10% of infertility.81 Although the postcoital test 
(PCT) , also known as the Sims-Huhner test, 
is an accepted integral part of the infertility 
workup, its interpretation is controversial. 
Gross and microscopic examination of the cer
vical mucus should be performed at, or immedi-
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ately before, the time of ovulation. The motility 
of spermatozoa and the cervical mucus grade 
observed in this test have been classified by 
Moghissi.81 Grossly, the quantity (ranging from 
o to 3cc), viscosity (viscous to watery), and 
stretchability or spinnbarkeit (0 to 8cm) are 
assessed and assigned a score of 0 to 3. Micro
scopically, fern pattern (ranging from simple to 
tertiary branching), cellularity (many cells to 
<5/high-power field [HPF]), and motile sperm! 
HPF (immotile to vigorous forward motility) 
are observed and scored 0 to 3. Under ideal 
conditions, more than 10 spermlHPF (X400) 
with grade 3+ motility constitutes a normal re
sult. The optimal time to obtain PCT after in
tercourse is debatable. Recommendations vary 
from 2 to 24 hours after intercourse. Comple
ment-dependent reactions that immobilize 
sperm require 8 to 10 hours.82 Therefore, to 
optimize information obtained from a PCT, an 
8- to 12-hour time interval may be best. Abnor
mal PCT may result from inappropriate timing, 
inadequate estrogen levels, vaginal or cervical 
infection, inadequate cervical mucus produc
tion, or the presence of sperm antibodies. 
Treatment for abnormal PCT is generally in
trauterine insemination, which bypasses the 
hostile cervical mucus. 

Other Factors 

Studies have reported a greater prevalence of 
genital mycoplasma in cervical mucus and 
semen of infertile couples than in fertile 
couples.62,83-85 Two types of organisms recov
ered from the genital tract of infertile women 
are Mycoplasma hominis and Ureaplasma 
urealyticum. Although correlation of genital 
mycoplasma and infertility remains debatable, 
cultures should be obtained and infertile 
patients treated with doxycycline, if positive. 
Antisperm antibodies to cervical mucus, sperm, 
and blood should be obtained if the PCT is 
abnormal or if there is presence of sperm agglu
tination on semen analysis or in cases of unex
plained infertility. 

Diagnostic Evaluation 

Preliminary laboratory tests should include uri
nalysis, complete blood count, rubella titer, se
rologic test for syphilis for both partners, and 
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screening for sexually transmitted diseases 
(STD). Additional laboratory tests for the 
female partner may include thyroid function 
tests (for suspected thyroid disease), serum 
prolactin, FSH and LH (for gonadal disorders), 
testosterone, dehydroepiandrosterone sulfate 
(DHEAS), and 17 -hydroxyprogesterone (for 
hirsutism or adrenal disorders), and chro
mosomal studies (for genetic disorders) when 
indicated. 

Each couple's infertility evaluation should 
include evaluation for the potential of all pos
sible factors, including ovulatory dysfunction, 
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tubal factor, male factor, and cervical factor. If 
indicated or if the basic evaluation is within the 
normal range, specific testing should be insti
tuted for immunologic factors, endometriosis, 
and fertilization problems. In the female pa
tient, the timing of the diagnostic tests should 
be based on her menstrual cycle (Fig. 5.2). 

Ovulation Assessment 

Ovulation is evaluated indirectly. The investi
gator usually relies on presumptive evidence of 
ovulation, generally determined by basal body 
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FIGURE 5.2. Optimal time for various infertility investigations (in days). 
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temperature (BBT), steroid or gonadotropin 
hormone assays, ultrasonography (US), cervi
cal mucus changes, endometrial biopsy or all of 
these.65 Ovulation should be evaluated during 
several menstrual cycles. 

BBT is the oldest, most widely used method 
of ovulation detection. A sharp rise of 0.4° 
to 0.6°F within 2 consecutive days is indicative 
of ovulation. Ovulation has been reported to 
occur in 3% to 20% of monophasic BBT and 
may be absent in a small percent of biphasic 
BBT.65 The midcycle serum LH surge is the 
most reliable predictor of ovulation, but this 
test is expensive and requires frequent blood 
sampling. Urinary LH kits are now available 
commercially and offer a reasonable alterna
tive. The evening radioimmunoassay (RIA) 
urine LH kit was found to detect the day of 
surge correctly in 98% of the women studied. 
Endometrial biopsy confirms ovulation as 
well as evaluating the adequacy of the luteal 
phase. Diagnosis and treatment of LPD re
mains controversial, but it is generally accepted 
that the diagnosis of LPD requires that two 
endometrial biopsies be 2 or more days out of 
phase. The luteal phase has been found to be 
inadequate in up to 30% of isolated cycles in 
normal females. However, the incidence of re
current LPD in the infertile population ranges 
from 3% to 14%? 

Uterine and Tubal Assessment 

Although hysteroscopy and laparoscopy can be 
used effectively, the most common procedure 
for initial evaluation of uterine and tubal fac
tors is the hysterosalpingogram (HSG). The 
current techniques of HSG have about a 75% 
correlation with laparoscopy or hysteroscopy 
for accuracy.62 The procedure should be done in 
the early follicular phase after menses has 
stopped, but it should be postponed if there is 
evidence of infection or a pelvic mass. The risk 
of infection is <1 % in a low-risk population 
and 3% with a high-risk population, e.g., his
tory of pelvic PID, septic abortion, intrauterine 
device (IUD) usage, ruptured appendix, pelvic 
or tubal surgery, or history of ectopic preg
nancy. The therapeutic effects of an HSG 
remain controversial. If the HSG is normal, a 6-
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month interval should elapse to allow time 
for possible therapeutic benefits before pro
ceeding with operative procedures. Hysteroso
nography is the most recent nonradiologic 
method of evaluating the endometrial cavity 
and fallopian tubes. In an office setting, a small 
catheter is placed in the endometrial cavity 
and a balloon is inflated to form a closed sys
tem. Sterile saline is instilled under ultrasound 
visualization, allowing visualization of the en
dometrial cavity and the flow through the fallo
pian tUbes.86 

Hysteroscopy should be done preferably af
ter menses and before ovulation, and it should 
be performed by an experienced gynecologist 
capable of performing an operative procedure 
if indicated. Laser or operative laparoscopy, 
when used as a diagnostic procedure, has a high 
incidence of detecting endometriosis, pelvic ad
hesions, or other pathologies and should be 
available for a trained specialist. In the event 
that the fallopian tubes are irreparably dam
aged, assisted reproductive technologies are 
recommended for treatment. 

Treatment 

Treatment options vary widely depending on 
the etiologic factors involved. Ovulation induc
tion drugs, such as clomiphene citrate, human 
menopausal gonadotrophin (hMG), human fol
licle-stimulating hormone (hFSH), and gonad
otropin-releasing hormone agonist, are most 
commonly used to correct ovulatory dysfunc
tion. Newer, purified, or recombinant forms of 
gonadotropins will soon be available for clinical 
use. Male or cervical factor may be treated with 
intrauterine inseminations. However, severe 
male factor may require ART. Tubal or uterine 
factors are generally corrected surgically when 
possible. If these factors are not amenable to 
surgical corrections, then ART is a viable op
tion. ART includes in vitro fertilization (IVF), 
GIFT, and micromanipulation of gametes 
(Table 5.2). Micromanipulation is the most re
cent and advanced technique in ART, primarily 
used for the treatment of severe male factor 
infertility. A couple may undergo a single treat
ment or combination of the treatment regi
mens, depending on the factors involved. 
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TABLE 5.2. Treatment options for infertility. 

Condition 

Ovulatory 
dysfunction 

Hyperprolactinemia 

Hypothyroidism 
Tubal disease 

Endometriosis 

Male factor 

Conclusion 

Treatment 

Ovulation induction 
Clomiphene citrate 
Human menopausal 

gonadotrophins (hMG) 
Follicle-stimulating hormone 

(FSH) 
Pulsatile gonadotropin

releasing hormone 
High-purified FSH* (HPFSH) 
Recombinant FSH* (rFSH) 

Dopamine agonist 
Bromocriptine 
Pergolide 

Thyroxine (T4) 
Surgical treatment 

Tuboplasty, neosalpingostomy 
In vitro fertilization (lVF) 
Surgical treatment 

Laser, cautery 
Medical treatment 

GnRH agonist 
Danazol 
Oral contraceptive pill 
Progestins 

Intrauterine insemination 
Husband or donor 

Assisted reproductive technologies 
IVF, GIFT, micromanipulation 

The female reproductive system and the re
productive process involve a very complex 
well-orchestrated interaction between the 
hypothalmus, pituitary gland, ovaries, uterus, 
fallopian tubes, adrenals, and thyroid. Minor 
dysfunction in anyone of these organ systems 
may render the entire reproductive process 
nonfunctional and result in infertility. Some 
patients with infertility may suffer from physi
cal disability, but their mental anguish may 
severely undermine their physical well-being, 
marital fulfillment, and family life. A well
informed and sympathetic physician who is 
capable of establishing good rapport and initi
ating an orderly, meticulous, and comprehen
sive program of investigation and management 
may provide them with an immense measure of 
physical and mental comfort. With careful 
study and search, the etiology of infertility may 
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be identified in almost 85% to 90% of couples, 
and pregnancies will occur in 40% to 50% 
of adequately evaluated and treated infertile 
couples. Sophisticated and innovative thera
peutic modalities, such as induction of ovula
tion, microsurgery, and assisted reproductive 
technologies, provide the promise of ever
improving results. 
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6 
Leukocytospermia, Oxidative Stress, 
and Sperm Function 
R. John Aitken 

Defective sperm function is not only the most 
prevalent, defined cause of human infertility, 
but it is one that, until recently, was extremely 
difficult to treat.! Part of this difficulty is de
rived from incomplete understanding of the 
factors contributing to male infertility. Envi
ronmental conditions have been implicated, 
notably in the proposed role of estrogens in 
precipitating the decline in sperm counts ob
served in men in several European countries 
during the past half centuryY Genetic factors 
have also been implicated, particularly in cases 
of severe oligospermia or nonobstructive 
azoospermia where microdeletions in the Y 
chromosome or sex chromosome abnormalities 
such as XXY have been observed.4,5 Even in 
cases of obstructive azoospermia, genetic fac
tors may be involved, as evidenced by the asso
ciation between congenital absence of the vas 
deferens and mutations in the cystic fibrosis 
gene.6 

Resolving the relative importance of envi
ronmental and genetic factors in the etiology of 
male infertility is of relevance to the develop
ment of methods to both prevent and treat this 
condition. Thus, although techniques, such as 
intracytoplasmic sperm injection, offer consid
erable promise to patients who had hitherto 
been considered untreatable,7 there are dan
gers in the indiscriminate use of such treat
ments while the cause of male infertility is still 
so poorly understood. Such action might lead to 
the inadvertent transmission of defective genes 
that will either perpetuate the infertility or give 
rise to other pathologies with a related genetic 
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background. To keep the risk of such com
plications to a minimum, it will be necessary 
to identify conditions affecting male fertility 
where genetic factors are not involved. Leu
kocytospermia (the presence of leukocyte 
concentrations in semen exceeding 1 X 106/ml) 
is one of the few conditions where this require
ment is satisfied, and, moreover, it is a condi
tion that might be amenable to treatment. 

Leukocytes in Semen 

Leukocyte Composition 

Given the potential importance of seminal leu
kocytes in the etiology of male infertility and 
the transmission of human immunodeficiency 
virus (HIV), it is surprising how few studies 
have attempted to define the composition of 
this cell population in the ejaculates of normal 
men. Furthermore, the way in which the leuko
cyte population becomes altered in cases of 
autoimmunity against sperm surface antigens 
or genital tract infection has received scant at
tention. The few studies that have been con
ducted using monoclonal antibodies to identify 
the leukocyte subpopulations are in general 
agreement that the major leukocyte species in 
the human ejaculate is the granulocyte.8-10 
Lower concentrations of macrophages, B cells, 
and both CD4 + and CD8+ T cells are also 
present in many human ejaculates (Table 6.1), 
and occasional specimens are found in which 
one or other of these cell types predominates. 
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TABLE 6.1. Analysis of the leukocyte subpopulations in human semen. 

Leukocyte phenotype (104/ml) Aitken et alB Wolff and Anderson9* Tomlinson et allOt 

Pan leukocyte 39.19 ± 9.05 (120) 205.68 ± 560.37 (51) 13.28 ± 2.69 (512) 
Neutrophils/granulocytes 39.69 ± 7.643 (91) 154.49 ± 468.22 (51) 6.70 ± 1.46 (512) 
Monocytes/macrophages 3.83 ± 2.01 (91) 27.96 ± 51.10 (51) 2.39 ± 0.32 (512) 
CD4+ T cells 

6.06 ± 1.58 (91)** 
4.44 ± 15.87 (51) 0.09 ± 0.01 (512) 

CD8+ Tcells 2.46 ± 6.03 (51) 0.12 ± 0.02 (512) 
B cells 3.77 ± 0.98 (91) 2.53 ± 11.86 (51) 0.16 ± 0.05 (512) 

* Original data presented as leukocytes/ejaculate; to aid comparison, these data have been recalculated as leukocytes/ml, 
assuming a mean semen volume of 3.5 ml.9 Numbers in parentheses are the number of samples analyzed. 
t Pan T-cell marker. 

Thus, in a recent analysis of 120 patients at
tending an infertility clinic, 97% were found to 
possess detectable numbers of leukocytes, and 
in 82.5% of these samples the predominant leu
kocyte species was the granulocyte.s Within the 
same population of patients, macrophages, B 
cells, and T cells dominated in 3.3%, 4.4%, and 
6.6% of specimens, respectively. 

Although this general picture of human se
men as a medium dominated by granulocytes is 
common to all recent investigations of this sub
ject, there are some interesting differences be
tween studies in the absolute number of 
leukocytes identified within each subpopula
tion (Table 6.1). In particular, Wolff and 
Anderson9 observed much higher concentra
tions of monocytes/macrophages and granulo
cytes in their patient population than did 
investigators in the other studies.8-l1 This is in 
keeping with a significantly higher level of gen
eral leukocyte contamination in their patient 
population compared with the data sets pre
sented by Aitken et als and Tomlinson et al. lO 

Moreover, these differences are also reflected 
in the higher incidence of leukocytospermia 
recorded by these authors (23%) when com
pared with other studies where immunocy
tochemical detection systems have been 
applied to cohorts containing more than 100 

TABLE 6.2. Prevalence of leukocytospermia. 

Study No. of subjects (prevalence) 

Aitken et al8 

Wolff and Anderson9 

Tomlinson et a1'° 
Wang et al11 

9/120 (7.5%) 
411179 (22.9%) 
14/512 (2.8%) 
81101 (7.9%) 

subjects (2.7% to 7.9%) (Table 6.2). Such dis
parities indicate the existence of considerable 
differences between patient groups in the size 
of the seminal leukocyte population. 

Origin of Leukocytic Infiltration 

The site and cause of leukocytic infiltration into 
the male reproductive tract is very poorly un
derstood. A reasonable assumption would be 
that leukocytospermia involves inflammatory 
changes in the male reproductive tract second
ary to infection in the urethra or secondary 
sexual glands. Leukocytospermia is recognized 
as one of the criteria by which male genital tract 
infection can be diagnosed, and the incidence 
of this condition is certainly higher in samples 
containing pathogenic bacteria, or even 
nonpathogenic bacteria if present in sufficiently 
high concentrationsY Nevertheless, in general, 
the relationship between leukocytospermia and 
seminal microbiology is surprisingly weak.13 

In those rare cases in which a high level of 
lymphocytic infiltration into the ejaculate is 
observed,S low-grade orchitis might be in
volved. Independent studies of testicular biop
sies taken from male infertility patients have 
revealed evidence of lymphocytic infiltration in 
the testes of 5% to 8% of such specimens.14,15 

The sites of lymphocytic infiltration were asso
ciated with local degeneration of the seminifer
ous epithelium and bore a strong resemblance 
to the testicular lesions observed in experimen
tal autoimmune orchitis. Such histopathologic 
findings might therefore suggest a role for cell
mediated immunity in the etiology of male in
fertility. 
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Other factors that might contribute to the 
degree of leukocytic infiltration observed in 
human semen include viral infections, sensitiza
tion to sperm surface antigens, and low-grade 
toxicants, such as cigarette smoke, marijuana, 
or a1cohol.12.16 It is also possible that leukocytic 
infiltration is induced by the spermatozoa 
themselves. It is known in many species, includ
ing the human,17 that insemination results in a 
sudden infiltration of leukocytes into the fe
male reproductive tract. Moreover, it has been 
demonstrated that both spermatozoa and 
sperm-free seminal plasma can provide the 
chemotactic signals responsible for eliciting this 
leukocytic response to insemination.18.19 How
ever, the nature of these chemotactic signals is 
still poorly understood. 

One possible mechanism by which spermato
zoa might attract neutrophils would be through 
the activation of complement. Thus, if sperma
tozoa are incubated with complement-fixing 
antisperm antibodies, they are readily recog
nized and phagocytosed in vitro by polymorphs. 
Intriguingly, this phagocytic response is "silent" 
in the sense that it does not result in an oxida
tive burst.20 Under these circumstances, the free 
radical-generating machinery of the leukocytes 
appears to be fully functional in that it can still 
be activated by soluble (phorbol esters) or 
particulate (opsonized zymosan) stimuli,zo In 
addition, cytochemical techniques have con
firmed the localized generation of reactive oxy
gen species at the sites of sperm-leukocyte 
contact. However, this oxidative response ap
pears to be locally restricted and does not de
velop into a full-blown oxidative burst.20 

The biologic significance of such a "silent" 
phagocytic mechanism is clear in the context of 
both the epididymis and the female reproduc
tive tract. In both situations, there is a need to 
remove the defective, senescent, or moribund 
cells without damaging the large numbers of 
normal spermatozoa in the immediate vicinity. 
Given the highly reactive and penetrating na
ture of the toxic oxygen metabolites generated 
by activated leukocytes, and the susceptibility 
of spermatozoa to oxidative stress,21 the evolu
tion of mechanisms to prevent the development 
of an oxidative burst in sites such as the cervix 
and epididymis might be anticipated. Whether 
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complement can be fixed by defective sperma
tozoa in the absence of antibodies and whether 
complement fixation is the only mechanism 
whereby spermatozoa express chemoattractant 
activity have not been investigated. It is also 
unclear as to whether defects in the spermato
zoa mediated by complement fixation or some 
other mechanism are ever responsible for 
pathologic levels of leukocytic infiltration into 
the male reproductive tract. The observation 
that vasectomy significantly reduces the size of 
the leukocyte population in human semen12 

strongly suggests that the chemoattractant ac
tivity of spermatozoa is a significant factor in 
the etiology of leukocytic infiltration into the 
male reproductive tract. However, the fact that 
a recent study revealed a significant correlation 
between the size of the seminal leukocyte 
population and the spontaneous generation of 
reactive oxygen species by the human ejacu
late22 suggests that leukocytes enter the semen 
in an activated state (Fig. 6.1). Moreover, the 
ejaculates of nine patients recruited into this 
study with leukocytospermia exhibited a signifi
cantly higher rate of reactive oxygen species 
generation than did the rest of the population 
(n = 115), giving median luminol-dependent 
chemiluminescent counts of 34,400 and 477 
counts/lOs, respectively.22 Given that sperm-in
duced phagocytosis is thought to be a silent 
process, it would seem unlikely that the leuko
cytic infiltration observed in such cases is due to 
the generation of chemoattractants by the 
spermatozoa. More plausible would be the at
traction of leukocytes into the seminal com
partment under conditions, such as bacterial 
infection, where they become activated. Alter
natively, sperm-derived chemoattractants might 
be responsible for bringing the leukocytes into 
the male reproductive tract where they become 
activated by alternative mechanisms. 

Whatever the causal factors of leuko
cytospermia, the existing data suggest that the 
leukocytes arrive in the ejaculate in an acti
vated state and, as a consequence, are actively 
generating reactive oxygen species. Because 
spermatozoa are exquisitely sensitive to oxida
tive stress, leukocytospermia involving free 
radical-generating phagocytes might be ex
pected to have a profound effect on fertility. 
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FIGURE 6.1. Lack of a relationship between the level 
of leukocyte contamination in human semen samples 
and sperm motility despite the active generation of 
toxic oxygen metabolites by the phagocyte subpopu
lation. Graphs show the concentration of leukocytes 
plotted against (A) the curvilinear velocity (VeL) of 
the spermatozoa, (B) the velocity of the average 

Leukocytosis and Fertility 

The impact of leukocytospermia on semen 
quality and sperm function is extremely contro
versial. Some authors have observed that 
leukocytospermia is associated with significant 
changes in the semen profile, as reflected by 
reductions in sperm number, percentage of mo
tility, velocity, motility index, and total motile 
sperm count.23 Others8,10 have found no correla-
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path (V AP) of the spermatozoa, and (C) the ability 
of the spermatozoa to penetrate a hyaluronic acid 
polymer.43 (D) The positive correlation between the 
leukocyte concentration and the spontaneous gen
eration of reactive oxygen species by human semen 
samples.22 

tion between the concentration of leukocytes in 
human semen and any component of the semen 
profile. Moreover Tomlinson et allO found that 
the size of the seminal leukocyte population in 
a prospective trial bore no relationship with 
the conception rates subsequently observed 
on follow-up. These researchers concluded 
that the analysis of seminal leukocytes was 
of little prognostic value and could be ignored 
as a component of the routine diagnostic 
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workup of the infertile male. For several 
reasons, however, such a conclusion may be 
premature. 

The analysis of Tomlinson et allO assumed 
that the severity of leukocytic infiltration is a 
phenomenon that will remain constant over 
time, so that the levels of leukocytic infiltration 
observed at the beginning of the study could be 
meaningfully correlated with the incidence of 
pregnancy recorded at its conclusion.1O How
ever, the limited studies that have been per
formed in this area indicate that leukocytic 
infiltration into the human ejaculate is a rela
tively labile phenomenon with the result that 
leukocytospermia exhibits a high rate of spon
taneous resolution.24 Furthermore, the severity 
of the leukocytospermia may well have a bear
ing on the consequences of this condition. 
Tomlinson et al found that leukocytospermia 
occurred in only 2.7% of the subjects analyzed, 
and the median leukocyte count in the entire 
patient popUlation was only 1.5 X 104/ml. In 
contrast, the analysis of Wolff et al,z3 in which 
an impact of leukocytospermia on semen qual
ity was observed, exhibited an incidence of 
leukocytospermia of 23%, with median leuko
cyte counts some 10- to 100-fold higher than the 
patient population analyzed by Tomlinson et al. 
Clearly, the incidence of clinically significant, 
leukocytic infiltration observed in the patients 
analyzed by Tomlinson et al is too small to 
allow conclusions to be drawn about the impact 
of this condition on semen quality. It should 
also be emphasized that even where poor se
men quality is observed in association with 
leukocytospermia, the relationship is not neces
sarily directly causative. In one recent study, 
leukocytospermia was found to induce a 
change in semen quality only if the leukocytic 
infiltration was accompanied by the impair
ment of seminal vesicle function.25 The disrup
tion of vesicular function was associated 
with significant declines in sperm motility and 
vitality and a higher incidence of antis perm 
antibodies. 

Such results emphasize the difficulty of draw
ing clinical conclusions on the basis of 
leukocytospermia alone. The impact of this 
condition will depend on the composition of the 
leukocyte population, their site of origin, the 
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nature of the stimulus that induced their infil
tration, the extent of collateral damage to the 
male reproductive tract, and the concomitant 
presence of antisperm antibodies. In the case of 
phagocytes, much will depend on the state of 
activation of these cells, where they became 
activated, and for how long they have been ac
tivated. When activated leukocytes originate 
from the secondary sexual glands, the first time 
the spermatozoa will come in contact with these 
cells will be at the moment of ejaCUlation. Un
der these circumstances, the amount of damage 
that the spermatozoa sustain as a consequence 
of oxidative stress will depend on the antioxi
dant status of seminal plasma. 

Leukocytes and Seminal Plasma 

One of the major functions of seminal plasma is 
to provide the spermatozoa with protection 
against free radical attack. Spermatozoa are 
extremely susceptible to this form of damage 
because they possess high concentrations of 
unsaturated fatty acids, particularly 22:6. Al
though these unsaturated lipids help create the 
membrane fluidity needed to achieve fertiliza
tion, they are also extremely vulnerable to 
peroxidation.26 In addition, spermatozoa pos
sess a relative paucity of antioxidant enzymes 
with which to protect their store of unsaturated 
fatty acids, because of the lack of cytoplasmic 
space. What residual cytoplasm is present in 
human spermatozoa is concentrated in the 
midpiece of the cell. It is clear that antioxidant 
enzymes restricted to this location27 are in no 
position to protect the vulnerable membranes 
overlying the flagellar or acrosomal domains of 
this cell. As a consequence of these factors, 
spermatozoa rely very heavily on the provision 
of extracellular antioxidant protection during 
most of their life history. For example, the 
ejaculated spermatozoon is covered with an 
extracellular coat of lactoferrin that serves to 
limit the penetration of free iron to the sperm 
plasma membrane where it might initiate a lipid 
peroxidation cascade.28,29 Human seminal 
plasma also contains high concentrations of su
peroxide dismutase- and catalase-like activi
ties30,31 as well as nonenzymatic antioxidants, 
such as ergothionine, vitamin C, and urate-all 
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of which will protect the spermatozoa from oxi
dative stress. 

Given the wealth of antioxidants present in 
human seminal plasma, it is not surprising 
that human spermatozoa are quite resistant 
to the oxidative stress created by infiltrating 
leukocytes. The concentration of leukocytes in 
human semen exhibits no discernible relation
ship with either the movement characteristics 
of the spermatozoa or their performance in a 
hyaluronate penetration assay (Fig. 6.1), de
spite the production of reactive oxygen spe
cies.22 These results underline the important 
physiologic function of seminal plasma as an 
antioxidant protective medium26 and explain 
why low-to-moderate levels of leukocytic infil
tration are not detrimental to semen quality or 
the semen profile. lO,22 However, this protective 
system has finite limits to its effectiveness 
and in patient populations exhibiting extremely 
high levels of leukocytic infiltration, the sper
matozoa can be damaged by the resultant oxi
dative stress and fertility compromised.12,23,32 

Leukocytes and Sperm 
Function In Vitro 

Although seminal plasma may protect human 
spermatozoa from moderate levels of oxidative 
stress in the fresh ejaculate, quite a different 
situation arises during the preparation of sper
matozoa for fertilization in vitro. In contrast to 
the complex mixture of antioxidants present in 
seminal plasma, most assisted conception pro
tocols involve the use of simple defined culture 
media in which the only extracellular antioxi
dant protection afforded to the spermatozoa 
comes in the form of albumin or serum. Some 
culture media, such as Ham's F-lO, are even 
supplemented with milligram quantities of pro
oxidant transition metals, such as iron and cop
per, which can initiate a lipid peroxidation 
cascade in the spermatozoa and seriously im
pair sperm function?3 In addition to the re
moval of extracellular antioxidants, some 
sperm preparation protocols call for the cen
trifugation of the unfractionated, washed ejacu
late prior to the isolation of the spermatozoa 
using a "swim-up" procedure. Such treatment 
results in the compaction of free radical-gener-

ating defective spermatozoa and leukocytes to
gether with functional spermatozoa in the ab
sence of significant extracellular protection. 
The act of centrifuging the mixture of leuko
cytes and defective spermatozoa triggers the 
additional release of reactive oxygen species.34 
As a consequence, sperm-preparation proto
cols involving centrifugation of the unfrac
tionated, washed ejaculate have the potential to 
inflict serious damage on the spermatozoa and 
to impair their capacity for fertilization.34 The 
severity of such damage depends on the extent 
to which the original semen sample was con
taminated with leukocytes and defective sper
matozoa.35 However, this may frequently be the 
case in patients exhibiting male-factor infertil
ity.1t is damage that can be avoided simply by 
isolating the functional spermatozoa directly 
from semen, prior to the introduction of any 
centrifugation procedures. These conditions 
are satisfied by "swim-up from semen" proto
cols or the discontinuous Percoll gradient cen
trifugation technique. 

Although the latter is an efficient procedure, 
it should also be recognized that it is not com
pletely effective in removing leukocytes from 
human sperm suspensions. Sperm suspensions 
prepared from high-density Percoll fractions 
will frequently give a chemiluminescent re
sponse to agonists, such as formyl methionyl 
leucyl phenylalanine (FMLP) or opsonized zy
mosan, indicating the existence of low-level 
leukocyte contarnination.36,37 Such contamina
tion, although slight, may have a profound ef
fect on the outcome of in vitro fertilization 
therapy. In two independent assisted concep
tion programs, the presence of low-Ievelleuko
cyte contamination has been shown to be one 
of the major factors determining fertilization 
rate.38,39 In one of these studies,39 a stepwise 
multiple regression analysis was performed that 
gave an r value of 0.78 with fertilization rate 
on the basis of six parameters of semen quality. 
The earliest incorporated and most important 
of these criteria were (1) sperm morphology 
and (2) a chemiluminescence test of leukocyte 
contamination (Fig. 6.2). In the second study,38 
significant leukocyte contamination was ob
served in 28.5% of the sperm suspensions 
prepared by discontinuous Percoll gradient 
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FIGURE 6.2. Correlations observed 
between the in vitro fertilization 
rates observed in a clinical IVF pro
gram and fertilization rates predicted 
on the basis of a multiple regression 
equation incorporating various crite
ria of sperm function. The regression 
equation was based on six criteria of 
which the most important was an 
FMLP provocation test for leukocyte 
contamination and percentage nor
mal morphology.39 
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FIGURE 6.3. Seminal leukocytes, particularly poly
morphs, generate reactive oxygen species (ROS), 
but in vivo the spermatozoa are protected by the 
antioxidants present in seminal plasma. In washed 
sperm preparations, the free radicals generated by 

contaminating leukocytes are able to attack the sper
matozoa, and the only extracellular antioxidant pro
tection afforded to the latter is, frequently, just 
albumin. 
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centrifugation. These leukocyte-contaminated 
samples were associated with enhanced reac
tive oxygen species generation, decreased mo
tility, and a decreased capacity for fertilization 
in vitro. 

These results emphasize that leukocyte con
tamination of human sperm suspensions signifi
cantly impairs the fertilizing capacity of the 
spermatozoa in vitro. A rational solution to this 
problem would be to incorporate antioxidants 
into the incubation medium to intercept the 
toxic oxygen metabolites generated by the leu
kocytes before they have an opportunity to 
damage the spermatozoa. A recent compara
tive study of the ability of antioxidants to pro
tect human spermatozoa from the oxygen 
radicals generated by phorbol ester-activated 
granulocytes demonstrated the particular po
tential of N-acetylcysteine, glutathione, and 
hypotaurine in this context.40 These studies 
were limited to the ability of these antioxidants 
to preserve sperm motility in the face of oxida
tive stress. As a prelude to clinical trials, further 
studies are now needed to determine whether 
these antioxidants can support other aspects of 
sperm function, including the acrosome reac
tion and sperm-oocyte fusion. 

Conclusion 

Leukocytospermia is a relatively rare condition 
affecting 5% to 10% of the patient population 
in the United Kingdom and China, but the inci
dence can rise to >20% in certain patient 
groups. Granulocytes are the most abundant 
leukocyte species in human semen, although 
the existence of occasional cases where mac
rophages or lymphocytes predominate is proof 
that leukocytospermia is a condition with 
multiple underlying causes. The phagocytes 
present in human semen spontaneously gener
ate reactive oxygen species, and yet sperm 
function does not appear, in most cases, to be 
significantly altered. Although this situation 
seems paradoxical, the preservation of sperm 
function in the presence of free radical-gener
ating leukocytes is simply a reflection of the 
powerful antioxidant properties exhibited by 
seminal plasma. However, when spermatozoa 

are washed free of seminal plasma, they are 
extremely susceptible to oxidative stress. In the 
context of assisted conception therapy, even 
low levels of leukocyte contamination appear 
to have a detrimental effect on the fertilizing 
potential of the spermatozoa (Fig. 6.3). A ratio
nal solution to this problem would be to incor
porate antioxidants into the culture media used 
for in vitro fertilization. Because arrested em
bryonic development also appears to involve 
oxidative stress,41,42 the development of media 
containing antioxidants might also promote the 
postfertilization development of the zygote. 
Systematic efforts are now being made to engi
neer such media and bring them into clinical 
practice. 
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7 
Imaging the Reproductive Tract 
Brett C. Mellinger 

Imaging the reproductive tract is indicated in 
numerous clinical situations, most commonly 
during an infertility evaluation. Several imag
ing modalities are available for the clinician to 
assess the reproductive tract, each with distinct 
advantages and disadvantages. Because plain 
radiography is currently of limited value for 
imaging the reproductive tract, the more com
mon modalities used are ultrasonography, mag
netic resonance imaging (MRI), and computed 
tomography (Cf). 

Ultrasound is the modality of choice when 
evaluating the prostate, seminal vesicles, ejacu
latory apparatus, and the scrotal compartment. 
It is relatively inexpensive, readily available, 
and used and interpreted by many non
radiologist physicians. Ultrasound offers the 
advantage of avoiding ionizing radiation, and 
the high-frequency probes currently available 
provide excellent spatial resolution. 

Nuclear magnetic resonance (NMR) refers to 
the physical property of atomic nuclei when 
submitted to an external magnetic field. MRI 
represents the intensity of the radiofrequency 
signal generated by the atomic nuclei of the 
tissues under study. MRI is the best imaging 
technique for evaluating the pituitary gland and 
the prostate when transrectal ultrasonography 
(TRUS) is inconclusive. The principal advan
tage of MRI is its superior contrast resolution as 
compared with either plain radiographic or CT 
imaging. Another advantage of MRI is its abil
ity to obtain direct transverse, sagittal, oblique, 
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and coronal plane images. MRI images are ob
tained directly from the NMR signals and not 
from stacked transverse images as in CT imag
ing. Another advantage of MRI is the possibil
ity to perform in vivo spectroscopy. Areas of 
interest can be evaluated for the NMR spec
trum, which reveals the molecular nature of the 
abnormality.1 

Imaging the Pituitary Gland 

Since its development as an application for 
medical imaging, MRI has been most useful 
for examination of the central nervous system. 
Inflammatory disease, neoplasms, ischemic 
changes, degenerative disease of the white mat
ter, hemorrhage, and other conditions are more 
easily identified with MRI than any other imag
ing technique.1 Because of the advantages af
forded by MRI, CT imaging of the brain is used 
less frequently. 

Indications 

In reproductive medicine, the most common 
indication for obtaining an MRI of the brain 
is for imaging of the pituitary gland for 
hypogonadism associated with gonadotropin 
insufficiency, which is most often due to 
hyperprolactinemia from a prolactin-secreting 
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pituitary adenoma. Routine testing of prolactin 
for men presenting for an infertility or 
impotence evaluation is not cost-effective, and 
endocrine screening with testosterone and fol
licle-stimulating hormone (FSH) will detect 
significant endocrinopathies. Other causes of 
elevated prolactin should be evaluated before 
an MRI of the pituitary gland is ordered. 

Technical Considerations 

The principal advantages of MRI as compared 
with CT imaging are its multiplanar capability 
and exquisite contrast resolution. CT imaging 
of the pituitary gland offers less contrast resolu
tion because of bone around the sella tursica. 
Additionally, positioning patients for coronal 
scanning-the best plane for imaging-is diffi
cult if not impossible with CT imaging. 

Many MRI experts recommend the use of 
contrast agents for imaging the pituitary gland, 
although this is not universally accepted. Sev
eral contrast agents are available, but the most 
frequently used agents are metal ion chelates, 
such as gadolinium chela ted to a carrier com
pound. These agents alter the MRI signal indi
rectly by shortening relaxation times.1 During 
coronal scanning, pituitary lesions are best de
tected with thin slices and rapid scanning after 
administration of a contrast agent. 

Images of the Pituitary Gland 

Pituitary Gland Adenoma 

Prolactin-secreting tumors of the pituitary 
gland are classified as microadenomas (diam
eter ~lOmm) or macro adenomas (diameter 
~lOmm). With MRI, a pituitary tumor often 
appears as a hypointense lesion on the T1-
weighted image (Figs 7.1 and 7.2). CT imaging 
may demonstrate a nonenhancing lesion after 
administration of contrast (Fig. 7.3). 

Imaging the Scrotum 

Ultrasonography is the imaging modality of 
choice for examination of the scrotal compart-
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ment. High-frequency ultrasound examination 
provides superior resolution to distinguish solid 
lesions from fluid collections. Ultrasound ex
amination can be performed quickly and safely 
with no ionizing radiation. Gray-scale imaging 
is improved with spectral waveform analysis 
(duplex Doppler ultrasonography) and color 
Doppler ultrasonography for determination of 
blood flow. A limitation of scrotal sonography 
is that benign lesions mimic tumors, but MRI 
imaging can differentiate tumors from benign 
lesions.2 

Indications 

The indications for ultrasound imaging of the 
scrotum include any palpable abnormalities of 
the scrotal compartment, e.g., varicocele, tes
ticular mass, epididymal abnormalities, scrotal 
swelling and fluid collections. To rule out 
intratesticular masses, patients presenting with 
testicular pain should be evaluated with ultra
sound even when palpation is norma1.3 Ultra
sound examination following scrotal trauma 
can distinguish between simple hematoma ver
sus rupture of the tunica albuginea of the 
testis, which may require immediate surgical 
exploration and repair. Color duplex Doppler 
ultrasonography can distinguish between tes
ticular torsion and epididymoorchitis in pa
tients presenting with acute testicular pain.4 

Technical Considerations 

A careful detailed history and focused physical 
examination is necessary prior to scrotal imag
ing. Palpable findings and direction by the pa
tient to areas of concern are helpful for the 
sonographer in correlating physical examina
tion with ultrasound examination. With the pa
tient in the supine position in a warm 
examination room, the penis is draped over the 
abdomen and the scrotum supported with a 
rolled towel or the sonographer's gloved hand. 
Imaging frequencies of 7.5 to 13MHz provide 
the best resolution, and most modern ultra-
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sound instrumentation comes equipped with 
10- or 13-MHz probes. A generous amount of 
ultrasound gel is applied to the scrotum and 
minimal pressure is applied, which is especially 
important for the painful scrotum. The overall 
gain is adjusted to provide optimum gray-scale 
information. Each testis and epididymis is ex
amined with both transverse and longitudinal 
views. Transverse imaging of both testes in the 
same image allows for direct comparison of the 
ultrasound images. 

Duplex sonography of the testis and sper
matic cord should be performed for suspected 
testicular torsion and to facilitate the diagnosis 

FIGURE 7.1. MRI of 60-year-old man presenting with 
complaints of impotence and found to have low 
serum testosterone levels associated with hyper-
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of varicocele. In cases of suspected torsion, the 
patient should be examined while in the supine 
position. With ultrasound Doppler examina
tion, the measured blood flow velocity is 
dependent on the speed of red blood cells in the 
vessel and the angle of the incident sound 
beam. Therefore, it is important to keep the 
angle of the beam between 30° and 70°. Color 
Doppler sonography should indicate the 
presence of intratesticular arterial flow in 
non torsional testes. 

Patients evaluated for varicocele should be 
examined both supine and standing, with and 
without Valsalva's maneuver. Standing for a 

prolactinemia. A lesion is suspected before adminis
tration of contrast. 



FIGURE 7.2. MRI of same patient as in Figure 7.1 after contrast revealing a hypointense pituitary lesion 
(arrow). 

FIGURE 7.3. CT of pituitary revealing a macro- evaluation and was found to have marked elevation 
adenoma with an area of probable necrosis (arrow- of the serum prolactin level. 
head). The patient presented for an infertility 
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short period allows for hydrostatic pressure 
filling of the pampiniform plexus, which per
mits easier identification and measurement of 
dilated veins. Measurement of the greatest 
vein diameter should be performed during 
Valsalva's maneuver. Doppler sonography 
should also be performed on the most promi
nent veins during a Valsalva maneuver to de
tect reversal of blood flow consistent with 
varicocele. 

Scrotal Ultrasound Images 

Normal Testis 

The normal testis demonstrates medium homo
geneous echogenicity, is ovoid-shaped, and 
measures 3 to 5 cm in length along the vertical 
axis and 2 to 3 cm in width. Both testes should 
be equal in size and echogenicity. On ultra
sound, the mediastinum testis is identified as a 
bright echogenic band that extends into the tes
ticular parenchyma (Fig. 7.4). The appendix 
testis is readily seen when a hydrocele is 
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present and appears as a small round append
age between the caput epididymis and upper 
pole of the testis. The epididymis usually dis
plays similar or slightly increased echogenicity 
as compared to the testis. 

Inflammation 

In a patient with acute epididymitis, gray
scale sonography demonstrates enlargement 
of the epididymis, mixed hypoechogenicity, 
hydrocele, and scrotal skin thickening (Fig. 
7.5). These ultrasound findings are not re
stricted to acute epididymitis. Doppler sono
graphy of the normal epididymis detects 
few blood vessels; however, with inflamma
tion, the number and size of vessels identified 
increases.s 

Infection may spread from the epididymis to 
the testis with development of epididy
moorchitis. With orchitis, there may be testicu
lar enlargement and decreased echogenicity. 
With focal involvement, gray-scale sonography 

FIGURE 7.4. Normal testicular ultrasound demonstrating a linear echogenic band (arrow) of the mediastinum 
testis. 
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FIGURE 7.5. Acute epididymitis revealing enlargement and mixed echogenicity of the caput epididymis 
(arrow) adjacent to the testis. 

of the testis may reveal a hypoechoic, crescent
shaped intra testicular lesion adjacent to an en
larged epididymis. Doppler sonography will 
reveal increased blood flow in these hypoechoic 
lesions.s 

Testicular Torsion 

Gray-scale ultrasound may reveal diffuse, 
decreased echogenicity, but this is nonspecific. 
Color duplex Doppler ultrasonography has 
been shown to be sensitive in the diagnosis 
of complete testicular torsion.6.7 Intermit
tent torsion and blood flow in prepubertal 
testes may present false positives and false 
negatives.8,9 

Varicocele 

A clinically significant varicocele is usually de
tected with a thorough physical examination 
with the patient in both the supine and upright 
positions, with and without a Valsalva maneu
ver, although ultrasound and Doppler exami
nations often facilitate the diagnosis. Several 
clinical investigations have attempted.to estab
lish ultrasound criteria for the diagnosis of 

varicocele; however, these are not universally 
accepted and some controversy remains. Vein
diameter cutoff points for clinical varicocele 
have been suggested at 2 mm, 10 3 mm,11 and 
3.6mrn12 (Fig. 7.6). Doppler sonographic dem
onstration of reversal of blood flow during 
a Valsalva maneuver is generally accepted 
as evidence of a varicocele (Fig. 7.7). Sub
clinical varicocele remains controversial, as 
do the ultrasound criteria for establishing the 
diagnosis. 

Testicular Masses 

Until proven otherwise, an intratesticular mass 
must be considered malignant. Testicular 
masses are usually palpable; however, non
palpable masses are encountered more fre
quently due to the liberal use of scrotal 
sonography for evaluation of testicular pain 
or detection of varicocele in an infertility 
evaluation. Ultrasound characteristics may be 
useful in differentiating seminoma from 
other germ-cell tumors. Sonographic findings 
consistent with seminoma include a hypo echoic 
mass, homogeneous echogenecity, round- or 
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FIGURE 7.6. Varicocele (arrows) imaged with a 13-MHz probe. Vein measurements are obtained during 
Valsalva's maneuver revealing dilatation that meets the sonographic criteria for a varicocele. 

FIGURE 7.7. Black and white duplex Doppler in a patient with a palpable varicocele. The Doppler tracing 
reveals a typical pattern seen with venous reflux. 
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oval-shaped lesion with sharp demarcation 
from normal testicular parenchyma, and pos
sible multifocallesions.s Embryonal carcinoma 
is usually associated with other germ-cell 
tumors. Sonographically, it may appear as a 
heterogeneous mass with cystic components 
or calcification. Teratoma appears as a hetero
geneous mass with multiple cystic areas, 
echo genic foci, and possible acoustic shadow
ing.s Epidermoid cyst is a rare benign tumor, 
which may appear as an echo genic central 
lesion with a surrounding hypoechoic rim.13 
Non-germ-cell tumors are usually benign and 
do not demonstrate any specific sonographic 
pattern (Fig. 7.8). 

Cysts 

Detection of testicular or epididymal cysts has 
improved with high-resolution ultrasonog
raphy. Cysts of the tunica albuginea are 
detected outside the testicular parenchyma, 
and benign intratesticular cysts are usually 
identified near the mediastinum testis. When 
these lesions are benign, they meet sonographic 
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criteria for simple cysts and can be managed 
conservatively.14 

Epididymal cysts are commonly reported in 
adult males. They frequently occur on the caput 
epididymis and may cause obstruction of the 
epididymal tubule (Fig. 7.9). Spermatoceles are 
also commonly found on the caput epididymis 
but demonstrate internal echoes on imaging. 
Differentiating between a simple cyst and a 
spermatocele can be difficult if they demon
strate similar echo patterns. 

Fluid Collections 

The potential space between the parietal and 
visceral layers of the tunica vaginalis often fills 
with fluid to create a hydrocele. This can be 
congenital or associated with inflammation or 
tumors. It is, therefore, important to assess the 
testis for an intratesticular lesion when a hy
drocele is detected. Occasionally, diffuse swirl
ing echoes may be seen during sonography. 
This ultrasound appearance is similar to 
hematocele (Fig. 7.10) or pyocele, but may also 
be due to protein aggregates in the hydrocele.ls 

FIGURE 7.8. Nonpalpable intratesticular mass measuring 7.8 X 6.7mm detected during sonography for 
evaluation of varicocele. The lesion was found to be a Leydig cell tumor at surgery. 
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FIGURE 7.9. Epididymal cyst (arrowhead) of the caput that was detected by palpation. The testis (arrow) 
appears normal, and there is a small fluid collection around the testis consistent with a hydrocele. 

FIGURE 7.10. Acute hematocele (arrow) following needle biopsy of the testis. Immediate drainage resulted 
in minimal residual swelling. 
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FIGURE 7.11. Testicular microlithiasis detected during sonography for evaluation of small palpable 
varicocele. This image demonstrates acoustic shadowing that is not normally seen in this condition. 

Microlithiasis 

Testicular microlithiasis is a rare condition as
sociated with various entities, including neo
plasm and infertility. It is characterized by the 
presence of diffuse hyperechoic nonshadowing 
foci throughout the testis16 (Fig. 7.11). Al
though associated with infertility and condi
tions that lead to infertility, its presence does 
not necessarily imply a poor prognosis for 
achieving pregnancy, as the condition is also 
found in otherwise normal patients.17 Because 
of the frequent association of microlithiasis 
with testicular tumors, it has been suggested 
that patients have follow-up scans at frequent 
intervals and monitoring of serum tumor 
markers.18 

Imaging the Prostate and 
Ejaculatory Apparatus 

The development of high-resolution ultrason
ography for the detection of prostate cancer has 
led to the application of transrectal ultrasound 

(TRUS) for the evaluation and treatment of 
ejaculatory disorders. MRI with endorectal coil 
provides exquisite detail of the anatomy of the 
prostate, seminal vesicles, and ejaculatory ap
paratus. MRI is especially useful in cases where 
TRUS fails to provide a definitive diagnosis. 
CT imaging is used much less frequently and 
offers no advantage as compared with TRUS or 
MRI with endorectal coil. 

Indications 

TRUS is the initial imaging modality of choice 
for evaluation of ejaculatory disorders because 
of its ease of performance and relative low cost. 
MRI with endorectal coil is indicated when 
TRUS fails to provide a definitive diagnosis 
despite strong clinical suspicions. It can be 
particularly useful for evaluation of chronic 
hematospermia in older patients when TRUS 
fails to reveal any pathology. 

Ejaculatory dysfunction is any disorder of 
the seminal vesicles and ejaculatory apparatus 
that may cause symptoms of or lead to infertil
ity. Ejaculatory disorders associated with infer-
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tility diagnosed with TRUS include complete 
or partial obstruction of the ejaculatory ducts 
and bilateral congenital absence of the vas def
erens. Hematospermia is often benign and self
limiting in young men, but in older patients 
may be due to a urologic malignancy. 

The indications for performing imaging of 
the prostate, seminal vesicles, and ejaculatory 
apparatus during an infertility evaluation in
elude azoospermia, low semen volume, low 
sperm motility not explained by other findings 
(e,g., varicocele), and low sperm viability. 
Lower genital tract imaging is also indicated for 
all men presenting with ejaculatory pain and 
chronic hematospermia and hematospermia in 
men greater than 40 years of age because of the 
increased incidence of prostatic malignancy. 

Technical Considerations 

Transrectal Ultrasound (TRUS) 

Ultrasound imaging of the ejaculatory appara
tus is best performed with imaging frequencies 
of7 to lOMHz. Biplanar probes are preferable, 
to allow for easy switching from sagittal to 
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transverse images. End-fire probes are of value 
for reaching the superior aspect of the seminal 
vesicles for transverse images. 

The patient is positioned in the left lateral 
decubitus position. Digital rectal examination 
is performed prior to inserting the ultrasound 
probe. Sagittal imaging better demonstrates the 
anatomical relationship between the seminal 
vesicles, prostate, and ejaculatory ducts. The 
bladder is best left somewhat full to allow for 
easier orientation. Just lateral to the midline, 
the seminal vesicles are easily identified poste
rior to the bladder. The ultrasound appearance 
at the junction of the seminal vesicles and pros
tate should be carefully noted, as the ejacula
tory ducts are seen at this level. 

MRI 

MRI's exceptional soft tissue contrast and 
multiplanar capability permit evaluation of the 
lower genital tract when TRUS is indetermi
nate. Conventional body coil techniques fail to 
provide detailed anatomy of the prostate and 
ejaculatory apparatus. The experience with 
endorectal surface coils to stage prostate malig-

FIGURE 7.12. Transverse image of the prostate revealing dilated ejaculatory ducts (arrowheads). The patient 
presented with low volume azoospermia and acid pH. 
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FIGURE 7.13. Longitudinal image of the junction of the seminal vesicle (curved arrow) and prostate revealing 
dilated ejaculatory duct (arrow) that measured 3.6mm. This patient presented with normal volume, absent 
sperm motility, and low sperm viability. 

nancy has demonstrated the superiority of this 
technique in providing detailed anatomic infor
mation. MRI imaging with endorectal surface 
coil is the study of choice if TRUS is indetermi
nate. 19 In preparation for performance of MRI 
with endorectal coil, intramuscular glucagon is 
administered to induce bowel hypotonia. T1-
and T2-weighted images complement each 
other, but contrast resolution is better with T2-
weighted images.2o 

Images of the Prostate, Seminal 
Vesicles, and Ejaculatory 
Apparatus 

Partial and Complete Ejaculatory 
Obstruction 

With complete obstruction of the ejaculatory 
ducts, semen analysis demonstrates low vol
ume, azoospermia, absent or low quantitative 
seminal fructose, and usually acid pH. These 
seminal findings are also consistent with bilat-

eral congenital absence of vas deferens 
(BCAVD). In BCA VD, vasa deferentia are not 
palpated, and TRUS usually demonstrates 
absent or hypoplastic seminal vesicles. With 
partial ejaculatory duct obstruction, semen 
analysis demonstrates normal or low volume, 
normal or low sperm count, impaired motility, 
and low sperm viability due to delay in transit 
through the ductal system. In complete or par
tial ejaculatory duct obstruction, TRUS or MRI 
may demonstrate markedly dilated ejaculatory 
ducts and dilated seminal vesicles (Figs. 7.12 
and 7.13). The seminal vesicles are usually 
15 mm or less when measured in the anterior
posterior diameter,21 and values greater than 
this suggest obstruction (Fig. 7.14). Partial ob
struction may be due to miillerian duct cyst, 
which can splay the ejaculatory ducts laterally 
and lead to compression and partial obstruction 
(Fig. 7.15). Midline cysts usually appear as 
bright white cystic structures on MRI if only 
clear fluid is present. The relationship of the 
cyst to the seminal vesicles is best appreciated 
with sagittal images (Figs. 7.16 and 7.17). Ejacu-
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FIGURE 7.14. Same patient as in Figure 7.13, the seminal vesicle (arrowhead) measured 18.5mm at the 
anterior-posterior diameter. Keeping the bladder (arrow) full permits easier orientation. 

FIGURE 7.15. Longitudinal image demonstrating 
a mUllerian-duct cyst (curved arrowhead). This 
patient presented with consistently impaired sperm 

motility, normal semen volume, and a normal physi
cal examination. 



7. Imaging the Reproductive Tract 123 

FIGURE 7.16. Transverse image of MRI with endorectal coil demonstrating a large midline prostatic cyst 
(arrow). (Image courtesy of Dr. Edward De Mouy.) 

FIGURE 7.17. Sagittal image of MRI with endorectal coil demonstrating a large midline prostatic cyst (arrow) 
and its relation to the seminal vesicles (open arrowhead). (Image courtesy of Dr. Edward De Mouy.) 
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FIGURE 7.18. Kidney, ureter, and bladder (KUB) radiograph demonstrating incidental finding of calcified 
seminal vesicle cyst (arrow) in 51-year-old man presenting with abdominal symptoms. 

FIGURE 7.19. Pelvic CT of same 
patient as in Figure 7.18 shows the 
relationship of the calcified semi
nal vesicle cyst (arrow) to the 
bladder (arrowhead) partially 
filled with contrast. 
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FIGURE 7.20. TRUS in patient with chronic hematospermia demonstrating dilatation «15 mm) and mixed 
echogenic pattern. 

latory apparatus abnormalities are sometimes 
detected incidentally during imaging for other 
medical conditions (Figs. 7.18 and 7.19). 

Hematospermia 

In acute hematospermia, TRUS or MRI may 
appear normal. In chronic hematospermia, 
TRUS may reveal dilated seminal vesicles with 
or without increased echogenicity due to hem
orrhage into the vesicles (Fig. 7.20). With MRI, 
hemorrhage within the seminal vesicle may 
demonstrate increased signal intensity on the 
Tl-weighted image and become slightly de
creased in signal on the T2-weighted image 
(Fig. 7.21). Other findings may include ejacula
tory duct cysts, ejaculatory or seminal vesicle 
calculi, and prostatic cysts. 

Conclusion 

Imaging the reproductive tract is often per
formed for evaluation of infertility and occa
sionally for symptoms referable to the re-

productive tract. Imaging the pituitary gland 
is indicated for gonadotropin insufficiency, usu
ally associated with hyperprolactinemia. MRI 
of the pituitary is the study of choice due to its 
multiplanar capability and superior contrast 
resolution. 

High-resolution ultrasonography is the best 
imaging modality for evaluation of the scrotal 
compartment. Ultrasound imaging is indicated 
for palpable findings such as varicocele, 
testicular mass, fluid collections, and epididy
mal abnormalities. Testicular pain should be 
evaluated with scrotal imaging to rule out 
nonpalpable testicular mass. Color duplex 
Doppler ultrasonography can detect intrates
ticular blood flow in cases of suspected sper
matic cord torsion and confirm the presence of 
varicocele by demonstrating reversal of blood 
flow with a Valsalva maneuver. 

Transrectal ultrasonography is the imaging 
study of choice for the initial evaluation of the 
prostate, seminal vesicles, and ejaculatory ap
paratus. MRI with endorectal coil is indicated 
when TRUS fails to establish a definitive diag
nosis with strong clinical suspicions. Ejacula-
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FIGURE 7.21. MRI of same patient as in Figure 7.20 demonstrating hemorrhage into the right seminal vesicle 
(arrow). 

tory disorders associated with infertility include 
complete or partial ejaculatory duct obstruc
tion and bilateral congenital absence of the vas 
deferens. Other indications include hemato
spermia and ejaculatory pain. 

A variety of imaging modalities are available 
for the clinician to completely evaluate the 
male reproductive system. Technical advances, 
particularly with MRI and high-resolution 
ultrasonography, have permitted imaging stud
ies to become an extension of the physical ex
amination. The indications for performance of 
imaging studies have expanded, thus increasing 
the number of men found to have identifiable 
and correctable conditions that lead to male 
infertility. 
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8 
Immunologic Infertility 
John E. Gould 

Among the multitude of factors that impair 
human fertility is a biologic system whose 
purpose is to protect us from a hostile environ
ment. The immune system is a complex net
work of cells and cell products that is called 
upon every day to defend against microorgan
isms and deleterious foreign material. But 
the immune system can also tum on its host 
with catastrophic consequences: lupus erythe
matosis, rheumatoid arthritis, Hashimoto's 
thyroiditis, Graves' disease, pernicious anemia, 
hemolytic anemia, and polyarteritis nodosa. 
The impairment of fertility by the immune sys
tem has characteristics that may be unique. In a 
sense, the recognition of sperm antigens by 
men and women represents a proper function
ing of immune surveillance. With respect to 
human reproductive function, we ask the im
mune system to make an exception. Usually, 
foreign reproductive antigens are tolerated. 

It has been stated that immunity to sperm is 
a relative, not absolute, cause of infertility. I 
It therefore follows that it is difficult to pre
cisely identify how many couples are afflicted 
with immunologic infertility. The incidence 
of antisperm antibodies in infertile couples is 
thought to range between 10% and 30%,2,3 with 
background rates in fertile couples <2% in se
rum, semen, and cervical mucus.4 The presence 
of immune reactivity to sperm in an infertile 
couple will reveal little about their fertility. 
More detailed information will allow more ac
curate fertility prognoses: the concentration 
of antibodies present, the percent of sperm 
cells bound, isotype (e.g., immunoglobulins 
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IgG, IgA), locations of antibody binding on 
sperm cells, body fluid containing the antibod
ies (serum, semen), the type of assay used 
to detect the antibodies, and complement titers 
in the female trad--8 (Table 8.1). In this context, 
it becomes easier to understand why immuno
logic infertility is not an "all-or-none" phenom
enon. 

Sperm Autoimmunity 

Sperm production in males begins at puberty, 
long after the immune system has matured. The 
process of spermatogenesis results in the ex
pression of new sperm-surface antigens.9 It is 
therefore entirely appropriate that if the im
mune system and the sperm antigens come in 
contact, immune recognition occurs. Under 
normal circumstances, the new antigens are iso
lated from the immune system by the blood
testis barrier. The anatomical definition of this 
barrier is a series of tight junctions between 
neighboring Sertoli cells, which separate the 
adluminal spaces of the seminiferous tubules 
from the basal area.1O The new antigens on 
sperm cells do not normally appear until the 
developing sperm cells enter the adluminal 
compartment (late pachytene). The antigens 
are not present on spermatogonia. These obser
vations have therefore suggested that the func
tion of the blood-testis barrier is to prevent new 
sperm antigens from contacting elements of the 
immune system. It is generally believed that 
the sequestration of the sperm antigens from 
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TABLE 8.1. Factors to consider in antisperm anti
body literature. 

Which antibodies (isotype)? 
How are they detected? 
Concentration, % bound? 
In what fluid (semen, serum, etc.)? 
Which sperm surface domain (head, tail)? 
Are there controls? 

the immune system continues along the epi
didymis, vas deferens, and urethra, but the 
exact nature of this isolation barrier is not well 
understood. Nevertheless, the sequestration 
appears to be quite efficient: fluid from the se
miniferous tubules is low in immunoreactive 
elements, such as immunoglobulins and leuko
cytes.ll 

The appearance and modification of sperm 
surface antigens begin in the seminiferous tu
bules; further modifications are likely to occur 
with the addition of seminal vesicle and pros
tate fluid and through the cellular events of 
capacitation and the acrosome reaction. The 
functions and characteristics of sperm-surface 
antigens are not well understood. Efforts to 
characterize antigens are increasing, because 
not all antigens are necessarily functionally rel
evant and not all necessarily impair fertility.!2,13 
It is known that the ability of sperm to undergo 
capacitation usually requires sperm transit 
through the epididymis.!41t might soon be pos
sible to characterize surface antigens involved 
in sperm capacitation, verify their appearance 
after epididymal transport, and demonstrate 
that antibodies to these antigens account for 
capacitation failure and infertility. Perhaps epi
didymal proteins involved in the acquisition of 
sperm motility might also be characterized in 
this fashion. Such studies will greatly enhance 
our ability to precisely define the mechanisms 
of immunologic infertility. 

Potential sites for sperm contact with the 
immune system include the rete testis and effer
ent ducts. It has been observed that the tight 
junctions between cells lining these areas are 
weak.9 It has also been observed that T
suppressor cells are abundant in between the 
epithelial cells in the rete testis, epididymis, vas 
deferens, seminal vesicles, and prostatic acini.!S 
The ratio of T-suppressor to T-helper cells in 
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these environments and the magnitude of anti
genic leak may be important factors in immune 
infertility. Further evidence for rete testis in
volvement in antigenic leakage comes from the 
experimental allergic orchitis model in which 
passive transfer of leukocytes activated by 
testicular antigens produces an orchitis in the 
recipient animal.!6 Furthermore, immune com
plexes can be observed outside the efferent 
ducts following vasectomy in rhesus monkeys.9 

On the basis of these data, one might postu
late a number of mechanisms that influence the 
development of antisperm antibodies in men. 
Four of these mechanisms were summarized by 
Witkin:!? 

1. A breakdown in the blood-testis barrier or 
other sequestration barriers, allowing sperm 
and immune elements to come into contact 
with each other. 

2. A decrease in T -suppressor cell numbers or 
activity in areas where sperm antigens might 
leak out of their sequestered environment. 

3. A deficiency in genital-tract fluid soluble fac
tors that modulate suppressor cell activity 
(e.g., interferons, prostaglandins). 

4. A deficiency in the ability of sperm cells 
themselves to suppress immune responses. 
(There is evidence that spermatozoa and 
developing sperm cells are capable of sup
pressing immune responses.!8,!9) 

The female reproductive tract must provide 
protection against invading organisms, but it 
must be tolerant of foreign antigens on sperm 
cells and the developing fetus. This subject has 
been recently reviewed by Naz and Menge20 
and provides another important mechanism 
of immunoinfertility. A detailed review of fe
male immunoinfertility is beyond the scope of 
this chapter. However, a few important points 
should be made on this subject. 

Most women do not develop antisperm anti
bodies despite coital inoculation with huge 
numbers of foreign cells. Immunosuppressive 
factors are thought to play an important role in 
this phenomenon. The majority of intraepithe
lial lymphocytes in the female genital tract 
seem to be T-suppressor cells.2! Seminal plasma 
itself contains numerous immunosuppressive 
factors,9 although these factors are probably 
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only important in the lower female tract. When 
antibodies to sperm do form despite these 
immunosuppressive factors, some failure of 
these mechanisms must occur. An erosion of 
vaginal mucosa from trauma or infection is 
one presumed mechanism of sperm antigen 
presentation. 

Etiology 

It is widely believed that conditions that disrupt 
the sequestration of sperm antigens from the 
immune system have the potential to result in 
antisperm antibody formation. However, it is 
also true that men who have no identifiable risk 
factor for immunologic infertility may develop 
antisperm antibodies. Furthermore, it is also 
true that there is no clinical event that uni
formly leads to antisperm antibody formation 
in all men. An association between antis perm 
antibodies and human leukocyte antigen 
(HLA) has been observed,22 suggesting that 
genetic factors may modulate immunologic re
sponses in men. 

Gonadal trauma has been associated with 
antisperm antibody formation.23 Iatrogenic 
trauma in the form of testicular biopsy might 
also predispose to antisperm antibody forma
tion. This possibility has been refuted24 and sup
ported.25 Testicular torsion may impair fertility, 
in part by immunologic mechanisms.26,27 Pre
pubertal torsion has no immunologic conse
quence, because sperm antigens are not yet 
present.28 

Other postulated mechanisms of antisperm 
antibody formation include obstruction,29 cryp
torchidism,30 varicocele,3! and genital tract 
infection.32 

Previous vasectomy is recognized as a lead
ing cause of clinical immunologic infertility.33 
Antisperm antibodies develop in the serum of 
approximately two thirds of men who have un
dergone vasectomy.34,35 Sperm autoimmunity 
is often seen in the first few months after a 
vasectomy,36 but may decrease to lower levels 
in the ensuing years.37 The advisability of test
ing for circulating antisperm antibodies prior to 
a vasovasostomy is controversial. Although se
rum IgG has been shown to be a good predictor 
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of sperm surface antibodies,5 the predictive 
value of serum antisperm antibodies to even
tual fertility is controversial. Alexande28 

showed diminished fertility in vasectomized 
men with sperm agglutinating antibodies in 
serum, whereas Silber39 found no such correla
tion. No clear relationship has been shown 
between the formation of sperm granulomas 
and antisperm antibodies,40 although granulo
mas may have good prognostic value, presum
ably through testicular decompression.4! 

Finally, laboratory risk factors for antisperm 
antibodies include sperm agglutination on se
men evaluation, an abnormal postcoital test in 
the presence of good-quality mucus, a normal 
semen evaluation, and fertilization failure (as in 
negative sperm-penetration assay or failed in 
vitro fertilization). An abnormal postcoital test 
may also indicate the presence of antisperm 
antibodies in the cervical mucus. The postcoital 
test may show no sperm and good-quality mu
cus or sperm stuck in mucus with a "shaking" 
type of motion.42 

Antisperm Antibody Detection 

There are now numerous tools to detect anti
sperm antibodies on sperm, in seminal plasma, 
in serum, in cervical mucus, and in any repro
ductive secretions (Table 8.2). Correlation be
tween circulating and sperm surface antibodies 
may be poor.5,43 It is assumed that sperm 
surface antibodies are biologically more rel
evant than antibodies in seminal plasma or 
serum. Circulating immunoglobulins include 
IgG, IgM, and monomeric IgA. Male genital 
tract immunoglobulins comprise the IgG and 
secretory IgA isotypes. Much has been written 
comparing assay results,44,45 and a basic under
standing of these tools is needed (Table 8.2). 

The immunobead test is widely used to detect 
sperm surface antibodies.46,47 In this test, poly
acrylamide beads are linked to isotype-specific 
rabbit antihuman antibodies. Immunobeads 
bind to the sperm surface where antibodies are 
found and, under light microscopy, the regional 
specificity is determined. Immunobeads there
fore may be used to indicate the immunoglobu
lin class and its location on the sperm surface. 
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TABLE 8.2. Assays for antisperm antibodies (ASAB). 

Name 

Immunobead test (mT) 

Sperm agglutination tests 

Description 

Polyacrylamide beads with 
isotype-specific antihuman 
antibodies bind to ASAB 

Multivalent antibodies 
cross-link sperm 
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Application 

Determines isotype and location of ASAB on 
live sperm; good sensitivity and specificity 

Mixed agglutination reaction 
(MAR) 

Sperm and red blood cells with 
surface IgG agglutinate in 
presence of anti-IgG 

Determines IgM or IgA; poor specificity due 
to possible agglutination by bacteria 
nonimmunoglobulin proteins 

Nonquantitative way to screen for sperm
surface IgG 

Sperm immobilization test Sperm cells with ASAB are 
exposed to complement and 
lose motility 

Detects IgG and IgM, not IgA 

Indirect immunofluorescence ASABs bind to fluorescent- Determines surface location for ASAB but 
specificity is poor labeled antibodies 

Enzyme-linked immunosorbent 
assay (ELISA) 

Enzyme-antiglobulin complex 
binds to ASAB; color change 
when substrate added 

Allows for quantitative determination of 
ASABs but sensitivity is poor 

The beads are used both as a direct test of 
sperm-surface antibodies and as an indirect test 
of serum antibodies after passive transfer to 
donor sperm cells. Passive transfer of anti
bodies to donor sperm is also possible using 
follicular fluid, cervical mucus, and seminal 
plasma. False-positive results are low with this 
test, but false-negative results may occur in that 
only motile cells are tested. The immunobead 
test has become one of the most clinically use
ful antisperm antibody tests.48 

Sperm agglutination tests are based on the 
principle that large, multivalent isotypes, such 
as IgM or secretory IgA, may be able to cross
link large numbers of sperm. In its simplest 
form, the agglutination test is composed of a 
mixing of test serum with sperm cells and per
forming a microscopic . evaluation of sperm 
clumping after 1- to 2-hour incubation at 37°C. 
The agglutination tests are known by several 
different names, including the tray-slide agglu
tination test (Franklin and Dukes49), the tray 
agglutination test (Friberg50), and the gelatin 
agglutination test (Kibrick et aI51). False
positive results are possible with all of these 
agglutination techniques because bacteria and 
nonimmunoglobulin proteins in semen and se
rum may cause significant sperm agglutination. 
A variation of these tests is the mixed aggluti
nation reaction,52 which was designed to detect 
antibodies directly on the sperm cells (no serum 

added). In this test, a mixture of human red 
blood cells with IgG on their surface and test 
sperm cells is combined with a rabbit anti-IgG. 
A mixed agglutination of blood cells and sperm 
cells is indicative of sperm surface IgG. The 
ensuing agglutination is macroscopic and does 
not allow for a determination of the proportion 
of sperm with antibodies or the sperm surface 
regional specificity. 

The sperm immobilization test (Isojima et 
al53) is based on the principle that sperm cells 
with surface antibodies, in the presence of 
complement, lose their ability to move. This 
test may recapitulate a mechanism of immuno
logic infertility because complement is present 
in the female reproductive tract and may inter
fere with the progression of antibody-coated 
sperm. False-positive results are rare, and this 
test therefore has high specificity. A disadvan
tage to the sperm immobilization test is a lack 
of sensitivity. IgA, which does not fix comple
ment, is not detected. Head-directed antibodies 
may also go undetected, because even in the 
presence of complement such antibodies may 
not impair motility. 

Indirect immunofluorescence54,55 is another 
method to detect antibody-bound sperm. A 
fluorescent label is attached to an antihuman 
antibody. When this antibody recognizes sperm 
surface antibodies, fluorescence is observed 
under fluorescence microscopy. This test is sen-



132 

sitive, as false-negative results are uncommon. 
The location of the antibody on the sperm sur
face can also be determined. False-positive re
sults are encountered because the method 
allows internal sperm antigens to be released. 
Internal sperm antigens are not thought to be 
related to immunologic infertility. A variation 
on this idea is the radio labeled antiglobulin as
say.56 Here the antihuman immunoglobulin is 
labeled to a radioisotope, and the washed 
sperm suspension is counted for residual radio
activity. False-positive results are possible here, 
again owing to internal antigens released from 
dead cells. When this test is applied to motile 
cells, such as in a swim-up preparation, it is 
highly specific and sensitive. It does not give 
information on the regional specificity of bind
ing or on the proportion of sperm that are anti
body bound. 

The enzyme-linked immunosorbent assai7,58 
is a calorimetric assay for antisperm antibodies. 
An enzyme is linked to an antiglobulin that 
recognizes sperm surface antibodies. When the 
enzyme is placed in the presence of its sub
strate, a color change develops that is measured 
photometrically. The methods involved in this 
assay may expose internal antigens or damage 
surface antigens; therefore, false-positive and 
false-negative results may occur. 

Mechanisms of Immunologic 
Infertility 

The rapid advances in assisted reproductive 
technology (ART) have provided the tools to 
investigate the effects of antisperm antibodies 
on fertile functions. One might hypothesize 
that antisperm antibodies could inhibit fertili
zation in three broad areas. First, sperm func
tion that occurs prior to fertilization could be 
affected. This might include sperm maturation 
in the epididymis, sperm transport through the 
cervix and uterus, and entry into the oviduct. 
Second, events around the time of fertilization, 
such as penetration of the cumulus oophorus 
and zona pellucida, as well as fusion with the 
vitellus, might be affected. Finally, the events of 
embryogenesis and embryo implantation after 
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fertilization might be influenced by sperm sur
face antibodies. To further complicate the mat
ter, the polyclonal response to sperm in men 
and women would suggest that different sperm 
surface antibodies have different effects on this 
spectrum of fertilization events. 

There is considerable evidence that sperm 
surface antibodies hinder the ability of sperm to 
enter and survive in cervical mucus.59,60 Mathur 
et al61 showed that 64% of 66 couples without 
significant sperm surface antibodies had ad
equate sperm motility in cervical mucus and 
improved fertility compared with 26% of 122 
couples with sperm surface antibodies. The im
pairment of cervical mucus penetration appears 
to be directly proportional to the proportion of 
sperm with antibodies, and IgA is a much more 
potent inhibitor of mucus penetration than 
IgG.6 It appears that the Fc portion of the anti
body molecule is responsible for the impair
ment of sperm entry into mucus. Bronson et al60 

have shown that when the Fc portion of the 
antibody is removed proteolytically, the sperm 
so treated have an improved ability to pen
etrate cervical mucus. Furthermore, Jaeger 
et al62 have shown that the Fab portion of 
antisperm IgG does not impair sperm entry into 
cervical mucus. 

Sperm survival and its migration through 
the female reproductive tract may be impaired 
by sperm surface antibodies for other reasons, 
possibly by macrophage phagocytosis and 
complement-mediated cytotoxicity.63,64 Com
plement proteins have been identified in 
cervical mucus and follicular fluid.65 Further 
problems may occur with capacitation and the 
acrosome reaction. Major antigenic differences 
exist between capacitated and noncapacitated 
sperm, but the effect of these surface antibodies 
on the capacitation process itself is unknown.66 

Ultrastructural studies of antibody-bound hu
man sperm do not show significant alteration in 
acrosomal morphology, suggesting that this is 
not an important mechanism of infertility.67 
However, Bandoh et al68 showed that sperm
immobilizing antibodies in vitro inhibit the 
acrosome reaction. Benoff et al69 showed that 
antisperm antibodies to sperm surface proges
terone receptors may impair acrosome reac
tions. There are some data that even suggest 
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a facilitation of the acrosome reaction by 
antisperm antibodies.70 

It is widely accepted that sperm surface anti
bodies have the potential to significantly impair 
sperm/egg interactions. The precise mechanism 
of this impairment is unclear. Presumably, the 
surface antibodies may cover or alter important 
sperm surface proteins. Penetration of the zona 
pellucida, for example, requires tight binding of 
the sperm to the zona surface.71 This binding is 
thought to involve specific receptors between 
the zona surface and specialized regions on the 
sperm head. Blockage of these specialized re
gions could produce fertilization failure.72- 74 

Further support for this idea comes from in 
vitro fertilization (IVF) cycles. Zouari et al75 

showed that in patients with sperm head
directed antibodies there were higher IVF fer
tilizations observed when oocytes showed good 
sperm binding, and lower fertilization rates 
when oocytes showed poor sperm-zona bind
ing. Shibahara et af6 demonstrated that sperm 
immobilizing antibodies may significantly block 
sperm-zona tight binding as measured by the 
hemizona assay (HZA). Sperm surface anti
bodies may also interfere with fusion of sperm 
and hamster vitelli.77,78 It is reasonable to hy
pothesize that human sperm and human vitelli 
may have impaired fusion events when anti
sperm antibodies are present. There is recent 
evidence from Wolf et af9 that showed that IgG 
inhibits fusion between sperm and vitellus in a 
dose-dependent fashion. IgA antibodies did 
not appear to inhibit the fusion to the same 
extent. The authors used patients undergoing 
subzonal insemination (SUZI) to make these 
observations. 

The degree to which antisperm antibody 
isotypes impair in vitro fertilization seems to be 
significantly influenced by the amount of anti
body binding and the isotype. Yeh et alSO re
viewed retrospectively 80 IVF cycles with 
sperm surface antibodies by immunobead test. 
IgA binding levels of >68%, particularly when 
head-associated, as well as IgM binding of 
>40% were particularly deleterious to IVF. 
Lower levels of IgA and any level of IgG did 
not significantly impair fertilization. Clarke and 
coworkers81 showed that high levels of sperm 
surface IgA significantly impaired fertilization 

133 

rates in IVF cycles. When the male patient had 
80% or more of his motile sperm covered with 
IgG and IgA (i.e., both isotypes strongly 
present), overall fertilization rates were only 
27%. In nine male patients with sperm surface 
antibodies but in whom <80% were coated 
with IgA antibodies, the fertilization rate was 
78%. High fertilization rates were observed in 
patients even when IgG surface binding alone 
was quite high. No problems with subsequent 
implantation and pregnancy were observed. 
Other workers have shown reduced fertiliza
tion rates in IVF cycles only when both IgA 
and IgG are present together, but no reduction 
in fertilization when only one of the two 
isotypes was present.82 The geography of sperm 
surface antibodies may be another important 
variable. Mandelbaum et al83 studied 40 
couples in IVF cycles in whom antisperm 
antibodies were present in serum, semen, or 
follicular fluid. Antibodies to the sperm tail tip 
did not adversely affect fertilization rates, and 
head-directed antisperm antibodies were simi
larly unimportant when observed in semen or 
male serum. However, head-directed anti
bodies detected in female serum reduced 
fertilization rates. A similar effect was seen 
when head-directed antibodies were detected 
in female follicular fluid. Witkin et al84 found 
that tail-directed antibodies reduced fertiliza
tion rates. Finally, the impairment of IVF suc
cess by antibodies may be additive to other 
poor prognostic indicators, such as abnormal 
morphology.85 

A detrimental effect of female circulating 
antisperm antibodies on in vitro fertilization 
has been shown,86--88 but has also been chal
lenged.89.90 Some groups have advocated 
substitution of antibody-negative serum for 
antibody-positive serum in IVF cycles.86 Fur
thermore, it is not universally accepted that 
sperm surface antibodies formed in the male 
are always deleterious. Pagidas et al89 showed 
no impairment of IVF using sperm with surface 
antibodies even when antibody levels were 
high. Human epididymal sperm with surface 
antibodies do not appear to impair IVF.91 The 
polyclonal immunologic response to sperm may 
well account for some of these inconsistencies 
between studies. 
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Little is known about the potential for 
antisperm antibodies to impair embryogenesis. 
Observations of lower rates of pregnancies and 
embryonic quality in IVF cycles exposed to 
antisperm antibodies suggest that early embry
onic development may be adversely affected.88 

Given that polyclonal responses confound 
our precise understanding of immunologic in
fertility, it follows that monoclonal antibodies 
will provide important tools to identify mecha
nisms of subfertility. Mouse myeloma cells have 
been fused with lymphocytes from an infertile 
female patient to produce an IgM monoclonal 
antibody.92 This antibody has been successfully 
used to identify an internal lactosaminoglycan 
that is a specific site for sperm immobilizing 
antibody binding. This internal protein may of
fer clues to the molecular basis for infertility in 
women who possess this antibody. Antibodies 
and antigens that result in sperm agglutination 
and immobilization93 as well as those that 
follow vasectomy94 have been characterized 
using monoclonal antibodies. Riedel et aes 

have examined the effect of specific mono
clonal antisperm antibodies on penetration 
rates of hamster ova. A monoclonal antibody 
to fertilization antigen-1 inhibits sperm capac
itation and the acrosome reaction.96 These 
types of studies will continue to offer important 
clues as to the mechanisms of immunologic 
infertility. 

Treatment 

An approach to the treatment of couples with 
immunologic infertility is summarized in Table 
8.3. Broadly speaking, treatment may be aimed 
at eliminating or disabling antisperm antibodies 
by treating patients or treating the ejaculate. 
Alternatively, assisted reproductive technolo
gies may be applied to appropriate couples to 
circumvent the detrimental effects of sperm 
surface antibodies. Many studies in the area of 
immunologic infertility treatment suffer from a 
lack of controls. Controls are critically impor
tant because antisperm antibodies impair fertil
ity but don't absolutely prevent it. 

The use of condoms to prevent female sensi
tization to sperm antigens has been advo
cated,49.97 but the effectiveness of this therapy 
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has been questioned.98 Couples use condoms 
for several months and then stop condom use 
for ovulatory coitus. No controlled studies have 
shown benefit to this therapy. 

Systemic steroids have been advocated in 
men and women to diminish or eliminate anti
sperm antibodies.99 There are several questions 
to consider in reviewing the literature on ste
roid use for immunologic infertility: (1) Which 
antibody isotypes was the study detecting, using 
what assay? (2) Were the antibodies in serum, 
seminal plasma, cervical mucus, or sperm sur
face? (3) What steroid regimen was used? (4) 
What were the outcome parameters used (e.g., 
pregnancy, antisperm antibody (ASAB) levels, 
semen analysis)? A comprehensive review of 
corticosteroid literature between 1970 and 1988 
is provided by Haas100in table form. The major
ity of studies to date have been uncontrolled. A 
discussion of some of the controlled studies is 
warranted here (Table 8.4). 

In 1985 De Almeida et allOl published a ran
domized double-blind study using 10 subjects 
with serum and seminal plasma antisperm anti
bodies detected by agglutination and "sperm 
toxicity" assays. The small group of subjects 
was randomized to placebo versus pred
nisolone, 1 mg/kg/day for 9 days; a total of 
three cycles was completed. The authors did 
not observe any effect on fertility and no effect 
was seen on serum or semen antisperm anti
bodies. They did observe a slight decrease in 
seminal plasma antibodies in the steroid
treated group. 

TABLE 8.3. Treatment of immunologic infertility. 

A. Eliminate ASAB 
1. Treat patient 

a. Barrier methods 
b. Steroid 

2. Treat ejaculate 
a. Proteolytic enzymes 
b. Immunoabsorption 
c. Magnetic isolation 
d. Dextram column 
e. Percoll gradient 
f. Immunobead processing 

B. Circumvent ASAB (ART) 
1. lUI 
2. IVF 
3. ICSI 
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TABLE 8.4. Fecundity rate per cycle and per couple with immunologic male 
infertility treated with oral corticosteroids. 

First author! Number of Number 
Year pregnancies of cycles 

Hendry179 
Treated 14 222 

Shulmanl82 
Treated 31 641 

Alexander!83 
Treated 7 76 
Control 3 100 

Haas!87 
Treated 3 66 
Control 1 50 

Hendry!90 
Treated 9 261 
Control 2 189 

Two years later Haas and Manganiello102 

studied 43 subjects whose sperm were positive 
for IgG or IgA by direct radio labeled anti
globulin assay. The design was double-blind, 
controlled, and prospective over a 3-month 
study period. Female workup was performed to 
rule out concurrent female problems. Thirty
five subjects completed the study and were 
randomized to placebo versus methylpredniso
lone. The authors treated the men during their 
partners' luteal phase, using methylpredniso
lone 96mglday x 7 days, 32mg on day 8, and 
16mg on day 9. The subjects were given three 
courses on three consecutive cycles. The 
authors did not observe any improvement in 
the semen evaluation parameters, fertility, 
or antisperm antibodies except that sperm 
surface IgG was lowered in subjects receiving 
methylprednisolone. 

The strongest data to date advocating steroid 
use in antisperm antibodies resulted from 
Hendry et al.103 This study had a double-blind 
prospective design with crossover. Forty-three 
couples with clinical infertility of at least 1 
year's duration were entered into the trial. 
To be included, the male subjects had to have 
positive mixed agglutination reaction (sperm 
surface antibodies) and positive triglutination 
tests (serum, seminal plasma antibodies, or 
both). Female inclusion criteria included one 
patent oviduct, normal ovulation, and abnor
mal postcoital test. Twenty-seven subjects 
completed the 18-month study. Subjects were 

Fecundity Number Fecundity 
per cycle of couples per couple 

0.06 47 0.30 

0.05 71 0.31 

0.09 19 0.37 
0.Q3 25 0.12 

0.045 24.125 
0.02 19 0.05 

0.03 29 0.31 
0.01 21 0.09 

randomized to prednisolone or placebo for 9 
months and then crossover occurred. The 
prednisolone dose was 20 mg twice daily on 
days 1 to 10 of the female partner's menstrual 
cycle, followed by Smg on days 11 and 12. The 
authors observed nine pregnancies in the ste
roid group and two pregnancies in the placebo 
group. Antisperm antibody levels were assayed 
in seminal plasma and were diminished by ste
roid treatment. No effect on antisperm anti
body levels was seen in serum. The semen 
analysis was minimally affected by this regi
men. The authors also point out that there was 
no difference in the two groups until after 6 
months of treatment. Sixty percent of subjects 
experienced mild steroid side effects compared 
with 19% taking placebo. 

The background fecundity of couples with 
antisperm antibodies is unknown. Table 8.4 
shows fecundity per cycle and fecundity per 
couple data from several representative studies 
in which pregnancies occurred. Small numbers 
of pregnancies in treated and untreated couples 
produce a wide scatter of fecundity data. The 
use of corticosteroids remains controversial, 
and long-term, prospective, multi-institutional 
trials would assist in evaluation of this treat
ment modality. Although rare, the devastating 
complications of steroid use, such as aseptic 
necrosis of the hip,l04 require cautious use of 
steroids in infertile couples. 

In summary, there is no consensus on the 
therapeutic benefits of steroids in immunologic 
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infertility, but data do exist that would justify 
steroid use in an informed patient willing to 
endure potential side effects, some of which 
carry significant morbidity. 

Elder et al105 provided data that suggest 
an improved fertilization and conception rate 
when antibody-positive semen was collected 
into a small volume of medium containing 
50% serum. The study was retrospective and 
not controlled. It is presumed that the serum 
inhibited the binding of antibodies to the sperm 
surface. 

The next type of treatment option would be 
the removal or alteration of sperm surface anti
bodies by means of treating the sperm directly. 
Proteolytic enzymes such as subtilisin, chymo
trypsin, trypsin, and papain have been investi
gated for this use.106 Some of these agents may 
be shown to have a beneficial effect on sperm 
dis agglutination, but a concomitant impairment 
of sperm/mucus interaction or zona-free ham
ster egg penetration may also result.107 Trypsin 
seems to improve penetration of zona-free 
hamster eggs but does not improve sperm/mu
cus interaction. An IgA protease can be used 
to improve in vitro sperm cervical mucus 
penetrating ability.60 Immunoabsorption tech
niques have also been investigated. Bronson et 
al108 had subjects collect semen in a suspension 
of freeze/thawed sonicated human sperm and 
observed improved penetration of cervical mu
cus by the sperm so treated. Kiser et al109 added 
immunobeads to sperm and allowed the sperm 
to swim up out of the bead suspension. The 
authors did not observe an improvement in 
motility or motile density and had poor recov
ery of sperm with this technique. 

Magnetic isolation of sperm has been investi
gated. Magnetic· spheres can be linked to 
immunobead complexes mixed with semen, 
and the suspension can be placed in a magnetic 
field. I09 However, separation is suboptimal and 
the motility of treated sperm deteriorates rap
idly. Magnetic separation has been observed 
to reduce the number of sperm with surface 
antisperm antibodies, 110 but the method has not 
been used in any large clinical trials. Diluted 
ejaculates have been passed through a column 
of dextran beads with improved motility and 
hamster egg penetration in sperm undergoing 
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this treatment.109 Percoll gradients have also 
been used to select antibody-free sperm,111 but 
no testing of the fertility potential of such 
sperm has yet been undertaken. 

The same immunobeads that are used to 
detect sperm surface antibodies can be used to 
lower the proportion of sperm bound with 
antisperm antibodies. ll2 Co-incubation of im
munobeads with sperm results in a decrease in 
the number of sperm bound to immunobeads. 
The decreased binding results in a transference, 
at least in part, of the antisperm antibody from 
the sperm to the immunobead.ll3 This tech
nique has not been applied clinically. 

No current technique for in vitro antisperm 
antibody processing has been shown to im
prove fecundity in a clinical setting. 

Various forms of assisted reproductive 
technology (ART) are used to circumvent 
antibodies. These techniques can be used in 
conjunction with the other treatment modali
ties discussed so far. One might consider intra
uterine insemination (lUI) as the simplest form 
of ART. lUI has been used to treat sperm sur
face antibodies. Applied without controls to 
women with serum antisperm antibodies, there 
was a suggestion of an improved pregnancy 
rate,114 similarly for sperm surface antibodies in 
men.115 A controlled study of lUI with high 
levels of sperm surface antibodies showed no 
therapeutic benefit to IUI.116 There are no con
trolled data to support lUI as a treatment for 
immunologic infertility. Also, lUI does not ap
pear to cause female serum or cervical mucus 
antisperm antibodies. ll7 

IVF is a tool to define the pathophysiology of 
immunologic infertility, particularly as it relates 
to failure of sperm/egg interaction. A separate 
but related question is whether IVF is a reason
able treatment for immunologic infertility. 
Again, a few fundamental questions must be 
kept in mind when reviewing the literature on 
IVF as a treatment option. What assay was 
used to detect the antibodies and which domain 
(serum, semen, cervical mucus) was tested? 
What antisperm antibody level was considered 
significant? 

There are considerable data to suggest that 
IVF is a reasonably good treatment option for 
antisperm antibodies. Janssen et afl8 reviewed 
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1074 antibody-negative IVF cycles, 61 IVF 
cycles with sperm surface antibodies (:::: 10% 
IBT), and 67 IVF cycles with female serum 
antisperm antibody (TAT). The authors found 
no difference in fertilization rates with female 
serum antibodies and lower fertilization rates 
only when the sperm surface antibody levels 
were >50%. There was no difference in ongo
ing pregnancy rates between the antibody
negative and -positive groups when semen 
quality was similar. The authors concluded 
that, in general, IVF provides a similar chance 
of conception in couples with or without anti
bodies unless the levels were quite high. These 
results were confirmed by Uihteenmaki.ll9 

Daitoh et al120 confirmed a lower fertilization 
rate in IVF cycles involving women with sperm 
immobilizing antibodies. However, this group 
showed that subsequent implantation and preg
nancy rates were higher in the women with 
sperm immobilizing antibodies and concluded 
that IVF is a reasonable treatment option. 
Other studies have shown decreased embryo 
quality and decreased pregnancy rates in the 
presence of female serum antibodies, using tu
bal factor as a control.88 

Even if IVF pregnancy rates for antisperm 
antibody-positive couples approach control 
levels, both cost and inconvenience of this tech
nology are considerable. Simpler and less costly 
in vitro procedures would be useful. Intracy
toplasmic sperm injection (ICSI) may offer yet 
another alternative with high pregnancy rates. 
Nagy et al121 achieved high fertilization rates 
with ICSI in 55 cycles using sperm with surface 
antibody (MAR test); compared with ICSI 
cycles using antibody negative sperm, the anti
body positive sperm seemed to improve fertili
zation rates and yield the same pregnancy rates 
but to decrease the proportion of good quality 
embryos. 

Summary 

The development of antisperm antibodies is an 
appropriate but unwelcome immune phenom
enon. The polyclonal response to sperm surface 
antigens has a variable effect on fertile func
tions and is not necessarily detrimental. How-
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ever, the most common result of immunoreac
tivity to sperm is a relative impairment in fertil
ity. This impairment may affect the spectrum of 
sperm functions all the way from entry into the 
female tract to embryogenesis. Therapy is cur
rently suboptimal, with highest success rates as
sociated with highest monetary costs. It is 
hoped lower cost sperm processing techniques 
will become available to help infertile couples 
with antisperm antibodies. Moreover, the 
complex molecular events that comprise the 
expression and recognition of sperm surface 
proteins may help unlock the mysteries of 
human fertility. 
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9 
Genetics for the Clinician 
Robert D. Oates 

Male reproductive medicine and surgery have 
seen notable advances in the past several years. 
We now possess a greater understanding of the 
basic processes that underlie development of 
the ductal system and the external genitalia. 
We are beginning to solve the mystery of sper
matogenesis and its regulation. We are even 
starting to comprehend the enormous complex
ity of the human spermatozoan. However, our 
most magnificent achievements have involved 
strategies to compensate for inherent deficien
cies in the system, such as anatomical/structural 
disease that prevents natural conception or 
inadequate spermatogenesis that essentially 
precludes paternity through intercourse alone. 
Intracytoplasmic sperm injection can overcome 
almost all potential male factors, even allowing 
for the use of sperm retrieved from the testicu
lar tissue of a man with such a low level 
of spermatogenesis that fully formed sperm 
cannot be isolated from the ejaculate but can 
only be found after an exhaustive search of the 
testicular parenchyma. However, with these 
types of therapies, both the physician and the 
couple need to completely understand the ge
netic basis of the disorder being treated. With
out this knowledge, genetic disease may be 
propagated unwittingly. 

Basic Human Genetic Concepts 

The normal human cell contains a diploid 
complement of 46 chromosomes-22 pairs of 

autosomes and 1 pair of sex chromosomes. The 
long and short arms of a chromosome are desig
nated q and p, respectively. In the male, the sex 
chromosomes consist of a Y and an X, and in 
the female two Xs are present. A male karyo
type is abbreviated 46,XY and that of a female 
46,XX. During spermatogenesis, not only is a 
motile cell formed that can deliver its genetic 
package to the oocyte, but the diploid state is 
reduced to a haploid one containing only one 
half the original number of chromosomes and 
either the X or the Y. When syngamy occurs, 
the diploid state is reconstituted from the com
bination of the haploid sperm and the haploid 
oocyte. The sex of the embryo depends on 
whether the fertilizing sperm carries an X 
or a Y. 

Embryonic Reproductive 
Development 

The testicle develops from the pnmItIve, 
bipotential gonad during weeks 5 to 7 of gesta
tion.! A gene on Yp named SRYis known to be 
one of the most important genes in the testis 
determination cascade.2 If present and func
tionally normal, and if all of the downstream 
genes are also adequate, the gonad is directed 
to become a testis. SRY is located adjacent to 
the "pseudoautosomal boundary" within Yp 
and is the "testis determining factor" (TDF).3 
The product of SRY binds DNA and probably 
regulates transcription of an autosomal or X-
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linked gene. In some cases, but not all, of pure 
gonadal dysgenesis, SRY has been found to be 
defective.4 This implies that other genes are re
quired for proper testicular differentiation.5 

Arn et al6 have mapped a sex-reversal locus 
(SRVX) to Xp21.2-p22.11. Cases of gonadal 
dysgenesis are also found in association with 
Wilms' tumor, aniridia, genitourinary abnor
malities, and mental retardation (WAGR) 
syndrome (vide infra), and campomelic 
dwarfism, implicating participating autosomal 
10ciY Ogata and Matsu09 hypothesize that 
SRY acts via suppression of SRVX, which in 
turn represses the function of an autosomal 
testis-determining gene. If SRY is normal and 
able to inhibit SRVX, repression of the autoso
mal locus is prevented, and active differentia
tion of the primitive gonad into a testis takes 
place. 

In both internal and external genital devel
opment, there may be a role for the Wilms' 
tumor 1 (WT 1) gene, as patients with the 
WAGR complex are born with aniridia, geni
tourinary malformations (cryptorchidism and 
hypospadias), and various levels of cognitive 
disability, and develop Wilms' tumor early in 
life.s The chromosomal locus underlying this 
syndrome is located at 11p13. The aniridia gene 
(AN 2) lies in close molecular proximity to WT 
1, and in cases involving a deletional defect 
AN 2 is simply lost along with WT 1, thereby 
explaining the association of aniridia with 
Wilms' tumor (1: 100 patients). There may be 
sequences within exon 1 of WT 1 that are prone 
to deletion. lO Clarkson et alll have shown that 
WT 1 is expressed in embryonic renal and go
nadal tissues, fortifying the hypothesis of 
van Heyningen et als that WT 1 may also playa 
role in genital development. An aberration in 
WT 1 may be found in cases where reproduc
tive anomalies exist in association with either 
Wilms' tumor or early-onset nephropathy but is 
unlikely to be present if the genital abnormali
ties are solitary clinical findings.ll WT 1 may 
be a transcription repressor and has 10 exons. 
Denys-Drash syndrome presents in the new
born period with ambiguous genitalia, but 
Wilms' tumor and renal failure due to mesan
gial sclerosis evolve clinically in childhood.12 

Denys-Drash syndrome is also due to muta
tions in WT 1.13 In this syndrome, the gonads 
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are typically dysgenic or an admixture of tes
ticular and ovarian tissue. 

Gonadal development itself is not testoster
one dependent. During week 8 of gestation, 
Leydig cells located between the evolving sex 
cords/seminiferous tubules begin to secrete 
testosterone. Proper morphogenesis of each 
mesonephric duct is critically dependent on 
ipsilateral testicular testosterone production. 
However, the precursors of the external genita
lia require the conversion of circulating tes
tosterone into intracellular dihydrotestosterone 
by the enzyme 5a-reductase. Both testosterone 
and dihydrotestosterone have their action me
diated by the androgen receptor thattransports 
either hormone to the nucleus and helps regu
late transcription of androgen responsive 
genes. Syndromes affecting the elaboration of 
testosterone, its conversion into dihydrotes
tosterone, or the action of either hormone re
sult in a spectrum of internal ductal and exter
nal genital virilization deficiency. As a default 
mode, if no active virilization of the external 
genitalia occurs, these genitalia will develop 
along female lines. 

Antimiillerian hormone (AMH) (miillerian 
inhibiting factor or substance [MIF, MIS)) is 
secreted by the Sertoli cell of the developing 
gonad. Its role is to actively cause regression of 
the paramesonephric (miillerian) duct-the 
precursor of the uterus, fallopian tubes, and 
upper vagina. In the normal circumstance, 
AMH will prevent any of these structures 
from developing while the adjacent meso
nephric duct, under the influence of testos
terone, differentiates into the male internal 
genitalia. 

The AMH gene has been localized to 19p13.3 
and contains 5 exons.14,15 Exonic mutations 
have been detected in patients with the persis
tent miillerian duct syndrome (vide infra). 
AMH is a 140-kd glycoprotein and a member of 
the transforming growth factor-~ (TGF-~) fam
ily. Its expression may be regulated negatively 
by androgen, as AMH secretion ceases at pu
berty, but Leydig cell testosterone production 
increases.16 AMH is posttranslationally pro
cessed, and it appears that carboxy terminus 
dimers are the biologically active moieties. 
AMH also plays a role in limiting embryonic 
Leydig cell proliferation as well as being in-
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volved in transabdominal testis migration.17 

The AMH receptor is a membrane-bound 
member of the serine-threonine kinase recep
tor family.18 Interestingly, it is expressed not 
in miillerian duct cells themselves but in 
perimiillerian mesenchymal cells.19 During duc
tal regression, the basement membrane of the 
miillerian duct detaches from the surrounding 
mesenchyme as vimentin disappears from the 
ductal epithelial cells.20 Steroidogenic factor 
(SFl) may regulate AMH secretion by "bind
ing to a conserved upstream regulatory ele
ment.,m Therefore, AMH is critical to proper 
male internal phenotypic development and 
may also playa role in peripherally regulating 
ultimate spermatogenesis. 

The Y Chromosome and the 
Azoospermia Factor 

The Y chromosome is necessary for both go
nadal development and spermatogenesis. It is 
an acrocentric chromosome (the centromere is 
located off-center at one end) and contains ap
proximately 60 million base pairs.22 There are 
two main regions: the euchromatic zone en
compasses all of Yp, the centromere, and 
proximal Y q, and the heterochromatic area 
comprises distal Y q, which is quite variable in 
length and is replicated but not transcribed23 
(Fig. 9.1). The euchromatic segment contains 
roughly 30 million base pairs and is highly 
homologous with sequences on the X chro
mosome where X-Y pairing takes place during 
mitosis and meiosis.24 SRY is found in the 
euchromatic region. The azoospermia factor 
(AZF) gene is located in euchromatic Yq. 
AZF, critical to the regulation of sperma
togenesis, was first proposed when it was 
realized that certain patients with azoospermia 
were missing sections of proximal Yq.25 
AZF was initially placed in Yqll and Reijo 
et al26 have recently posited a candidate gene 
that they refer to as DAZ (deleted in azoo
spermia). Their data suggest that DAZ is 
indeed the elusive AZF gene and that its prod
uct may bind single-stranded DNA or RNA. 
The exact function of AZF or DAZ is not yet 
known. 

Disorders of Sex Chromosome 
Structure: Gross and 
Submicroscopic 

XY Azoospermic Male 
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Cytologically detectable aberrations of the Y 
chromosome, including dicentric Y, ring Y, and 
broken Y forms, can be seen in a small number 
of men with azoospermia.25,27 Translocations 
of portions of Y to other chromosomes (both 
autosomes and X) have been noted. The 
presumption is that SRY is present and 
functional in these men, and therefore differen
tiation of the primitive gonad into a testis 
occurs. However, because the AZF region is 
absent or disrupted in some fashion, sper
matogenesis is either suboptimal or completely 
lacking, leading to severe oligospermia or 
azoospermia. 

Most men with azoospermia do not have rec
ognizable Y chromosome abnormalities and, at 
least at the level of the light microscope, there 
is no obvious cause of their spermatogenic defi
ciency. Sophisticated molecular biologic tech
niques have allowed a refinement of the AZF 
region and a way to detect submicroscopic 
deletions.28-3o For example, Reijo et ae6 have 
detected deletions of DAZ in 13% of non
obstructive men with azoospermia and believe 
that if DAZ is equivalent to AZF, the deletions 
in DAZ must interrupt its function sufficiently 
to prevent optimal spermatogenesis. DAZ 
gene microdeletions have also been found in 
subjects with severe oligospermia as well, 
implying that a DAZ gene deletion does not 
impose an all-or-none constraint on spermato
genesis. Whether a small proportion of patients 
with AZF gene-intact nonobstructive azoo
spermia will have point mutations in the gene 
as the reason for spermatogenic failure is un
known, but it is not an unreasonable assump
tion. It is also unclear if there is only one 
"spermatogenesis" gene on the Y chromosome 
or if there may be multiple genes within the 
same small area. Likely as well as that there 
are multiple autosomal genes involved in the 
process at various levels in terms of both the 
physical and temporal aspects of gonadal 
development and spermatogenesis. 
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---- Pseudoautosomal Region 
FIGURE 9.1. The human Y 
chromosome is made up of 
the euchromatic and hetero
chromatic regions. Approxi
mate locations of SRY and 
AZF are indicated. 
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Klinefelter's Syndrome 

Klinefelter's syndrome (KS) is a very common 
cause of nonobstructive azoospermia and is 
present in 1: 576 live male births.3! The classic 
clinical triad consists of small firm testes, 
gynecomastia, and azoospermia. Several other 
physical manifestations may be present, in
cluding tall stature, lower extremity varicose 
veins, obesity, diabetes mellitus, and learn
ing disabilities (mostly language skills). Re
ported rare malignancies include retroperi
toneal and mediastinal nonseminomatous 
germ cell tumors?2-34 It has been estimated 

that KS patients account for 22% of all males 
diagnosed with primary mediastinal germ 
cell tumors.35 The relative risk that a KS 
patient (adolescence to age 30) will develop 
a tumor of this type is 67 times that of a 46,XY 
male, with the absolute incidence still exceed
ingly low.33.36 There does not appear to be an 
increased risk of development of other tumor 
types.36 

The chromosomal constitution of a male 
with KS is typically 47,XXY (the pure form, 
90% of patients) but may be 46,XY/47,XXY 
(the mosaic form, 10% of patients).3? The 
extra X chromosome is as often of maternal 
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origin as it is of paternal derivation.38 Nondis
junction occurs in the first meiotic reduction 
division in 100% and 50% of paternally and 
maternally inherited cases, respectively, and 
the second reduction division is implicated 
as the source of error in 39% of maternally 
derived situations.38 

Almost all 47,XXY males are unable to re
produce by early adulthood with absent or 
markedly reduced spermatogenesis. Natural 
paternity is rarely reported in patients without 
a mosaic cell line, but those with a 46,XY / 
47,XXY chromosomal pattern often (50%) 
have some level of recognizable sperm produc
tion.39,40 With the advent of advanced reproduc
tive techniques, such as intracytoplasmic sperm 
injection, spermatozoa from the seminal fluid 
or even from the testicular tissue itself may be 
harvested and used to generate embryos.41 Cau
tion must be exercised, however, as Cozzi et a142 

have suggested that 47,XXY spermatogonia 
may actually be able to complete all of the nec
essary mitotic and meiotic steps involved in 
spermatogenesis and produce 24,XY bearing 
sperm. A 47,XXY male in whom sperm are 
able to be isolated from testicular tissue may 
only produce 24,XY spermatozoa, determining 
that all offspring will be 47,XXY. Alternatively, 
the 47,XXY patient may have a very low level 
of gonadal mosaicism such that the few sperm 
seen after searching the testicular parenchyma 
actually arise from a normal 46,XY sper
matogonium. It is unclear which mechanism 
will prove to be the one generating the few 
sperm that can be found in the testis tissue of 
47,XXYmen. 

XYY Male Syndrome 

47,XYY male syndrome occurs in approxi
mately 1 : 1000 live births.43 It is unclear whether 
the extra Y chromosome predisposes to de
creased intelligence, antisocial behavior, or leu
kemia.44,45 Most XYY men are phenotypically 
normal and do have spermatogenesis. Al
though it may cause a minor disruption, the 
extra Y chromosome is lost during spermato
genic meiosis so that neither 47,XXY nor 
47,XYY will be necessarily present in the off
spring of an affected male.46,47 
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xx Male Syndrome 

Men with azoospermia may have a 46,XX 
karyotype. The XX male syndrome occurs in 11 
20,000 live male births. Clinically, men are 
virilized, although some slight impairment 
(hypospadias, ambiguous genitalia) may be rec
ognized in up to 10%. AZF is not present in the 
genome and spermatogenesis is severely lim
ited, with most testicular biopsies revealing tu
bular sclerosis and no germinal elements.48 

SRY may exist somewhere to direct gonadal 
differentiation into a testis. This may result 
from translocation of proximal Yp containing 
functional SRY onto an autosome or x.49-51 
Because X-Y pairing takes place in this region, 
it would not be unusual to see terminal ex
changes of X and Y (Fig. 9.2). However, 
mosaicism with an undetectable Y cell line 
(perhaps only in the gonad or a portion of it) 
may be present.52,53 Alternatively, SRY may be 
completely absent from the genome but one of 
the other genes in the gonadal development 
cascade may not be functioning properly, po
tentially reSUlting in testicular, and not ovarian, 
differentiation. 

Mixed Gonadal Dysgenesis (MGD) 

A patient with MGD may present at birth with 
phenotypic female, phenotypic male, or am
biguous genitalia. Typically, there is a streak 
gonad on one side and a testis contralaterally. 
MUllerian-derived structures may be present, 
especially on the side of the streak gonad. 
Malignant degeneration of the streak gonad 
or testis may occur in up to 25% of patients 
(gonadoblastoma or seminoma dysgermino
ma). Two thirds of patients have a 45,Xl46,XY 
karyotype, one third have 46,XY, and a tiny 
percentage present with other, unusual pat
terns such as 45,Xl46,X, dic(Yp).54 The classic 
mosaic pattern is believed to arise when one 
cell line loses the Y in an early stage of embryo
genesis. The testis is often cryptorchid and as
signment of gender is predicated upon the 
extent of external masculinization. The adult 
testis most often shows a complete lack of 
germinal elements and sterility is the rule.55 
It is unclear, however, whether there may be 
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FIGURE 9.2. The pathway of testosterone synthesis. Little is known of the actual gene locus for most of the 
enzymes in the cascade. 

islands of spermatogenesis within the testicular 
parenchyma. 

Syndromes That Affect the 
Hormonal-Gonadal-End 
Organ Axis 

The hypothalamus secretes gonadotropin
releasing hormone (GnRH), which in turn 
stimulates pituitary elaboration of follicle stim
ulating hormone (FSH) and luteinizing hor
mone (LH). FSH is required by the Sertoli cells 
for optimal spermatogenesis. LH initiates and 
maintains Leydig cell production of testoster-

one. Therefore, the hypothalamic-pituitary
gonadal axis must be intact for both proper 
development during the fetal stage and sper
matogenesis postpubertally. Any defect that 
modifies testosterone production, conversion of 
testosterone to dihydrotestosterone, or the end
organ responsiveness to either may result in 
male pseudohermaphroditism, azoospermia in 
the phenotypically normal male, or anything in 
between these two ends of the spectrum. 

Kallmann's Syndrome 

Kallmann's syndrome typically presents in the 
late teenage or early adult years when the af
fected male fails to experience any pubertal 
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changes. Hypothalamic anatomy and function 
are severely abnormal with resultant complete 
lack of GnRH secretion. The pituitary (in
trinsically normal) is, therefore, not stimulated 
to elaborate either FSH or LH. The testes 
do not produce testosterone and pubertal 
virilization is absent. Spermatogenesis is not 
initiated and the size of the testes remains 
small. Kallmann's is one of the forms of 
primary hypogonadotropic hypogonadism. 
Prader-Willi syndrome (PWS) also has 
hypogonadotropic hypogonadism as one of its 
principal features, along with obesity, infantile 
hypotonia, cognitive disability, and cryptor
chidism. PWS is caused by a microdeletion 
or mutation in paternal 15qllq13 or maternal 
uniparental disomy for chromosome 15 in 
which both chromosomes are inherited from 
the mother.56 

Kallmann's occurs in 1: 10,000 to 1: 60,000 
births. Inheritance is mostly X-linked, but other 
patterns have been documented.57 The genetic 
pathophysiology that underlies the X-linked 
form of Kallmann's has been defined. The 
gene itself, known as Kalig-l (Kallmann's 
syndrome interval gene 1) maps to Xp22.3.57 
The product of Kalig-l is a neural cell adhesion 
molecule that assists in the directional growth 
and spatial orientation of the axons that will 
eventually help form the GnRH secreting 
portion of the hypothalamus.58 Deletions have 
been found in Kalig-l and point mutations 
will most likely be discovered soon.57 Associ
ated features of Kallmann's include other 
midline defects, such as anosmia and cleft 
palate. Distant anomalies also occur, including 
cryptorchidism, micropenis, deafness, craniofa
cial asymmetry, spastic paraplegia, and renal 
defects.59 Virilization can be induced with hu
man chorionic gonadotropin (hCG) (initiates 
testosterone production by the Leydig cells) or 
by parenteral administration of testosterone. 
Spermatogenesis requires both intra testicular 
testosterone secretion and Sertoli cell stimula
tion by circulating FSH. FSH may be given 
exogenously in the form of injection. Finally, 
to accomplish both purposes, pulsatile replace
ment GnRH may be used to activate pituitary 
secretion of endogenous FSH and LH. 

Bioinactive FSH, LH, 
and Their Receptors 
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As do all hormones, LH and FSH have specific 
receptors that help mediate their eventual 
effect. All must be functionally sound for 
that effect to be optimal. FSH and LH are 
heterodimers, composed of a common ex sub
unit and a unique ~ subunit. The ex subunit has 
been localized to chromosome 6. The LH ~ 
gene has been mapped to 19q13.2, and the 
FSH ~ gene resides at llpter-pl1.2.60,61 The 
FSH ~ gene lies in close proximity to WT 
1 (vide supra).62 The LH receptor gene has 
been assigned to 2p21.63 Biologically inactive 
LH may present as a phenotype reflective 
of inefficient virilization ranging from ambigu
ous genitalia to only infertility.64.65 The serum 
LH value (an immunoreactive measurement) 
should be elevated while the value for testoster
one is markedly reduced due to deficient stimu
lation of the Leydig cells. 

Isolated FSH deficiency is mentioned as 
one of the rare causes of spermatogenic 
failure. FSH cannot be detected in serum 
while LH levels are normal. Certainly this 
could result from a specific lack of pituitary 
FSH secretion but more likely reflects a 
defect in the FSH molecule itself, perhaps due 
to a mutation in the FSH ~ gene. Matthews 
et al66 described a female with a truncated 
FSH ~ subunit transcript due to homozygosity 
for a frame shift deletion in exon 3, and the 
resultant FSH was functionally inadequate. 
Conclusions from these data include the pos
sibility that men who are azoospermic or 
severely oligospermic may have high levels of 
immunoreactive, biologically inactive LH or 
FSH and replacement therapy may be war
ranted. As the ~-subunit genes become refined 
and assays for them routine, perhaps this will 
be found true in a certain percentage of men 
with azoospermia. 

LH receptor gene mutations have been 
detected in two siblings with the condition of 
Leydig cell agenesis.67 LH receptor inadequacy 
has also been found in males with pseudoher
maphroditism.68 FSH receptor anomalies may 
soon be discovered as well. 
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Errors in Androgen Biosynthesis 

The pathway that leads from cholesterol to tes
tosterone is a long and complex one, requiring 
five separate enzymes.43 Any enzymatic defect 
will lead not only to failure of testosterone syn
thesis but also to formation of all postenzymatic 
products. Figure 9.3 outlines this cascade and 
the syndromes associated with deficiency of 
that particular enzyme. Adrenal steroidogen
esis is also impaired when one of the first three 
steps in the process is imperfect, eventuating in 
one of the congenital adrenal hyperplasia syn
dromes. Affected genetic and gonadal males 
may present with incomplete masculinization. 
Most inheritance patterns are either autosomal 
recessive or X-linked. 

Androgen Insensitivity Syndrome 

If androgen production is normal but tissue re
sponse is not, syndromes reflecting deficient 
androgen action will result.69,70 Collectively, 
these are known as androgen insensitivity syn
dromes (AIS) and comprise a spectrum of con
ditions from complete lack of androgen effect 
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(CAIS) to partial androgen effect (PAIS).71,72 
All are manifestations of abnormalities (point 
mutations, deletions, etc.) in the androgen re
ceptor (AR) gene that lead to qualitative or 
quantitative defects or both in the AR protein 
itself. 

The AR gene has eight distinct exons and 
intervening introns, and it measures 90kb in 
length73 (Fig. 9.4). The AR gene maps to Xq 11-
12. The AR protein has three regions, each with 
a different, although interrelated, function. The 
entire protein consists of roughly 910 amino 
acids (the AR gene exons totaling 2730 base 
pairs ).74 Exon 1 (= 1586 bp) codes entirely for 
the AR's N-terminal transactivation domain, 
which is responsible for the regulation of tran
scription of the targeted, hormonally respon
sive nuclear gene with both activating and 
repressing functions.71 It also assists in gene rec
ognition. Within exon 1 lies an expandable 
(CAG)n trinucleotide repeat, which, when ab
normally large, may result in the AR dysfunc
tion that underlies Kennedy's disease (vide 
infra). Exons 2 (152bp) and 3 (117bp) encode 
for the DNA-binding domain of the AR, which 
is critical in the recognition of and binding to 

Steroid - Binding Domain 

11IIIIIIII liliiii 11IIIIIIII 111111111111111111111 

Exon 4 Exon 5 Exon 6 Exon 7 Exon 8 
288 bp 145 bp 131 bp 158 bp 158 bp 

Carboxy Terminus 

---------------------------------------Xq 11-12--------------------------------------

FIGURE 9.3. The androgen receptor gene with its eight exons and the three protein domains that they 
code for. 
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specific hormonally responsive nuclear DNA 
sequences termed androgen response elements 
(AREs). This domain has an N-terminal zinc 
finger (a single zinc atom bound to four cys
teine residues) important for DNA recognition 
and a C-terminal zinc finger that assists in AR 
dimerization. The third AR domain is respon
sible for coupling the AR to androgen, which, 
once accomplished, induces a conformational 
change in the ARiandrogen complex that re
sults in disassociation of the AR from several 
bound proteins, allowing for migration of the 
new complex across the nuclear membrane. A 
portion of exon 4 is also required for nuclear 
translocation.75 This steroid-binding domain is 
encoded for by exon 4 (288 bp), exon 5 (145 bp), 
exon 6 (131 bp), exon 7 (158bp), and exon 8 
(153 bp). AIS may be the phenotypic or clinical 
result or both of a defect in anyone of the three 
AR domains.74 

The severity of the phenotypic aberration 
depends on how a mutation affects AR ac
tion-the more profound the quantitative or 
qualitative resultant AR deficiency, the more 
abnormal the consequent anatomical aberra
tions are. CAIS is commonly known as "testicu
lar feminization." Under the influence of SRY, 
the primitive gonads differentiate into testes, 
the Leydig cells secrete testosterone, and the 
Sertoli cells produce mullerian-inhibiting factor 
(MIF). Due to a total paucity of androgen ef
fect, male internal ductal development is absent 
and the external genitalia develop along female 
lines. The paramesonephric duct degenerates 
under the influence of MIF so that both fallo
pian tubes, the uterus, and the upper one third 
of the vagina are also missing. Patients typically 
present at puberty for the evaluation of primary 
amenorrhea. Breast development, which is un
opposed by androgen, occurs in response to the 
estrogen secreted by the Leydig cells. After the 
full development of female secondary sex 
characteristics, the gonads should be removed, 
for fear of subsequent malignant tumor devel
opment. In PAIS, internal and external viriliza
tion may be less than normal, ranging from 
completely ambiguous genitalia to hypospadias 
alone. The most subtle form of impaired andro
gen action may be inefficient spermatogenesis 
or undervirilization. It is unclear what percent-
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age of men who are azoospermic/severely 
oligospermic have AR abnormalities.76-78 

Many gene aberrations have been detected 
in patients with CAIS and PAIS. Exonic dele
tions are rare, but point mutations causing a 
change in the ultimate amino acid sequence are 
most common.73.79-87 An exon 6 base pair muta
tion was detected in a patient who only pre
sented with a mild degree ofundervirilization.88 

Exons 5 and 7 seem to contain a high propor
tion of the total number of identified base pair 
alterations.74 Intronic anomalies leading to 
messenger RNA (mRNA) splicing inefficiency 
have been noted as well.89 As McPhaul et al90 

have shown, the same mutation may present in 
one individual as PAIS and in another as CAIS, 
indicating that there is no strict genotype/phe
notype relationship. Infants with a CAIS or 
PAIS phenotype should be evaluated for muta
tions in the Wilms' tumor gene that predisposes 
to Wilms' tumor or renal failure (Denys-Drash 
syndrome ) (vide supra ).11 Because the AR gene 
is located on the X chromosome, no direct 
transmission of the trait for PAIS, CAIS, or 
Kennedy's disease will occur if biological pater
nity is realized either through natural, inter
course or the use of ejaculated or testicular 
sperm in conjunction with the advanced repro
ductive technologies.91 However, a daughter 
of the affected individual may pass the inher
ited abnormal AR gene on to a son (the 
grandson of the original affected individual). 
This male may express either PAIS or CAIS. 
Therefore, patients with recognized AR defects 
must be counseled that it may not be that they 
will pass on only their infertility or a minor 
genital anomaly to a grandson but potentially 
they may pass on a more severe phenotypic 
manifestation. 

Spinal and Bulbar Muscular Atrophy 
(Kennedy's Disease) 

Kennedy's disease or X-linked spinal and bul
bar muscular atrophy (SBMA) is an adult
onset ex motor neuron disease characterized by 
progressive bulbar and spinal muscle weakness. 
The sensory nervous system, the pyramidal 
tracts, and the cerebellum remain unaffected. 
Symptoms first appear in the fourth or fifth de-
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cade but may arrive as early as the teen years or 
as late as the sixth decade. A majority of males 
with SBMA have significantly reduced sper
matogenesis but normal male internal and ex
ternal genital differentiation.92 

The molecular basis of SBMA is dysfunc
tional androgen receptor due to (CAG)n tri
nucleotide expansion within the transcriptional 
domain (exon 1) of the AR gene.91-95 These 
CAG repeats code for multiple glutamine resi
dues in the amino terminal portion of the ma
ture AR protein. Patients with SBMA typically 
have 40 to 55 more repeat sequences than 
normal controls, potentially affecting transac
tivation function.96-99 The affected AR also 
demonstrates decreased high affinity binding, 
implying that an altered amino terminal do
main may functionally affect the action of the 
ligand binding domain.94,98,99 MacLean et ae4 

showed a correlation between binding affinity 
and the degree of testicular atrophy. However, 
they found no correlation between repeat size 
and severity of neurologic/muscular symptoms. 
Therefore, these authors hypothesize that there 
may be two independent effects of CAG ex
pansion of the AR. The first would be an andro
gen-dependent effect leading to progressive 
testicular atrophy and gynecomastia. The sec
ond would be an androgen-independent effect 
in which the expanded AR negatively interacts 
with other cellular components, impairing or 
inhibiting them in some nonspecific way, most 
of this indirect effect manifested in spinal and 
bulbar neurons. However, the mechanism un
derlying neuronal degeneration is speculative 
at this time. 

5a-Reductase Deficiency 

Testosterone is converted intracellularly to 
dihydrotestosterone (DHT) by a 3-oxo-5a
steroid:A4-oxidoreductase termed 5a-reduc
tase. DHT is required for proper external 
genital differentiation from bipotential precur
sors. If 5a-reductase is unable to perform this 
conversion adequately, masculinization of the 
external genitalia is not complete. Because in
ternal ductal morphogenesis is only dependent 
on testosterone, the epididymis, vas deferens, 
seminal vesicles, and ejaculatory ducts are fully 
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formed. There are two 5a-reductase isoenzyme 
genes known as SRD5Al and SRD5A2. The 
active form is SRD5A2 and has 5 exons and 4 
introns, and it maps to 2p23.100 This gene codes 
for the 254 amino acid reductase enzyme. A 
variety of mutations in SRD5A2 have been de
tected in patients with the 5a-reductase defi
ciency syndrome.101 The syndrome has an 
autosomal recessive pattern of inheritance. The 
external genitalia are incompletely masculin
ized, with varying degrees of hypospadias.lOz 
DHT levels are markedly depressed. Sper
matogenesis may still be adequate, but the 
ejaculatory dysfunction created by the ana
tomical abnormalities is most responsible for 
the reduction in fertility these patients experi
ence. Patients raised as females often change 
their gender role at puberty secondary to the 
increased levels of effective testosterone. 

Syndromes That Affect the 
Morphogenesis of the Internal 
Ductal System 

The internal male reproductive ductal system 
comprises the seminiferous tubules, rete testis, 
efferent ductules, epididymal tubule proper, 
the vas deferens, the seminal vesicle, and the 
ejaculatory duct. Three separate embryologic 
precursors must not only form normally but 
also must join and establish patency so that the 
flow of sperm is uninterrupted from the testis to 
the prostatic urethra. Syndromes that affect 
ductal development may have a genetic basis 
and often result in azoospermia. With treat
ment options, such as direct microsurgical 
sperm aspiration in conjunction with intracyto
plasmic sperm injection, it is important to un
derstand the genetic bases for these various 
conditions prior to proceeding with therapy 
in order that the afflicted couple can be edu
cated about the chances of transmission. Vasal 
aplasia is found in three clinical disorders: 
cystic fibrosis (CF), congenital bilateral ab
sence of the vas deferens (CBAVD), and con
genital unilateral absence of the vas deferens 
(CUA VD). CBA VD and CF both present 
with bilateral absence of the vasa deferentia, 
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although there is some overlap with unilateral 
absence. 

Congenital Bilateral Absence of 
the Vas Deferens 

Clinical CF is the most common lethal disease 
with autosomal recessive inheritance present in 
Caucasians of Northern European descent with 
an incidence approaching 1 in 2500 along with a 
carrier frequency of 1 in 25.103 Obstructive de
bilitating pulmonary disease and exocrine pan
creatic dysfunction are the two most prominent 
features of CF and are not present in patients 
with CBA YD. As Anguiano et a1104 initially 
pointed out, CF and most cases of CBA VD are 
two ends of a genotypic/phenotypic spectrum 
resulting from mutations in the CFTR gene. 

The CF gene encodes for a protein known as 
the CF transmembrane conductance regulator 
(CFTR).1t is located at 7q31, is 250kb in length, 
and comprises 27 exons, intervening introns, 
and various other regulatory elements. !Os 

Greater than 500 CF gene mutations have been 
identified (CF Genetic Analysis Consortium). 
LW508 is a three-base pair deletion in exon 10, 
which accounts for approximately 70% of 
CFTR mutations worldwide106,107 and is catego
rized as a "severe" mutation. Patients homozy
gous for LW508 have serious respiratory and 
gastrointestinal dysfunction. If a "mild" muta
tion occurs in conjunction with a "severe" mu
tation in the opposite CF gene (compound 
heterozygote), the "mild" mutation is domi
nant in determining phenotypic expression. By 
implication, if a patient has CF diagnosed due 
to either pulmonary or pancreatic disease, the 
combination of mutations must be relatively 
"severe" in terms of overall CFTR dysfunction. 
Nearly all males with CF lack vasa bilaterally. !Os 

CFTR is responsible for the regulation of chlo
ride ion efflux/influx across epithelial cell mem
branes. When CFTR is dysfunctional, thick and 
viscous luminal fluids occlude the respiratory 
and pancreatic ductal systems. Hypothetically, 
a proper electrolyte and fluid milieu, as occurs 
when a certain critical threshold of normal 
CFTR quantity is superseded, must be present 
for vasal morphogenesis to be optimal; other
wise, vasal agenesis may result.109 
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CBAVD occurs in 1.4% of males with 
azoospermia. The seminal vesicles (also deriva
tives of the mesonephric ducts) are atrophic, 
absent, or hypoplastic and nonfunctional. The 
caput epididymis, however, is uniformly pres
ent, as it derives from a different embryologic 
precursor than the remainder of the epididymis. 
The diagnosis of CBA VD is secure when the 
semen volume is low, the pH is acidic, the vasa 
are nonpalpable on physical examination, and 
the epididymal remnants are firm and ob
structed. In those patients with detectable CF 
mutations (vide infra), no renal anomalies are 
usually discovered, although up to 40% of pa
tients with no CF mutations upon analysis 
will demonstrate unilateral renal agenesis. 
Scrotal exploration is not required to diagnose 
CBAVD. If CFTR function is compromised to 
a lesser degree than that seen in patients with 
CF, CBA VD may be the only manifestation of 
that dysfunction as approximately 60% to 80% 
of patients with CBA VD will have at least one 
CF mutation identified (15% compound het
erozygotes, 65 % simple heterozygotes, and 
20% with no detectable mutation).l1O In patients 
in whom only one mutation has been identified, 
the opposite gene may possess a cryptic exonic 
mutation or a mutation/polymorphism in a 
"regulatory" region, such as a promoter or one 
of the many introns leading to quantitatively 
reduced amounts of potentially normal CFTR 
protein. Chillon et al111 have shown that the 
most common genotype present in their 
CBA VD population was a combination of a 
recognized mutation in one CF copy, and the 
other copy possessed the 5T allele variant in 
intron 8 that quantitatively reduces the amount 
of normal CFTR ultimately derived from that 
particular gene. These data dramatically in
crease the percentage of CBA VD patients that 
are found to have "abnormalities" in both CF 
genes and strengthen the argument that CFTR 
dysfunction is implicated in a high proportion of 
CBA VD cases. If the level of properly function
ing CFTR drops below 10%, phenotypic signs 
begin to occur. It appears that vasal malde
velopment may be the most sensitive expression 
of CFTR dysfunction. Therefore, a great per
centage of patients with CBA VD will have an 
autosomal recessive pattern of inheritance. 
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Of the 20% or so of CBA VD patients with 
no presently detectable alterations in the CF 
gene, there are two potential explanations. 
Some patients may harbor two undefined CF 
gene alterations, but others may possess an
other etiology altogether for their vasal aplasia 
that is unrelated to CF gene status, as suggested 
by Augarten et al112 as well as by Mulhall and 
Oates,113 and may be related to improper mor
phogenesis of the early mesonephric duct. If 
the mesonephric duct is developmentally af
fected prior to week 7 of gestation, both ure
teral and reproductive ductal derivatives may 
be deficient and lead to vasal and renal agen
esis. Because so few patients with CBA VD 
with CF mutations have renal anomalies of 
position or of number, it is likely that CFfR 
abnormalities do not compromise the morpho
genesis of the mesonephric duct proper prior to 
the critical time of separation of the two por
tions. Therefore, CBA VD may have two dis
tinct etiologies, distinguishable both genetically 
(the presence or absence of CFfR gene aberra
tions) and phenotypically (the presence or ab
sence of renal agenesis or ectopy). If improper 
mesonephric ductal morphogenesis is geneti
cally determined, transmission may be possible 
in either an autosomal recessive or dominant 
mode. 

If a second genetic mechanism does exist that 
affects the development of the mesonephric 
ducts prior to week 7 of gestation, the most 
severe manifestation comparable with life 
would be bilateral vasal aplasia and unilateral 
renal agenesis. Any patient with this anatom
ical combination and no CFfR mutations 
detectable should have counseling prior to 
attempts at conception and have prenatal 
ultrasonography to detect renal anomalies in 
the offspring, including the potential for bilat
eral renal agenesis. 

Congenital Unilateral Absence 
of the Vas Deferens 

CD A VD is defined when only one scrotal vas 
deferens is palpable. If the palpable vas defer
ens is patent from its origin to its termination at 
the confluence with the duct of the seminal 
vesicle to form the ejaculatory duct, it is un
likely that a CF mutation will be detected. How-
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ever, if the palpable vas abruptly terminates in 
either the inguinal or pelvic region, CF muta
tion analysis will reveal a mutation in over 90% 
of patients. Therefore, if the anatomical pa
tency of the vasa is disrupted bilaterally (CF, 
CBA VD, CVA VD with pelvic or inguinal oc
clusion of the existant vas, or both), most pa
tients will harbor mutations in their CF genes. 114 

For patients with CF, CBA VD, or CVAVD, 
prior to microsurgical sperm aspiration to re
trieve sperm for intracytoplasmic sperm injec
tion each patient and his partner should have 
CF mutation analysis to define and provide an 
estimate of their risks of transmitting CFI 
CBA VD to any offspring.1l5 If both are positive 
for mutations, then amniocentesis or chorionic 
villous sampling are options to elucidate the 
genetic status of the fetus. Pre implantation ge
netic diagnosis of each embryo has been re
ported with uterine transfer of only those 
embryos that are not at risk for CF or 
CBAVD.ll6 

Young's Syndrome 

Young's syndrome is often confused with either 
immotile cilia syndrome or cystic fibrosis. It is a 
condition that combines bronchiectasis and 
sinusitis with obstructive azoospermia second
ary to inspissated epididymal secretions. Most 
commonly, this occlusion occurs at the junction 
of the corpus and caput. The obstructive pro
cess may not become clinically manifest until 
after pregnancy has been achieved, distinct 
from CBA VD in which the anatomical defect is 
present at birth.ll7 Spermatozoa are motile and 
capable of fertilization and the vasa are ana
tomically and structurally normal, distinguish
ing Young's from immotile cilia syndrome and 
CF, respectively.118 Wilton et al,119 however, 
debate this point and claim that axonemal sub
structure may show subtle defects. Therefore, 
whether Young's is caused by a primary ciliary 
or by mucus abnormality is still unclear. No 
specific pattern of inheritance has been defined. 
Two conflicting reports exist as to whether 
Young's is actually a mild form of CF. Hirsch et 
al120 found LW508 in 217 patients with Young's 
syndrome, but Le Lannou et al,J21 in a more 
extensive study, did not find any CF mutations 
upon analysis of 12 Young's syndrome patients. 
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Hendry et al122 have proposed a completely dif
ferent potential etiology related to childhood 
mercury exposure. Treatment options include 
vasoepididymostomy or microsurgical epididy
mal sperm aspiration or both. 

Persistent Mullerian Duct Syndrome 

Persistent mtillerian duct syndrome (PMDS) is 
a rare condition in which mtillerian duct
derived structures remain in an otherwise phe
notypically normal male. External genital and 
internal ductal development occur along male 
lines so that testes, epididymides, vasa deferen
tial, seminal vesicles, prostate, scrotum, and 
penis are all present. However, the testicles are 
often cryptorchid, tethered by a uterus and fal
lopian tubes that are mature derivatives of the 
embryonic mtillerian (paramesonephric) ducts. 
The condition is first detected when these 
anomalous structures are discovered at the 
time of hernia repair or orchidopexy or both.123 

Transverse testicular ectopia, in which both tes
tes reside in the same hemiscrotum, may occa
sionally OCCUr. 124-126 Surgery is aimed at bringing 
the testes into the scrotum, but the mtillerian 
duct remnants need not be detached from the 
vasa, as this may compromise vasal integrity or 
vasal blood supply.126 Spermatogenesis is usu
ally normal so that iatrogenic vasal injury may 
preclude natural conception. 

Patients with PMDS have a normal 46,XY 
chromosomal constitution. PMDS is the pheno
typic consequence of abnormalities in AMH, 
the AMH receptor, or the timing of AMH re
lease during gonadal and reproductive ductal 
morphogenesis.127 Mutations in the AMH gene 
have been detected in patients with PMDS.128.131 

Transmission of PMDS is thought to be autoso
mal dominant with sex-limited expression, but 
the exact genetic pattern may depend on the 
molecular etiology (AMH or AMH receptor 
defect). 

Syndromes That Negatively 
Affect Sperm Function 

Spermatozoa must do many things properly to 
be considered functionally competent. Motility 
must be directional and sufficiently rapid. Pen-
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etration of the outer investments of the oocyte 
must occur. Deposition of the nucleus and cen
trosome into the egg cytoplasm is required for 
proper early embryo development. Any defect 
in the structural components or the intrinsic 
biochemical actions of the sperm may result in 
failure of any or all of these sequential steps. 
Considered below are disorders of motility that 
severely limit biologic paternity in the man so 
affected. 

Syndromes of Primary Ciliary 
Dyskinesia 

The primary ciliary dyskinesias (PCD) (also 
known as the immotile cilia syndromes) are a 
diverse group of clinical syndromes resulting 
from abnormalities in the axoneme (motor ap
paratus) of ciliated cells. PCD occurs in appro
ximately 1: 16,000 live births.132 Kartagener's 
syndrome is a specific PCD characterized by 
chronic sinusitis, bronchiectasis, situs inversus, 
and immotile spermatozoa. Secondary to the 
consequent respiratory pathology, PCD is typi
cally diagnosed in childhood but may be first 
considered in the young adult. 133 Any organ 
with active, beating cilia or a framework sup
ported by a nonfunctional axonemal substruc
ture may be affected, including the fallopian 
tube (result: reduced fertility), middle ear (re
sult: deafness; vide infra), cerebral ventricle, 
retina (result: retinitis pigmentosa), and sper
matozoa (result: immotile sperm).134 Ineffective 
or absent sperm motility results in male factor 
infertility, although the sperm counts are nor
mal and the viability is adequate. Morphology 
may be quite bizarre if the axonemal substruc
ture is unstable or missing altogether. The 
sperm nucleus is unaffected and intracyto
plasmic injection of sperm may be the most 
appropriate treatment option. Subzonal sperm 
insemination has been shown to result in em
bryo development, but no pregnancy.135 

Inheritance of the PCD syndromes is pre
dominantly autosomal recessive, although a 
case illustrating autosomal dominant or X
linked transmission has been described.136 Be
cause there are at least 200 to 300 separate 
proteins required for proper assembly and 
function of the sperm tail, defects in axone mal 
ultrastructure are potentially numerous. The 
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sperm tail is divided into three portions.137 The 
middle piece originates from the neck or con
necting piece and terminates in the annulus. 
The axoneme (vide infra) is surrounded by nine 
distinct outer dense fibers (ODF), each of 
which is intimately related to one of the outer 
doublet microtubule pairs. Surrounding the 
ODFs is a circumferential band of helically 
oriented mitochondria. The principal piece 
continues on from the annulus, and the mito
chondria are replaced by a fibrous sheath that 
now encloses the ODFs and the axoneme. The 
fibrous sheath consists of two longitudinal 
bands that run the length of the principal piece 
and are supported by bridging ribs. These col
umns replace ODFs 3 and 8. The fibrous sheath 
is thought to allow movement only in the plane 
perpendicular to its longitudinal axis. The 
sperm tail terminates in the end piece. The ax
oneme is the adenosine triphosphate (ATP)
driven motor of the sperm cell. Its structure is 
highly conserved across vertebrate and inverte
brate species. Nine outer doublet pairs encircle 
two central single tubules. Each doublet pair 
consists of an A tubule and a B tubule.l38 The A 
tubule is made up of 13 protofilaments that 
themselves are formed from alternating (X and ~ 
tubulin subunits. The ~ tubule has 10 or 11 
protofilaments and rides on the back of the A 
tubule. Inner and outer dynein arms extend out 
from the A tubule, reaching for the posterior 
aspect of the B tubule of the next doublet pair. 
Dynein is actually a group of proteins that, in 
aggregate, possess adenosine triphosphatase 
(ATPase) activity and provide the energy for 
microtubule sliding that is the mechanism of 
movement generation. In Chlamydomonas, 
each dynein arm has at least 10 subunits with 
none being common to both arms.139 The outer 
arm consists of three heavy chains, two inter
mediate chains, and several light ones.139 The 
inner arm is also complex and probably most 
responsible for movement, especially the beat 
frequency.l40 As Kamiya139 points out, different 
dynein heavy chains possess "different proper
ties as mechanicochemical transducers." Radial 
spokes also originate from the base of the A 
tubule to make connection with the inner cen
tral twin tubules.l41 They consist of a head and a 
stalk, which contain, in total, several protein 
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species. Nexin also links the A and B tubules in 
a direct fashion. 

Described aberrations of the axoneme in 
men with PCD include absence of the inner or 
outer dynein arms or both, structural defects of 
the outer doublet, disarrangement or absence 
of the radial spokes, and missing central tu
bules.l34 Short or stump tail syndrome may be 
a manifestation of a severe axonemal defect, 
either in directed growth or in stability. 
Polycystic kidney disease has been noted in a 
patient with immotile cilia syndrome.142 No spe
cific mutations in the human have as yet been 
recognized to account for cases of PCD or 
morphologic tail abnormalities. Narayan et al136 
found no gross abnormalities of chromosomes 
12,14, or X chromosome in a PCD patient and 
her affected male child by cytogenetic and 
fluorescent in situ hybridigation (FISH) analy
sis. Autosomes 12 and 14 are syntenic with 
mouse chromosomeS 6 and 12, on which muta
tions have been found that result in a PCD 
phenotype. Kaplan et al143 believe that there 
may exist a gene at 14q32 that is required for 
normal ciliary function. Phillips et all44 describe 
a case that appears to show defective somatic 
cilia (absence of the dynein arms) but normal 
spermatozoal axonemes, perhaps due to differ
ential gene expression in the different organ 
systems. During early development, ciliated 
cells help direct the orientation of asymmetric 
structures, such as the heart and abdominal or
gans. The normal ciliary beat causes the em
bryo to twist in a right helical fashion, shifting 
the heart to the left side. If this ciliary action is 
deficient, chance alone determines left-right 
orientation.145 

Retinitis pigmentosa (RP) is a genetically 
and phenotypically heterogeneous disease 
characterized by progressive loss of night and 
peripheral field vision. Autosomal dominant, 
autosomal recessive, and X-linked forms have 
been described.l46 The autosomal dominant 
form may be caused by mutations in anyone of 
seven different genes. X-linked RP has had at 
least two responsible loci identified. Many 
forms of autosomal dominant RP are associ
ated with defects in rhodopsin and peripherinl 
RDS;147 at least one form of X-linked disease 
may be associated with defects in axonemal 
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substructure/48 and males with RP3 have been 
described having immotile cilia.149 Usher's syn
drome (US) is an autosomal recessive disorder 
characterized by hearing loss and RP as well as 
by vestibular dysfunction; it is a subtype of RP 
and has multiple subforms. 

US accounts for 3% to 6% of deaf children 
and is present in 4.4/100,000 people in the 
United States. Three broad subdivisions of US 
exist.1so Type 1 (USH1) is the most severe, 
with congenital deafness, early onset RP, 
and vestibular dysfunction. Three subsets 
are distinguished genetically with linkage 
to USH1A-14q32/51 USH1B-llq13.5;152 
USH1C-llp15.1.153 Type 2 (USH2) is milder 
in its severity, with moderate deafness and a 
late onset of RP. USH2A maps to 1q41154 but 
the approximate gene locus of USH2B is unde
termined. Type 3 (USH3) has progressive hear
ing loss, pubertal onset of RP, and vestibular 
hypoactivity, and maps to 3q21q25.155 

It is known that auditory, vestibular, and 
photoreceptor cells develop from ciliated pre
cursors.156 Mature photoreceptor and vestibular 
cells contain nonmotile ciliary structures but 
spermatozoa contain functionally motile ax
onemes. Therefore, it would not be unusual if a 
global ciliary abnormality would be found to 
underlie the defect responsible for the diverse 
system pathogenesis found in Usher's syn
drome. Because the axoneme comprises over 
200 different proteins, there are numerous pos
sible genetic aberrations that could lead to phe
notypic axonemal/ciliary dysfunction and 
consequent disease in any or all of these sys
tems. Hunter et al157 studied the sperm tail ax
oneme in 10 patients with USH2 (nine men) 
and USH1 (one man) and concluded that the 
sperm motility and velocity were decreased in 
the patient group as compared with the control 
group; light microscopic morphologic sperm 
tail abnormalities were seen in increased num
bers versus controls; transmission electron mi
croscopy imaged an increase in defective tail 
axonemes in the sperm of their study popula
tion as well as in the photoreceptor cilia of a 
patient with US. Their study suggests that the 
recognized pathology arises from an inherently 
unstable axoneme that eventually collapses 
upon itself. Hunter et all48 also found a similar 
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sperm and photoreceptor defect in patients 
with X-linked RP. Photoreceptors are nonre
newing cells and would, theoretically, accumu
late progressive damage to their substructure 
over time, which may be the reason for the later 
onset of RP in these patients. USH1B appears 
to be related to a defect in a type VII myosin 
involved in the axonemal motor apparatus as a 
cytoskeletal protein.158 

The fact that the phenotypic manifestations 
of an axonemal defect may be so different (im
motile spermatozoa and respiratory disease but 
no retinal/auditory dysfunction or normal res
piratory status in a patient with Usher's syn
drome) implies that the specific defect (? 
mutation) that affects a single component of 
the axonemal substructure may affect the cilia 
in such diverse ways that each ciliary-depen
dent system responds in a unique fashion. For 
example, auditory and retinal photoreceptor 
cells are nonmotile, but those lining the respira
tory tree and spermatozoa are motile. Hypo
thetically, if an axonemal aberration affects 
only those aspects concerned with motility and 
not with structural integrity, perhaps only 
sperm and respiratory cilia will be affected, 
whereas auditory and photoreceptor cells will 
be spared. 

Nonspecific Syndromes with 
Variable Effects on the 
Reproductive Axis 

Noonan Syndrome 

Noonan syndrome (NS) is characterized by 
phenotypic features similar to those found in 
Ullrich-Turner syndrome and include pulmo
nary stenosis, hypertrophic cardiomyopathy, 
short stature, webbing of the neck, low set 
ears, hypertelorism, cubitus valgus, bleeding 
diatheses, sternal deformities, and learning and 
behavioral difficulties.159.160 NS is occasionally 
referred to as male Turner syndrome, although 
the inheritance pattern is autosomal dominant 
with both normal male (46,XY) and female 
(46,XX) karyotypes found in affected persons. 
In up to 50% of cases, some clinical aspects of 
NS will be apparent in one of the parents. No 
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increased parental age effect has been no
ticed.161 No specific chromosomal locus has 
been rigidly defined, although Jamieson et al162 
and Robin et al163 suggest that one may be lo
cated on 12q. Cryptorchidism occurs in up to 
77% of males with NS and predicts poor sper
matogenic potential with appropriately el
evated serum FSH values.161.164,165 Erectile 
function and libido are normal. In males with
out cryptorchidism, biologic paternity is likely. 
Pubertal onset may be delayed in a small per
centage of males.165 

Myotonic Dystrophy 

Myotonic dystrophy (DM) is a common form of 
inherited adult muscular dystrophy with a 
prevalence of 1: 1800.166 Muscle weakness, 
myotonia, cataracts, arrhythmias, and hypo
gonadism are prominent manifestations of this 
disease. Mental retardation occurs in congeni
tal forms. 

DM is caused by the expansion of an un
stable CTG trinucleotide repeat sequence lo
cated in the 3' UTR of the DM protein kinase 
gene on chromosome 19. Anticipation occurs in 
which the disease severity increases, and the 
age of onset decreases with each passing gen
eration as the size of the CTG repeat grows 
larger (up to 2000 copies).167 Other trinucle
otide repeat disorders include Kennedy's dis
ease (vide supra), Huntington's chorea, and 
fragile X syndrome. Transmission is typically 
maternal, although paternal passage has been 
documented. l68 The reason for this apparent 
discrepancy can be found in the reduced fertil
ity in males with DM, severely reducing their 
ability to pass the disorder along. Spermatogen
esis is significantly reduced in males with 
DM, and it appears that the size of the CTG 
repeat indirectly correlates with the level 
of spermatogenic failure. 169 Vasquez et al170 

examined 70 men with DM and found that 66% 
had testicular atrophy. Oligospermia and 
azoospermia were reported in 12 and 8 pa
tients, respectively, out of 27 who provided se
men samples. Testicular biopsy in 45 patients 
showed severe spermatogenic deficiency in 
71 %. The greater the size of the expansion, the 
worse the level of sperm production. FSH val-
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ues elevated proportionally, implicating a pri
mary testicular cause as the etiology of the re
duced spermatogenesis.l7l Sertoli cell function 
as it relates to inhibin production appears in
tact, but the inhibinIFSH axis may be slightly 
disrupted. 172 

Although expansion occurs in both somatic 
and germ line tissues as the patient ages, early 
embryonic cell division in a conceived offspring 
also drives expansion so that the child may be 
more severely affected than the parent. Male 
germ-line contraction of the repeat may actu
ally transpire as well.173 Jansen et al174 found 
that there was a wide expansion range in the 
sperm of males with small or intermediate ex
pansions in the blood, but similarly sized or 
smaller increases were detected in the sperm of 
males with large somatic expansions (>700 re
peats). Therefore, DM patients are gonosomal 
mosaics in which the genetic constitution of the 
germ-line is different from that of somatic cells. 
These authors also reported that the offspring's 
CTG repeat length was significantly different 
from the expansion size found in the father's 
sperm, implying that early embryonic somatic 
and germ-line CTG length increases.174 

Conclusion 

It may not be wise or appropriate for patients 
with hereditable disorders of phenotype to con
ceive, especially if the manifestations in the off
spring are potentially worse than in the parent. 
By defining the condition and its responsible 
genetics, clinicians can provide valuable infor
mation to the couple, allowing them to make an 
informed reproductive choice. For some men, 
the knowledge that their situation is one of an 
autosomal recessive pattern and that their part
ner is not a carrier will eliminate the uncer
tainty of passage to an offspring and can 
alleviate some of the fears of paternity. 
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10 
Medical and Endocrine Therapy 
of the Infertile Male 
Rebecca Z. Sokol 

The differential diagnosis of male factor infer
tility can be subdivided into four major diag
nostic categories: (1) irreversible germ cell 
failure, (2) hypogonadotropic hypogonadism, 
(3) anatomic defects, and (4) idiopathic in
fertility. Therapies for germ cell failure and 
hypogonadotropic hypogonadism are clearly 
delineated. Anatomic defects are surgically 
corrected. A specific therapy for idiopathic in
fertility has yet to be defined, but a number 
of medical therapies have been proposed for 
its treatment. Because of the heterogeneity 
of the disorders that fall into this category, 
specific etiologic factors for each are not yet 
defined, which prevents identification of 
specific therapies. No single empiric medical 
therapy proposed has proven efficacious when 
studied in a controlled, prospective fashion. 
Placebo-controlled trials are necessary because 
the treatment-independent pregnancy rate is 
30% in 1 year.! A 30% improvement in preg
nancy rate in a noncontrolled study is therefore 
meaningless. 

Treatment Options 

The selection of a treatment regimen for 
the infertile man depends on the history, 
the underlying endocrine abnormality that 
may be contributing to the infertility, and the 
patient's semen analysis (Tables 10.1 and 
10.2). 
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Irreversible Germ Cell Failure 

Men with irreversible infertility can be subdi
vided into two major groups: (1) men with sper
matogenic failure who present with elevated 
serum follicle-stimulating hormone (FSH) lev
els, normal luteinizing hormone (LH) and tes
tosterone levels, and small testes; and (2) men 
who present with classic hypergonadotropic 
hypogonadism identified by elevated gonado
tropins, low testosterone, and azoospermia. 
Klinefelter's syndrome (47,XXY), occurring in 
approximately 0.2% of adults, is the most com
mon cause of hypergonadotropic hypogonad
ism. At present, there is no therapy available 
for the treatment of infertility in these two 
groups of men. Artificial insemination with 
donor (AID) semen or adoption are the rec
ommended options.2 The combination of 
intratesticular sperm aspiration along with 
intracytoplasmic sperm injection or round sper
matid nuclear injection (ROSNI) may revolu
tionize the treatment of the male with testicular 
failure. 3 

Men with hypergonadotropic hypogonadism 
should be treated with androgens to maintain 
their secondary sexual characteristics.4 The 
traditional replacement dose is testosterone 
enanthate 200mg intramuscularly every 10 to 
14 days (Fig. 10.1). An alternative dosing 
method now available is a transdermal thera
peutic system consisting of a polymeric mem
brane containing 5 to 10mg of testosterone that 
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TABLE 10.1. Hormone therapy. 

Hypergonadotropic hypogonadism (androgen 
replacement) 

Intramuscular testosterone ester, 200mg q 10 to 14 
days 

Transdermal patch 5-10mg q 24hrs 
Hypogonadotropic hypogonadism (spermatogenesis 

stimulation) 
hCG, 1500-2000IU 2-3X/week for up to 24 weeks 
If poor return of spermatogenesis add 

hMG, 75IU 2-3X/week for up to 24 weeks 
or 

GnRH 5-20llglpulse every 90-120 minutes via 
portable pump 

is applied to the scrotal skin every 24 hours.5,6 

The advantage of this method is that physi
ologic levels of serum testosterone are main
tained (Fig. 10.2).6 

Hypogonadotropic Hypogonadism 

A small number of infertility patients carry the 
diagnosis of hypo gonadotropic hypogonadism. 
Men with hypogonadotropic hypogonadism are 
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TABLE 10.2. Empiric medical treatments for idio
pathic oligospermic. 

Testosterone 
Low dose 
Rebound therapy 

Gonadotropins 
LH 
FSH 

GnRH 
Antiestrogens 

Clomiphene citrate 
Tamoxifen 
Testolactone 

Corticosteroids 
Others 

Vitamins 
Minerals 
Antioxidants 
Kallikrein 
Pentoxyfylline 
Thyroid hormone 
Bromocriptine 

deficient in LH and FSH secretion. As a result, 
these men are also deficient in testosterone and 
spermatogenesis. The congenital form of this 
disorder, Kallmann's syndrome or idiopathic 
hypogonadotropic hypogonadism, is an ab
normality of the secretion of gonadotropin
releasing hormone (GnRH). Acquired causes 
include tumor, infection, infiltrative diseases, 
and autoimmune hypophysitis. The exclusion 
of coincident pituitary deficiencies and appro-
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FIGURE 10.1. Mean and standard error of testosterone levels in eugonadal and hypogonadal men before and 
at various time intervals after an intramuscular injection of 200mg of testosterone enathate. (From 
Cunningham GR, Cordero E, Thomby 11. "Testosterone Replacement with Transdermal Therapeutic Sys
tems." lAMA 1989: 2526.) 
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priate radiologic investigation is required prior 
to initiation of therapy for fertility. Prolactin
secreting tumors may require surgery, treat
ment with dopamine agonists, or both.? 

Spermatogenesis can be initiated and preg
nancies achieved in many of these hypogonado
tropic hypogonadal men when they are treated 
with exogenous gonadotropins or GnRH. Se
lection of the type of hormonal therapy as well 
as its ultimate success depends on the severity 
of the defect. The most frequently prescribed 
preparations are human chorionic gonado
tropin (hCG) and human menopausal gonado
tropin (hMG). 

The usual first-line drug for the treatment of 
nonhyperprolactinemic hypogonadotropic hy
pogonadism directed toward the restoration of 
spermatogenesis is a course of hCG. Human 
chorionic gonadotropin is comparable to LH 
in that it stimulates Leydig cell secretion of 
testosterone and estradiol. Treatment with 
hCG alone in patients with partial gonadotro
pin deficiency may increase sperm counts 
and result in pregnancies.8 The degree of re-

OFF 

~ 
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FIGURE 10.2. The time course 
of the mean (± SE) serum 
testosterone concentrations in 
six hypogonadal men in the 22 
hours following the application 
to the scrotum of thin flexible 
membranes containing 0, 5, 10, 
or 15 mg testosterone and in 
the 2 hours after their re
moval. The arrows indicate 
when the membranes were 
applied (ON) and removed 
(OFF). (From Sokol RZ, 
Palacios A, Campfield LA, 
Saul C, Swerdloff RS. "Com
parison of the kinetics of 
injectible testosterone in 
eugonadal and hypogonadal 
men." Fertil Steril1982; 
37:425-430. Reproduced with 
permission of the publisher, 
the American Society of 
Reproductive Medicine [The 

20 24 American Fertility Society].) 

sponse correlates with the size of the testis prior 
to treatment. Human chorionic gonadotropin is 
administered at a dosage of 1500 to 2000 IU two 
to three times per week for 18 to 24 weeks. This 
dose will result in normal serum testosterone 
levels. When there is no further increase in tes
ticular growth or improvement in sperm pro
duction, hMG (a compound that contains both 
LH and FSH) is added to the regimen to fur
ther stimulate spermatogenesis. Human meno
pausal gonadotropin is administered at a dose 
of 75IU two to three times weekly until the 
patient produces ejaculates containing 5 million 
or more sperm per milliliter, or until pregnancy 
is achieved. The hMG then can be withdrawn 
and spermatogenesis usually maintained by 
continued administration of hCG.9 

Patients not interested in maintenance of 
spermatogenesis for fertility should be treated 
with testosterone replacement as previously 
outlined. Prior chronic treatment of hypo
gonadotropic hypogonadal men with testoster
one does not affect the subsequent success 
of gonadotropin therapy.9,10 A few side effects 
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during hCG/hMG treatment have been report
ed: headaches, gynecomastia, breast tender
ness, further suppression of spermatogenesis, 
and the development of anti-hCG antibodies. l1 

A more specific treatment for men with idio
pathic hypogonadotropic hypogonadism (IHH) 
is replacement therapy with GnRH. By defini
tion, GnRH therapy is effective only in cases in 
which the pituitary gland is intact. GnRH is 
administered at 90- to 120-minute intervals via 
a portable automatic-infusion pump at doses 
ranging between 5 and 20 Jlg/per pulse.12-14 

Because insulin and insulin-like growth fac
tor-I (IGF-I) may be involved in modulating 
gonadal steroidogenesis, growth hormone 
(GH) treatment has been proposed as an adju
vant to gonadotropin therapy for men with 
hypogonadotropia who fail conventional treat
ment. In a preliminary study, cotreatment with 
GH improved spermatogenesis in two of four 
men. IS Definitive conclusions regarding the effi
cacy of this GH regimen await the results of a 
larger clinical trial. 

Idiopathic Infertility 

Patients with idiopathic oligospermia present 
with normal gonadotropins and a normal serum 
testosterone in the face of low sperm counts. 
This is a heterogeneous group of patients. Their 
oligospermia is the result of a variety of abnor
malities, each causing a reduction in sperm con
centration. Thus, treating all patients with the 
same drug will not uniformly result in improve
ment of fertility. A number of empiric therapies 
have been proposed (Table 10.2). However, 
few placebo-controlled studies are published 
that evaluate the efficacy of these drugs in the 
treatment of male infertility. 

Androgen Therapy 

Therapies with both low-dose testosterone and 
high-dose testosterone regimens have been 
suggested. In the low-dose testosterone regi
men, androgens are given in oral doses of either 
10 to 50mg/day of methyltestosterone, 50 to 
70mglday of mesterolone, or 5 to 20mglday of 
fluoxymesterone for a least 3 months in an ef
fort to supplement allegedly inadequate endog-

enous production of testosterone and thus 
stimulate spermatogenesis. These regimens 
have been shown to be ineffective.16,17 

Rebound therapy involves the administra
tion of higher doses of testosterone prepara
tions, most frequently testosterone enanthate, 
200 to 500mg intramuscularly every 2 weeks. 
These doses suppress LH and spermatogenesis. 
Following the cessation of therapy, sperm pro
duction usually resumes, and in some patients 
sperm concentrations may rebound to a higher 
level than at the initiation of therapy. Two re
cent studies verify that the treatment does not 
improve fertility. Fifty-two patients with idio
pathic oligoesthenospermia or teratospermia 
or both were treated with either 150mg per day 
of mesterolone or placebo for 12 months.18 

Similar semen improvement was noted in both 
the treated and control patients. The pregnancy 
rate in the mesterolone-treated cases was 26%. 
The pregnancy rate in the placebo control cases 
was 48%. 

In a similar controlled study, 25 men with 
idiopathic oligospermia, asthenospermia, or 
teratozospermia were treated with either 
240mg per day of testosterone undecanoate or 
placebo for 3 to 6 months.19 Changes in sperm 
concentration, motility, and morphology were 
similar in both groups. Two pregnancies oc
curred, one during the first month of placebo 
intake and the other during the second month 
of testosterone undecanoate treatment. 

Gonadotropins 

Investigators have administered gonadotropin 
therapy to patients with idiopathic oligosper
mia in a manner similar to that for patients with 
hypogonadotropic hypogonadism without im
provement in fertility,z°,21 

Therapy with purified human FSH may play 
a role in the treatment of men with severe 
oligospermia whose partners are enrolled in an 
in vitro fertilization (IVF) program.22 Fifty men 
with a history of infertility and abnormal semen 
analyses were treated with intramuscular injec
tions of purified FSH three times per week 
for at least 3 months. Although no significant 
changes were observed in serum LH, testos
terone levels, or semen parameters, the fer-
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tilization rates of preovulatory oocytes were 
significantly improved. Unfortunately, no con
trol arm was included in the study, and the 
number of men in some of the groups was too 
low to reach definite conclusions regarding 
significance. 

In a related study, the potential of short-term 
systemic administration of FSH to improve 
sperm quality was assessed, including ultra
structure in patients with teratozoospermia 
with normal endocrine profiles. A significant 
improvement in agenesis of the acrosome and 
in the amorphous heads was observed. No sig
nificant changes were observed in basic semen 
analysis parameters. The relationship between 
these induced morphologic changes and preg
nancy rates was not reported.23 The efficacy of 
FSH treatment of infertile men as adjunctive 
treatment during IVF remains to be proven. 
Additionally, the advent of intracytoplasmic 
sperm injection (ICSI) may render this adju
vant therapy obsolete. 

GnRH Therapy 

Pulsatile GnRH therapy as a treatment for idio
pathic oligoasthenospermia does not improve 
sperm parameters or pregnancy rates. Investi
gators in Switzerland treated 28 infertile men 
with either GnRH or placebo for 3 months in a 
crossover study. They theorized that men with 
low bioactive FSH, possibly because of inad
equate GnRH pulsatility, would benefit from 
GnRH therapy. They concluded from their 
data that low bioactive FSH was not the cause 
of idiopathic oligospermia and was not predic
tive of response to GnRH.24 

Antiestrogens 

A number of antiestrogens have been proposed 
as male fertility drugs. These include clomi
phene, tamoxifen, and testolactone. Clomi
phene and tamoxifen act as competitive 
inhibitors of estrogen action by occupying es
trogen receptors. Testolactone, an aromatase 
inhibitor, prevents the conversion of testos
terone to estradiol? These drugs exert their 
effects in at least two ways. Androgens and 
estrogens modulate hypothalamic and pituitary 
functions to regulate gonadotropin production. 

R.Z. Sokol 

Antiestrogens displace estrogens from their re
ceptors and interfere with the normal feedback 
of signals of circulating or locally produced 
estrogens. As a result, secretion of GnRH 
stimulates increased gonadotropin secretion, 
which, in tum, increases testosterone produc
tion and, theoretically, induces germ cell matu
ration. Antiestrogens may also have a direct 
effect on the testis by blocking the inhibitory 
action of estradiol on Leydig cell function.25 

Of this group of drugs, the estrogen competi
tive inhibitor clomiphene is the most commonly 
prescribed drug in the treatment of male infer
tility. Until recently, studies reporting on the 
efficacy of clomiphene were not well con
trolled. Results stemming from these studies 
have been variable. Some indicated improve
ment of sperm motility and fertility on clomi
phene regimens, whereas others reported no 
improvement in fertility. In the few studies 
that did include controls, the investigators 
concluded that clomiphene could not be con
sidered an effective agent. In general, placebo
controlled studies indicate that clomiphene 
citrate may improve sperm concentration with
out improving pregnancy rates.26--32 

In one controlled study, pregnancy rates 
were marginally increased in the partners of 
men with initial sperm concentrations greater 
than 10 million sperm per milliliter. The au
thors concluded that the prognosis for fertility 
with treatment was more favorable for patients 
with higher initial sperm concentrations.29 
However, two similar studies did not find 
any differences in pregnancy rates between 
partners of placebo- and clomiphene-treated 
men.30,31 Negative results were also reported 
by the World Health Organization multicenter 
double-blind study.32 

Investigators evaluating testolactone and 
tamoxifen citrate as anti estrogen therapies for 
men with idiopathic oligospermia have simi
larly reported variable results.33-38 Tamoxifen 
citrate is an antiestrogen with weaker intrinsic 
estrogenic activity than clomiphene. Tamoxifen 
increases serum concentrations of LH, FSH, 
testosterone, and estradiol. Similar to the clo
miphene studies, nonplacebo-controlled trials 
of tamoxifen suggested improvement in sperm 
concentration and pregnancy rates. However, 
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in a placebo-controlled trial no differences in 
pregnancy rates between tamoxifen-treated 
men were found. These data indicate that 
tamoxifen does not improve fertility. 

Similar negative results have been reported 
with testolactone. A preliminary uncontrolled 
study suggested an improvement in pregnancy 
rates.39 However, in a controlled crossover trial, 
no differences between placebo and testolac
tone treatment groups were found, leading to 
the conclusion that testolactone does not im
prove fertility.40 

A variety of other pharmacologic agents 
have been empirically administered to men 
with idiopathic infertility. These include tri
iodothyronine, vitamins A, C, and E, zinc, 
and bromocriptine. None of these has proven 
successful in the treatment of idiopathic male 
infertility. 

Corticosteroids 

Corticosteroid immunosuppression as a ther
apy for antisperm antibodies is controversial. 
In the majority of clinical trials supporting 
their efficacy, men were selected for cor
ticosteroid therapy because of the presence of 
circulating antibodies, not sperm-directed anti
bodies.41 A double blind, placebo-controlled 
study of the use of 3 months of high-dose meth
ylprednisolone in men with antisperm antibod
ies on their sperm surface failed to demonstrate 
a significant effect of such therapy on preg
nancy rates, seminal, or plasma immunoglobu
lin G (IgG) antisperm activity, or sperm
associated IgG antisperm antibody activity. 
However, a significant decrease of serum asso
ciated IgG antibody was reported.42 In a similar 
study, a longer treatment period improved 
pregnancy rates.43 However, the risks of corti
costeroid therapy increase with prolonged du
ration of therapy. Even with short-term 
therapy, cases of aseptic necrosis of the hip 
have occurred.44 

Summary 

A small percentage of men with fertility prob
lems will present with a clearly definable disor
der that has a specific treatment approach, but 

the majority of men will not have a clearly de
fined cause of their infertility. Nonetheless, 
each man is entitled to a careful evaluation by a 
physician committed to the care of the male 
partner of an infertile couple. Empiric thera
pies should not be offered unless the results 
from controlled clinical trials indicate that they 
are efficacious. 
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Testicular Biopsy and Vasography 
Ira D. Sharlip and Seck L. Chan 

Testis Biopsy 

Testis biopsy is performed to identify the qual
ity of spermatogenesis in patients who may 
have obstructive male infertility or to identify 
the presence of testicular sperm cells, which 
may be aspirated and used for intracytoplasmic 
sperm injection (ICSI). Testis biopsy may also 
be used to identify the presence of round sper
matids, which may be aspirated and used for 
round spermatid nuclear injection (ROSNI). 

Indications 

The primary indication for testis biopsy is to aid 
in the diagnosis of obstruction of the male re
productive system. In the azoospermic patient, 
the findings of normal volume and consistency 
of the testes with normal serum follicle
stimulating hormone (FSH) should create sus
picion that obstruction is present. A testicular 
biopsy is needed in these patients to identify 
whether spermatogenesis . is normal or sub
normal. If normal, obstruction must be present 
at some level. Testis biopsy to rule out ob
struction is indicated not only in men who 
are azoospermic but also in men who are 
oligozoospermic and have normal volume and 
consistency of the testes with normal FSH. The 
severity of oligozoospermia, which is compat
ible with obstruction, is a matter of controversy. 
There is general agreement that testicular bi
opsy should be performed on men whose sperm 
counts are consistently less than 5 million/ml 
and on men with sperm counts in the range of 5 
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to 10 million/ml if sperm motility also is mark
edly reduced. Testicular biopsy is not helpful, 
and therefore is not indicated, in men whose 
sperm counts are consistently greater than 10 
million/ml, except in some specific cases in 
which there is a particularly high degree of sus
picion of obstructive infertility. Such cases in
clude men with partial ejaculatory duct 
obstruction, previous vasectomy reversal, or 
previous bilateral hernia or scrotal surgery. In 
the clinical setting in which there is a particu
larly high degree of suspicion of obstruction, 
testicular biopsy may be useful even if sperm 
counts are as high as 20 million/ml as long as 
there is also marked reduction of motility. 

Transrectal ultrasonography of the prostate, 
seminal vesicles, and ejaculatory ducts should 
be a routine part of the evaluation of the 
patient with azoospermia or marked oligo as
thenozoospermia. This simple noninvasive pro
cedure may show evidence of ejaculatory duct 
obstruction, further increasing the suspicion of 
an obstructive cause for infertility. 

A recently developed indication for testicu
lar biopsy is azoospermia, or very severe 
oligoasthenospermia of nonobstructive origin, 
in which no clinical treatment is available to 
improve spermatogenesis and insufficient num
bers of sperm are present in the ejaculate for 
use in ICS!. Men with nonobstructive infertility 
may be candidates for sperm aspiration by ei
ther open or percutaneous needle biopsy of the 
testicle if at least a minimal amount of sper
matogenesis is present. Sperm may be isolated 
from testicular biopsy specimens and then used 



FIGURE 11.1. Human testis bi
opsy obtained by Biopty gun 
percutaneously and preserved 
in Bouin's solution (low-power 
view). 

FIGURE 11.2. High-power view 
of human testis biopsy obtained 
by Biopty gun percutaneously. 
The germinal epithelium archi
tecture and cellular relation
ships are well preserved. 

FIGURE 11.4. Normal sper
matogenesis-histology and 
DNA histogram. The propor
tion of the various cellular 
elements characterizes the 
composition of the germinal 
epithelium. 
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FIGURE 11.6. Maturation arrest 
at the primary spermatocyte 
stage-histology and DNA 
histogram. 

FIGURE 11.7. Hypospermato
genesis-histology and DNA 
histogram. 

FIGURE 11.8. Germinal Aplasia 
(Sertoli-cell-only syndrome)
histology and DNA histogram. 
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for ICSI into the human oocyte. Even if sper
matogenic arrest has prevented the formation 
of mature spermatozoa, the finding of round 
spermatids in testicular tissue is significant. 
Intracytoplasmic injection of round spermatids 
or round spermatid nuclei, which have a hap
loid set of chromosomes, has produced preg
nancy and live births in a small number of cases, 
both animal and human. 

In most instances, it is preferable to perform 
a testicular biopsy as a separate diagnostic pro
cedure. Analysis of permanent sections from a 
testicular biopsy is much more accurate in iden
tifying normal spermatogenesis than using the 
fresh-frozen technique or touch-imprint tech
nique. Because testicular biopsy can be per
formed as a simple, in-office procedure with 
local anesthesia and minimal postoperative dis
comfort, it is logical to perform this biopsy prior 
to planning a therapeutic procedure. Only in 
unusual cases with a high degree of expectation 
that obstruction is present should testicular bi
opsy be performed simultaneously with thera
peutic procedures like vasoepididymostomy or 
ejaculatory duct incision. 

Technique 

Open surgical biopsy of the testicle is the stan
dard method for obtaining testicular tissue for 
diagnostic and therapeutic use. Testicular tis
sue may also be obtained by percutaneous 
needle biopsy of the testis. 

Open testicular biopsy can be performed 
without an assistant as a IS-minute in-office 
procedure using local anesthesia. The patient is 
placed in the supine position, and the skin of 
the scrotum on the side to be biopsied is shaved 
and scrubbed with antiseptic solution. The 
spermatic cord is blocked with 0.25% 
bupivacaine using a 27-gauge needle, and the 
skin of the anticipated biopsy site is infiltrated 
with bupivacaine or 1 % lidocaine. After the 
block is established, it is usually possible to pal
pate the epididymis. The surgeon uses one 
hand to immobilize the testicle in the scrotum 
and to stretch the skin of the anterior scrotal 
wall over the anterior surface of the testis, mak
ing sure to keep the epididymis on the posterior 
side of the scrotum. With the other hand, a t- to 
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t-cm horizontal incision is made in the anterior 
scrotal skin. Continuing with the scalpel, the 
scrotal tunics are incised and the parietal layer 
of tunica vaginalis is identified and incised. A 5-
mm incision is made into the tunica albuginea. 
By producing counterpressure on the posterior 
surface of the testicle, testicular tissue may 
be evaginated into the incision in the tunica 
albuginea. Tenotomy scissors are used to excise 
a small piece of testicular tissue. For both diag
nostic purposes and for therapeutic isolation 
of mature spermatozoa from testicular tissue, 
the amount of testicular tissue needed is 
approximately 2 to 4mm in each of the three 
dimensions. For ROSNI, the goal is to obtain 
approximately 50mg of testicular tissue. This is 
equivalent to a spherical piece of testicular tis
sue measuring about 4 mm in each of the three 
dimensions. After the proper amount of tissue 
has been removed, it is transferred to a special 
solution (not formalin), with specific care taken 
not to squeeze or distort the biopsy material. 
For diagnostic biopsy, Bouin's or Zenker's so
lution should be used. For therapeutic biopsy, 
Biggers, Whitten, and Whittingham (BWW) 
solution, human tubal fluid, or Ham's F-lO solu
tion may be used, or the tissue may be trans
ferred directly to the sperm laboratory in a 
sterile container with no solution, provided the 
laboratory is prepared to accept and process 
the tissue immediately. 

The incision in the tunica albuginea is then 
closed with one or two interrupted sutures of 
4-0 polyglycolic acid. The anterior layer of tu
nica vaginalis is closed with the same material, 
as is the skin. A mildly compressive gauze 
dressing and scrotal supporter are applied and 
worn for 24 hours. 

For needle biopsy of the testis, the patient 
should lie supine in a warm environment. The 
scrotal skin is prepared with alcohol, which is 
preferable to iodine-based solution because 
traces of iodine may contaminate the needle 
and reduce the viability of sperm cells. Cord 
block is achieved with 0.25% bupivacaine, us
ing a 27-gauge needle to avoid accidental injury 
to the spermatic vessels. The scrotal skin at the 
anticipated biopsy site is infiltrated with local 
anesthetic. With the scrotal skin stretched over 
the testicle and immobilized with one hand, the 
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other hand is used to make a 1- to 2-mm skin 
incision on the inferior aspect of the scrotum. 
The epididymis is fixed posterolaterally by the 
opposing hand to avoid accidental puncture. 

Several different types of needles have been 
suggested for use in obtaining the biopsy, such 
as a Biopty gun armed with a lO-cm, 20-gauge 
needle that produces tissue specimens sufficient 
for either diagnostic or therapeutic uses (Figs. 
11.1 and 11.2, see color insert). The needle is 
placed at the puncture site in the lower scrotum 
and directed away from the epididymis. If the 
testicle is small, care must be taken not only to 
avoid puncturing the tunica albuginea on the 
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FIGURE 11.1. Human testis bi
opsy obtained by Biopty gun 
percutaneously and preserved 
in Bouin's solution (low-power 
view). See color plate. 

opposite side of the scrotum but also to avoid 
injuring the hand that is immobilizing the tes
ticle. Using a needle with a 22-mrn core length 
will help avoid such a complication. The same 
skin incision may be used for several passes of 
the biopsy needle. For diagnostic biopsy, one or 
two passes are sufficient. Three to four samples 
usually yield sufficient tissue for selecting sper
matozoa to be used for ICSI if there is normal 
spermatogenesis. Patients with poor sperm 
production probably require more samples. 
Once an adequate amount of tissue has been 
obtained, digital pressure is applied to the 
puncture site for a few minutes to minimize 

FIGURE 11.2. High-power view 
of human testis biopsy obtained 
by Biopty gun percutaneously. 
The germinal epithelium archi
tecture and cellular relation
ships are well preserved. See 
color plate. 
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hematocele formation. A pressure dressing is 
not required. The patient is advised to avoid 
rigorous physical activity and platelet
inhibiting medication for 24 hours. Postopera
tive pain is managed with acetaminophen, 
ibuprofen, or Vicodin. 

With either open or needle biopsy of the tes
ticle, some surgeons routinely perform diagnos
tic testicular biopsy bilaterally rather than 
unilaterally. The argument in favor of bilateral 
biopsy is that there may be significant discrep
ancy of spermatogenesis between the two sides. 
However, unilateral biopsy may be performed 
when both testicles are equal in volume and 
consistency. If the testes are not symmetric in 
volume and consistency, the larger, firmer testis 
should be biopsied because it is more likely to 
show good spermatogenesis and therefore 
more likely to support a diagnosis of obstruc
tion. It is sufficient to perform therapeutic tes
ticular biopsy unilaterally only, unless not 
enough sperm cells are obtained otherwise. 
There may be variations in testicular histology 
within one testis or even within one biopsy 
specimen. This suggests that it may be advis
able to perform more extensive unilateral or 
even bilateral therapeutic testicular biopsy than 
has been the practice in the past. 

Interpretation 

Standard evaluation of testicular biopsy uses 
light microscopy. Interpretation of testicular 
biopsy is purely descriptive and is often 
subjective.1 Testicular biopsy does not provide 
information about the underlying pathophysi
ology. Electron microscopy of the germinal epi
thelium has also been studied as a means of 
identifying additional pathologic features.2- 4 

However, electron microscopy has not proven 
to be specific and, like light microscopy, fails to 
characterize the pathophysiology and etiology 
of abnormal spermatogenesis. 

Numerous attempts have been made to 
quantify spermatogenesis on testicular biopsy 
but none has been well accepted for clinical 
use.5- 7 One method is based on counting the 
number of mature spermatids in seminiferous 
tubules that have been transected transversely.8 
Correlation was noted between the average 
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number of spermatids per seminiferous tubule 
and sperm concentration in the ejaculate. For 
example, the finding of greater than 20 sperma
tids per seminiferous tubule is associated with a 
sperm count of greater than 10 million/ml. This 
technique may be used to predict what the 
sperm count might be if obstruction were not 
present. If the actual sperm concentration is 
less than predicted by the biopsy material, evi
dence of obstruction is thought to be present. 
This technique, however, is time-consuming, 
and it cannot be used in instances of matura
tion-arrest at the spermatid stage. When the 
amount of tissue biopsied is small, sampling 
error may be encountered due to the heteroge
neous nature of the germinal epithelium. The 
original study8 was based on a relatively small 
number of patients, and the validity of this 
work has not been verified by other indepen
dent authors. As of 1997, testicular biopsy con
tinues to be useful only as a qualitative, rather 
than as a quantitative, study. 

In the search for a reliable and reproducible 
modality to quantify spermatogenesis, a num
ber of investigators have evaluated DNA flow 
cytometry.9-13 Very minute amounts of seminif
erous tubules obtained by needle biopsy of the 
testicle may be used and processed rapidly. The 
basic principle of pulsatile flow cytometry in
volves the passage of cells or subcellular com
ponents in aqueous solution through a sensing 
region at speeds of 1000 cells/so Optical signals 
indicative of specific biologic properties are 
generated.14 In the case of testicular tissue, the 
heterogeneous cellular population may be 
characterized by its DNA content as haploid, 
diploid, or tetraploid. Staining with a DNA
specific fluorochrome is used. Excitation by an 
illuminating source, such as a laser or mercury 
arc lamp, will elicit fluorescent emission. This 
signal is sensed through a collecting lens with a 
photomultiplier tube, thus generating an elec
trical impulse proportional to the fluorescent 
intensity. These impulses are further processed 
and recorded as a pulse-height distribution or 
DNA histogram (Fig. 11.3). Each of the peaks 
represents a cellular subpopulation with spe
cific DNA content or ploidy. The area under 
these peaks may be integrated by computer 
analysis to yield quantitative information on 
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DNA Histogram - Definition 
1'N 

1 N-Spermatozoa 
1'N-Spermatids 
2N-Spermatogonia 
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FIGURE 11.3. DNA histogram of hu
man testis by flow cytometry. 
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Histologic Classification 

Infertile men exhibit a spectrum of testicular 
pathology that can be grouped into one of vari
ous patterns. 

Normal 

Normal testicular tissue is composed predomi
nantly of seminiferous tubules with blood ves
sels and Leydig cells in the interstitial areas. The 
seminiferous tubules consist of the progres
sively maturing germ cells and the nutritive Ser-

No. 
cells 

1'N 

to Ii cells surrounding them. The germ cells go 
through an orderly progression from the most 
immature stages, or spermatogonia, to primary 
spermatocytes, secondary spermatocytes, sper
matids, and mature spermatozoa. The seminif
erous tubules are lined by a basement mem
brane and myoid cells. Spermatogenesis begins 
in the periphery of the tubule and progresses 
toward the lumen in specific cellular associa
tions called stages15 (Fig. 11.4, see color insert). 
Type A spermatogonia have a diploid set 
of chromosomes (2n). They undergo mitotic 
divisions to replenish the stock of type A stem 
cells and to create type B spermatogonia (2n). 
The latter differentiate into preleptotene pri
mary spermatocytes that undergo DNA synthe-
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2N 1N-9.40'!lo 

DNA I cell-

l'N-31 .19'!1o 
2N- 33.36'!1o 
4N- 7.86'!1o 

104 

FIGURE 11.4. Normal sper
matogenesis-histology and 
DNA histogram. The propor
tion of the various cellular 
elements characterizes the 
composition of the germinal 
epithelium. See color plate. 
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FIGURE 11.5. Spermatogenesis and spermiogenesis in the human testis. (From Chan et al.27) 

sis, which results in a tetraploid number of 
chromosomes (4n) (Fig. 11.5). Further trans
formation occurs within the adluminal com
partment of the seminiferous tubules as the 
blood-testis barrier is traversed. The pachytene 
primary spermatocytes (4n) then undergo mei
otic reduction division, resulting in secondary 
spermatocytes (2n). A second reduction divi
sion gives rise to the spermatids that have a 
haploid number of chromosomes (n). Further 
differentiation leads to the production of round 

spermatids, elongated spermatids, and finally 
mature spermatozoa. The process is completed 
in about 72 days. 

DNA histograms obtained by flow cytometry 
characterize this heterogeneous population ac
cording to its DNA content or ploidy. More 
than one third of the total cellular population 
consists of haploid mature spermatozoa (n) and 
spermatids (l'n). These two peaks are thought 
to be separate because the chromatin in mature 
spermatozoa is more compact and less suscep-
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tible to fluorochrome staining. The diploid (2n) 
group constitutes 40% of the cellular elements 
and is made up of Sertoli cells, Leydig cells, and 
secondary spermatocytes. Only 12 % of the cells 
are tetraploid primary spermatocytes in various 
stages of development. 

In cases of azoospermia, testis biopsy 
showing normal spermatogenesis by light mi
croscopy is believed to be pathognomonic of 
obstruction in the ductal system.16- 18 Hyposper
matogenesis, maturation arrest, or both have 
also been described in the presence of obstruc
tion.19- 21 However, it is not clear whether these 
abnormalities are actually due to the obstruc
tion or are independent coexisting findings. 
Camatini et af described subtle changes at the 
completion of meiosis in patients with congeni
tal absence of the vas. Some histologic abnor
malities, such as degeneration of the germinal 
epithelium, thickening of the basement mem
brane, and minimal interstitial fibrosis, may 
be only transient phenomena. In the presence 
of azoospermia due to obstruction, electron 
microscopy commonly demonstrates atypical 
acrosome complexes and deformed headcaps. 
There is some evidence that spermiation may 
be affected. Sertoli cells show increased 
numbers of lysosomes, and their spatial rela
tionships with spermatozoa are altered. No 
consistent changes in Leydig cells due to ob
struction have been noted. 
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Intraoperative assessment of spermatogen
esis is sometimes necessary in cases of sus
pected ductal obstruction in order to facilitate 
immediate exploration and microsurgical 
repair. A frozen section of testicular biopsy 
material is often inaccurate because of dis
tortion artifacts. A touch imprint technique 
may be used, which predicts obstruction if 
mature spermatozoa are found, However, 
this technique fails to identify motility because 
the fixation and staining process inactivates 
sperm cells.22 Jow and coworkers23 have de
scribed a "wet prep" technique to permit 
intraoperative assessment of motility. A small 
piece of testicular tissue mixed with Ringer's 
lactated solution is compressed between a glass 
slide and cover slip. The finding of motile 
sperm around the periphery of the compressed 
tissue correlates well with ductal obstruction. 
Motile sperm are a potential source of sperm 
that may be obtained by needle or open bi
opsy and used for intracytoplasmic injection 
into human oocytes, provided microsurgical re
construction of the ductal obstruction is not 
feasible.24 

Maturation Arrest 

In maturation arrest, there is a block of sperm 
maturation at a specific stage of spermatogen
esis with normal numbers of germ cells at stages 
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DNA/cell- FiGURE 11.6. Maturation arrest 
at the primary spermatocyte 
stage-histology and DNA 
histogram, See color plate. 
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FIGURE 11.7. Hypospermato
genesis-histology and DNA 
histogram. See color plate. 

preceding the arrest (Fig. 11.6, see color insert). 
This point is constant for the individual patient, 
but varies from one patient to another. The two 
most common points of spermatogenic arrest 
are primary spermatocytes or late spermatids. 
No abnormalities are present in the Leydig 
cells, Sertoli cells, or in the general architecture 
of the seminiferous tubules. The DNA histo
gram in Figure 11.6 shows arrest at the primary 
spermatocyte stage, with the majority of cells in 
the diploid and tetraploid state at the expense 
of the haploid cells. Clinically, patients with 
maturation arrest have severe oligozoospermia 
or azoospermia. 

Hypospermatogenesis 

In hypospermatogenesis, there is a generalized 
decrease in the absolute number of all germ 
cells and a resultant thinning of the germinal 
epithelium (Fig. 11.7, see color insert). All cell 
types are present in approximately normal pro
portion. Narbaitz et al4 described normal cellu
lar relationships and normal nongerminal 
elements by electron microscopy. Thick 
banded collagen fibers are observed in the tu
nica propria. The presence of these collagen 
fibers seems to be dependent on the degree of 
depletion of the germinal epithelium. DNA 
flow cytometry reveals a relative predominance 
of tetraploid (4n) and haploid cells (l'n) with 
a decrease in mature spermatozoa (In) and 
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diploid cells (2n). Patients generally have 
oligospermia of varying degrees. 

Combination 

In some biopsies, there is a mixed picture of 
maturation arrest and hypospermatogenesis 
with patchy areas containing tubules lined only 
by Sertoli cells. Peri tubular fibrosis is common, 
and hyalinization of tubules is observed in 
more severe states. Leydig cells usually appear 
normal. 

Germinal Aplasia (Sertoli-Cell-Only 
Syndrome) 

Testicular biopsies in patients with germinal 
aplasia typically show small seminiferous tu
bules and complete absence of germ cells (Fig. 
11.8, see color insert). The basement membrane 
is normal and only Sertoli cells are present. 
Their cytoplasm contains large numbers of fat 
vacuoles. There may be an occasional tubule 
showing some degree of spermatogenesis. 
Although some investigators have described 
normal ultrastructural features, Carpino et aes 

noted several changes in the nuclei and or
ganelles: nuclei were round or oval with no 
peripheral invagination, and they frequently 
lacked nucleoli; Golgi's apparatuses appeared 
well developed to support secretory functions, 
and there were very few thin filaments and re
sidual bodies. Flow cytometry histograms char-
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FIGURE 11.8. Germinal aplasia 
(Sertoli-cell-only syndrome)
histology and DNA histogram. 
See color plate. 
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acteristically show only a major diploid (2n) 
peak, which represents Sertoli and Leydig cells. 

Tubular and Peritubular Sclerosis 

This is an untreatable condition with absence of 
both germ cells and Sertoli cells in the tubules 
and a paucity of Leydig cells in the interstitium. 
The tunica propria is thickened with fibrosis. In 
contrast, men with Klinefelter's syndrome usu
ally show hyperplastic nodules of Leydig cells. 

Vasography 

The distal male reproductive system includes 
the vas deferens, ampulla of the vas, seminal 
vesicle, ejaculatory duct, prostate, and urethra. 
The proximal male reproductive system in
cludes the testicle and epididymis. 

Vasography is the definitive method of iden
tifying the location of obstruction in the distal 
male reproductive system. Because vasography 
is done infrequently, it is best performed by a 
surgeon with experience in surgical andrology. 
The inexperienced surgeon runs the risk of 
injuring the vas at the injection site, causing 
a secondary obstruction at this location. In 
addition, accurate interpretation of vasography 
requires expertise in male reproductive 
abnormalities. 

Indication 

When obstructive male infertility is present, 
the site of obstruction may be in the epididymis 
or in the distal male reproductive system. 
Other than vasal obstruction due to vasectomy, 
the epididymis is by far the most common 
location of obstruction of the male reproduc
tive system. Ejaculatory duct obstruction and 
obstruction due to previous hernia or scrotal 
surgery are much less common. Obstruction in 
the retroperitoneal vas or ampulla of the vas is 
very rare. Unilateral obstruction may be quite 
common but is rarely diagnosed because pa
tients with unilateral obstruction are usually 
fertile. 

When obstruction occurs, semen analysis 
reveals either azoospermia when the obstruction 
is complete or severe oligoasthenozoospermia 
when the obstruction is incomplete. Men 
with a history of prior bilateral hernia surgery 
or scrotal surgery should be considered at 
risk for bilateral obstruction of the re
productive system. Obstruction should be 
considered in the differential diagnosis of 
male infertility if two or more semen analyses 
show azoospermia or severe oligoasthenozoo
spermia. 

Transrectal ultrasonography of the prostate, 
ejaculatory duct, and seminal vesicles should be 
a routine part of the evaluation of the male with 
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azoospermia or severe oligoasthenospermia. 
This topic is further reviewed in Chapter 12. 

All patients being evaluated for male infertil
ity should have at least one serum FSH mea
surement. The finding of a normal serum 
FSH is compatible with both obstructive 
and nonobstructive azoospermia or severe 
oligozoospermia. However, an FSH that is el
evated to more than three times normal is usu
ally pathognomonic of hypospermatogenesis or 
germinal aplasia. In these instances, testicular 
biopsy simply confirms the presence of hypo- or 
aspermatogenesis, and vasography is not neces
sary. If the serum FSH is not greater than three 
times normal, obstruction may be present and 
testicular biopsy should be performed before 
proceeding to vasography in order to accu
rately assess the quality of sperm production. If 
testicular biopsy shows reduced or absent 
sperm production, vasography is not indicated. 
If testicular biopsy shows normal spermatogen
esis, vasography is necessary to rule out ob
struction of the distal male reproductive 
system. Even if obstruction is present in the 
epididymis, vasography is still needed to rule 
out obstruction in the distal reproductive sys
tem, a possible cause of secondary epididymal 
obstruction. 

Testicular biopsy with frozen sections, touch 
preparation, or "wet prep" technique may 
be performed occasionally at the time of 
vasography and simultaneous microsurgery 
and sperm aspiration, rather than prior to these 
procedures. Deferring testicular biopsy to the 
time of surgery is appropriate only when there 
is a very high degree of suspicion that obstruc
tion is present. Such a high degree of suspicion 
of obstruction exists in the presence of 
azoospermia or severe oligoasthenozoo
spermia, normal FSH, normal testicular size 
and consistency, and a history of bilateral her
nia or scrotal surgery, or evidence of ejacula
tory duct obstruction by transrectal ultrason
ography. In most cases, testicular biopsy should 
be performed as a separate procedure prior to 
vasography. Vasography is indicated by the 
finding of normal or nearly normal testicular 
histology in the patient with azoospermia or 
severe oligoasthenozoospermia. 
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Technique 

Vasography may be performed with local, re
gional, or general anesthesia. In some in
stances, the presence of ejaculatory duct 
obstruction will have been suggested by 
pre vasography transrectal ultrasonography of 
the prostate and seminal vesicle. In instances 
where a microsurgical reconstructive proce
dure or transurethral incision of ejaculatory 
duct may be expected, it is best to do 
vasography with general anesthesia so that the 
therapeutic surgical procedure may be accom
plished immediately following vasography. 

The preoperative preparation and shave for 
vasography should include only the scrotum. A 
small upper vertical scrotal incision should be 
made in the anterior scrotum. The parietal 
layer of tunica vaginalis should be opened and 
the testicle and epididymis inspected. Where 
chronic obstruction of the distal reproductive 
tract exists, secondary epididymal obstruction 
due to sperm extravasation may have occurred 
on one or both sides. The visceral layer of tu
nica vaginalis should be opened directly over 
the proximal portion of the vas in a position 
where the vas is minimally convoluted or 
straight. The vas should be isolated from the 
surrounding tissue for about 1 cm, and at-inch 
Penrose drain should be placed behind it. Using 
a #11 scalpel blade, vasotomy incision should 
be made through the vas muscularis and 
mucosa. This incision should be made through 
no more than 90° of the circumference of the 
vasal wall. To make a small vasotomy incision 
possible, optical magnification is necessary. 
This may be accomplished with loupes, but it is 
preferable to use an operating microscope that 
allows magnification of lOx to l6x normal 
size. 

After incising the mucosa, a 22-gauge 
Medicut catheter should be placed into the 
proximal lumen, leading toward the testicle, to 
obtain intravasal fluid for microscopic examina
tion. A clear plastic catheter with a blunt tip 
must be used, because a nontransparent cath
eter prevents the surgeon from knowing 
whether fluid has been picked up from the vas 
lumen. The intravasal fluid should be examined 
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microscopically in the operating room, using 
magnification of 400x normal size. If the vas 
fluid contains sperm, significant epididymal ob
struction is ruled out. However, if the vas fluid 
does not contain sperm, more proximal ob
struction is present and vasoepididymostomy is 
necessary in addition to surgical correction 
of any obstruction in the male reproductive 
system. 

Following examination of the vas fluid, a 23-
gauge blunt-tipped needle should be placed 
into the vas lumen leading in the distal direc
tion. Five to lOml of saline should be injected 
distally. In most cases of distal obstruction, less 
than 1 ml of fluid may be injected distally. How
ever, there are occasional cases of distal ob
struction in which there is cystic dilatation of 
the ejaculatory duct or a dilated miillerian duct 
remnant proximal to the obstruction. In these 
cases, it is possible to inject more than 1 ml of 
saline, although increased hand pressure may 
be needed to accomplish the injection. Five to 
10ml of 50% radiographic contrast should be 
injected toward the urethra. A distal vasogram 
may be obtained either with standard x-rays or 
fluoroscopy. Either of these techniques will 
identify the exact position and often the cause 
of obstruction. 

When the volume and pH of the semen are 
normal and ejaculatory duct obstruction is not 
suspected, obstruction of the distal male repro
ductive system may be ruled out by use of sa
line and dye injection into the distal vas, 
without x-ray exposure. After the surgical 
vasotomy incision is made, only a trace of 
intra vasal fluid will be found if distal obstruc
tion is absent. Then 10ml of sterile saline may 
be injected into the distal vas with a blunt
tipped 23-gauge needle. Only a small amount of 
pressure will be necessary to inject all of the 
saline when distal obstruction is not present. 
The absence of distal obstruction may be con
firmed by the injection of 5 to lOml of a dilute 
methylene blue solution, or 1 ml of methylene 
blue in lOml of saline. After injection of 
this dilute methylene blue solution, blue 
urine may be obtained from the bladder by 
catheterization. In the contralateral vas, 5 to 
lOml of dilute fluorescein solution may be in
jected distally, or 1ml of injectable fluorescein 
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with 25 ml of sterile saline. After injection of 
this dilute fluorescein solution, yellow, green, 
or orange urine may be recovered by cathe
terization of the bladder, proving patency of 
the other side. 

When transrectal ultrasonography of the 
ejaculatory duct is normal and when the semen 
volume and pH are normal, saline and dye in
jection of the vas should replace radiographic 
vasography, except when intravasal injection 
of lOml of saline fails to proceed easily and 
completely. 

Following the vasogram, the vasotomy inci
sion should be repaired with interrupted su
tures of 9-0 nylon, using a microsurgical 
technique. Three to five sutures should be 
placed through the full thickness of the vas 
wall, picking up a small amount of the mucosal 
edge. Intervening muscular sutures should be 
used to seal and secure the anastomosis. When 
a vasotomy incision has been made through just 
90° of the vasal circumference and then re
paired microsurgically, minimal narrowing of 
the vasotomy site has been found, and the vas 
has been noted to be clearly patent at the time 
of subsequent vasal surgery. 

The visceral tunica vaginalis overlying the 
vas should be closed with 4-0 absorbable su
ture, and the parietal tunica vaginalis should be 
closed over the testicle and epididymis with the 
same material to provide easy access to these 
tissues if subsequent vasoepididymostomy is 
necessary. The skin and dartos should be closed 
in the manner of the surgeon's preference. 

Ejaculatory Duct Obstruction 

Ejaculatory duct obstruction is a special 
category of obstructive infertility?6 The identi
fying characteristics for ejaculatory duct 
obstruction are azoospermia or severe oligo
asthenozoospermia, a decrease in the semen 
volume to l.Oml or less, and a decrease in the 
semen pH to 7.0 or less. In addition, the ejacu
late consists of thin, watery fluid that lacks co
agulation and the characteristic odor of semen. 
When these characteristics are present, testing 
of semen fructose is not necessary. If it is mea
sured, fructose will be found to be low or ab
sent. If the volume and pH of the semen are 
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normal, it is almost certain that the patient does 
not have ejaculatory duct obstruction. How
ever, if the volume and pH of the semen are 
abnormally low, there is a likelihood of ejacula
tory duct obstruction. In these cases, radio
graphic vasography is necessary to diagnose 
and image the obstruction and to plan surgical 
treatment. When ejaculatory duct obstruction 
is suspected, transrectal ultrasonography of the 
prostate, ejaculatory ducts, and seminal vesicles 
may identify the location of the obstruction. 
Partial ejaculatory duct obstruction may be 
associated with azoospermia or severe 
oligozoospermia and low sperm motility but 
with normal semen volume and pH. Conse
quently, transrectal ultrasonography of the 
prostate, seminal vesicles, and ejaculatory ducts 
is especially important in all infertile men. 

Radiographic vasography may be necessary 
to identify the exact location of ejaculatory duct 
obstruction and to plan for treatment. How
ever, when the semen characteristics typical of 
ejaculatory duct obstruction are not present, 
ejaculatory duct obstruction may be effectively 
ruled out using saline and dye injection into 
the distal vas, rather than using radiographic 
vasography. 

Discussion 

Some surgeons are tempted to inject contrast in 
the proximal direction toward the epididymis in 
the hope of identifying proximal obstruction. 
Strong injection pressure is needed to push the 
contrast fluid back into the epididymis. How
ever, the wall of the epididymis is so delicate 
that injection in the proximal direction usually 
causes extravasation of contrast in the cauda 
epididymis, inducing a secondary obstruction 
where none was present previously. For that 
reason, proximal injection toward the epididy
mis during vasography is contraindicated. 

Some surgeons attempt to perform vaso
graphy by percutaneous needle cannulation of 
the vas lumen or by transmural injection of the 
vas wall with a needle after exposure of the 
vas. Although it is possible to accomplish 
vasography by this method, there is a risk of 
injury to the vas wall or extravasation of the 
contrast fluid into the perivasal or intramural 
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tissue. Consequently, needle injection of the 
vas, either percutaneously or transmurally, may 
cause vasal obstruction. 

Vasography is equally effective whether 
standard radiographic technique or fluoroscopy 
is used. An advantage of the standard radio
logic technique is that the surgeon may leave 
the room during the radiographic exposure, 
eliminating the surgeon's exposure to radia
tion, because real-time fluoroscopy requires the 
surgeon's hands to be in the field of 
fluoroscopic exposure. 

The normal unobstructed vas lumen has a 
diameter 0.3 to 0.5 mm. In cases of significant 
obstruction of the distal vas or ejaculatory duct, 
the vas lumen is dilated to 0.6 to 1.0mm. This 
increase in vas luminal diameter is a subtle, but 
consistent, vasographic finding in the presence 
of distal obstruction. 

The orientation of the distal portion of the 
unobstructed ejaculatory duct is straight and 
parasagittal to the urethral midline in the 
anteroposterior (AP) projection. The two 
ejaculatory ducts run parallel to one another 
and are separated by only a few millimeters. 
When fluoroscopy is used during vasography, 
the injected contrast material may be seen to 
enter the urethra and bladder within 1 to 5 
seconds after injection into the vas lumen. 

One of the rare causes of ejaculatory duct 
obstruction is a midline retroprostatic cyst. In 
such cases, both vasa may empty into the mid
line cystic structure. Consequently, injection of 
contrast into one vas may opacify the ipsilateral 
distal vas, the midline retroprostatic cyst, or 
even the distal portion of the contralateral vas. 
In addition, the retroprostatic cyst may have a 
small communication with the urethra, and, if 
such a communication exists, a small amount of 
the contrast may enter the prostatic urethra and 
bladder. 

Figures 11.9 to 11.14 illustrate normal and 
abnormal vasograms. 

Complications 

The major risk of vasography is the occurrence 
of partial or complete stenosis at the site of the 
vasotomy incision. Injury to the intramural 



FIGURE 11.9. Normal left vasogram. Note the deli
cate anatomy of the distal reproductive system. 

FIGURE 11.10. Normal bilateral vasograms. The 
ejaculatory ducts are straight and parallel to one 
another. 

FIGURE 11.11. Midline retroprostatic cyst overlying 
symphysis pubis. In this position, the cyst is acces
sible by transurethral incision in the midline of the 
floor of the prostate. 

FIGURE 11.12. Midline retrovesical cyst lying supe
rior to the symphysis pubis. This cyst was too ceph
alad to be accessible through transurethral incision 
of the prostate. 
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FIGURE 11.13. Obstruction of the ampulla of the 
right vas deferens due to pull-through anoplasty for 
imperforate anus. 

blood supply of the vas may occur, resulting in 
fibrosis of the vas wall. This may, in turn, result 
in the absence of muscular contraction during 
ejaculation, creating a functional obstruction at 
this site. Perivasal fibrosis, hematoma, and 
sperm granuloma may also occur. 

Conclusion 

The recent development of intracytoplasmic 
sperm injection has created a new indication for 
testis biopsy, i.e., "therapeutic" testis biopsy. In 
the future, it is likely that more needle and 
open testicular biopsies will be performed. 
Andrologic surgeons and gamete technicians 
may be expected to gain increasing familiarity 
with testis biopsy and histology as this trend 
develops. 
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FIGURE 11.14. Huge retrovesical midline cyst simu
lating the bladder. Contrast was instilled from the 
vas and filled the large cyst. No contrast was placed 
into the bladder. 
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Evaluation and Treatment of 
Ejaculatory Duct Obstruction 
in the Infertile Male 
Randall B. Meacham and Julia A. Drose 

In approximately 50% of infertile couples, a 
male factor is operative. Male infertility is often 
difficult to correct because infertile men fre
quently suffer from intrinsic testicular failure.! 
This condition is composed of hyposperma
togenesis, maturation arrest, a combination of 
these histologic patterns, or Sertoli-cell-only 
syndrome. Although testicular failure is cur
rently an area of significant research, thus far 
no reliable treatment options are available for 
patients with testicular failure. Similarly, some 
genetic causes, such as Klinefelter's syndrome, 
are not currently treatable. 

On the other hand, subfertile men suffering 
from an obstructive process are potential candi
dates for surgical therapy. Such obstruction 
may occur along any portion of the excurrent 
ductal system from the epididymis to the ejacu
latory ducts. The frequency of azoospermia 
in the general population has been estimated 
at approximately 2%.2 The incidence of azoo
spermia among patients evaluated at infertilty 
clinics, however, has been reported to be as 
high as 10% to 20%. In a review published by 
Jarow and associates,2 37% of patients with 
azoospermia evaluated in a male fertility clinic 
were found to have an obstructive process as 
the cause. Patients found to have an obstruc
tion at the level of the epididymis or vas defer
ens may be candidates for microsurgical 
reconstruction.3 

Within the past decade, clinicians in the field 
of male reproductive medicine and surgery 
have gained a greater appreciation for the role 
of ejaculatory duct obstruction in male infertil-

ity. The primary reason for the increased 
awareness of this lesion is the advent of the 
widespread use of transrectal ultrasonography 
in the evaluation of a variety of urologic disor
ders. Most often used in the evaluation of pa
tients suspected of suffering from prostate 
malignancy, high-resolution transrectal ultra
sound also provides excellent visualization of 
the excurrent ductal system in the prostatic 
and periprostatic regions. Prior to the use of 
transrectal ultrasound, the diagnosis of ejacula
tory duct obstruction was most frequently 
made through the use of vasography. That mo
dality, however, is relatively invasive and poses 
the risk of scarring and obstruction of the vas 
deferens at the vasography site. 

The use of transrectal ultrasonography in the 
evaluation of the excurrent ductal system 
was described by Tanahashi and coworkers4 in 
1975. Other early investigators reporting the 
use of transrectal ultrasonography in evaluating 
ductal obstruction include Littrup and cowork
ers,s who in 1988 described the use of this 
modality in the assessment of patients suffering 
from conditions such as hematospermia, dys
uria, and perineal pain. In 1989 Carter and 
associates6 discussed the use of transrectal 
ultrasonography to investigate prostatic and 
seminal vesicle cysts. In that same year, 
Shabsigh and coworkers7 provided details of 
the use of transrectal ultrasonography in the 
diagnosis and management of prostatic and 
seminal vesicle cysts. 

Within the past 5 years, the use of transrectal 
ultrasonography has become a standard part of 
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the armamentarium for the evaluation and 
management of male inferility. Ejaculatory 
duct obstruction can be corrected via transure
thral resection of the obstructed ducts or 
decompression of obstructing miillerian duct 
cysts. Although it is now recognized that 
transurethral correction of ejaculatory duct 
obstruction is not without potential complica
tions, in properly selected patients this treat
ment can yield excellent results. 

Pathophysiology 

The ejaculatory ducts are approximately 1 to 
2cm in length and enter the prostate in an 
oblique fashion, traveling medially and anteri
orly through the substance of the gland and 
entering the prostatic urethra at the level of the 
verumontanum. The prostatic utricle is located 
in the region of the verumontanum between the 
ejaculatory ducts. The utricle is a remnant of 
the miillerian duct, is of endodermal origin, and 
is not believed to communicate with any other 
structures. Anatomical studies have indicated 
that under normal circumstances there is no 
communication between the ejaculatory ducts 
and the lumen of the utricle.s 

Obstruction of the ejaculatory ducts may 
arise from a variety of causes. Congenital 
atresia or stenosis of the ejaculatory ducts is 
one proposed mechanism of obstruction. In
flammatory disorders of the prostate or surgical 
procedures in the prostate region are other 
proposed causes of this condition. Another 
possible etiologic factor in ejaculatory duct 
obstruction is the presence of miillerian duct 
cysts. Although cysts of miillerian origin should 
not communicate with the wolffian duct system, 
extrinsic compression by such cysts may lead to 
blockage of the ejaculatory ducts.9,10 Addition
ally, it appears that cystic dilatation of the distal 
wolffian system may create a midline prostatic 
cyst into which the ejaculatory ducts enter di
rectly. In many cases, differentiation between 
miillerian and wolffian cysts is very difficult 
when using transrectal ultrasonography. In 
either case, however, transurethral unroofing 
of the cystic structure may yield good clinical 
results. 

R.B. Meacham and 1.A. Drose 

Clinical Presentation 

Patients suffering from ejaculatory duct ob
struction may have an antecedent history that 
includes prostatitis, urethral catheterization, or 
transurethral surgical procedures. Frequently, 
however, the patient's history is negative for 
such causal factors. Physical examination is 
most often unremarkable. Because spermato
genesis is commonly intact, the testicles are 
usually of normal size and consistency. The 
vasa differentia should be palpably intact 
bilaterally. In some instances, long-standing 
obstruction may contribute to epididymal indu
ration. This, however, is a variable finding. Rec
tal examination is most often unremarkable. 
Occasionally, a midline cyst may be palpated in 
the region of the prostate. In circumstances 
where the seminal vesicles are markedly di
lated, they may be palpably enlarged on rectal 
examination. 

As in other types of ductal obstruction, 
evaluation of serum testosterone and gonado
tropins will generally yield normal results. In 
those cases where testis biopsy is performed, 
histologic results should show intact sperm pro
duction and maturation. It should be borne in 
mind, however, that patients may potentially 
suffer from intrinsic testicular failure as well as 
from ejaculatory duct obstruction. For this rea
son, semen quality may not return to normal in 
spite of correction of the obstructing lesion. 

Unlike men with pure epididymal or vasal 
obstruction, those suffering from ejaculatory 
duct obstruction will generally present with de
creased ejaculate volume. A large portion of 
the seminal fluid generated during ejaculation 
is derived from the seminal vesicles. In the 
presence of complete ejaculatory duct obstruc
tion, only the prostatic fraction of the ejaculate 
emerges. Additionally, patients with ejacula
tory duct obstruction will generally be found 
to have decreased sperm concentration or 
azoospermia. Individuals with partial ejacula
tory duct obstruction may have varying concen
trations of sperm in the ejaculate. l1 Such 
patients, however, will usually be found to have 
significantly decreased sperm motility. Evalua
tion of semen fructose content has historically 
played a role in the evaluation of men sus-
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pected of having ejaculatory duct obstruction. 
Although a negative semen fructose test sug
gests a diagnosis of complete ejaculatory duct 
obstruction, it may be positive in the case of 
partial obstruction. For this reason, a positive 
semen fructose evaluation does not rule out the 
possibility of ejaculatory duct obstruction. As 
in all evaluations of male fertility, two separate 
semen analyses should be performed on men 
suspected of suffering from ejaculatory duct 
obstruction. It is critical to ascertain whether or 
not a complete semen specimen was collected 
for each analysis. 

Another potential cause of decreased ejacu
late volume is retrograde ejaculation. Although 
retrograde ejaculation is often associated with a 
history of bladder neck surgery or a neurologic 
lesion, such as spinal cord injury or diabetes, it 
may be seen in men with no contributory his
tory. Men presenting with abnormal semen 
quality and decreased ejaculate volume should 
undergo assessment for the presence of this 
condition. The easiest and most effective way 
to evaluate a patient for the presence of retro
grade ejaculation is by examination of a 
postejaculatory urine specimen. The patient is 
asked to collect a semen specimen through 
masturbation and then void into a separate con
tainer. This evaluation can be facilitated by ask
ing the patient to void most of his bladder 
content prior to masturbation. The residual 
urine that remains in the bladder will be more 

TABLE 12.1. Laboratory values and physical findings 
characteristic of ejaculatory duct obstruction. 

Laboratory 
Decreased ejaculate volume «2.0) 
Decreased sperm concentration (may have complete 

azoospermia) 
Decreased sperm motility 
Negative postejaculatory urine evaluation 
Semen fructose positive or negative 
Normal serum testosterone and gonadotropins 

Physical findings 
Normal testicular volume and consistency 
May have: 

Epididymal induration 
Midline prostatic cyst 
Dilated seminal vesicles 

From Meacham and Lipshultz,18 with permission. 
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manageable for laboratory personnel than 
would the contents of a full bladder. The 
voided specimen is centrifuged and the pellet 
resuspended in an appropriate medium. De
tailed analysis of the antegrade and retrograde 
specimens is performed, and the specimens are 
compared for sperm content and motility. 
Laboratory and physical examination fin.dings 
characteristic of ejaculatory duct obstruction 
are presented in Table 12.1. 

Ultrasound Evaluation 

Ultrasound evaluation of patients suspected of 
suffering from ejaculatory duct obstruction is 
performed in much the same way as in men 
being evaluated for possible prostate neo
plasms. Ultrasonography is most appropriately 
performed using a 5- to 7-MHz endocavitary 
probe. Scanning should be performed in both 
the transverse and longitudinal planes. A vari
ety of ultrasound findings may suggest ejacula
tory duct obstruction.12 Ultrasound is generally 
considered positive if a posterior midline cyst is 
identified deep to the verumontanum or if dila
tation of the seminal vesicles or vasal ampullae 
is identified (Fig. 12.1). There is no firm consen
sus regarding what constitutes seminal vesicle 
dilatation on ultrasonograpy. Carter and asso
ciates6 have defined a dilated seminal vesicle as 
one that is greater than 15 mm in transverse 
dimension. Vazquez-Levin et all3 have de
scribed dilated seminal vesicles as those in 
which the maximum width is greater than 
12mm at any point along their course. Hall and 
Oates14 described normal seminal vesicle di
mensions as 3 :t 0.5 cm in the transverse plane, 
1.5 :t O.4cm in the sagittal plane, and a volume 
of 13.7 :t 3.7ml. 

Normal ejaculatory ducts can be visualized 
sonographically as small hypoechoic paired 
structures located centrally within the sub
stance of the prostate (Fig. 12.2). When viewed 
in the sagittal plane, they appear as linear struc
tures coursing from the seminal vesicles to 
the prostatic urethra (Fig. 12.3). In patients not 
suffering from ejaculatory duct obstruction, 
the ejaculatory ducts may not be visible. 
Vazquez-Levin and associates13 defined dilated 
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FIGURE 12.1. Sagittal image of the prostate showing 
a midline cyst (c) in conjunction with a dilated semi
nal vesicle (arrow). B, bladder. 

ejaculatory ducts as those wherein the lumen of 
the ducts could be readily visualized between 
the two walls. 

A variety of cystic structures may be ob
served within the prostate. Prostatic retention 
cysts are thought to occur as a result of benign 
prostatic hyperplasia. Believed to be cystic dila
tations of the prostatic acini, such cysts are usu
ally small and often are scattered within the 
central zone of the prostate or at the junction 
between the central and peripheral zones (Fig. 
12.4).15 
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A diagnosis of ejaculatory obstruction is sug
gested by the presence of a cyst posterior to the 
prostatic urethra. Cysts located in this area may 
be of several types, including mtillerian duct 
cysts, utricular cysts, and ejaculatory duct cysts. 
Such cysts may be differentiated based on 
whether or not they contain sperm.16 Midline 
cysts that do not contain sperm are believed to 
be of mtillerian duct origin and may be referred 
to as mtillerian duct cysts or utricular cysts. 
Such lesions may cause obstruction of the 
ejaculatory ducts by external compression. Dif
ferentiation between mtillerian duct cysts and 
utricular cysts may be problematic. It has been 
stated that these two types of cysts arise from 
different embryologic origins, utricular cysts 
being of endodermal origin and mtillerian duct 
cysts being of mesodermal origin.8 Mtillerian 
duct cysts may extend well above the prostate 
and manifest as large pelvic masses. Although 
utricular cysts are variable in size, they are gen
erally somewhat smaller in size than mtillerian 
duct cystS.17 Figure 12.5 presents the transverse 
and longitudinal sonographic images of the 
prostate in a 29-year-old man. A midline cyst is 
identified that was thought to be of either 
mtillerian or utricular origin. The patient's se
men quality was normal. Fluid aspirated from 
the cyst was not found to contain spermatozoa. 

Midline prostatic cysts that contain sperm 
are considered to be of woIffian origin.16 Cysts 
such as this likely represent dilated ejaculatory 
ducts. Calcifications in the area of the ejacula
tory ducts provide supportive evidence of 

FIGURE 12.2. Transverse image of 
normal ejaculatory ducts (arrows) 
within the prostate. 
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FIGURE 12.3. Sagittal image of a 
normal ejaculatory duct (arrows) 
within the prostate. 

ejaculatory duct obstruction. Although this 
finding is probably less reliable than the above
described cystic dilatations, it may be signifi
cant under appropriate clinical circumstances 
(Fig. 12.6). Figure 12.7 represents a transverse 
sonographic image of a midline prostatic cyst. 
Aspirated fluid contained sperm, indicating 
that this was an ejaculatory duct cyst. Figure 
12.8 shows another transverse sonogram re
vealing a midline prostatic cyst that was con
firmed to be an ejaculatory duct cyst by the 
presence of sperm in fluid obtained during cyst 
aspiration. 

FIGURE 12.4. Transverse image of 
a prostatic retention cyst (arrow) 
located within the central portion 
of the prostate. 
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Table 12.2 represents ultrasound findings 
in 20 men diagnosed with ejaculatory duct 
obstruction reported by Meacham and 
Lipshultz.18 

Additional techniques have been described 
for confirming the diagnosis of ejaculatory duct 
obstruction. Katz and associates19 reported the 
use of ultrasound-guided transrectal seminal 
vesiculography to confirm ejaculatory duct ob
struction. Ruiz Rubio et afo described the use 
of ultrasound guided transperineal cyst punc
ture and instillation of contrast into the cyst and 
seminal vesicles. Jarow21 has recently described 
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FIGURE 12.5. (A) Transverse image 
of a midline cyst (c) within the pros
tate that was thought to be utricular 
or mtillerian in origin. (From Mea
cham et al,25 with permission.) (B) 
Sagittal image of the same patient 
showing the same midline cyst (c) ex
tending above the prostate (p). 

FIGURE 12.6. Sagittal image of cal
cifications coursing along the ejac
ulatory duct (arrows). 
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FIGURE 12.7. Transverse image of an 
ejaculatory duct cyst (c) within the 
prostate. B, bladder. (From Meacham 
et al,25 with permission.) 

the use of transrectal ultrasound-guided semi
nal vesicle aspiration in the confirmation of 
ejaculatory duct obstruction. Results of his in
vestigation indicate that sperm are not usually 
present within the seminal vesicles and that 
ejaculatory duct obstruction should be sus
pected in any patient in whom numerous sperm 
are identified within fluid aspirated from the 
seminal vesicles. 

FIGURE 12.8. Transverse image of 
an ejaculatory duct cyst (c) within 
the prostate. B, bladder. (From 
Meacham et al,25 with permission.) 
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Treatment of Ejaculatory Duct 
Obstruction 

Treatment of ejaculatory duct obstruction is 
generally accomplished via transurethral un
roofing of the obstructed ducts. A variety of 
approaches to this procedure have been de
scribed.18 Because the ejaculatory ducts enter 
the prostatic urethra in the region of the 



196 

TABLE 12.2. Results of transrectal ultrasonography. 

Finding Group 1 Group 2 Group 3 

Ejaculatory duct cyst 4 3 
Dilated seminal vesicles 4 2 1 
Dilated vasal ampullae 3 0 0 

or ejaculatory ducts 
CaicificatioJ.l of 0 

ejaculatory ducts 

Ultrasound findings in 20 patients diagnosed as having 
ejaculatory duct obstruction via transrectal sonography. 
(From Meacham and Lipshultz,18 with permission.) 

verumontanum, the most direct route to surgi
cal unroofing is transurethral resection of the 
veru itself.12 Figure 12.9 illustrates the tech
nique used for transurethral unroofing of the 
ejaculatory ducts. If an ejaculatory duct cyst is 
present, it will usually be entered less than 1 cm 
deep to the resected verumontanum. Caution 
must be exercised to avoid damage to the rec
tum, bladder neck, or external sphincter during 
resection. It may prove useful to insert a gloved 
finger into the rectum during the procedure in 
order to guard against resecting too deeply. 

Bladder 
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Intraoperative transrectal sonography may 
be useful in surgical correction of ejaculatory 
duct obstruction. Ultrasonography will indi
cate the exact location of an ejaculatory duct 
cyst and will allow measurement of the distance 
between the cyst and prostatic urethra. Figure 
12.10 shows a sagittal ultrasound image re
vealing an ejaculatory duct cyst and its rela
tionship to the bladder neck. During this 
particular procedure, it was possible to place a 
flexible guidewire into the ejaculatory duct cyst 
to provide a guide for further incision. Figure 
12.11 shows a sonographic image of the guide
wire within the ejaculatory duct cyst. Figure 
12.12 is a sonographic image of the ejaculatory 
duct cyst after it had been incised. 

Adequate unroofing of the ejaculatory ducts 
can be confirmed by placing a gloved finger in 
the rectum and digitally compressing the semi
nal vesicles. When the ducts have been ad
equately resected, seminal fluid should be seen 
flowing into the prostatic urethra during this 
maneuver. Care should be taken to minimize 
coagulation in the area of the resected ducts in 
order to avoid scarring. A 24-French urinary 
catheter is usually left in place for 24 to 48 

Vas deferens 

Vasal ampulla 

FIGURE 12.9. Technique for resection of the ejaculatory ducts. (From Meacham et al,12 with permission.) 
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FIGURE 12.10. Sagittal image show
ing an ejaculatory duct cyst (c) 
within the prostate and its relation
ship to the bladder neck (arrow). 
(From Meacham et al,25 with per
mission.) 

hours to facilitate management of postopera
tive hematuria. 

Ideally, following transurethral unroofing of 
the ejaculatory ducts, patients should experi
ence an improvement in ejaculate volume as 
well as in sperm quality. Patients with partial 
ejaculatory duct obstruction who have an in
crease in ejaculate volume following transure
thral resection but no improvement in sperm 
concentration or motility may suffer from in
trinsic testicular failure in addition to ejacula-

FIGURE 12.11. Sagittal image of a 
guidewire (arrows) being advanced 
into an ejaculatory duct cyst (c) 
prior to surgical resection. B, blad
der. (From Meacham et al,25 with 
permission. ) 
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tory duct obstruction. Additionally, patients 
with complete obstruction of the ejaculatory 
ducts who achieve an increase in ejaculate vol
ume postoperatively but do not experience re
turn of sperm to the semen have a second 
obstructing lesion at the level of the epididymis. 
It is well recognized that patients who have 
long-standing obstruction of the vas deferens 
secondary to vasectomy may develop epididy
mal obstruction secondary to pressure within 
the ductal system. It is likely that patients with 
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ejaculatory duct obstruction can suffer a similar 
epididymal lesion. Patients suffering from a 
secondary epididymal obstruction may require 
subsequent scrotal exploration and vasoepi
didymal reconstructionY2 

In 1993 Meacham and associates12 reported 
the results of 26 transurethral resections of the 
ejaculatory ducts performed in 24 patients 
(Table 12.3). Twelve patients achieved an im
provement in sperm concentration or motility 
or both. Eight patients were found to have in
creased ejaculate volume with no improvement 
in sperm quality, and six patients failed to re
spond to therapy. Seven patients' wives became 
pregnant postoperatively. Weintraub et af3 
also reported encouraging results following 
transurethral resection of the ejaculatory ducts 
in eight patients. Among the five patients 
treated primarily for infertility, four achieved 
improvement in ejaculatory volume or sperm 
quality or both and fathered children. Among 
85 patients who underwent transurethral resec
tion of the ejaculatory ducts in a collected series 
reported by Vazquez-Levin et al,13 55% of the 
patients obtained an improvement in semen 
parameters postoperatively, and 33% of the 
patients' wives achieved a pregnancy. 

It should be recognized that transurethral 
resection of the ejaculatory ducts is not without 
potential complications. Meacham and associ
ates12 reported two patients who suffered sig
nificant postoperative hematuria. In addition, 
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FIGURE 12.12. Sagittal image im
mediately postresection of an ejac
ulatory duct cyst (arrows). (From 
Meacham et al,25 with permission.) 

Vazquez-Levin and associates13 reported eight 
patients in whom assessment of preoperative 
and postoperative semen creatinine was per
formed to detect contamination by urine. Seven 
of eight patients were found to have increased 
creatinine levels postoperatively within the se
men. Although it is not entirely clear what the 
impact of such urinary contamination of the 
ejaculate may be, it is possible that this will 
decrease subsequent fertility.13 Additionally, 
Goluboff et ae4 reported a patient who devel
oped significant postvoid dribbling following 
transurethral resection of the ejaculatory ducts. 
In this case, it was demonstrated that urine re
fluxed through the resected ejaculatory ducts 
into one of the patient's seminal vesicles, lead
ing to postvoid dribbling as the seminal vesicle 

TABLE 12.3. Overall response to treatment. 

Number of patients Number of pregnancies 

Group 1* 
Group 2t 
Group 3t 

Total 

12 
8 
6 

26 

6 (50%) 
1 (12.5%) 

o 

7 (27%) 

* Postoperative improvement in sperm density, motility, or 
both. 
t Improvement in ejaculate volume only. 
tNo postoperative improvement in semen parameters. 
Results of transurethral resection of the ejaculatory ducts 
in 24 patients (two patients underwent two procedures). 
(From Meacham et al,12 with permission.) 
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subsequently emptied.8 Transurethral resection 
of the ejaculatory ducts may also lead to 
epididymitis. The etiology of this is most likely 
retrograde flow of urine into the vas deferens. 

When considering transurethral resection of 
the ejaculatory ducts in a patient with partial 
obstruction, it should be noted that surgical 
therapy may result in further stenosis of the 
ducts. Patients who undergo transurethral re
section of the ejaculatory ducts may develop 
scarring in the region of the prostatic urethra, 
converting a partial ejaculatory duct obstruc
tion into a complete obstruction. Recent ad
vances in the use of in vitro fertilization 
technologies have allowed the generation of 
pregnancies even in the face of significantly 
impaired semen quality. The patient who pre
sents with decreased semen quality may, there
fore, successfully achieve a pregnancy through 
the use of these technologies. If such a patient is 
rendered azoospermic through transurethral 
unroofing of the ejaculatory ducts, his chances 
for fathering a child will be impaired. 

Conclusion 

Over the past 5 years, ejaculatory duct obstruc
tion has become a well-recognized cause of 
male infertility. The use of transrectal 
ultrasonography has greatly facilitated iden
tification of this lesion. Used judiciously, 
transurethral unroofing of the ejaculatory ducts 
can yield gratifying results in this challenging 
patient population. 
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13 
Varicocele 
Armand Zini, Sarah K. Girardi, and Marc Goldstein 

A varicocele is dilated testicular veins in the 
scrotum. Although it is generally agreed that a 
varicocele represents the most common iden
tifiable pathology in infertile men and that 
correction of this lesion usually results in im
proved fertility, the influence of varicoceles 
and varicocelectomy on fertility remains the 
subject of ongoing controversy. 

Incidence 

The incidence of varicoceles in the general 
male population is about 15%.1-4 The incidence 
in men presenting for infertility is about 35%, 
and in that subset of men with secondary infer
tility it is 70% to 80%.5-7 Although varicoceles 
are almost always larger and more common 
on the left side,5,8 the incidence of bilateral 
varicoceles is in the range of 15% to 50%. The 
rare, isolated right-sided varicocele generally 
suggests that the right internal spermatic vein 
enters the right renal vein, but this finding may 
be associated with situs inversus or retroperi
toneal tumors.9 OsterlO observed that no 
varicoceles were detected in 188 boys 6 to 9 
years of age, but were detected with increasing 
incidence in boys 10 to 14 years of age, which 
suggests that varicoceles develop at puberty. 
Occasionally, varicoceles may be acquired 
secondary to underlying benign or malignant 
retroperitoneal pathology. 

The significantly higher incidence of 
varicoceles in men with secondary infertility 
and the observation that varicoceles generally 

develop at the time of puberty suggest that the 
presence of a varicocele can cause a progressive 
decline in fertility and imply that men with a 
varicocele and prior fertility are not immune 
from potential ongoing varicocele-mediated 
testicular injury.6,7 Although the high incidence 
of varicoceles in the general male population 
suggests that many or even most men with 
varicoceles are fertile (at least when they are 
younger), a study by the World Health Organi
zation has shown that semen quality declines in 
men with untreated varicoceles. l1 In an earlier 
study, Johnson et ae showed that in a cohort of 
asymptomatic military recruits, nearly 70% of 
men with a palpable varicocele had an abnor
mality on semen analysis. 

Etiology 

Among the most widely accepted of the pro
posed theories on the causes of varicoceles are 
(1) that there are anatomic differences between 
the left and right internal spermatic vein, (2) 
that there is an absence or incompetence of 
venous valves resulting in reflux of venous 
blood, and (3) that there is increased hydro
static pressure in the scrotal veins. 

The reflux of venous blood into the 
pampiniform plexus is believed to arise largely 
as a result of the absence or incompetence of 
internal spermatic venous valves. The report by 
Braedel et al12 on the venographic pattern of 
659 consecutive men with varicoceles revealed 
that the majority of these men (484/659) had 
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absent venous valves. Compression of the left 
renal vein and narrowing of the left internal 
spermatic vein were seen in 103 and 3 men, 
respectively. 

The anatomy of the left internal spermatic 
vein is different from the right. The left vein is 
about 8 to 10cm longer, and this is believed to 
result in an increase in hydrostatic pressure.13 
This pressure is transmitted to the internal 
spermatic vein at the level of the pampiniform 
plexus, causing dilatation and tortuosity of the 
veins. 

Compression of the left renal vein between 
the aorta and the superior mesenteric artery 
("nutcracker effect") may also contribute to 
the increased internal spermatic venous pres
sure. Radiologic studies have documented a 
relative distention of the proximal left renal 
vein, suggesting partial distal obstruction.14,15 

It is likely that the etiology of varicocele is 
multifactorial. 

Mechanisms 

Animal Studies 

The virtual lack of naturally occurring 
varicoceles in animals has led numerous re
searchers to create experimental models of 
varicoceles in the hope of understanding the 
mechanisms responsible for testicular dysfunc
tion and infertility associated with varicoceles 
in humans. Most of these investigators have 
induced varicoceles by partial ligation of the 
left renal vein medial to the entrance of the left 
testicular vein and have assessed one or more 
of a number of end points, including semen 
quality, testicular histology, testicular blood 
flow, testicular temperature, and the bilateral 
nature of this experimental pathology. In gen
eral, a surgically induced varicocele reproduces 
many of the pathophysiologic manifestations of 
naturally occurring varicoceles in humans. 
However, it is important to realize that the va
lidity of extrapolating results obtained from 
experimental varicoceles and applying them to 
human pathology has not been confirmed. 

Semen quality uniformly declines in animals 
with induced varicoceles.16-2o As is observed in 
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infertile men with varicoceles, testicular 
histology in varicocelized animals reveals ab
normalities in the seminiferous epithelium, 
characterized by abnormal Sertoli cells and 
germ-cell sloughing. An increase in testicular 
temperature is reported in most studies. Tes
ticular blood flow has been shown to increase in 
experimental models of varicoceles;16.17 how
ever, in one study, a decrease in testicular blood 
flow was observed, and was attributed to the 
use of a different animal model.21 Recently, 
Turner et af2 demonstrated that an experimen
tal left varicocele results in increased testicular 
intravascular volume, bilaterally. They sug
gested that the increased testicular blood flow 
in their model could be explained only in part 
by this increase in intravascular volume to
gether with the focal testicular capillary growth 
they observed. The inhibition of testosterone 
synthesis in rats with surgically induced 
varicoceles was shown to be du.e principally to a 
reduction in the activity of the enzyme 17,20-
desmolase.23 

Human Studies 

A number of theories have been proposed to 
explain the observed pathophysiology of 
varicoceles. Zorgniotti and MacLeod24 re
ported that men with varicoceles have higher 
intrascrotal temperatures than the controls. 
They also noted a bimodal intrascrotal tem
perature distribution in infertile men without 
varicoceles, demonstrating the nonspecificity of 
an isolated elevated intrascrotal temperature 
reading. Goldstein and Eid25 directly measured 
intratesticular temperatures and found them 
elevated in men with varicoceles as did Saypol 
et al16 in an animal model of varicoceles. A 
number of reports have documented the sensi
tivity of spermatogenesis to temperature eleva
tions.16.24,26-28 Recently, testicular hyperthermia 
(generated by inguinal placement of the testes) 
has been advocated as an effective contracep
tive, capable of rendering men azoospermic or 
severely oligospermic.29.30 The reduction in 
scrotal temperature following varicocele liga
tion supports a causative role of increased tem
perature on the infertility produced by the 
varicocele.17.31.32 
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The theory of adrenal and renal metabolite 
reflux stems from early anatomic radiographic 
studies documenting reflux of blood from the 
renal vein into the internal spermatic vein. De
spite the reports demonstrating correlations 
between increased concentrations of these me
tabolites in the internal spermatic vein and 
the presence of a varicocele, few of these 
metabolites have clearly been shown to be 
gonadotoxic. 

Comhaire and Vermeulen33 measured sper
matic vein catecholamine (adrenal metabolite) 
concentrations in infertile patients with and 
without varicoceles and found that although 
internal spermatic vein levels of catechola
mines were higher than peripheral levels in 
both groups, the ratio of spermatic vein to pe
ripheral vein catecholamine was higher in men 
with varicoceles than in control subjects. Cohen 
et al34 performed a small study demonstrating 
that a subset of patients with both varicoceles 
and high internal spermatic vein catecholamine 
levels achieved higher pregnancy rates after 
varicocelectomy than those men with lower 
catecholamine levels. However, there are no 
convincing data showing that catecholamines 
are gonadotoxic. 

Ito et al35 examined the concentration of 
prostaglandins and other presumably renal
derived metabolites and found their concentra
tion to be high in the internal spermatic veins of 
men with varicoceles. Although this study was 
not controlled, these findings may be relevant 
in light of the animal work demonstrating that 
prostaglandins have a gonadotoxic effect.36,37 It 
has been shown that prostaglandins depress se
rum luteinizing hormone (LH) and testoster
one levels.38 

Increased hydrostatic pressure in the internal 
spermatic vein from renal vein reflux has been 
proposed by Shafik and Bedeir13 as a possible 
mechanism for varicocele-induced pathology. 
It was postulated that the venous stasis in the 
internal spermatic vein could lead to inefficient 
blood transport and result in a decrease in the 
oxygen tension and subsequent failure of sper
matogenesis. Although intuitively logical, this 
theory is weakened by the reports of Donohue 
et al39 and Netto et al40 showing no significant 
difference in pH or oxygen tension in the inter-
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nal spermatic vein blood of men with varico
celes as compared with controls. 

Pathophysiology 

Numerous aspects of testicular function and 
varicocele-associated pathology have been in
vestigated in the hope of gaining a better 
understanding of the pathophysiology of 
varicoceles. 

Testis Atrophy 

Testicular atrophy has been documented in 
men with varicoceles as early as 100 A.D.41- 43 

More recently, Lipshultz and Corriere44 objec
tively demonstrated, with the use of calipers, 
that left testicular size in men with a left 
varicocele was significantly decreased when 
compared with a control group of men. The 
World Health Organization (WHO) presented 
similar data in a multicenter study that evalu
ated the physical findings and semen character
istics of men presenting for infertility.ll The 
WHO study reported that varicoceles (most of 
which were on the left side) were associated 
with relative left testicular atrophy as com
pared with the contralateral testis. In contrast, 
right and left testicular size was not significantly 
different in men without a varicocele. This 
study also demonstrated that combined testicu
lar volume (right plus left sides) decreased with 
increasing size of the varicocele. 

Testis Histology and 
Biochemical Function 

Some studies have attempted to characterize 
the changes in testicular histology associated 
with the development of the varicocele.41,45-50 

Most of these studies have documented the bi
lateral nature of these changes. The histologic 
findings have varied from normal to Sertoli
cell-only pattern, with most studies reporting 
varying degrees of hypospermatogenesis. Addi
tionally, premature sloughing of germ cells into 
the seminiferous tubule lumen is a histologic 
feature identified in a number of the studies. 
Although some investigators have also noted 



204 

Leydig cell hyperplasia, this has not been con
firmed by all reports.48 

Evaluation of bilateral testicular histology 
by use of electron microscopy has revealed 
changes predominantly in Sertoli and endothe
lial cells.50 The Sertoli cells exhibited varying 
degrees of endoplasmic reticulum dilatation, 
with vacuolization in extreme cases. These 
changes were believed to cause breaks in the 
Sertoli cell plasma membrane and premature 
release of immature germ cells. Endothelial 
cells were noted to contain many small pi
nocytic vesicles and the arterioles appeared 
contracted. 

Using a testicular biopsy score count, before 
and after varicocelectomy, Johnsen and 
Agger47 evaluated the testicular biopsies of 
22 men with varicoceles. They reported that 
varicocelectomy significantly improved the bi
opsy scores in all men. The magnitude of im
provement was independent of the duration or 
size of the varicocele itself. These results 
strengthen the concept that varicocelectomy 
improves testicular function. 

The activity of enzymes involved in DNA 
synthesis (many of which are key in the process 
of germ cell multiplication) has been shown to 
decrease in the testes of men with varicoceles as 
compared with normal controls.51,52 It is un
clear, however, whether a reduction in the 
activity of these enzymes results in the 
hypospermatogenesis observed in testis with a 
varicocele or is secondary to the germ cell 
depletion seen in this pathology. Other studies 
have shown that the lipid concentration is in
creased in the testes of men with varicocele. 53-55 
It is speculated that the specific increase in cho
lesterol may be due to deficient or aberrant 
androgen biosynthesis in Leydig cells. To date, 
these studies have not confirmed the specificity 
of these biochemical changes to varicoceles, as 
these changes are likely found in idiopathic 
oligospermia as well. 

Leydig Cell Function 

Leydig cell dysfunction has been documented 
in men with varicoceles. A WHO multicenter 
study on the influence of varicocele on fertility 
parameters demonstrated that the mean tes-
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tosterone concentration of men older than 30 
years of age with varicoceles was significantly 
lower than that of younger patients with 
varicoceles, whereas this trend was not ob
served in men without varicoceles.ll These 
findings suggest a detrimental time-dependent 
effect of varicocele on Leydig cell function. 
Comhaire and Vermeulen56 evaluated 10 pa
tients with decreased testosterone, impotence, 
and varicoceles, and observed that after 
varicocelectomy, the serum testosterone in
creased in all cases. Recently, Su et al57 also 
observed a significant increase in mean tes
tosterone levels after varicocelectomy in a 
group of 53 infertile men with varicoceles. 

Although these studies suggest that a 
varicocele may impair testicular steroidogenic 
function, substantial evidence has come from 
studies that use human chorionic gonadotropin 
(hCG) stimulation of testosterone release and 
gonadotropin-releasing hormone (GnRH) 
stimulation of gonadotropin release. These 
tests are more sensitive indicators of Leydig cell 
function than peripheral testosterone concen
tration. In the normal male, peripheral levels of 
testosterone show a biphasic response to hCG 
with an initial peak at 1 to 4 hours and a second 
peak at 36 to 96 hours. Scholler et al58 demon
strated that the early peak of testosterone and 
dihydrotestosterone (DHT) may be blunted 
in men with varicocele. They suggested that 
this may be due to a block at the level of the 
steroidogenic enzyme 17,20-lyase, based on 
the observed increase in the levels of 17a
hydroxyprogesterone. 

Subsequent studies have employed the gona
dotropin response to bolus injection or continu
ous infusion of GnRH, as it is a more sensitive 
test of Leydig cell function than hCG stimula
tion. Hudson and McKar9 demonstrated that 
men with varicoceles have an excessive re
sponse [LH and follicle-stimulating hormone 
(FSH) release] to a 4-hour infusion of GnRH. 
The magnitude of the response was also greater 
in severely oligospermic men than in those with 
sperm concentrations between 11 and 30 mil
lion/mI. More importantly, Hudson60 found that 
the men with exaggerated gonadotropin re
sponse to GnRH were most likely to show 
improvement in semen parameters following 
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varicocelectomy, regardless of the degree of 
oligospermia. Additionally, the report of 
Fujisawa et a161 demonstrated that a normaliza
tion of the LH response to GnRH stimulation 
after varicocelectomy was predictive of im
proved fertility postoperatively. These findings 
suggest that men with varicocele and abnormal 
Leydig cell function are most likely to benefit 
from varicocelectomy. 

Semen Characteristics/Sperm Function 

The abnormalities of semen parameters in in
fertile men with varicoceles were first objec
tively described by MacLeod62 in 1965. In that 
study, MacLeod observed that the vast majority 
of semen samples, obtained from 200 infertile 
men with varicoceles, were found to have an 
increased number of abnormal forms, de
creased motility, and lower mean sperm counts. 
This "stress pattern," characterized by an in
creased number of tapered forms and imma
ture cells, was also reported in other 
studies. ll,63,64 However, some investigators have 
shown that the characteristic stress pattern 
is not a sensitive marker for varicocele and 
believe that it is not diagnostic of this 
pathology.65,66 

A large number of studies have evaluated the 
effects of varicocelectomy on semen param
eters.5,67-71 Most of these studies have demon
strated an improvement in sperm density 
with or without a concomitant increase in 
sperm motility and morphology after var
icocelectomy, suggesting a cause-and-effect 
relationship between a varicocele and abnor
mal semen parameters. However, because the 
bulk of the reported outcome data on 
varicocelectomy comes from uncontrolled or 
poorly designed controlled studies, the value of 
these results is limited.72 

The impact of the grade size of varicoceles on 
the magnitude of improvement in semen 
quality after varicocelectomy is equivocal. 
Steckel et aC3 reported that men with larger 
varicoceles present with lower sperm densities 
and show greater relative improvement in se
men quality than men with smaller varicoceles 
who present with higher mean sperm densi
ties. J arow et aC4 reported virtually identical 
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results and suggested that repair of subclinical 
varicoceles is of questionable value. At this 
time, the grade of the varicocele remains of 
uncertain value in predicting the outcome of 
varicocelectomy. 

Diagnosis 

The diagnosis of a varicocele is generally made 
on physical examination. A warm examining 
room promotes relaxation of the scrotal dartos 
muscle and facilitates accurate evaluation for 
varicoceles. A number of other modalities have 
been used to diagnose varicoceles, including 
venography, Doppler stethoscope, radionu
clide angiography, scrotal thermography, and 
scrotal ultrasonography. Despite some reports 
demonstrating the potential limitations of 
venography, when it is performed in experi
enced hands this modality is generally accepted 
as the most accurate method of varicocele diag
nosis and is thus regarded as the standard 
against which other tests are to be compared.75 
However, this test is not routinely used because 
of its invasive nature. 

Although it is regarded as the most clinically 
useful tool in the diagnosis of a varicocele, the 
limitation of the physical examination has been 
highlighted by a World Health Organization76 
study comparing this and other diagnostic mo
dalities to venography. The physical examina
tion used had a 23% false-negative and a 24% 
false-positive rate in the detection of left-sided 
varicocele in this study. These results in part 
reflect the limitations of the clinical examina
tion in its ability to detect smaller lesions and 
may explain the discrepancy between the 
clinical examination and other more sensitive 
diagnostic tools, hence the concept of the 
subclinical varicocele. Despite these limita
tions, the physical examination remains the 
primary diagnostic modality in varicocele 
evaluation. 

Doppler stethoscope, radionuclide angiog
raphy, and scrotal thermography in the diag
nosis of varicocele have been evaluated in a 
number of studies but these modalities have 
been largely abandoned in view of their low 
accuracy.77-79 
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The availability, reproducibility, and non
invasiveness of scrotal ultrasonography have 
led to its increased use. The ability of scrotal 
ultrasonography with color flow to accurately 
measure the testicular vein diameter, and 
detect reversal of flow with the Valsalva ma
neuver, often undetectable by physical exami
nation (subclinical varicocele), has prompted 
investigators to evaluate the potential role of 
this modality in diagnosing varicoceles and in 
predicting the outcome of varicocelectomy. 
McClure and Hricakso evaluated 50 infertile 
men, half with and half without varicoceles, 
using scrotal ultrasonography. They based 
their ultrasonographic detection criteria for 
varicoceles (internal spermatic vein diameter 
>3mm) on the findings of a control population 
of 25 normal fertile men without clinically 
palpable varicoceles. They reported that 
all palpable varicoceles were detected by 
ultrasonography and, in addition, a left 
varicocele was detected in 12 of the 25 patients 
without palpable (subclinical) varicoceles. 
Eskew et al81 critically examined scrotal ul
trasonography as a diagnostic tool in the evalu
ation of varicoceles. They performed physical 
examination, color duplex scrotal ultrasonog
raphy, and internal spermatic vein venography 
on 64 testicular units in 33 men. They found 
that the best predictor of a varicocele was the 
internal spermatic vein diameter with the pa
tient in the supine position. They reported 
that the optimal criteria for venous diameter in 
a varicocele was 3.6mm for a clinical and 
2.7mm for a subclinical varicocele, but caution 
that the accuracy in using these optimal criteria 
(that combine high sensitivity and specificity) is 
only 63%. 

The significance of a subclinical varicocele 
(one that is not clinically palpable) remains 
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controversial.82 The lack of standardized crite
ria for diagnosis and the conflicting treatment 
outcome reports on subclinical varicoceles raise 
questions about the existence and significance 
of this entity.82-86 

Varicocelectomy 

Varicocelectomy, the most commonly per
formed operation for the treatment of male 
infertility, is indicated for the treatment of 
varicocele-induced infertility, because a 
varicocele is associated with a progressive 
and duration-dependent decline in testicular 
function,6,7,42,44,87-91 and repair of the varicocele 
can halt further damage to testicular function 
and result in improved spermatogenesis.5,42,7o 
Varicocelectomy is also indicated in the child or 
adolescent with decreased ipsilateral testicular 
volume or an abnormal gonadotropin response 
to luteinizing hormone-releasing hormone 
(LHRH) stimulation or both.92 In adolescents, 
a good case can also be made for repair of 
larger varicoceles associated with a softer 
ipsilateral testis. 

Surgical approaches advocated for varico
celectomy include retroperitoneal and con
ventional inguinal open techniques, mic
rosurgical inguinal and subinguinal approaches, 
laparoscopic repairs, and radiographic em
bolization. The importance of using a varico
celectomy technique that minimizes the risk of 
complications and recurrences cannot be over
emphasized. Table 13.1 summarizes these 
methods of varicocele repair. 

The earliest recorded attempts at repair of a 
varicocele involved external clamping of the 
scrotal skin, including the enlarged veins. In the 
early 1900s an open scrotal approach was em-

TABLE 13.1. Techniques of varicocelectomy. 

Artery Hydrocele Failure Potential for 
Technique preserved (%) (%) serious morbidity 

Retroperitoneal No 7 15-25 No 
Conventional inguinal No 3-30 5-15 No 
Laparoscopic Yes 12% ?5-15 Yes 
Radiographic embolism Yes 0 15-25 Yes 
Microscopic inguinal Yes 0 0.5 No 
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ployed, involving the mass ligation and excision 
of the varicosed plexus of veins. At the level of 
the scrotum, however, the pampiniform plexus 
of veins is intimately entwined with the coiled 
testicular artery. Therefore, scrotal operations 
are to be avoided because of potential damage 
to the arterial supply of the testis with subse
quent testicular atrophy. 

Retroperitoneal repair of varicocele involves 
incision at the level of the internal inguinal ring, 
splitting of the external and internal oblique 
muscles, and exposure of the internal spermatic 
artery and vein retroperitoneally near the ure
ter. This approach has the advantage of isolat
ing the internal spermatic veins near the 
entrance into the left renal vein where only one 
or two large veins are present and where the 
testicular artery has not yet branched and is 
often distinctly separate from the internal sper
matic veins. Although this approach is a com
monly employed method for the repair of a 
varicocele, the identification and preservation 
of the testicular artery and lymphatics via the 
retroperitoneal approach is difficult, especially 
in children because these structures are small. 
Kass and Marcol93 reported that recurrence of a 
varicocele can be markedly reduced in children 
and adolescents by intentional ligation of the 
testicular artery, because this modification did 
not result in testicular atrophy in their series of 
patients. Despite the reassuring results of Kass 
and Marcol, it should be noted that in adults, 
bilateral testicular artery ligation has been 
shown to cause azoospermia and testicular at
rophy and in the event that these patients un
dergo subsequent vasectomy testicular atrophy 
world likely result. 

Laparoscopic repair is essentially a retro
peritoneal approach and many of the advan
tages and disadvantages are similar to those of 
the open retroperitoneal approach. Using this 
method, the internal spermatic vessels and vas 
deferens can be clearly visualized through the 
laparoscope as they enter the internal inguinal 
ring. The magnification as provided by the 
laparoscope allows visualization of the testicu
lar artery and lymphatics and makes their pres
ervation possible. 

A number of smaller studies have reported 
the results of laparoscopic varicocelectomy, but 
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the results cannot be evaluated critically at this 
time due to the small number of cases and short 
follow-up.94-97 In theory, the incidence of 
varicocele recurrence and complications is ex
pected to be similar to that associated with the 
open retroperitoneal operations. However, this 
treatment option is less attractive than open 
surgery because the potentially shorter postop
erative convalescent period is outweighed by 
the need for general anesthesia, the higher cost 
of the laparoscopic surgery, and the potential 
complications associated with it (injury to 
bowel, vessels, or viscera; air embolism; peri
tonitis). Nonetheless, in the hands of an ex
perienced laparoscopist, the approach is a 
reasonable alternative for the repair of bilateral 
varicoceles.98 

The inguinal (and subinguinal) varico
celectomy is currently the most popular surgi
cal approach. The advantages of this approach 
are that it enables the surgeon to easily identify 
the spermatic cord structures and, if necessary, 
access the testis, epididymis, and the external 
spermatic and gubernacular veins. 

In the traditional inguinal varicocelectomy, a 
5- to lO-cm incision is made over the inguinal 
canal, the external oblique aponeurosis is 
opened, and the spermatic cord is encircled and 
delivered. The internal spermatic veins are 
ligated and the vas deferens and its vessels are 
preserved.5 An attempt is made to identify and 
preserve the testicular artery and the lymphat
ics, if possible. In addition, the cord is elevated 
and external spermatic veins are identified and 
ligated. The use of magnification enables the 
surgeon to identify and preserve the testicular 
artery and lymphatics and thus prevent poten
tial testicular atrophy and hydrocele formation, 
respectively.70!)') 

The subinguinal approach described by 
Marmar et al100 obviates the need for opening 
any fascial layer and as a result is associated 
with less postoperative pain and a more rapid 
recovery. However, at the subinguinal level, 
significantly more veins are encountered, the 
artery is more often surrounded by a network 
of tiny veins that must be ligated, and the tes
ticular artery has often divided into two or 
three branches, making its identification and 
preservation more difficult. Subinguinally, the 
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artery is somewhat more difficult to identify 
because the arterial pulsations are often damp
ened by compression of the edge of the external 
ring. A subinguinal operation is recommended 
in men with a history of prior inguinal surgery; 
in obese men; in men with high, lax, capacious 
external rings; and in men with long cords and 
low-lying testes. 

The inguinal approach is recommended in 
children who have not had prior inguinal sur
gery. In children, identification of the artery 
using the subinguinal approach is very difficult 
because of the very small size of the testicular 
artery and low systemic blood pressure. An in
guinal approach should also be used in men 
with a solitary testis and in whom preservation 
of the artery is critical. At this more proximal 
level, the artery is more easily identified as it 
has not yet branched and generally has stronger 
pulsations. 

A microsurgical subinguinal approach is rec
ommended for virtually all varicocelectomies. 
A 2.0- to 3.0-cm incision extending from the 
external inguinal ring medially is made first 
(Fig. 13.1). The incision is deepened through 
Camper's and Scarpa's fascia with the 
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FIGURE 13.1. Schematic representation of inguinal 
and subinguinal incisions for varicocele repair. A dot 
is made to mark the external inguinal ring (X). The 
inguinal incision is then extended laterally in the skin 
lines, while the subinguinal incision is extended 
medially. 
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electrocautery. The spermatic cord is then 
grasped with a Babcock clamp and delivered. 
With the cord delivered, the ilioinguinal and 
genital branches of the genitofemoral nerve are 
excluded and preserved. The Babcock clamp is 
replaced with a large Penrose drain and the 
testicle is delivered. The gubernacular veins 
and external spermatic perforators are then 
isolated and divided (Fig. 13.2), because 
gubernacular veins have been demonstrated ra
diographically to account for 10% of varicocele 
recurrences.101 Once all gubernacular veins 
have been divided, the testicle is returned to 
the scrotum and the spermatic cord remains 
elevated on a large Penrose drain for stabiliza
tion in preparation for microscopic examina
tion (Fig. 13.3). The microscope is then brought 
into the operating field, and the cord is exam
ined under 8 to 15 power magnification. 

The internal and external spermatic fascia 
are incised and the cord is examined. Subtle 
pulsations will usually reveal the location of the 
underlying testicular artery. If not, 1 % papav
erine solution is sprinkled on the cord to facili
tate its identification. Once identified, the 
artery is dissected free of all surrounding veins 
and encircled with a O-silk ligature for identifi
cation (Fig. 13.4). All remaining internal sper
matic veins with the exception of the vasal veins 
are clipped or ligated and divided (Fig. 13.5). 
Any additional arteries encountered during in
spection of the remainder of the cord are en
circled with a O-silk ligature for identification 
and preservation. Care must be taken to pre
serve a majority of lymphatics, as these when 
divided can contribute to hydrocele formation 
postoperatively (Fig. 13.6). The vas deferens 
and its associated vessels should be readily 
identified posteriorly and outside the internal 
spermatic fascia. The vas deferens is inspected 
for any abnormally dilated veins. Veins mea
suring 3 mm or greater should be divided as 
these can also lead to postoperative recur
rences. There are usually two sets of vessels 
that accompany the vas deferens in the sper
matic cord. At least one of these sets must be 
preserved to ensure venous return following 
varicocelectomy. 

The entire cord is inspected until no addi
tional internal spermatic veins or abnormally 



13. Varicocele 209 

FIGURE 13.2. (A) A schematic 
representation of the guber
nacular veins and external sper
matic perforators. Delivery of the 
testicle enables the surgeon to 
identify and ligate these vessels, 
which are responsible for some 
varicocele recurrences. (B) An 
intraoperative photograph of the 
same. 

Extemal spermatic ~~~r--t! 
perlorators 

FIGURE 13.3. An intraoperative photograph showing 
the spermatic cord elevated on a Penrose drain. Af
ter the testicle has been returned to the scrotum, the 

Gubemacular veins 

cord is left elevated on a large Penrose drain that 
serves as a stable stage during microscopic examina
tion of the cord. 

A 
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FIGURE 13.4. An intraoperative pho
tograph showing the isolated testicu
lar artery at approximately lOx 
magnification. Encircle with an O-silk 
suture to identify it and preserve it. 
Any additional arteries encountered 
are also identified in this way. 

FIGURE 13.5. An intraoperative pho
tograph showing an internal sper
matic vein just prior to ligation and 
division. Two 4-0 silk ties, one black 
and one white, are used to ligate 
veins measuring 2mm or less in di
ameter, while he moclips are used 
for veins measuring greater than 
2mm. 
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FIGURE 13.6. An intraoperative pho
tograph of a spermatic cord lym
phatic channel at approximately 12x 
magnification. Lymphatic channels 
have a characteristic appearance in 
that they appear as vessels filled with 
clear fluid. 

dilated vasal or cremasteric veins are identified 
on two consecutive inspections of the cord. At 
the completion of varicocelectomy, the cord 
should contain only the testicular artery or ar
teries, vas deferens and associated vessels, 
cremasteric muscle (with its veins ligated and 
artery preserved), and spermatic cord lymphat
ics. A few drops of 1 % papaverine solution are 
then sprinkled on the testicular artery (or arter
ies) to break any spasm. Once pulsations are 
seen, the O-silk ligatures are removed and the 
spermatic cord is returned to the inguinal canal. 

FIGURE 13.7. An intraoperative photograph of the 
skin incision at the termination of the procedure. 
After the incision has been infiltrated with Marcaine 
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The wound is irrigated with 1 % neomycin irri
gation, and Scarpa's and Camper's fascia are 
closed with a single 3-0 monofilament absorb
able suture. The incision is infiltrated with 
0.025% Marcaine solution with epinephrine, 
and the skin is closed with a 5-0 Monocryl 
subcuticular closure reinforced with Steri
Strips (Fig. 13.7). A dry sterile dressing and 
scrotal fluffs are applied and secured with a 
well-fitting scrotal support. The patient is sent 
home on the day of surgery and will return to 
desk work in 2 to 3 days. 

solution with epinephrine, it is closed with a 5-0 
Monocryl subcuticular closure and reinforced with 
Steri-Strips. 
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Radiographic balloon or coil occlusion of the 
internal spermatic veins has been successfully 
employed for treatment of varicocele.I02- I04 

These techniques are performed under local 
anesthesia through a small cut-down incision 
over the femoral vein. This method is not com
plicated by hydrocele formation or internal 
spermatic artery injury. However, the recur
rence rate after balloon occlusion varies from 
4% to 11 %.105-108 The rate of unsuccessful at
tempts ranges from 2% to 15%109-110 and a sig
nificant number of men undergoing attempted 
radiographic occlusion will ultimately require a 
surgical approach. The radiographic techniques 
take between 1 and 3 hours to perform, as com
pared with the 25 to 45 minutes required for 
surgical repair. Rare, serious complications of 
radiographic balloon or coil occlusion have in
cluded migration of the balloon or coil into the 
renal vein, resulting in loss of a kidney, pul
monary embolization of the coil or balloon, 
femoral vein perforation or thrombosis, and 
anaphylactic reaction to radiographic contrast 
medium. 108 

Antegrade scrotal sclerotherapy via can
nulation of a scrotal vein has been reported 
in Europe.111 The recurrence rate is similar to 
those in balloon or coil techniques, but the gen
erally poor long-term follow-up after percuta
neous embolization raises questions about the 
validity of outcome data. 

Complications of Varicocele Repair 

Hydrocele formation is the most common 
complication reported after nonmicrosurgical 
varicocelectomy. The incidence of this compli
cation varies from 3% to 33%, with an average 
incidence of about 7%.112 The difficulty in 
identifying and preserving lymphatics using 
nonmicrosurgical approaches (especially retro
peritoneal) results in this complication. Analy
sis of the hydrocele fluid has indicated that 
hydrocele formation following varicocelectomy 
is due to ligation of the lymphatics.112 At least 
half of postvaricocelectomy hydroceles grow 
to a size that produces sufficient discomfort 
to warrant surgical excision. The effect of 
hydrocele formation on sperm function and fer
tility is unknown. It is possible that the develop
ment of a large hydrocele may have a negative 
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impact on testicular function, perhaps by el
evating testicular temperature or affecting the 
diurnal variations in scrotal temperature.24,27 
However, the use of magnification to identify 
and preserve lymphatics can virtually eliminate 
the development of a hydrocele after var
icocelectomy.70,99 In addition, radiographic bal
loon or coil occlusion techniques are not 
complicated by hydrocele formation. 

The incidence of testicular artery ligation 
during varicocelectomy is unknown, but some 
studies suggest it is common.113,114 The identifi
cation and preservation of the 0.5- to 1.0mm 
testicular artery via the retroperitoneal ap
proach is difficult, especially in children be
cause the artery is small. Injury or ligation of 
the testicular artery carries with it the risk of 
testicular atrophy or impaired spermatogenesis 
or both. Penn et al (Starzl's transplant group) 115 

reported a 14 % incidence of frank testicular 
atrophy when the testicular artery was purpose
fully ligated. Animal studies indicate that the 
risk of testicular atrophy after testicular artery 
ligation varies from 20% to 100%.116,117 In hu
mans, atrophy after artery ligation is probably 
less likely due to the contribution of the 
cremasteric and vasal arteries. In children, the 
potential for neovascularization and compensa
tory hypertrophy of the vasal and cremasteric 
vessels is probably greater than in adults, mak
ing atrophy after testicular artery ligation even 
less likely. Use of magnifying loupes, or prefer
ably an operating microscope or a fine-tipped 
Doppler probe or both, facilitates identification 
and preservation of the testicular artery and 
therefore minimizes the risk of testicular injury. 
Radiographic balloon or coil is not complicated 
by testicular atrophy. 

The incidence of varicocele recurrence fol
lowing surgical repair varies from 1.0% to 45%. 
Recurrence is more common after repair of 
pediatric varicoceles.118-120 Venographic studies 
of recurrent varicoceles have identified per
iarterial, parallel inguinal, midretroperitoneal, 
or, more rarely, transcrotal collaterals.I06 

Retroperitoneal operations are associated 
with the highest rate of varicocele recur
rence. Recurrence rates after retroperitoneal 
varicocelectomy are in the range of 15%.121,122 
Failure is usually due to preservation of 
the periarterial plexus of fine veins (venae 
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comitantes). These veins have been shown to 
communicate with larger internal spermatic 
veins and if left intact may dilate and cause 
recurrence. Less commonly, failure is due to 
the presence of parallel inguinal or retroperito
neal collaterals that may exit the testis, bypass 
the retroperitoneal area, and join the internal 
spermatic vein proximal to the site of liga
tion.105,123 Cremasteric veins cannot be identi
fied using a retroperitoneal approach and 
may be a potential site of varicocele recur
rence as well.124 The recurrence rate after bal
loon occlusion varies from 4% to 11%.105-108 

Nonmagnified inguinal operations have a lower 
incidence of varicocele recurrence but fail to 
address the issue of scrotal collaterals or small 
veins surrounding the testicular artery. The 
microsurgical approach with delivery of the tes
tis lowers the incidence of varicocele recur
rence to less than 1 % compared with 9% using 
conventional inguinal techniques.7o 

Results 

A large number of studies have evaluated the 
outcome of varicocelectomy on fertility pa
rameters and most of these studies have dem
onstrated an improvement in semen quality 
and pregnancy rates.5,67-71,125 However, because 
the bulk of the reported outcome data on 
varicocelectomy comes from uncontrolled or 
poorly designed controlled studies, the value of 
these results is limited.72 In addition, the few 
reports comparing the various treatment op
tions have not convincingly shown the superior
ity of one method over another. Overall, 
varicocelectomy results in significant improve
ment in semen analysis in 60% to 80% of men, 
and pregnancy rates after varicocelectomy vary 
from 20% to 60% .126 In a series of 1500 
microsurgical operations 43 % of couples were 
pregnant at 1 year and a cumulative 69% at 2 
years when female-factor couples were ex
cluded.70 Results were poorer in the 1 % of men 
who had their testicular arteries inadvertently 
ligated.127 

Only a small number of properly controlled 
studies evaluating the outcome of varicocelec
tomy have been performed. Although the bulk 
of the literature supports a favorable effect of 

213 

varicocelectomy on fertility, the effectiveness of 
varicocelectomy will remain controversial until 
a larger number of controlled studies are re
ported. The recent randomized crossover study 
by Madgar et afl demonstrated significantly 
higher pregnancy rates in the early and delayed 
varicocelectomy groups compared with the con
trol nonoperated group. Laven et al69 evaluated 
the results of varicocelectomy in adolescents 
with varicoceles in a prospective randomized 
fashion. They demonstrated improved semen 
parameters in the surgically treated group but 
not in the control group. Nieschlag et al125 re
cently reported the results of a randomized 
study of non-microsurgical varicocelectomy in 
adults. They found no significant difference in 
pregnancy rates between the control and treat
ment arms (ligation or embolization), but they 
did find a significant improvement in semen 
parameters in the treatment arms. 

Summary 

Varicocele is a very common entity. It is 
present in 15% of the male population, in ap
proximately 35% of men with primary infertil
ity, and in 70% to 80% of men with secondary 
infertility. A substantial body of evidence sug
gests that venous dilation results in elevated 
testicular temperature and blood flow pertur
bations. There is reasonably good evidence 
showing that a varicocele causes progressive 
duration-dependent injury to the testis and that 
varicocelectomy can restore fertility in some 
men. Refined methods of varicocele repair 
have reduced the incidence of complications 
significantly, thus making prophylactic repair of 
varicoceles a tenable goal for preventing future 
infertility and androgen deficiency. 
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Penile Vibratory Stimulation and 
Electroej aculation 
Dana A. Ohl and Jens Sonksen 

Ejaculatory dysfunction is an uncommon cause 
of male infertility. In Dubin and Amelar'sl clas
sic paper on causes of male sexual dysfunction, 
only 2% of men presenting for treatment of 
subfertility were diagnosed with ejaculatory 
dysfunction as the cause. 

There are, however, certain clinical condi
tions in which infertility is mostly due to ejacu
latory dysfunction, such as patients with spinal 
cord injury (SCI) or who have had a surgical 
sympathectomy from retroperitoneal lymph 
node dissection (RPLND). In these individuals, 
absence of seminal emission represents a for
midable therapeutic dilemma for the treating 
physician. 

Normal Ejaculatory Reflex 

The ejaculatory reflex is of very short duration 
but represents a complex series of events.2 If 
these events do not occur in an organized fash
ion, with all components actively performing 
their roles, appropriate delivery of sperm will 
not occur. These events are under the control 
of several divisions of the nervous system, but 
the afferent inputs into this reflex are of two 
major types, cerebral and genital sensory. 

The cerebral contribution to the reflex is 
quite poorly understood, for visual, auditory, 
and other erotic stimuli are processed and inte
grated by the brain.3 In most sexual situations, 
higher central nervous system (CNS) input 
alone will not initiate a climax, but helps 
instead to lower the threshold for climax and 

ejaculation. However, an ejaculatory reflex 
may be initiated solely by CNS input, such as in 
nocturnal emissions. 

Sensory information entering the sacral cord 
must ascend through the spinothalamic tracts 
to the thoracolumbar ejaculation center, where 
such input is merged with that coming from 
cerebral centers in descending tracts. Nerves 
carrying tactile stimulation information from 
the penis and genitals enter the sacral cord at 
levels S2-4, and impulses are carried there via 
the dorsal nerve of the penis. Integration of 
information in the cord results in efferent sym
pathetic signals being generated to effect the 
peripheral manifestations of the reflex. 

Autonomic impulses responsible for seminal 
emission exit the lateral thoracolumbar cord at 
levels TIO-L2, and these autonomic nerves 
then enter the sympathetic chains. Postgangli
onic fibers from each sympathetic chain emerge 
and course anteriorly at the lateral surface of 
the aorta. They coalesce on the anterior surface 
of the aorta just below the inferior mesenteric 
artery (inferior mesenteric plexus). From there, 
they again diverge and course somewhat later
ally down into the pelvis as the hypogastric out
flow. They then travel to the ejaculatory organs 
where there is a short synapse in or near the 
walls of these organs. 

Activation of these fibers results in contrac
tion of the vas deferens, seminal vesicles, pros
tate, and bladder neck. Seminal emission into 
the posterior urethra ensues, and the emitted 
ejaculate is prevented from going backward 
into the bladder by the tight contraction of the 
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bladder neck. At the time of seminal emission, 
there are pleasurable generalized and localized 
(genital) sensations collectively termed as 
orgasm. 

Shortly after seminal emission, rhythmic con
tractions of the periurethral muscles cause 
rhythmic projectile ejaculation of seminal fluid. 
These involuntary muscle contractions are car
ried by somatic fibers innervating skeletal 
muscle. These muscles are normally under full 
voluntary control, but during the course of the 
ejaculatory reflex their action becomes com
pletely involuntary. 

Ejaculatory Dysfunction 

Neurologic lesions at any of the normal ejacula
tory reflex components can lead to ejaculatory 
dysfunction. The type of neurologic dysfunc
tion dictates the clinical scenario. 

Premature Ejaculation 

Premature ejaculation is probably caused by 
lack of proper cerebral control leading to acti
vation of the ejaculatory reflex prior to the 
desired time. Most men with premature ejacu
lation are able to ejaculate intravaginally and to 
collect semen on command. Fertility, therefore, 
is not an issue, and ejaculation induction proce
dures are not necessary. 

Idiopathic Anejaculation 

This condition, like premature ejaculation, is 
thought in most cases to have psychological 
causes. It is usually diagnosed by history. 
Men with idiopathic anejaculation suffer total 
anorgasmia, an inability to climax and ejaculate 
during sexual activity. Some men with this con
dition are able to ejaculate with masturbation, 
but most are unable to reach climax under any 
circumstances while awake. Typically, intermit
tent nocturnal emissions are present.4 

Many of these men awaken during nocturnal 
emissions and thus have a good idea of what the 
sensation of orgasm is like. In men who do not 
have an appreciation for this sensation, a de
tailed history is necessary to determine whether 
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they are suffering from inability to climax or 
whether there is totally dry ejaculate at the time 
of climax. 

Men with refractory idiopathic anejaculation 
are candidates for electroejaculation for the 
purposes of achieving a pregnancy if more con
servative measures fail to result in successful 
orgasm and ejaculation.4 A small minority of 
men with this condition may also respond to 
penile vibratory stimulation (PVS), but experi
ence with vibration is extremely limited in this 
patient popUlation. 

Retrograde Ejaculation 

Retrograde ejaculation is caused by inability of 
the bladder neck to close, resulting in ejacula
tion backward into the bladder. In men with 
retrograde ejaculation, the other components 
of the ejaculatory reflex (seminal emission and 
contraction of the periurethral muscles) are 
usually intact. Many of the conditions discussed 
below that cause total absence of seminal emis
sion may also cause retrograde ejaculation. 

Because sperm are being emitted into the 
bladder, ejaculation induction procedures are 
not necessary, but medical management is indi
cated to convert retrograde ejaculators to 
antegrade ejaculators prior to insemination 
with sperm retrieved from the urine. 

AnejaculationJAbsence of 
Seminal Emission 

Anejaculation is the absence of release of semi
nal fluid due to neurologic causes. Some men 
with absence of seminal emission, such as those 
with SCI, will also have anorgasmia, whereas 
others, such as men with diabetic neuropathy or 
those who have had a retroperitoneal lymph 
node dissection, will have orgasm with absence 
of seminal emission. 

Spinal Cord Injury 

Men with SCI may be infertile from a variety of 
causes, including erectile dysfunction, ejacula
tory dysfunction, and poor sperm quality.5,6 Of 
the functional deficits, ejaculatory dysfunction 
is clearly the most important. Only about 5% 
of men with SCI are able to ejaculate without 
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medical intervention. A detailed history may be 
helpful in identifying those with preserved 
ejaculation, but because these men do not usu
ally have the capability to sense whether an 
orgasm occurs, it is sometimes difficult to fully 
characterize their level of baseline function. 
Nevertheless, the physician should inquire 
about responses to masturbation and sexual 
activity in order to identify whether character
istic reflexes that are typical during ejaculation 
are occurring. The appearance of cloudy urine 
or the presence of clumped material following 
sexual activity may indicate the presence of oc
cult retrograde ejaculation. 

Men with SCI who are anejaculatory may be 
candidates for either PVS or electroejaculation 
(EEJ). 

Testicular Cancer/Retroperitoneal 
Lymph Node Dissection 

Retroperitoneal lymph node dissection 
(RPLND) has an integral role in the treatment 
of testis cancer. Unfortunately, this operation 
requires that the surgeon dissect the region 
where crucial components of the ejaculatory 
reflex reside. 

Classic bilateral radical retroperitoneal lymph
adenectomy has resulted in ejaculatory dys
function in nearly all cases, because the tem
plate for such an operation damages all of the 
sympathetic outflow-controlling ejaculation.7,s 

Although the ejaculatory dysfunction following 
RPLND has been referred to as retrograde 
ejaculation, there is evidence that a great deal 
of ejaculatory dysfunction found in the classic 
RPLND is, in fact, total absence of seminal 
emission.7 

Newer, nerve-sparing operations have been 
developed to decrease the rate of ejaculatory 
dysfunction from RPLND. These include 
modification of the template to narrow the ar
eas of dissection,9 direct sparing of nerves,1O or 
combinations of both techniques. ll In the tem
plate method, it is crucial to preserve the con
tralateral sympathetic chain, its outflow, and 
the inferior hypogastric plexus below the infe
rior mesenteric artery. 

With application of modified templates and 
nerve-sparing techniques, ejaCUlation rates ap-

pro aching 100% can be achieved in low-stage 
disease. lO,ll Men who have residual masses fol
lowing chemotherapy and those with higher 
stage disease have a higher rate of ejaculatory 
dysfunction even when nerve-sparing proce
dures are attempted, and some of these men 
with large-volume disease may be better candi
dates for the classic operation with its inevi
table anejaculation. 

Men with anejaculation following RPLND 
are candidates for electroejaculation.12 Those 
who have had additional treatment, such as 
chemotherapy and radiation therapy, may have 
further compromised sperm quality, despite a 
successful electroejaculation procedure.13 

Peripheral Neuropathy 

Autonomic neuropathy involving the sympa
thetic nerves may occur in a variety of clinical 
situations. The most common setting is that of 
advanced diabetic neuropathy where a variety 
of autonomic functions may be affected, includ
ing gastric emptying, cardiac rhythm control, 
and erectile function. Ejaculatory dysfunction 
is seen in a minority of diabetic neuropathy 
patients but, when present, can be an important 
cause of infertility. 

Ejaculatory dysfunction in diabetic patients 
follows a course typical of other autonomic dis
ruptions. The abnormal function is slowly pro
gressive, beginning with decreased ejaculate 
volume, followed by retrograde ejaculation, 
and culminating in the absence of seminal 
emission. Medical management may result 
in improvement in such slowly progressive 
conditions, but continued deterioration is 
expected. 

Other Neurologic Conditions 

The ejaculatory reflex may also be impaired by 
multiple sclerosis, myelodysplasia, syringo
myelia, and different types of retroperitoneal 
and perirectal surgery. Very rarely, some men 
with ejaculatory dysfunction will have no defin
able neurologic explanation for their condition. 
Men suffering anejaculation from these varied 
conditions present a greater challenge, because 
the clinical situation is not as obvious. Evalua
tion and recommendations for treatment in 
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such individuals must follow a logical progres
sion of steps. 

Evaluation and Initial Therapy 
of Ejaculatory Dysfunction 

The initial history is many times the most useful 
piece of information leading to a diagnosis of 
an ejaculatory problem. Some historical points 
are obvious, such as spinal cord injury and a 
history of RPLND. Others may be more subtle, 
such as early diabetic neuropathy or multiple 
sclerosis, particularly if the diagnosis of the pri
mary condition has not yet been made. 

The physician must ask about changes in 
sexual function and particularly about experi
ences at the time of ejaculation. Detailing the 
events surrounding possible orgasm is required 
in men who have never experienced an orgasm, 
as such men may have a poor understanding of 
what is supposed to happen. A precise, step-by
step description of what the patient is experi
encing may lead to a diagnosis of anorgasmia. 
Information as to the amount of seminal fluid 
and any recent changes in the amount of ejacu
late volume is essential. Cloudy urine or clumps 
in the urine following a sensation of orgasm 
are important indicators of possible retrograde 
ejaculation and should be d?cumented if 
present. 

The patient's general medical history and a 
review of systems may also lead to a diagnosis. 
Manifestations of systemic neuropathy in a 
diabetic patient may lead to the suspicion of 
ejaculatory dysfunction. As with any infertility 
problem, it is important to survey for other 
causes of general infertility that may coexist 
with a possible ejaculatory dysfunction. 

The physical examination is used to support 
the clinical impression made upon taking the 
patient's history. Other signs of possible infer
tility, such as sparse body and facial hair (endo
crine deficiency) and small testicular volume 
(spermatogenic defects), may be obvious on 
examination. The neurologic examination also 
may uncover clues regarding ejaculatory 
dysfunction. 

As with any male infertility evaluation, the 
semen analysis is a cornerstone of the treat-
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ment of ejaculatory dysfunction. One of the 
most crucial pieces of information is the semen 
volume. Men with chronically low volume of 
semen may have an ejaculatory duct obstruc
tion, diagnosed by transrectal ultrasound of the 
prostate, but men with low semen volume may 
also have an abnormal ejaculatory reflex. Those 
individuals with total absence of seminal emis
sion should be checked for retrograde ejacula
tion by examination of the postorgasm urine. 
Men with the absence of any seminal emission, 
but an excellent history consistent with orgasm, 
have a high likelihood of neurogenic ejacula
tory dysfunction. 

Men with psychogenic dysfunction (prema
ture ejaculation and idiopathic anejaculation) 
are best treated by psychological means, e.g., 
sex therapy. Premature ejaculation is treated 
quite readily and with high success rates by a 
sex therapist, but idiopathic anejaculation can 
be more problematic. Men with idiopathic 
anejaculation who are resistant to sex therapy 
may be considered candidates for EEJ or possi
bly PVS.4 

Men with organic absence of seminal emis
sion and those with retrograde ejaculation 
should be tried initially on sympathomimetic 
agents in an attempt to induce antegrade ejacu
lation. Various sympathomimetic agents have 
been used, including ephedrine, phenylpro
panolamine, and tricyclic antidepressants.14,15 

These drugs work poorly in those men 
who have ejaculatory dysfunction from acute 
events, such as SCI and RPLND. The best re
sults are seen in individuals who have the re
cent onset of a slowly progressive condition, 
such as men with early ejaculatory dysfunction 
from diabetic neuropathy. 

Men with anejaculation who do not respond 
to medical management can be considered can
didates for ejaculation induction procedures. 

Men with retrograde ejaculation who do not 
respond to sympathomimetic agents and do 
not convert to antegrade ejaculation are candi
dates for assisted reproductive techniques using 
sperm retrieved from the bladder. On the day 
of the partner's ovulation, the man is initially 
catheterized to empty the bladder and to instill 
a sperm-friendly medium. He then masturbates 
to climax, and the sperm are extracted by a 
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second catheterization. Patients are prepped 
with sodium bicarbonate to balance the pH in 
the urine, and their fluid intake is restricted 
prior to sperm retrieval. The fluid restriction 
is aimed at limiting the urine production be
tween catheterizations, thereby limiting the 
contact of urine and sperm. By the above
mentioned techniques, the second catheteri
zation yields nearly pure ejaculate with almost 
no urine. This use of catheterization and fluid 
restriction versus spontaneous voiding is, how
ever, controversial.16,17 

Sperm retrieved from the bladder are imme
diately washed and processed in the laboratory. 
This yields a clean specimen suitable for artifi
cial insemination, and many pregnancies have 
been reported by the use of such sperm.16,18,19 

Ejaculation Induction 
Procedures 

Less Commonly Used Procedures 

Some ejaculation induction procedures have 
fallen out of favor. Intrathecal administration 
of cholinesterase inhibitors is one such proce
dure.20 Introduction of neostigmine into the 
spinal canal of an anejaculatory spinal cord 
injured man will result in several ejaculations 
over the ensuing several hours. Unfortunately, 
many unwanted autonomic adverse effects also 
occur, such as paroxysmal changes in blood 
pressure, sweating, and flushing. One death has 
been reported from malignant hypertension 
and cerebral hemorrhage following the use of 
this technique.20 These autonomic side effects 
dictate that such a procedure needs to be per
formed in an intensive care unit. Because of 
more recent and safer alternatives, intrathecal 
neostigmine has little place in the modern man
agement of anejaculation. 

To decrease the autonomic side effects of 
intrathecal administration of cholinesterase in
hibitors, subcutaneous administration of physo
stigmine has been suggested by Chapelle and 
coworkers.21 Side effects are less severe, but the 
ejaculation rates are also lower. Furthermore, 
manual or vibratory stimulation of the penis is 
also required to optimize ejaculation rates. Be-

cause high ejaculation rates are obtainable with 
PVS alone, the wisdom of even subcutaneous 
administration of a cholinesterase inhibitor 
needs to be questioned. 

There have been reports of surgical extrac
tion of sperm from anejaculatory males.22- 24 Al
though adequate amounts of sperm that can 
cause pregnancy may be obtained, the potential 
for scarring of the genital tracts and subsequent 
obstruction makes this a less appealing option 
than vibratory simulation or electroejaculation. 

Penile Vibratory Stimulation (PVS) 

Vibratory stimulation of the penis can induce 
ejaculation in the majority of men with SCI. 
Because this procedure relies on activation of a 
normal reflex, all components of the lower re
flex arc must be present; therefore, men who 
are anejaculatory from RPLND will not re
spond to PVS. Further, men with the potential 
for cerebral inhibition of the ejaculatory reflex, 
such as those with idiopathic anejaculation, will 
most likely not respond to the vibrator. 

The goal of PVS is to activate a normal ejacu
latory reflex. The afferent stimulation used is 
the genital input from the penis, initiated by 
application of a vibrating knob against the 
frenulum of the penis and held there for a pe
riod of 3 minutes or until antegrade ejaculation 
ensues (Fig. 14.1). A series of characteristic re
sponses occur during PVS. Initially, abdominal 
and leg muscle contractions occur episodically, 
as well as generalized piloerection and scrotal 
wall contraction. Penile erection is a common 
occurrence but is not essential for the ejacula
tory response. In the seconds preceding ejacu
lation, the abdominal and leg muscles become 
more profoundly and tonically contracted, and 
the erection rigidity may peak. Men prone to 
autonomic dysreflexia note severe flushing and 
may sense that the blood pressure is elevated. 
Periurethral contractions begin and proceed 
in a rhythmic fashion, with resultant projectile 
ejaculation. Almost all patients exhibit ante
grade ejaculation exclusively, indicating normal 
reflex closure of the bladder neck. 

At the time that rhythmic periurethral 
contractions appear, the vibration stimulation 
should be stopped. By stopping the stimulation 
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FIGURE 14.1. Penile vibrator is applied to the frenulum until ejaculation occurs. 

at this time, multiple ejaculations over several 
minutes may be achieved and the risk of auto
nomic dysreflexia is limited. If no ejaculation 
ensues for a period of 3 minutes, a rest period 
of 1 to 2 minutes should be given, followed by a 
repetition of the stimulation procedure. If no 
ejaculation occurs in six stimulation cycles, the 
patient is considered as having a penile vibra
tion failure. 

The highest ejaculation rates are seen in indi
viduals who have spastic upper motor neuron 
lesions (>T9) and intact reflexes below the 
level of the lesion. Intact hip flexion and bulbo
cavernosus reflexes predict success from PVS in 
77% of cases, whereas absence of these reflexes 
suggests failure in nearly all cases.25 The effect 
of bladder management on ejaculation rates 
from PVS is controversial.25•26 

Significant complications from PVS are un
usual. Local skin swelling is a common finding 
but is self-limited and mild. Skin abrasion or 
frank ulceration is rare. Muscle spasms of 
the abdomen and lower extremities may be un
comfortable. The most serious potential com
plication of PVS is autonomic dysreflexia, a 
condition where autonomic reflexes are ex
pressed in an unchecked fashion, leading to 
dangerous elevations of the blood pressure.27 

This response is seen in SCI patients with spinal 
lesions above T6. In response to noxious stimuli 
below the level of the injury, activation of sym
pathetic mechanisms to increase blood pressure 
is induced and continues unchecked by the 
brain stem homeostatic mechanisms, because 
there is no neural communication between 
the two systems. Application of a penile vibra
tor may induce these changes with resultant 
marked increases in blood pressure. 

Men with lesions above T6 and/or those with 
a history of autonomic dysreflexia are at risk for 
developing this dangerous response during 
PVS. Blood pressure must be monitored in 
such individuals to assure it is not reaching dan
gerous levels. Blood pressure elevation can be 
limited by avoidance of vibration during ejacu
lation (as noted above). If the blood pressure 
rises to unacceptable levels during the proce
dure, it returns to baseline promptly upon ces
sation of the stimulation. In men prone to 
dysreflexia, the blood pressure rise can be 
blunted by prophylactic administration of 
nifedipine 10 to 20mg sublingually 10 minutes 
prior to PVS. 

There are numerous published reports 
regarding the efficacy of PVS in men with 
SCr.28-33 Unfortunately, the ejaculation rates in 
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TABLE 14.1. Ejaculation rates from selected series of 
penile vibratory stimulation in SCI males. 

Ejaculation Number of 
Reference rate patients 

Piera, 197328 27% 101 
Brindley, 198429 53% 93 
Sarkarati et ai, 198730 24% 33 
Szasz and Carpenter, 198931 40% 57 
Beretta et ai, 198<r2 71% 102 
Siosteen et ai, 199033 91% 32 

Range: 24-91 %. 

such reports vary widely, and it is difficult to 
extract from the older literature optimum vi
bration parameters (Table 14.1). Recent work 
by Sonksen et af6 has shown that the amplitude 
of the vibration appears to be of utmost impor
tance in achieving success. High ejaculation 
rates were seen when the peak-to-peak ampli
tude of a vibrator was 2.5mm at 100Hz (96%), 
in contrast to much lower ejaculation rates 
(32%) with an amplitude of only l.Omm. The 
efficacy of the high amplitude vibration was 
verified by Sonksen et al in another group of 41 
Danish men with SCI (83% ejaculation rate)26 
and by Ohl et af5 in an American cohort. In the 
latter series, 65% of all men with SCI had 

antegrade ejaculation, but in men with lesions 
above no the ejaculation rate was 81%. 
Sonksen et aI's preliminary work has led to the 
development of a Food and Drug Administra
tion (FDA)-registered device that reliably 
delivers the optimum vibration parameters 
(Fig. 14.2). 

Sonksen and Biering-Sorensen6 reviewed the 
efficacy of PVS in establishing pregnancies. In 
619 men treated with PVS, 102 pregnancies 
were established. The successes were obtained 
with a variety of techniques, including home 
vaginal insemination by the patients and 
intracervical and intrauterine insemination in 
the clinic setting. The literature is quite confus
ing in this field, because of poorly standardized 
reporting of pregnancies, inaccurate numbers 
on how many of these men were actively seek
ing pregnancy, and which types of methods 
were used to initiate pregnancy. Because of 
these inconsistencies, it is often difficult to 
extract accurate pregnancy rates. 

Electroejaculation (EEJ) 

In contradistinction to vibratory stimulation, 
EEJ is suitable for all types of neurogenic and 
psychogenic anejaculation. This procedure 
is uniformly successful in inducing seminal 

FIGURE 14.2. Commercially available device for penile vibratory stimulation, the FERTI CARE Clinic 
(Multicept APS, Rungsted, Denmark). 
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emission in all patients and applies to those SCI 
men who are PVS failures. 

Electroejaculation is carried out via rectal 
probe. Although the exact mechanism of EEJ is 
not understood, the procedure does not pro
duce the normal characteristic ejaculatory re
sponse seen in PVS. Release of semen may be 
intermittent following each stimulation, or may 
be episodic. Another difference is that a signifi
cant portion of an electroejaculate is emitted in 
retrograde direction. 

Because of these characteristics of EEJ, it 
is important to catheterize the patient before 
a procedure to empty all the urine from the 
bladder. The urine toxicity is also limited by 
decreasing acidity with sodium bicarbonate 
and placing a sperm-friendly medium into the 
bladder, similar to the recommendations 
above for men with retrograde ejaculation. An 
appropriate-sized rectal probe is used to give 
the stimulation, and then an antegrade ejacu
late is collected in a sterile specimen container. 
The patient is catheterized after the procedure 
to remove any retrograde ejaculate from the 
bladder. Both specimens can be processed and 
used for assisted reproductive techniques. A 
sigmoidoscopy to 10cm is performed before 
and after stimulation to survey for preexisting 
rectal conditions and injury from the procedure. 

Serious complications from EEJ are uncom
mon. Rectal injury occurs in less than 0.1 % of 
patients, but this complication may require op
erative repair and diverting colostomy. Auto
nomic dysreflexia is consistently seen in men 
with SCI with lesions above T6 and can be quite 
severe, but extreme blood pressure elevations 
can be prevented with prophylactic nifedipine. 
EEJ typically requires more nifedipine than 
does PVS, with a typical starting dose of 20mg 
given sublingually 10 minutes prior to the pro
cedure. If severe hypertension occurs during 
EEJ, stopping the stimulation and removing 
the rectal probe allows prompt return to 
baseline pressures. Abdominal and leg spasms, 
which may be more uncomfortable than those 
seen in PVS, are common. 

Because PVS is noninvasive, lacks the risk of 
rectal injury, and entails less discomfort than 
EEJ, patients universally prefer that PVS be 
used to procure semen specimens. The current 
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algorithm for patients with SCI is to try PVS 
first and save EEJ for PVS nonresponders. 

Patients with causes of anejaculation other 
than spinal cord injury and who have normal 
pelvic and perirectal sensation require an anes
thetic before EEJ. This is also true of men with 
SCI with very low lesions and those with sen
sory sparing below the lesion. Spinal or general 
anesthetics have been used in such patients, 
without altering the universal success in induc
ing seminal emission. 

At the University of Michigan Spinal Cord 
Fertility Program, EEJ has been in use since 
1985. Seminal emission has been routinely ob
tained, but semen containing sperm in ad
equate numbers for artificial insemination is 
seen in only 71 % of men with SCL34 Of men 
who were anejaculatory because of RPLND, 
87% had adequate sperm numbers. Of the 
RPLND men who did not have sperm in the 
EEJ specimen, one had carcinoma in situ of 
the remaining testis and the others had 
chemotherapy-induced germ cell failure. 12 One 
hundred and twenty couples with anejaculatory 
infertility were treated with EEJ and assisted 
reproductive technologies. Fifty-three (44 %) of 
the couples achieved 75 pregnancies. Forty
three of these couples achieved their first preg
nancy by EEJ in combination with intrauterine 
insemination, and the remaining ten couples 
required the gamete intrafallopian transfer 
(GIFT) procedure.35 

Sperm Quality in Ejaculation 
Induction Procedures 

Regardless of the cause of ejaculatory dysfunc
tion, both PVS and EEJ yield semen specimens 
with poor sperm quality. Specimens typically 
have normal-to-high counts but poor motility 
(Table 14.2).12,25,36,37 The problem of poor basic 
semen quality is further compounded by the 
finding of more subtle abnormalities in sperm 
function. 

In a cohort of men undergoing electroejac
ulation, sperm-function assessments were 
performed, including viability staining, sperm 
survival, bovine mucus penetration, hamster 
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TABLE 14.2. Selected series examining sperm count and motility in specimens obtained by ejaculation 
induction procedures. 

Series Procedure Total sperm (millions) Motility 

Ohl et ai, 198934 (Antegrade) 
Denil et ai, 199236 (Antegrade) 
Sonksen et ai, 199137 (Antegrade) 
Ohl et ai, 199525 (Antegrade) 

egg sperm penetration assay (SPA), and the 
direct immunobead test. The sperm had poor 
viability (which nearly exactly paralleled the 
motility), poor survival, mildly impaired mucus 
penetration, and decreased scores on the 
SP A.36 Immunologic infertility was not found to 
be an important cause of poor sperm quality in 
h . 38 t ese patlents. 

The exact reasons for poor sperm quality are 
not clear. In men with spinal cord injury, poten
tial etiologies of this poor sperm quality as enu
merated in a review article by Linsenmeyer 
and Perkash39 include recurrent urinary tract 
infections, type of bladder management, stasis 
of prostatic fluid, testicular hyperthermia, 
abnormal testicular histology, changes in the 
hypothalamic pituitary testicular axis, sperm 
antibodies, and long-term use of various 
medications. 

Men with testicular cancer may even suffer 
spermatogenic defects prior to their retro
peritoneal lymphadenectomy, a phenomenon 

bf '1' ,,40-42 F '1' termed "pretreatment su ertI lty. ertI Ity 
may be further compromised by ejaculatory 
dysfunction and by other treatment modalities, 

d·· h 4344 such as chemotherapy or ra latlOn t erapy .. 
Even when these additional treatment mo
dalities have not been used, sperm quality 
from EEJ is poor in men who are status post 
retroperitoneal lymphadenectomy . 

Because of the poor sperm quality, it is es
sential that ovulation monitoring and female 
management be optimized by the gynecology 
team. The addition of high-level assisted repro
ductive techniques, such as in vitro fertilization 
with or without intracytoplasmic injection, 
may be necessary in extreme cases of poor 
semen quality or in those couples who do not 
become pregnant with intrauterine insemina
tion alone. 

EEl 2440 (both fractions) 18% 
EEl 2752 (both fractions) 11% 
PVS 99 (antegrade) 13% 
PVS 1236 (both fractions) 26% 

Conclusion 

Although ejaculatory dysfunction is an uncom
mon cause of infertility, it may be the sole cause 
in various clinical situations, such as spinal cord 
injury and retroperitoneal lymphadenectomy 
patients. With a stepwise evaluation detailing 
the exact type of ejaculatory dysfunction and 
application of ejaculation induction procedures 
and assisted reproductive technologies, high 
rates of treatment success may be achieved. 

Penile vibratory stimulation should be used 
first in patients with SCI, and electroejaculation 
should be used in all other patients with ejacu
latory dysfunction and in men with SCI in 
whom PVS has failed. With these two tech
niques, a success rate of virtually 100% in in
ducing ejaculation may be obtained. Even with 
application of assisted reproductive techniques, 
fertility rates will probably never approach 
those of the general popUlation because of poor 
sperm quality. However, with the continued 
advances in assisted reproduction techniques, 
the prospects for procreation for this cohort of 
infertile couples continue to improve. 

Ejaculation induction procedures represent 
a safe, effective means of achieving pregnancy 
for couples in which the men have anejac
ulatory infertility. 
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15 
Vasovasostomy 
Arnold M. Belker 

Vasovasostomy is performed exclusively to re
verse a vasectomy, whether the vasectomy was 
a planned scrotal elective sterilization or the 
consequence of an unfortunate vasal injury, 
such as might occur during infant inguinal 
herniorrhaphy. Macrosurgical vasovasostomy 
is extremely simple and rapid. The results of 
the more difficult microsurgical anastomosis 
are sufficiently better now that most surgeons 
perform microsurgical vasovasostomy. 

Surgical Considerations 

Vasovasostomy or 
Vasoepididymostomy? 

During a planned vasovasostomy, fluid ob
tained from the testicular end of the vas is ex
amined microscopically to determine if sperm 
are present. When no sperm are found during 
the initial examination of vasal fluid, repeated 
microscopic examination of a series of samples 
of vasal fluid may reveal that sperm are present. 
When sperm are not seen, irrigation with 
Ringer's solution into the vas toward the epi
didymis in a nonocclusive manner sometimes 
results in the efflux of fluid containing sperm 
from the testicular end of the vas. This maneu
ver must be performed without occluding 
the vas around the 24-gauge blunt tip needle 
that is used for irrigation. Such non occlusive 
irrigation allows fluid constantly to flow out of 
the end of the vas around the needle and 
thereby avoids the danger of rupture of the 
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epididymal tubule that may occur during occlu
sive irrigation. 

If sperm are not present in the testicular end 
vasal fluid after the previously mentioned 
procedures have been performed, the cause 
could be a back -pressure-induced rupture of 
the epididymal tubule with resulting sperm 
extravasation and sperm granuloma forma
tion.! When the epididymal tubule is thus 
obstructed, vasoepididymostomy must be per
formed to restore the patient's fertility. Unfor
tunately, the surgeon cannot be guided solely 
by the presence or absence of sperm in the 
testicular end vasal fluid to determine if 
vasoepididymostomy is required. The Vaso
vasostomy Study Group2 observed that patients 
who underwent bilateral microsurgical vaso
vasostomy, instead of vasoepididymostomy 
when sperm were absent bilaterally from the 
intraoperative vasal fluid, achieved a postop
erative patency rate of 60% (50 of 83 patients), 
and a pregnancy occurred in the wives of 31 % 
(20 of 65 patients). Therefore, in some in
stances, factors other than epididymal obstruc
tion appear to play a role in causing the 
intraoperative absence of sperm from the vasal 
fluid. 

The Vasovasostomy Study Group2 also stud
ied the relation of the intraoperative absence of 
sperm from the vasal fluid to the obstructive 
interval (time from the vasectomy until its re
versal). The chance that there would be no 
sperm in the vasal fluid on either side during a 
planned vasovasostomy was 9% (5 of 58) if the 
interval was less than 3 years, 13 % (26 of 201) if 
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the interval was 3 to 5 years, 15% (51 of 344) if 
6 to 10 years, 20% (20 of 101) if 11 to 15 years, 
and 27% (7 of 26) if over 15 years. 

The Vasovasostomy Study Group2 also ex
amined the relationship between bilateral vas 
fluid sperm absence during vasovasostomy, the 
gross appearance of the vasal fluid, and the re
sults of vasovasostomy. This relationship could 
be studied only when there were no sperm in 
the vasal fluid on both sides and the fluid had an 
identical appearance on both sides. Those who 
failed to develop sperm in the semen after 
vasovasostomy when sperm were bilaterally 
absent from the vasal fluid are assumed to have 
had a blowout obstruction of the epididymal 
tubule, but some could have had technical 
failure of the bilateral vasovasostomy. 
When sperm were absent from the intra
operative vasal fluid bilaterally, patency and 

FIGURE 15.1. The epididymis is shown at (A) low 
power and (B) high power magnifications. The epi
didymal tubule is clearly dilated above the level of 
the arrows in each photograph. The surgeon may be 
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pregnancy rates, respectively, after bilateral 
vasovasostomy were 80% (16 of 20) and 45% (5 
of 11) for patients who had bilaterally clear and 
colorless (resembling water) vas fluid, 75% (9 
of 12) and 0% (0 of 5) when the fluid appeared 
cloudy bilaterally, 26% (7 of 27) and 26% (6 of 
23) when the fluid appeared creamy bilaterally. 
Thus, the thicker the vasal fluid, the less likely 
that sperm will be present in the semen follow
ing vasovasostomy and the more likely that the 
surgeon must perform vasoepididymostomy. 

Several factors influence a decision to per
form vasovasostomy or vasoepididymostomy. 
When sperm are absent from the intraoperative 
vasal fluid, the surgeon should inspect the epi
didymis. If there is a clear demarcation above 
which the epididymal tubule is distended and 
below which it is collapsed (Fig. 15.1), there 
is an obvious obstruction of the epididymal 

confident that obstruction exists just below the lower 
level of epididymal tubular dilation. (From Belker,30 
by permission.) 

B 
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tubule at the point of demarcation, and 
vasoepididymostomy is required. However, the 
absence of such an apparent point of obstruc
tion does not necessarily mean that the epididy
mal tubule is not obstructed. 

When the fluid appears watery bilaterally, 
bilateral vasovasostomy is recommended if 
the obstructive interval is under 7 or 8 years. 
When the fluid is watery bilaterally and the 
obstructive interval is longer, vasovasostomy 
may be appropriate on one side and vaso
epididymostomy on the other side. Such an ap
proach obviously is empiric, but it seems to 
optimize the patient's opportunity for a suc
cessful outcome. When sperm are absent bilat
erally and the vasal fluid is cloudy or creamy, 
vasoepididymostomy is appropriate. 

Another consideration regards the available 
length of the abdominal end of the vas. If insuf
ficient length is present, vasoepididymostomy 
may not be technically feasible, even though 
the surgeon believes it is required. In such in
frequent instances, vasovasostomy may give 
the patient some chance for the postoperative 
appearance of sperm in the semen. However, 
the surgeon's ability to perform microsurgical 
vasoepididymostomy, technically much more 
difficult than microsurgical vasovasostomy, 
must be considered. 

A.M. Belker 

Anesthesia 

Vasectomy reversals are usually performed on 
an outpatient basis. When the obstructive inter
val is less than 3 years and it is unlikely that 
vasoepididymostomy will be required, local an
esthesia is preferred. This may be accomplished 
by infiltrating the local anesthetic into the 
perivasal tissue just above the vasectomy site or 
into the spermatic cord at the level of the pubic 
tubercle with a mixture of equal parts of 1 % 
plain lidocaine (for immediate onset of action) 
and 0.5% plain bupivacaine (for prolonged 
duration of action). Although vasoepididymos
tomy may be performed under local anesthesia, 
the increased intricacy of vasoepididymostomy 
as compared with vasovasostomy suggests that 
local anesthesia should be avoided when vaso
epididymostomy may be required. When local 
anesthesia is not used, continuous epidural an
esthesia seems to present fewer postanesthetic 
complications than general anesthesia. 

Placement of Incision 

Generally, oblique vertical scrotal incisions 
centered over the vasectomy site are used. 
However, an infrapubic incision may be used 

FIGURE 15.2. The infra pubic inci
sion is used when vasectomy is 
performed at high level or when a 
long segment of vas is resected 
during vasectomy. Incision place
ment formerly used by the author 
is shown. (From Belker/ by per
mission.) 
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whenever the vasectomy has been performed 
extremely high or a long length of the vas was 
resected during the vasectomy3 (Fig. 15.2). The 
infrapubic incision allows the surgeon to mobi
lize the abdominal end of the vas more easily in 
such situations. If vasoepididymostomy is re
quired when the infrapubic incision is used, the 
scrotal contents may be displaced upward 
through the incision easily. Because there is no 
need for the midportion of the infrapubic inci
sion, one may use short bilateral incisions 
placed horizontally just lateral to the base of 
each side of the penis when using the infrapubic 
approach (Fig. 15.3). 

General Considerations 

If vasovasostomy is to be performed (and 
vasoepididymostomy does not become neces
sary during the procedure), short scrotal 
incisions allow exteriorization of the ends of 
the vas and afford satisfactory exposure for 
the procedure. The surgeon is advised not to 
exteriorize the testis and epididymis when 
only vasovasostomy is required. Doing so may 
result in the formation of diffuse dense 
adhesions between the parietal and visceral 
tunica vaginalis, which could complicate unnec
essarily the performance of a later vasoepididy
mostomy if the first reversal should fail. 

The surgeon must be certain to resect all of 
the scarred portion of the vas before perform
ing vasovasostomy. Failure to do so will result 
in an obstructed anastomosis. After the scarred 
ends of the vas have been resected, fluid from 
the testicular end of the vas should be exam
ined microscopically to determine if sperm 
are present. Patency of the abdominal end 
of the vas is assured by observing the free 
flow of Ringer's solution instilled through a 
24-gauge blunt tip needle inserted into the 
abdominal end of the vas. To relieve anasto
motic tension, peri vasal tissue at the base of 
the isolated ends of the vas is approximated. 
When the vasal ends are mobilized, the surgeon 
must be careful not to strip away their blood 
supply. The amount of mobilization should be 
the minimum required to perform the anasto
mosis. 
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FIGURE 15.3. Separate infrapubic incisions now pre
ferred by the author are placed just lateral to each 
side of the base of the penis, as indicated by lines 
drawn on the patient's skin. (From Belker,3! by 
permission.) 

Bipolar cautery should be used to control 
bleeding on the vas because the area of tissue 
damage with bipolar cautery is much less than 
with monopolar cautery. Bipolar cautery 
should be used only on the adventitial surface 
of the vas and never on the transected end, in 
order to prevent scarring of tissue on the 
transected end. 

Anastomotic Techniques 

Stents 

There is general agreement with the reports of 
Middleton and Henderson,4 who found that 
both patency and pregnancy rates after 
vasovasostomy with externalized removable 
nonabsorbable stents were not as good as when 
stents were omitted. This is probably because 
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FIGURE 15.4. (A) Full-thickness square sutures do 
not enter the lumen near the mucosal edge, leaving a 
retracted mucosal edge and the possibility for scar 
and stenosis. (B) Full-thickness triangular sutures 
enter lumen near mucosal edge, ensuring good ap
proximation of edges. (From Belker,15 by permis
sion.) 

of sperm leakage through the stent exit tract 
and the resulting sperm granuloma formation 
causing obstruction at that site. Rowland et al5 

reported improved results with vasovasostomy, 
using absorbable catgut sutures as stents. 
Berger et al6 reported good results of vasal 
anastomoses performed over self-retaining hol
low polyglycolic acid stents. Such stents appear 
to have much promise, but lack of their com
mercial availability has resulted in the failure of 
other surgeons to investigate their use. If the 
vasectomy is performed in the convoluted por
tion of the vas, it may not be possible to insert 
a stent through the vas. 

Laser Welding 

Lynne et af first reported the use of the carbon 
dioxide laser to weld together the vasal ends 
with spot thermal coagulation after the ends 
had been approximated with several mic
rosurgical sutures. This technique has been in
vestigated by others. Rosemberg8 has reported 
good clinical results of vasovasostomy with 
this method, which may require a slightly 
shorter time than is needed to perform conven-
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tional microsurgical vasovasostomy, but the in
creased expense of laser technology negates the 
advantage of a slightly shorter anastomotic 
time. 

Fibrin Glue 

Silverstein and Mellinger9 and Niederberger 
et aeo reported encouraging results with 
vasovasostomy performed with fibrin glue in 
animals, and Holmes et alll reported satisfac
tory results with this technique in a small clini-

FIGURE 15.5. The suture used to approximate the 
spermatic fascia is left long and tagged to drapes on 
the side of the surgeon (bottom). A double wrap of 
umbilical tape around the hinge post of the approxi
mating clamp is tagged to drapes on the side of the 
assistant (top). Bilateral stability thus is achieved. 
(From Belker,32 by permission.) 
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cal series. The simplicity of fibrin adhesive used 
to perform vasovasostomy is very attractive, 
but the technique's value will not be apparent 
until more clinical studies are performed. 

Macrosurgical Anastomosis 

The inner diameter of the unobstructed lumen 
of the abdominal end of the vas ranges from 0.3 
to 0.5 mm, beyond the resolution of the human 
eye. Therefore, almost all surgeons who per
form what is loosely termed "macrosurgical" 
vasovasostomy actually use opticalloupe mag
nification to better visualize the anatomic 
details of the vasal ends during anastomotic su
turing. Macrosurgical vasovasostomy has been 
performed using end-to-end techniques, with 
or without spatulation, and using side-to-side 
techniques. Most surgeons who perform 
macrosurgical vasovasostomy and many who 
perform microsurgical vasovasostomy use a 
modified one-layer, end-to-end anastomotic 
technique popularized by Schmidt.12 This 
method involves the placement of four to eight 
interrupted full-thickness 9-0 nylon sutures 
through both ends of the vas. After all full
thickness sutures have been placed and tied, 
9-0 nylon sutures are placed through the outer 
muscular wall between adjacent full-thickness 
sutures. To obtain optimal approximation of 
opposing mucosal edges, "triangular" place
ment rather than "square" placement of the 
full-thickness sutures is preferred (Fig. 15.4). 
The triangular full-thickness sutures penetrate 
the adventitial surface of the vas several milli
meters from the transected edge of each end of 
the vas and penetrate the mucosa immediately 
adjacent to the transected mucosal edge. 

Microsurgical Anastomosis 

Microsurgical vasovasostomy may be per
formed either with the modified one-layer 
technique described for macrosurgical vaso
vasostomy or with a two-layer technique.13-17 

Surgeons who perform a microsurgical modi
fied one-layer vasovasostomy generally use 
six to eight full-thickness sutures of 9-0 or 
10-0 nylon and place outer muscular sutures 
of 9-0 nylon between adjacent full-thickness 
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sutures. The two-layer method may be prefer
able for two reasons: (1) to help resident 
surgeons acquire optimal microsurgical skills 
and (2) to enable the primary surgeon to 
develop and subsequently maintain the micro
surgical skills required to perform the much 
more difficult microsurgical procedure of 
vasoepididymostomy. 

After the vasal fluid has been examined mi
croscopically and patency of the abdominal end 
of the vas has been verified, the perivasal tissue 
at the base of each end of the vas is approxi
mated and the long end of the approximating 
suture is tagged to the surgical drapes on the 
surgeon's side of the table (Fig. 15.5). This 
maneuver assures that the vasal ends will not 
retract below the edges of the skin during 
anastomotic suturing. 

The use of a hinged folding approximating 
clamp (Accurate Surgical and Scientific Instru
ments Corp., Westbury, NY, and Edward Weck 
& Co., Research Triangle Park, NC) is recom
mended for the anastomosis.13 After the clamp 
is applied, it is folded and the two-layer anas
tomosis is performed with the clamp in the 
folded position (Fig. 15.6). A length of umbili
cal tape is wrapped around the hinge post of the 
folded approximating clamp and secured to the 
surgical drapes on the assistant's side (Fig. 
15.5). Thus, bilateral stability of the vasal ends 
is achieved. The approximating clamp always is 
applied on the assistant's side so the assistant, 
and not the surgeon, will need to manipulate 
instruments around the clamp's protruding 
hinge post. Six to eight interrupted sutures of 
10-0 nylon are placed in the inner mucosal 
layer, and seven to ten interrupted sutures of 
9-0 nylon are placed in the outer muscular 
layer. The mucosal layer sutures must include 
about one fifth to one fourth of the thickness of 
the muscular layer; otherwise, the mucosal su
tures tend to separate the mucosa from the 
muscularis. During placement of the outer mus
cular layer sutures, the underlying inner mu
cosal sutures should be visualized to prevent 
the muscular layer sutures from penetrating the 
lumen. The placement of sutures in both layers 
is shown in Figure 15.7. After completion of the 
anastomosis, the approximating clamp is re
moved, the perivasal fascial approximating su-
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FIGURE 15.6. The author's method of microsurgical 
two-layer vasovasostomy. Note the discrepancy in 
luminal diameters. (A and B) Three posterior row 
muscular layer sutures are placed so that knots are 
outside. Only 90° of circumference are approxi
mated, leaving full access to mucosa. End sutures are 
left long. (C and D) Note change in magnification 
indicated by dotted lines. Two or three posterior row 
mucosal sutures are placed from assistant's side to
ward surgeon's side. (E) Four to five anterior row 
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mucosal sutures are placed in order indicated by 
numbers. (F) Sutures cut long and left untied until all 
anterior row mucosal sutures are placed. Sutures 
then are tied in reverse order of placement. (G) 
Anterior 270° (diagram depicts only 180°) of muscu
lar layer sutures are placed, using traction on the two 
end posterior muscular layers sutures to aid place
ment of anterior muscular layer sutures. (From 
Belker,13 by permission.) 
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FIGURE 15.7. Operative photographs. 
Dilated testicular end lumen on left 
and smaller abdominal end lumen on 
right. (A) Two posterior mucosal su
tures are placed and tied after poste
rior muscular sutures have been placed 
and tied. (B) After an additional mu
cosal suture was placed and tied on 
each side, the last three anterior mu
cosal sutures are all cut long until the 
last one has been placed. The depth of 
mucosal suture placement is apparent. 
The disparity between luminal dia
meters necessitates wider spacing be
tween sutures on the side of the larger 
testicular end lumen than on the side 
of the smaller abdominal end lumen. 
(Continued) 

ture is cut short, the vas is replaced in its natural 
position, and routine scrotal wound closure is 
performed. 

Postoperative Care 

Because of the meticulous hemostasis required 
for microsurgery, drains are not required in 
most cases, nor are peri operative antibiotics 
or corticosteroids. Based upon Schmidt's ob
servations of the rate of healing of canine 
vasovasostomies, patients are requested to 
avoid ejaculation for 2 weeks postoperatively, 
remain at home for 1 week, and use a scrotal 
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support and avoid heavy physical activity for 
4 weeks postoperatively.18 Vasectomy re
versal patients who are allowed free rein to 
perform any postoperative activity that does 
not cause significant discomfort may experi
ence disruption of the anastomosis. This oc
curred after several of the early reversals, when 
postoperative activity was not restricted. Se
men analyses should be obtained at 2-month 
intervals starting 2 months postoperatively, un
til stable semen parameters are maintained, 
and then at 3- to 6-month intervals until a preg
nancy is achieved. Although sperm may not 
appear in the semen until 4 to 12 months 
after microsurgical vasoepididymostomy, per-

A 
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sistence of azoospermia beyond 2 to 4 months 
after vasovasostomy indicates a surgical failure. 

Factors that Influence Results 

Preoperative Factors 

Obstructive Interval 

The obstructive interval, the time from the 
vasectomy until its reversal, is the single most 
important preoperative prognostic factor that 
can be used to predict postoperative results. 
The Vasovasostomy Study Group2 defined new 

AM. Belker 

FIGURE 15.7. Continued (C) Good mu
cosal edge approximation after all su
tures tied. (D) Anterior muscular 
suture placement. Note that tension on 
the last previous muscular suture (top) 
aids needle placement. Depth of su
ture placement and ability to visualize 
underlying mucosal sutures while plac
ing anterior muscular sutures are dem
onstrated. 

obstructive interval guidelines that may be 
used to advise patients about their chances for 
fertility after vasectomy reversals (Fig. 15.8). It 
is apparent from this study that men with 
shorter obstructive intervals have a much bet
ter chance for fertility after vasovasostomy 
than men with obstructive intervals of 15 years 
and longer. 

Sperm Antibodies 

Linnet and Hjore9 suggested that men with 
high preoperative serum titers of sperm aggluti
nins were much more likely than men with low 
preoperative serum titers to have sperm agglu-
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FIGURE 15.8. New obstructive interval guidelines are 
useful to predict postoperative patency and preg
nancy rates. The numerator equals the number of 

tinins appear in the seminal plasma after 
vasovasostomy, and that the postoperative ap
pearance of sperm agglutinins in the seminal 
plasma adversely affected fertility. However, 
their findings have not been substantiated by 
others and the sperm agglutinin method no 
longer is used by most investigators to measure 
sperm antibody levels. Meinertz et afo mea
sured preoperative serum sperm antibodies by 
the tray agglutination test (TAT) and the gela
tin agglutination test (GAT) and measured 
sperm surface immunoglobulin (Ig) antibodies 
in the semen of men after vasovasostomy. A 
preoperative serum GAT titer of ~256 was 
associated with significantly reduced fertility 
after vasovasostomy. When the postoperative 
sperm surface mixed antiglobulin reaction 

~ Wives Pregnant 
(P < 0.001) 

patients achieving patency or pregnancy, and the 
denominator equals the total number of patients in 
each group. (From Belker et al,2 by permission.) 

(MAR) revealed a pure IgG response, the con
ception rate was 86%, but only 43% of wives 
of men with IgA on the sperm surface achieved 
a pregnancy. When 100% of the sperm were 
coated with IgA, the conception rate was re
duced to 22%, and the combination of IgA 
on all the sperm and a serum GAT titer of 
~256 was associated with a conception rate of 
zero. 

Men with high percentages of sperm coated 
with IgA and IgG during direct immunobead 
tests after vasovasostomy may have poor sperm 
motility and low rates of conception. Un
fortunately, there is no uniformly accepted 
preoperative test of a patient's sperm antibody 
status to guide the surgeon in offering a prog
nosis for fertility after vasovasostomy. 
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Sperm Quality In Vas Fluid 

_ PIs. with Sperm In Semen ~ Wives Pregnant 

• Intraoperative parameter Identical bilaterally when measured. 

FIGURE 15.9. Patency and pregnancy rates according 
to the quality of sperm in intraoperative vas fluid 
when sperm quality is identical bilaterally. The nu
merator equals the number of patients achieving pa-

Testicular Effects of Vasectomy 

It was believed for many years that there were 
no testicular abnormalities resulting from 
vasectomy. However, Jarow et aft found that 
23% of vasectomized men's testicular biopsies 
showed focal interstitial fibrosis and such 

tency or pregnancy, and the denominator equals the 
total number of patients in each group. (From 
Belker et al/ by permission.) 

study, Jarow et af2 found that the testicular 
changes seen after vasectomy were not associ
ated with the patient's sperm antibody status; 
the testicular changes appeared to result 
from some mechanism other than sperm 
autoimmunity. 

changes were not seen in testicular biopsies of Age and Fertility Status of WiJ'e 
fertile men. The men with focal interstitial ;I' 

fibrosis had significantly lower fertility rates af
ter vasovasostomy than men without such his
tologic changes. Thus, there is a subset of men 
predetermined to have poor postoperative fer
tility rates because of testicular changes caused 
by the vasectomy. The findings of Jarow et aI, 
however, have not caused urologists to recom
mend that a testicular biopsy be performed be
fore the procedure in order to make a decision 
about undergoing vasovasostomy. In a later 

Reproductive gynecologic assessment of the 
wife should be performed routinely before a 
man undergoes vasovasostomy. It is pointless 
for the man to have vasectomy reversal if there 
is a reason his wife cannot or should not 
become pregnant. When applicable, couples 
should be informed of declining female fertility 
rates after 30 to 35 years of age and particularly 
of the increased rates of children with congeni
tal abnormalities after a maternal age of 35 
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years. When semen parameters are normal for 
1 year postoperatively and a pregnancy has not 
occurred, further gynecologic evaluation of the 
wife should be performed. However, couples 
should be informed that the average interval 
until a pregnancy after microsurgical vaso-

. 1 2 vasostomy IS year. 

Intraoperative Factors 

Sperm Quality in Vas Fluid 

The Vasovasostomy Study Group2 studied 
the relationship of the intraoperative sperm 
quality in the vasal fluid, when the quality 
was identical bilaterally, to the results of 
vasovasostomy. Five grades of sperm quality 
were defined. The patency and pregnancy 
rates for each grade of sperm quality are shown 
in Figure 15.9. Results were best and were 
comparable when grades 1, 2, and 3 sperm 
quality were present and slightly less good for 
grade 4. Patency and pregnancy rates were 60% 
and 31%, respectively, even when no sperm 
were present (grade 5) in the intraopera
tive vasal fluid bilaterally. There was no differ
ence in results for various concentrations, 
excluding zero, of sperm in the intraoperative 
vasal fluid.2 

Sperm Granuloma at Vasectomy Site 

A sperm granuloma at the vasectomy site 
seems to have a beneficial pressure-releasing 
effect, manifested by less luminal dilation and 
better vasal fluid sperm quality on the side with 
a sperm granuloma at the vasectomy site than 
on the side without one.23 However, this ap
parently beneficial effect did not prove to 
have clinical significance when the results of 
microsurgical vasovasostomies for patients 
with and without histologic evidence of bilat
eral sperm granulomata at the vasectomy site 
were compared.2 Patency and pregnancy rates 
were 96% and 63%, respectively, when a sperm 
granuloma was present bilaterally, and 85% 
and 51 % when a sperm granuloma was absent 
bilaterally (p = 0.05 for patency and p > 0.05 
for pregnancy rate comparisons). 

Modified One-Layer Versus Two
Layer Microsurgical Anastomoses 
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The results of microsurgical modified one
layer and two-layer microsurgical vasovasos
tomies by the Vasovasostomy Study Group2 are 
not statistically different (Fig. 15.10). These 
findings agree with those reported by Lee.24 

Macrosurgery Versus Microsurgery 

It is difficult to compare the results of various 
studies when the results have not been related 
to obstructive intervals. A review revealed 
that macrosurgical vasovasostomies achieve 
patency rates ranging from 35% to 100% and 
pregnancy rates of 19% to 55%.25 A survey by 
Derrick et ae6 of 1,630 macrosurgical proce
dures performed by 542 urologists revealed a 
postoperative patency rate of 38% and a post
operative pregnancy rate of 19%. However, 
Middleton et al27 reported a patency rate of 
81 % and a pregnancy rate of 45% after non
magnified vasovasostomies. The strikingly 
different results reported in the survey by 
Derrick et ae6 and the series by Middleton et 
ae7 suggest that the surgeon's experience with 
vasovasostomy may be more important 
than the actual anastomotic technique that is 
selected. 

It is critical that microsurgical techniques and 
instrumentation b~ learned in a microsurgical 
laboratory and practiced before clinical applica
tion.28 Failure to do so will produce suboptimal 
results. 

Repeat Reversals 

Overall patency and pregnancy rates, re
spectively, reported by the Vasovasostomy 
Study Group2 were 85% (865 of 1,012) and 
52 % (421 of 808) for first microsurgical 
vasovasostomies, and 75% (150 of 199) 
and 43% (52 of 120) for repeat procedures. 
It is clear that the results of repeat procedures 
are not as good as the results of first proce
dures. It therefore is beneficial for the patient 
undergoing an initial vasovasostomy to have 
the procedure performed by an experienced 
surgeon. 
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FIGURE 15.10. Patency and pregnancy rates are not 
significantly different after two-layer and modified 
one-layer microsurgical vasovasostomy. The nu
merator equals the number of patients achieving pa-

Conclusion 

Various surgical techniques and factors that 
influence the results of vasovasostomy should 
be considered. The obstructive interval ap
pears to be the most important preoperative 
factor relative to postoperative results. The 
difficult intraoperative decision regarding 
the performance of vasovasostomy or of 
vasoepididymostomy when sperm are absent 
from the intraoperative vasal fluid is based 
upon multiple factors. The sperm quality in 
the vasal fluid and the surgical technique 
are important intraoperative factors that affect 
results. When properly performed, mic
rosurgical vasovasostomies are associated with 
better results than are macrosurgical an
astomoses. The importance of the surgeon's 
experience with vasovasostomy, regardless of 

tency or pregnancy, and the denominator equals the 
total number of patients in each group. (From 
Belker et al,2 by permission.) 

the anastomotic technique used, must be con
sidered. 

When judging the reported results of vasovas
ostomies, the reader should be aware of 
Sharlip's29 study. Of 95 patients who had normal 
sperm concentration and normal sperm motility 
during a consecutive 12-month period after va
sectomy reversal, 61 % achieved a pregnancy. 
Allowing for some patients who would have 
achieved a pregnancy after the follow-up pe
riod, Sharlip estimated the maximum pregnancy 
probability for a vasectomy reversal to be 67%. 

There is some difficulty in comparing the re
sults of anyone series of vasectomy reversals to 
the results of other series. Comparisons cannot 
be made unless comparable data are provided, 
and surgeons who report their results with any 
method of vasovasostomy should stratify the 
results according to established obstructive in
terval guidelines.2 
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16 
Obstructive Azoospermia and 
Vasoepididymostomy 
Anthony J. Thomas, Jr. and Osvaldo F. Padron 

Excurrent duct obstruction is a potentially re
versible cause of male infertility. It can occur 
anywhere along the ductal system from the 
rete testes (empty epididymis syndrome) to the 
ejaculatory ducts. The incidence of obstructive 
azoospermia among infertile men is approxi
mately 7% to 10%. Elective vasectomy is the 
most common cause of ductal obstruction. 
Other causes of ductal obstruction include 
those related to congenital anomalies ranging 
from total absence of the vasa deferentia, 
seminal vesicles, and ejaculatory ducts to a 
minor dysjunction between vasa and epididy
mides or obstruction secondary to scarring of 
the tubules as a result of prior infection, inflam
mation, trauma, or iatrogenic injury to the epi
didymis or vas deferens. Figure 16.1 is an 
algorithm suggested for evaluating and treating 
patients who may have an obstructive or non
obstructive problem causing azoospermia. 

Anatomy and Physiology 
of the Epididymis 

Six to eight efferent ducts derived from the 
mesonephric tubules coalesce to form the 
proximal caput epididymis, which unites with 
the wolffian duct (mesonephric duct) from 
which is formed the corpus and cauda epididy
mis as well as the vas deferens. The epididymis 
lies lateral to the cord structures along the lon
gitudinal axis of the testes and measures ap
proximately 1 x 1 x 6 cm in size. If the 
epididymal tubule were unfolded, it would be 
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about 4 to 5 m in length. The normal unob
structed epididymal tubule has a luminal dia
meter of less than 0.2 mm. The wall of the 
epididymal tubule is thinnest at the caput, be
coming thicker and more muscular as it contin
ues to its caudal portion. Here, the muscular 
mass increases greatly to become the ductus 
deferens. Sperm transit time through the epi
didymis varies from 2 to 6 days. 

The blood supply of the upper portion of the 
epididymis is derived from a branch of the tes
ticular artery. It has abundant communications 
with the artery of the vas deferens. The distal 
epididymis is supplied by the combined net
work of cremasteric and vas deferens arteries. 
The vascular network between the testicular 
artery and the artery of the vas deferens allows 
for the mobilization and resection of the distal 
epididymis without devascularizing the more 
proximal portion of the epididymis. 

The epididymis acts to mature, store, trans
port, and concentrate sperm. Hydrostatic 
pressure and peristaltic contractions of the 
seminiferous tubules move sperm out of the 
testes to the excurrent ducts. These sperm 
require a specific microenvironment for matu
ration to take place. Epididymal sperm are ex
posed to protein products from the lining cells 
of the epididymal tubule as they mature. Sperm 
are concentrated in the epididymis, with the 
greatest number in the cauda. Certain protein 
substances and ions secreted in the cauda of the 
epididymis appear to play an important role in 
keeping sperm quiescent prior to their expul
sion during ejaculation. l --6 
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Causes of Epididymal 
Obstruction 

Most males with cystic fibrosis are born with 
absence of the distal epididymides and the vasa 
deferentia and often have absent or hypoplastic 
seminal vesicles. Some apparently healthy men 
are born with similar genital anomalies. When 
screened for the more common genetic alter
ations, approximately two thirds of these males 
will be found to have at least one gene mutation 
associated with cystic fibrosisY Clinically, 
these men are azoospermic with a low ejaculate 
volume «1 ml) that is acidic and watery in ap
pearance, and seminal fructose is either absent 
or in very low concentrations. No satisfactory 
corrective surgical treatment is available for 
this group of men who generally are found 
to have normal spermatogenesis. Treatment is 
available, however, by means of epididymal 
sperm aspiration combined with an assisted 
reproductive technique, such as in vitro fertili
zation (IVF) with intracytoplasmic sperm inser
tion (ICSI).9-I5 Some men with azoospermia 
will be found to have a unilateral absence of the 
vas deferens and an otherwise normal vas, al
though not connected to the epididymis on the 
contralateral side. Surgical correction is pos
sible in this group. If the ipsilateral testis is 
atrophic or for other reasons is not making ad
equate sperm, the vas deferens can be crossed 
over to the contralateral testis to be anasto
mosed to the epididymis.16 

A variety of congenital anomalies of the epi
didymis and vas deferens have been described 
by Scorer and Farrington17 and others. IS Sur
geons involved in treatment of men with 
congenital causes of obstructive azoospermia 
should be well acquainted with the variations in 
anatomy (Fig. 16.2). 

Acquired lesions causing excurrent duct ob
struction are more common and more easily 
correctable with surgery than congenital causes 
of obstructive azoospermia. Epididymitis from 
a bacterial or viral source may resolve with 
appropriate treatment but leave sufficient 
scarring to cause complete obstruction of the 
epididymis. Clinically evident bilateral acute 
epididymitis from an infectious source is a rare 

A.J. Thomas, Jr. and O.F. Padron 

entity. Therefore, if only one side is affected, 
the man's fertility may remain intact if the con
tralateral ductal system is normal. More often 
than not, when there is bilateral obstruction the 
patient has no recall of a specific event that 
afflicted both testicles. 

Blunt and penetrating trauma to the scrotal 
contents may result in disruption of the excur
rent ductal pathway. Perhaps the more com
mon trauma is inadvertent injury to the vas 
deferens or the epididymis during the perfor
mance of surgical procedures unrelated to fer
tility, such as hernia repair or hydrocelectomy. 
As with the inflammatory causes of obstruction, 
if only one vas or epididymis is injured and the 
contralateral side is normal, there will often be 
no notice taken of the injured side as long as 
fertility is unaffected. If, however, both sides 
are injured, the contralateral side is atrophic or 
hypoplastic, or there is a congenital absence of 
part or all of the ductal system, the patient with 
azoospermia or severe oligospermia will usu
ally be referred to the attention of a urologist. 

An association has been identified between 
chronic sinus and pulmonary disease and ob
structive azoospermia. Originally described by 
YoungI9 in 1970, other studies have noted 
chronic sinusitis, bronchitis, or bronchiectasis 
along with either primary or secondary infertil
ity caused by obstruction within the middle and 
distal portions of the epididymis, which are 
found to be filled with thick, yellowish material 
devoid of sperm. The association with cystic 
fibrosis has been put forth but not proven.20 

Even when sperm are identified in the more 
proximal portion of the epididymis, vasoepi
didymostomy has not proven as successful as in 
those patients who have postinflammatory 
causes for their obstruction. 

Partial epididymal or vasal obstruction may 
also occur, but this is more likely to happen 
following a prior attempt to correct a complete 
obstruction and is less likely to be found as a 
primary phenomenon. Patients with obstruc
tion have sperm in their ejaculate in low 
numbers inconsistent with the higher quality 
of spermatogenesis demonstrated on testis 
biopsy, and the sperm in the ejaculate may 
have little or no motility, with broken tails and 
dysmorphic-shaped heads. 
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FIGURE 16.2. Congenital abnormalities of the vas 
deferens and epididymis. (A) Atresia of the distal 
epididymis. (B) Skip area midepididymis. (C) Ab
sence of the body and tail of the epididymis. (D) 
Blind-ending vas deferens. (E) No communication 

Surgical reconstruction for excurrent duct 
obstruction following vasectomy is straightfor
ward, except when no sperm are found in the 
vasal fluid of a patient who has been obstructed 
for a long interval. Those men who have copi
ous amounts of clear fluid without sperm have 
been shown to have an excellent prognosis with 
regard to sperm return after vasovasostomy 

between testis and epididymis. (F) Caput present no 
further excurrent ductal system. (G) Spermatocele 
between epididymis and testis. (H) Epididymal cysts. 
(From Thomas,26 with permission.) 

alone. Examination of the azoospermic vasal 
fluid in some men will reveal it to be thick, 
pasty, or altogether absent. These men will 
have sustained a blowout of the epididymal tu
bule, probably as a result of increased pressure 
within the epididymis and vas, although this 
is speculative. Vasoepididymostomy will be 
necessary in order to restore sperm to the 
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ejaculate. The incidence of a blowout occurring 
is related to the number of years postvasec
tomy, being more common after 10 years. 
There is at least a 20% chance that there will 
not be sperm in either vas at an interval of more 
than 10 years, and the surgeon must be pre
pared to perform a vasoepididymostomy on 
one or both sides.21- 23 

Vasoepididymostomy 

Preoperative Evaluation and 
Preparation 

Most patients with epididymal obstruction have 
epididymes that are palpably full or even indu
rated. Their semen volume is normal (> 1.5 ml) 
and has an alkaline pH devoid of sperm. The 
vasa feel normal and at least one testis is of 
normal size (>20ml). Serum gonadotropin 
levels are normal. Proof of adequate sperm 
production is needed prior to attempted recon
struction. A testis biopsy can be done as a sepa
rate procedure or, in many instances, at the 
same operative event as the reconstructive sur
gery. A frozen section, touch preparation, or 
crushed wet preparation can be easily and 
quickly examined to verify the presence of ac
tive spermatogenesis. 

Surgical Anesthesia and Preparation 

Because the time needed for this type of sur
gery can vary from 2 to 4 or more hours, de
pending on the degree of scarring encountered 
and the rapidity with which the surgeon can 
identify sperm in the epididymal tubule, a gen
eral anesthetic or continuous epidural block is 
preferred. Care in positioning the patient on 
the operating room table is crucial to both com
fort and safety. All pressure points, such as the 
sacrum, the heels, and the back of the patient's 
head, should be cushioned with small portions 
of "egg crate" mattress material. The patient's 
arms should be tucked at the side of the body or 
abducted approximately 45°C in order to pre
vent discomfort and potential nerve injuries 
that may occur if the arms are hyperextended 
for a prolonged time. 

A.J. Thomas, Jr. and O.F. Padron 

Anastomosis of the vas deferens to the epi
didymis can be accomplished by either an end
to-end or end-to-side technique, depending on 
the surgeon's preference and the level at which 
the anastomosis is made.21- 26 The end-to-end 
method is best performed at the caudal level 
where the loops of the tubule are thicker and 
fewer in number, which allows for easier identi
fication of the patent portion of the tubule. 
Mobilization of the distal epididymis may be 
easier after transection and can provide a few 
more centimeters in length that might be help
ful to bridge a distance between vas and epi
didymis. The end-to-side method can be done 
at any level, the primary advantages being no 
resection necessary of the epididymis, minimal 
bleeding, and only one opened loop of the 
epididymal tubule to which the vas lumen is 
attached. 

Surgical Techniques 

Whichever method of anastomosis is preferred, 
the surgeon must be certain, through testis bi
opsy, vasography or both, that there is active 
sperm production and a patent vas deferens 
before exploring the epididymis. Vasography is 
useful to identify anatomic abnormalities 
within the excurrent ductal system or to define 
and confirm patency. 

The vas can be grasped with a towel clip at its 
straight portion and its blood supply carefully 
pushed away from the anterior surface. Plastic 
tubing from a sterile "butterfly" intravenous 
needle is inexpensive and readily available to 
be passed beneath the vas and act as a non
traumatic holding device. A 30-gauge lymphan
giogram needle (No. 6657, Becton-Dickinson 
Co., Franklin Lakes, NJ) is used to puncture 
the vas lumen by sliding the needle in an almost 
parallel path with the vas lumen (Fig. 16.3). 
With minimal practice, the surgeon can feel 
when the needle enters the lumen, as there is 
an immediate decrease in resistance. Proper 
position in the lumen is confirmed by injecting 
1 to 2ml of saline. If the saline does not flow 
easily, the needle should be repositioned. Once 
proper placement is confirmed, a scout film 
of the pelvis is obtained, 2 to 4 ml of Reno
grafin 60 (NDC0003-0707-50, Squibb Diagnos-
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FIGURE 16.3. Vasography tech
nique. Note the plastic tubing 
(arrow) used as an atraumatic 
holder. 

tics, Princeton, NJ) mixed with normal saline in 
a one-to-one mixture injected, and another ra
diograph obtained27 (Fig. 16.4). The same pro
cedure can be repeated on the contralateral 
side, or 10ml or more of saline can be flushed 
through the lumen, and if it flows easily, the 
lumen is considered patent. If there is a distal 
(inguinal) obstruction, only a small amount of 
contrast is needed to fill the vas proximal to the 
obstruction. If the surgeon places the thumb 
and forefinger on the vas just distal to the 
needle, the intermittent dilation of the vas can 

FIGURE 16.4. Normal left vaso
gram in a patient with epididymal 
obstruction. Some residual con
trast is seen in right seminal vesi
cle from vasogram done on that 
side. 

be felt as the syringe is gently and repeatedly 
pressed in and released. It is strongly recom
mended that vasography be performed at the 
time of the definitive reconstructive surgery. 

End-to-End Microsurgical 
Va so epididymal Anastomosis 

This method of anastomosis was described by 
Silber21 in 1978. The testicle is exposed and ex
amined. Even without optical magnification, 
the point of obstruction in the epididymis may 
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be obvious by a distinct narrowing or an area of 
blue-brown discoloration beneath the epididy
mal tunic, which may indicate a point of sperm 
extravasation and cell breakdown (Figs. 16.5 
and 16.6). Before the epididymis is cut, it is 
necessary to separate the proximal end of the 
vas deferens, along with its blood supply, from 
the surrounding loose connective tissue. The 
vas deferens must be sufficiently mobilized to 
allow the cut abdominal end to be brought from 
its medial position to lie lateral, in close prox
imity to the epididymis. 

The epididymis is examined under the oper
ating microscope. Beginning at the distal por-
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FIGURE 16.5. A distinct point of 
narrowing within the epididymis 
(tip of the forceps) indicates the 
point of obstruction. 

tion of the cauda, the epididymis is transected 
transversely, and fluid from the cut ends of the 
epididymal tubule is examined for sperm (Fig. 
16.7 A). If none are found, the epididymis is 
transected another half centimeter more proxi
mal and the inspection process repeated until 
the patent portion of the tubule containing 
sperm is opened. Defunctionalized tubules will 
empty quickly, and the patent tubule will be the 
only cut end that continues to efflux fluid con
taining long-tailed sperm. It is easier to cut the 
epididymis if a plane is developed between the 
epididymis and the testis with a small tongue 
depressor or knife blade handle against which 

FIGURE 16.6. Blue-brown discol
oration is sometimes seen at the 
site of obstruction of the epididy
mis. 
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FIGURE 16.7. (A) Transection of the distal epididy
mis. (B) Approximating the epididymal tunic to the 
muscularis and adventitia of vas deferens. (C) Ap-

the cut is made beneath the epididymis. This 
plane between the testis and the epididymis can 
be developed only along the distal two thirds so 
as not to interfere with the blood supply of the 
proximal epididymis and the testis itself. Bipo
lar cautery is useful to obtain the meticulous 
hemostasis, which is crucial to this operation in 

proximation of the vasal and epididymal lumina. (D) 
Completion of end-to-end anastomosis. (Parts A, B, 
and C from Padron and Thomas,41 with permission.) 

allowing adequate visualization for the anasto
mosis to be performed. 

The cut abdominal end of the vas is brought 
to the opened end of the epididymis. The ad
ventitia and muscularis of the vas deferens are 
approximated to the tunic of the epididymis at 
the six o'clock position to prevent any undue 

B 

D 
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tension on the mucosal anastomosis (Fig. 
16.7B). Four or five equally spaced 10-0 nylon 
sutures (#1850-38, Davis and Geck, American 
Cyamed Co., Danbury, Cf) are then placed 
from outside-in on the opened epididymal tu
bule to inside-out through the edge of lumen of 
the vas deferens (Fig. 16.7C). The adventitia 
and muscularis of the vas are then approxi
mated to the epididymal tunic with 9-0 nylon 
sutures (#2890, Ethicon, Inc., Summerville, NJ) 
placed in a circumferential pattern (Fig. 16.7D). 
The testicle is replaced in the scrotum, and the 
tunica vaginalis is closed with a continuous run
ning absorbable suture. The dartos layer and 
skin are also closed with absorbable suture. A 
soft dressing of "fluffs" and some form of sup
port shorts are used to keep the dressing in 
place. No attempt is made to maintain a com
pressive-type dressing. 

End-to-Side Microsurgical 
Vasoepididymostomy 

Mobilization of the vas deferens is the same as 
for the end-to-end technique. It is advanta
geous to bring the abdominal end of the vas 
deferens from its medial position lateral to the 
epididymis, passing it beneath the cord and re
maining within the tunica vaginalis. The epi
didymis is grasped gently between the surgeon's 
thumb and forefinger to tighten the tunic over
lying the dilated convoluted epididymal tubule. 
Inspection for sperm should begin at the cauda 
epididymis, moving toward the caput as deter
mined by the finding of long-tailed, normal
appearing sperm. A ± -cm linear incision is 
made in the epididymal tunic with a Beaver 
blade (#376400, Becton-Dickinson Co., Frank
lin Lakes, NJ). A single loop of the tubule is 
isolated from the others by use of blunt-tipped 
curved microscissors (#E-3320RX, Karl-Storz, 
Tuttlingen, Germany). A 1.5-mm microsurgical 
knife (#AMK8742-K, American Surgical and 
Scientific Instruments, Inc., Westbury, NY) is 
used to make a ±- to 1-mm incision in the epi
didymal tubule (Fig. 16.8A). Fluid obtained 
from this loop is aspirated with a 24-gauge 
angiocath (#3828641, Becton-Dickinson Vascu
lar Access, Sandy, UT) attached to a tuberculin 
syringe, and a drop is placed on a sterile glass 
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slide diluted with a drop of saline or Ringer's 
lactate and examined under light microscopy 
(40X) for the presence of normal-appearing 
motile or nonmotile sperm. If none are identi
fied, another incision is made in the epididymal 
tunic ± to 1 cm more cephalad, and the proce
dure is repeated until sperm are found. Anasto
mosis is not carried out unless sperm are 
identified. 

With the tubule open and the presence of 
sperm confirmed, three 10-0 nylon sutures are 
placed in the opened edges of the tubule 120° 
from one another. The vas deferens, having 
been cut previously and brought to the epididy
mis, is secured by placing one or two 9-0 nylon 
sutures from the edge of the cut epididymal 
tunic through the adventitia and muscularis lay
ers of the vas to hold them in position so that 
mucosal anastomosis can be performed (Fig. 
16.8B). The previously placed 10-0 nylon suture 
closest to the vas lumen is placed in an inside
out fashion through the edge of the lumen, 
incorporating a small bit of muscularis. Addi
tional sutures are placed at the 4 and 8 o'clock 
positions in an outside-in, inside-out pattern 
from the epididymal tubule to the vas. The two 
previously placed sutures that were at 120° 
from the first are now passed in an inside-out 
pattern through the vas lumen. Before these 
last two are tied, a final suture is placed at the 
12 o'clock position to complete the lumen-to
lumen anastomosis (Fig. 16.8C). Additional 9-0 
sutures are then placed from the epididymal 
tunic to the vas muscularis and adventitia in a 
circumferential manner until it is completely 
secured (Fig. 16.8D). Additional sutures of 9-0 
nylon are placed along the vas, anchoring it to 
the parietal portion of the tunica vaginalis. 

If the patient has had a prior vasectomy or if 
the proximal vas has been injured or scarred, 
the distal (abdominal) vas deferens is some
times not of sufficient length to reach the 
epididymis without tension. It is possible to 
mobilize the distal vas along with its blood sup
ply by placing a holding suture on the end of the 
vas, passing a finger beneath the vas, and gently 
pushing away with gentle upward traction the 
loose surrounding tissues that tether it. If this 
maneuver is still not sufficient to allow for a 
tension-free anastomosis, the upper portion of 
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FIGURE 16.8. (A) A microknife is used to open a 
loop of the epididymal tubule. Note that the distal 
vas deferens has been brought lateral to the epididy
mis ready for anastomosis. (B) Approximation of the 
vas muscularis to the epididymal tunic and pre-

the incision can be extended to the external 
ring or beyond and the vas deferens further 
freed from the cord and brought down to the 
epididymis. This extensive mobilization, if 
needed, should be done before the epididymis 
is inspected or incised. 

placement of epididymal sutures. (C) Completion of 
the anastomosis of the vas and epididymal tubule 
lumen. (D) Completion of the epididymal anastomo
sis. (Parts A and B from Padron and Thomas,41 with 
permission.) 

Results 

The use of the operative microscope has revo
lutionized surgery for male infertility. Surgeons 
are able to attain a degree of accuracy in the 
apposition of two very small lumina that was 
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TABLE 16.1. Vasoepididymostomy results with the operating microscope. 

No. of Patency Pregnancy 
Authors Year Patients (%) (%) 

Silber28 1989 139 (78) (56) 
Fuchs29 1991 39 23/39 (59) 8/23 (35) 
Thomas30 1993 153 1101145 (76)* 47/111 (42)* 
Schlegel and Goldstein3! 1993 107 64/91 (70)* 25/81 (31)t 

* Patients with follow-up of longer than one year. 
t Excludes patients with female factor infertility. 

not previously possible. Consequently, the re
sults of their efforts are reflected in the success 
achieved by their patients (Table 16.1).28-32 

Alloplastic Spermatocele 

Attempts are being made to develop an artifi
cial reservoir or alloplastic spermatocele from 
which adequate numbers of motile sperm can 
be obtained repeatedly through percutaneous 
puncture. Although some success has been 
achieved, long-term patency of these devices 
has been unusual. 31-38 Of note is a more recent 
variation of the spermatocele reported by Moni 
and Lalitha,39 who attempted to create a con
tinuous flow of sperm from an opening made in 
a single loop of the epididymal tubule to drain 
sperm into the inner portion of the tunica 
vaginalis where it could be aspirated under ul
trasound guidance. Matthews and associates40 

reported a modification of this procedure using 
the operating microscope to more carefully 
open the tubule and secure the edges to the 
visceral tunic of the epididymis. Volume of 
fluid and sperm quality have varied from poor 
to excellent. 

Obstruction of the Vas Deferens 
Above the Level of the Scrotum 

Although the excurrent ductal system can be 
obstructed anywhere along its path, the most 
common sites for obstruction, excluding pur
poseful vasectomy, are either the epididymides 
or the ejaculatory ducts. Less common are 
those sites along the course of the vas deferens 

that may have sustained injury during the per
formance of other operative procedures, such 
as hernia repair, renal transplant, or surgeries 
within the deep pelvis. Special mention should 
be made of blockage of the vas deferens in the 
inguinal canal. Its presence should be suspected 
in the patient with normal-volume azoospermia 
who has had prior inguinal surgery and is found 
to have at least one normal-size testis with a full 
epididymis and a vas deferens that, on careful 
palpation, is often tortuous and dilated. 

Inguinal obstruction is confirmed by vasog
raphy (Fig. 16.9). If the obstruction was inad
vertently caused during an infant hernia repair, 
the abdominal end is usually found below the 
level of the internal inguinal ring. This is impor
tant when planning the incision, taking into ac
count that the surgeon must open the area 
medial to the ring or incise it in a cephalad 
direction to get adequate exposure not only to 
identify the often buried end of the vas but also 
to have sufficient room to mobilize the two 
ends in order to anastomose them without ten
sion. The vasovasostomy is performed in a 
manner similar to that done at the scrotal level. 
It is important to examine the fluid from the 
testicular end of the vas deferens. If sperm 
are found, there is no secondary epididymal 
obstruction. If sperm are not found, the vaso
vasostomy is still performed, although the pa
tient should be told that there may be a more 
proximal obstruction that cannot be corrected 
at the time of the vasovasostomy, as it could 
jeopardize the blood supply of the vas deferens. 
It is suggested that an interval of 6 months 
be allowed, and if the patient still has azoo
spermia, vasography and vasoepididymostomy 
may be necessary. 
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FIGURE 16.9. Bilateral vasogram in a 
patient with left vas deferens ob
struction at the level of the internal 
inguinal ring (arrow). Note the dif
ference in lumen diameters. 

Sperm Aspiration and 
Cryopreservation 

The ability to offer patients in vitro fertilization 
with intracytoplasmic sperm injection using few 
cryopreserved sperm has led to the practice of 
asking patients undergoing correction of excur
rent duct obstruction if they wish to save motile 
sperm found at the time of reconstructive sur
gery. It should be clearly explained that the 
amount and quality of sperm, if any, would al
most always require a sophisticated (i.e., expen
sive) form of assisted reproductive technology. 
If the couple is not interested or is unable to do 
this for personal reasons, they simply choose 
not to cryopreserve. The quality of sperm var
ies, depending upon where in the ductal system 
sperm are identified. The best quality is from 
the vas deferens, then the caput epididymis, 
followed by the corpus and cauda (Padron OF, 
Thomas AJ, unpublished data). 

Schlegel and Goldstein3! reviewed their ex
perience with vasoepididymostomy and noted 
that 16% of men who had sperm in their 
ejaculate after surgery scarred down the anas-

tomoses and developed azoospermia. This sug
gests that sperm should be frozen whenever 
there are live, motile sperm in the ejaculate.39 

Summary 

Obstructive azoospermia can be caused by a 
variety of insults. Microsurgical techniques cur
rently employed have dramatically improved 
patency and pregnancy rates. Simple sperm as
piration combined with intracytoplasmic sperm 
injection frequently obviates the need for cor
rective surgery. Current experience indicates 
that the results of surgery with regard to success 
and cost outweigh the lesser surgical experi
ence of sperm aspiration for the man and hor
monal stimulation of his spouse (Kolettis P, 
Thomas AJ, unpublished data). 
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Micromanipulation of the 
Male Gamete 
Sarah K. Girardi and Peter N. Schlegel 

Since the first report in 19831 of a live birth 
resulting from in vitro fertilization, the field of 
assisted reproduction has virtually exploded. 
Perhaps the most impressive advances made in 
the past decade in assisted reproduction have 
been in the area of male factor infertility. As 
recently as 10 years ago, couples with infertility 
due to abnormal semen quality were advised to 
pursue donor insemination or adoption. Today, 
those same couples and even men with 
azoospermia from unreconstructable reproduc
tive tract obstruction are able to contribute to 
pregnancies through assisted reproductive 
techniques that facilitate sperm and egg inter
action. Such techniques range from the re
latively simple intrauterine insemination to 
the more complicated in vitro fertilization 
combined with partial zona dissection, sub
zonal insemination, or intracytoplasmic sperm 
injection. 

Background 

The success of human micromanipulation tech
niques today is owed to the over 30 years of 
research into the physiology and manipulation 
of animal gametes as well as to several seren
dipitous discoveries. Several landmark results 
in animal experiments paved the way for suc
cessful human trials. Using sea urchin eggs, 
Hiramot02 in 1962 showed that the egg cyto
plasm must be activated before injected sperm 
can successfully decondense in the oocyte cyto
plasm. Uehara and Yanagimache in 1976 were 
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the first to successfully inject isolated hamster 
sperm nuclei and subsequently frozen/thawed 
human spermatozoa into hamster eggs with 
development of two pronuclei. In a series of 
experiments involving zona free rat oocytes 
and mouse sperm, Thadani4 subsequently 
showed that only the zona free rat oocytes were 
capable of fertilization by mouse sperm. This 
finding suggested that the species-specific pro
cess of fertilization is mediated by sperm-zona 
interactions, not by sperm-oocyte plasma mem
brane events. In further experiments, it was 
shown that the interaction between oocyte and 
sperm nuclei is less species-specific than their 
sperm-zona recognition events. In other words, 
specific membrane fusion events could be by
passed by microinjection without compromis
ing the initiation of development. In 1983 
Markere showed that microinjected sperm 
heads and grossly defective spermatozoa could 
induce normal fertilization. Such experiments 
demonstrated that the events of sperm pen
etration and fusion with the oocyte are not 
required for successful fertilization. Direct 
intracytoplasmic injection of sperm into the 
oocyte could bypass these events and still result 
in successful fertilization. All of these experi
ments naturally set the stage for attempts at 
micromanipulation of human gametes in the 
treatment of infertility. 

Problems existed, however, with the first ap
plications of micromanipulation in humans. 
First, although successful fertilizations and 
cleavage had been achieved in animals, em
bryos had not yet survived transfer. Also, tech-
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niques that had been successful in animal mod
els proved not to be functional for human 
gametes. Gordon and Talansky6 reported 
successful fertilizations in mice after partial 
zonal digestion using an acidic Tyrode's solu
tion, but the same intervention was deleterious 
to human oocytes. Experiments in the past sev
eral years, therefore, have focused on improv
ing the understanding of the physiology of 
human gamete interaction and perfecting mi
cromanipulation techniques in humans. 

Barriers to Fertilization 

Although great strides had been made in ani
mal gamete micromanipulation, techniques 
mastered in animals have not always been ap
plicable to humans. The anatomical (if not me
chanical) barriers to fertilization that have 
needed to be fully defined prior to successful 
fertilization include: (1) the cumulus of the oo
cyte, (2) the zona pellucid a, and (3) the vitelline 
membrane or oocyte plasma membrane. The 
cumulus is the first anatomic barrier encoun
tered by the spermatozoon. Although its role is 
not completely understood, it probably func
tions less as a barrier than as a facilitator of 
sperm action. Sperm interaction with cumulus 
cells normally results in human sperm capacita
tion including hyperactivation. Capacitated 
sperm traverse the cumulus without difficulty.? 
Animal studies have shown that cumulus pen
etration does not require enzyme release,8 and 
studies in humans have shown that acrosome
intact spermatids have reached the zona suc
cessfully.9 Data suggest that cumulus cells 
actually direct the spermatozoa to reach the 
zona in the proper orientation.lO Of note, most 
spermatozoa that attach to the cumulus com
plex and zona are morphologically normal. 

The next anatomic barrier is the zona pellu
cida. In contrast to the easy passage through 
the cumulus, penetration of the zona requires 
enzymatic action and mechanical forces. Bind
ing to the zona is species-specific and receptor 
mediated. The acrosome intact sperm recog
nizes a specific region of the zona pellucida 
sperm receptor molecule. Once recognition has 
occurred, the spermatozoon binds to the recep-
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tor and the acrosome reaction is induced. The 
acrosome reaction involves fusion of the outer 
acrosomal membrane and plasma membrane, 
release of enzymes, and penetration of the zona 
pellucida. 

The sperm then reaches the perivitelline 
space where it fuses with the oocyte plasma 
membrane, the final barrier to fertilization. 
This step requires that the spermatozoon has 
undergone successful acrosome reaction and 
capacitation. In addition, the sperm must 
have a normally shaped head and clearly de
fined equatorial segment. Spermatozoa with 
"round head" defects are incapable of oocyte 
fusion. l1- 13 Fusion, in turn, induces a series of 
changes that result in a block to polyspermia. 
The fusion of spermatozoon and oocyte plasma 
membrane causes modifications in the zona 
pellucida and the zonal sperm receptor mol
ecule. With circumvention of the zona pellucida 
in human micromanipulation, polyspermia is 
possible because the zona pellucid a receptors 
can no longer act as sperm receptors or induc
ers of the acrosome reaction and as a blockade 
to polyspermia. These observations provide 
evidence that the prevention of polyspermia is 
under the control of the zona pellucida and not 
the oolemma in humans. 

Although normal spermatozoa are equipped 
to penetrate these barriers, impaired sperm
that is, those with abnormal motility, morphol
ogy, absent acrosomes, or defective cilia 
(Kartagener's syndrome )-cannot. Microma
nipulation techniques have been designed to 
overcome these sperm defects and to facilitate 
the traversal of sperm through these barriers. 
They are, from least to most invasive, partial 
zonal dissection (PZD), subzonal insemination 
(SuZI), and intracytoplasmic sperm injection 
(ICSI). In general, the more severe the sperm 
impairment, the more invasive the microma
nipulation technique required. However, SuZI 
and PZD are complementary procedures, with 
each technique providing fertilization for some 
couples where the other technique failed. The 
more invasive the technique, the greater the 
likelihood of oocyte injury as a result of 
handling. The consistently superior results 
achieved with ICSI over the past 2 years have 
made it the micromanipulation technique of 
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choice for severe impairments in sperm quality 
and have relegated PZD and SuZI to tech
niques of historic significance only. 

Candidates for Assisted 
Reproductive Techniques 

Any couple unsuccessful in achieving preg
nancy after 1 year of unprotected intercourse 
warrants an infertility evaluation. The need for 
assisted reproduction is then determined after 
both members of the couple have been evalu
ated and treated. Specific, treatable factors that 
may affect fertility should be addressed prior to 
resorting to assisted reproductive procedures. 
Candidates for assisted reproduction may in
clude couples with identifiable female- or male
factor infertility or both, and couples with 
idiopathic infertility. Female factors include 
cervical stenosis, abnormal sperm-cervical mu
cus interaction, tubal factors, polycystic ovarian 
disease, endometriosis, and immune-based in
fertility. Cervical factors can often be success
fully treated with intrauterine insemination 
(lUI). Male factors include anatomical defects, 
such as severe hypospadias that prevent deposi
tion of sperm in the vagina, congenital and 
acquired reproductive tract obstruction, neuro
logic disorders that have resulted in impaired 
erection or ejaculation, and severely impaired 
semen quality unresponsive to specific inter
ventions. Male factors with or without female 
factors often require in vitro fertilization (IVF) 
with some form of gamete micromanipulation. 

Assisted Reproductive 
Techniques 

Assisted reproductive techniques (ARTs) com
prise a large spectrum of interventions ranging 
from intravaginal deposition of semen to highly 
specialized micromanipulation techniques that 
can only be performed during an in vitro fertili
zation cycle. It is imperative that both members 
of the infertile couple be examined thoroughly 
so that the factor responsible for the couple's 
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infertility can be correctly identified. In this 
way, the couple can be directed to the simplest, 
most effective and expeditious treatment 
available. 

Intrauterine Insemination 

For couples with male-factor infertility in 
whom the problem is anatomical (e.g., severe 
hypospadias preventing successful deposition 
of semen), physiologic (e.g., retrograde ejacula
tion, anejaculation, or impotence), or involves 
impaired semen quality, the least invasive pro
cedures are intravaginal or intracervical insemi
nation. These procedures make use of cervical 
mucus that acts as a filter, allowing sperm of 
good quality to progress into the uterus while 
retaining poor quality sperm, seminal fluid, 
white blood cells, and debris in the lower repro
ductive tract. The advantage of this procedure 
is that unprocessed semen can be used. The 
disadvantage is that there is a marked reduction 
in the number of spermatozoa that reach the 
oocyte, and inferior pregnancy rates have been 
demonstrated with this technique when com
pared with intrauterine insemination. 

In lUI, processed semen is deposited directly 
into the uterine fundus via a small catheter. 
By bypassing the cervical mucus and placing 
processed semen directly into the uterus, the 
normal reduction in numbers of sperm that 
naturally occurs at the level of the cervix is 
eliminated. In this way, more sperm are able to 
reach the oocyte. lUI may circumvent one of 
the positive functions of cervical mucus, how
ever. In addition to serving as a filter, cervical 
mucus serves as a reservoir allowing a slow re
lease of sperm over 24 to 48 hours, thereby 
maximizing the delivery of sperm after ovula
tion. The disadvantage of lUI is that by bypass
ing the cervical mucus, this reservoir function is 
also bypassed and insemination has to be timed 
very precisely to ovulation. 

The success of lUI is dependent on semen 
quality. Ho et al14 found that the greater the 
number of sperm defects, the lower the preg
nancy rate with lUI. Horvath et ailS also 
showed that pregnancy rates were directly re
lated to the total number of motile sperm and 
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the percentage of morphologically normal 
sperm. Of the three semen parameters (concen
tration, motility, and morphology), impaired 
motility has the greatest adverse effect on lUI 
pregnancy rates. lUI is therefore most success
ful for couples in whom a known cervical factor 
exists and good sperm quality has been estab
lished. Sigmanl6 recommends that lUI be re
served for couples in whom the semen has been 
evaluated using strict criteria and found to have 
a normal sperm penetration assay or greater 
than 4 % morphologically normal sperm forms. 
He further advocates that lUI be used as a first
line therapy in male-factor infertility after 
treatment of specific factors affecting male fer
tility but prior to proceeding with other more 
invasive assisted reproductive techniques. In 
general, lUI alone for male-factor infertility is 
of limited benefit. lUI with ovarian stimulation 
using clomiphene citrate or follicle-stimulating 
hormone (FSH)/human menopausal gonado
tropin (hMG), however, can be beneficial in 
the treatment of couples with male-factor 
infertility. 

In Vitro Fertilization 

For couples with more severe impairments in 
sperm quality or defects in sperm fertilizing ca
pacity, in vitro fertilization (IVF) may be bene
ficial. The term in vitro is translated from the 
Latin for "in glass" and refers to any process 
that takes place in an artificial environment 
outside the body. Sperm and egg are retrieved 
from each partner and fertilization takes place 
outside the body. The resulting embryo or 
embryos are then transferred to the female 
partner's uterus. IVF can be performed with or 
without manipulation of the egg and sperm. 
The sperm are processed by washing with cen
trifugation, swim-up, sedimentation, or Percoll 
gradient centrifugation to ensure that only the 
purest, most motile sperm are used for insemi
nation. In couples with male factor infertility, 
even normal numbers of sperm will not fertilize 
oocytes as well as sperm from men with normal 
semen quality. One study showed that insemi
nation with 50,000 to 100,000 motile sperm per 
oocyte resulted in a 71 % fertilization rate 
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in non-male-factor couples, and only a 23% 
fertilization rate in male-factor couples.17 The 
fertilization rate in male-factor couples was 
increased to 61% by increasing the sperm 
concentration to 500,000. For this reason, it is 
recommended that sperm concentrations of 
500,000 to 2 million per oocyte be used for IVF 
in male-factor couples compared with 50,000 to 
100,000 sperm per oocyte in non-male-factor 
couples. 

Sperm morphology has a dramatic effect 
on fertilization rates. Using very strict criteria 
for normal sperm shape, where borderline 
morphologic forms were considered abnormal, 
Kruger et aIlS reported that abnormal morphol
ogy was the single best predictor of fertilization 
rates during IVF. Using the Kruger criteria, 
Oehninger et ae9 showed that individuals with 
> 14 % normal forms achieved a 94% fertiliza
tion rate and 44 % per cycle pregnancy rate, 
those with 4 % to 14 % normal forms had an 
86% fertilization rate and 33% per cycle preg
nancy rate, and individuals with <4% normal 
forms had only a 44% fertilization rate and 8% 
per cycle pregnancy rate. The same study 
showed that these poor fertilization rates in 
couples with <4% normal forms can be par
tially compensated for by increasing the num
ber of sperm inseminated per oocyte. A 
fertilization rate of 63% was achieved when the 
concentration of inseminated sperm was in
creased to >100,000 sperm per milliliter per 
oocyte. The pregnancy rate, however, in
creased to only 9% per cycle. Exclusionary cri
teria for IVF based on semen parameters have 
been defined.20 If a sperm concentration of <2 
million and a motility of <5% or normal forms 
of ::;3% are present, then the chances of oocyte 
fertilization with standard IVF are so low that 
micromanipulation should be used to increase 
fertilization rates. 

The low fertilization and pregnancy rates 
achieved with critically poor sperm quality 
have paved the way for the study of gamete 
manipulation. If low fertilization rates in male
factor couples with critically poor semen qual
ity are the result of the spermatozoon's inability 
to penetrate natural oocyte barriers, then per
haps fertilization rates could be improved by 
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assisting spermatozoa to overcome those barri
ers. These observations have led to the advent 
of micromanipulation of human gametes for 
male-factor infertility. 

Zona Pellucida Drilling and Partial 
Zonal Dissection 

Zona pellucid a drilling and partial zonal dissec
tion (PZD) are examples of micromanipulation 
techniques aimed at breaching the zona pellu
cida. The technique of zona drilling was first 
described in mouse oocytes in 1986 by Gordon 
and Talansky.6 In this procedure, the zona is 
digested by chemicals contained within a mi-
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cropipette that is used to pierce the zona tan
gentially. A small amount of zona is thereby 
removed, leaving a small patch of oolemma 
exposed for routine insemination. This permit
ted access to the oocyte plasma membrane by 
spermatozoa that were otherwise unable to 
bind and penetrate the zona pellucida. The pro
cedure is of historic significance because, de
spite its success in mice, zona drilling with acid 
Tyrode's solution proved detrimental to human 
oocytes and serves as an example of the diffi
culty in applying animal models to human ga
mete micromanipulation. 

The principle of zona removal was success
fully applied to human oocytes in the develop-

FIGURE 17.1. (A) Partial zonal dissection (PZD). (B) Subzonal insemination (SuZI). (C) Intracytoplasmic 
sperm injection (ICSI). 



17. Micromanipulation of the Male Gamete 

ment of PZD. In PZD a hyperosmotic solution 
is used to treat the oocytes. This results in 
shrinkage of the ooplasm within the zona pellu
cida, enlarging the perivitelline space. The oo
cyte is held with gentle suction on a holding 
pipette. A microneedle is placed tangentially 
through the zona pellucida with the insertion 
point at the 1 o'clock position and the exit point 
at the 11 o'clock position. The microneedle is 
then lifted off the zona pellucida, leaving a slit 
in the zona (Fig. 17.1A). The oocyte is then 
subjected to routine insemination. Like zona 
drilling, PZD was aimed at assisting fertiliza
tion in couples where the male had a low sperm 
count or sperm incapable of binding and pen
etrating the zona or both. 

Both of the above techniques have the ad
vantages of avoiding manipulation of the sper
matozoa, minimal manipulation of the oocyte, 
and no disturbance of the oocyte plasma mem
brane or cytoplasm. The major problem, how
ever, is that by removing the zona pellucida the 
major block to polyspermy is removed. There
fore, PZD results in an unacceptable rate of 
oocyte loss due to polyspermy. In addition, oo
cyte fertilization rates rarely exceed 20% and 
36% of couples treated at centers applying 
PZD and subzonal insemination (SuZI) did 
not achieve monospermic fertilization of the 
oocytes. 

Subzonal Insemination 

The next step in the process of gamete micro
manipulation was to place spermatozoa into 
the perivitelline space while leaving the zona 
intact-subzonal insemination. 

Subzonal insemination (SuZI) of spermato
zoa was first described by Ng et afl in 1988. 
This technique involves gentle deposition of 
a single or multiple spermatozoa into the 
perivitelline space with an injecting pipette 
(Fig. 17.1B). The advantages of this procedure 
are that it is less damaging to the zona pellucida 
than zona drilling or PZD, fertilization can 
be achieved with few spermatozoa, and the 
oolemma is not disturbed. The disadvantages 
are that spermatozoa must be capable of under
going capacitation and the acrosome reaction, 
and when multiple spermatozoa are inserted, 
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the procedure still results in high polyspermy 
rates. 

The technique of SuZI demonstrated that 
fertilizations and pregnancies could be 
achieved in humans in cases of severe 
oligospermia, oligoasthenoteratospermia, and 
azooasthenospermia. Monospermic fertiliza
tion rates as high as 37% have been reported 
with SuZI in cases of moderate-to-severe 
teratospermia.22 Cohen23 reported a fertiliza
tion rate of 28% per oocyte and a pregnancy 
rate per cycle of 27% for couples who under
went SuZI after failed IVF. Although these 
rates were shown to be better than that 
achieved with IVF alone in controlled studies, 
the major limitation of SuZI remains the high 
rate of polyspermy. This finding and the 
superior fertilization results achieved with 
intracytoplasmic sperm injection have led es
sentially all centers to abandon SuZI in favor 
of ICSI. 

Intracytoplasmic Sperm Injection 

The most invasive, most successful, and most 
quantitatively efficient of the established mi
cromanipulation techniques for humans is 
intracytoplasmic sperm injection (ICSI). By di
rect injection of spermatozoa into the oocyte 
cytoplasm, all oocyte barriers are effectively 
bypassed. The procedure involves the deposi
tion of sperm directly into the oocyte cytoplasm 
with a micropipette (Fig. 17.1C). The success of 
this procedure in humans depends on several 
factors: (1) the ability of the human oocyte to 
withstand piercing of the oocyte plasma 
membrane, (2) the viability of the spermato
zoon, and (3) effective activation of the oocyte. 
The advantages of this technique are that it 
bypasses all oocyte barriers so that even se
verely abnormal spermatozoa can successfully 
fertilize, and it does not require sperm capacita
tion or the ability of sperm to undergo an 
acrosome reaction. The major disadvantages 
are that it requires manipUlation of both ga
metes, which can result in injury to the gametes, 
and that injection of spermatozoa is technically 
demandIng and requires extensive experience 
on the part of the clinician to achieve optimal 
results. 
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TABLE 17.1. Fertilization and pregnancy rates from selected series with 
various techniques of sperm retrieval and IVFIICSI. 

Sperm retrieval Fertilization rate Pregnancy rate 
technique per oocyte (%) per cycle (%) 

Schlegel et allS MESA 1401312 (45) 14127 (52) 
Craft et al26 PESA 114/349 (33) 10/42 (24) 
Silber et al27 Testis biopsy 56/185 (30) 5/12 (42) 
Bourne et al2B TESA 14122 (64) 212 (100) 

MESA, microsurgical epididymal sperm aspiration; PESA, percutaneous epididy
mal sperm aspiration; TESA, testicular sperm aspiration. 

Indications for ICSI 

Although rigid criteria for any of the assisted 
reproductive techniques are lacking, most 
would agree that ICSI is indicated in couples 
who have failed repeated IVF attempts and in 
couples with severe male-factor infertility. The 
latter category includes men with obstructive 
and nonobstructive azoospermia as well as men 
with severe oligospermia «2 x 106 sperm per 
cubic centimeter or <500,000 motile sperm per 
ejaculate). ICSI has been shown to be neces
sary for optimal results when using sperm re
trieved from the testis or epididymis of men 
who have acquired or congenital reproductive 
tract obstruction. 

ICSI Technique 

Sperm Retrieval 

Spermatozoa for ICSI may be retrieved from 
the whole ejaculate in nonobstructed men 
who are neurologically intact, or through 
electroejaculation in individuals who have fail
ure of emission due to neurologic impairment. 
In men with obstruction due to bilateral con
genital absence of the vas deferens or other 
reproductive tract obstructions, sperm may be 
retrieved from the epididymis through open 
microsurgical techniques24.25 or percutaneously 
aspirated from the epididymis with a fine 
needle.26 Spermatozoa can also be retrieved 
from the testis in an open biopsf7 or percutane
ously with fine needle aspiration.28 Open 
microsurgical epididymal aspiration with the 
micropuncture technique24 is recommended be
cause it yields an adequate number and qual
ity of sperm for immediate use and for 

cryopreservation, it minimizes contamination 
by blood cells, and it minimizes the risk of com
plications, such as hematocele or inadvertent 
injury to the testis, epididymis, or vascular sup
ply of the testis. Sperm retrieved by all of these 
techniques can result in successful fertilizations 
and pregnancies with ICSI (Table 17.1). 

Sperm Processing 

Once whole semen is collected or spermatozoa 
are retrieved, the specimens are washed by cen
trifugation and then purified on a discontinuous 
Percoll gradient. Use either a two- or three
layer gradient (47.5% and 95%, or 55%, 70%, 
and 90%), depending on sperm density and 
motility.29 This final sperm preparation is then 
added to a droplet of polyvinyl pyrrolidone and 
placed in the middle of a petri dish. A recently 
motile, immobilized spermatozoon is aspirated 
from the edge of this droplet and injected into 
the oocyte. 

Ovarian Stimulation and Oocyte Retrieval 

Female partners are downregulated with a 
gonadotropin-releasing hormone (GnRH) ago
nist and then stimulated with hMG or FSH 
or both. Women are followed with daily 
transvaginal ultrasound to evaluate ovarian fol
licle development and also with sequential se
rum estradiol levels. When optimal follicular 
development is obtained, human chorionic 
gonadotropin (hCG) is given, and oocytes are 
retrieved at 35 hours by vaginal ultrasound
guided puncture. Oocytes are examined under 
an inverted microscope and scored according to 
degree of maturation. The oocytes are then 
prepared for micromanipulation. 
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Oocyte Processing 

Oocytes are prepared by removing the cumulus 
mass and corona radiata with hyaluronidase. 
The oocytes are then examined under the in
verted microscope to assess the maturation 
stage by observing the presence of a germinal 
vesicle, germinal vesicle breakdown, and the 
extruded first polar body. Metaphase II oocytes 
are identified by the presence of the extruded 
first polar body. Intracytoplasmic sperm injec
tion is performed on all metaphase II oocytes. 
Metaphase II oocytes have their diploid 
complement of chromosomes delicately ar
ranged on the metaphase plate near the polar 
body. Mechanical disruption of the metaphase 
plate can occur by injury from the injection 
pipette or the presence of a motile sperm in the 
oocyte cytoplasm. 

Each oocyte is placed in a droplet of medium 
surrounding the central droplet that contains 
the spermatozoa. The droplets are covered with 
lightweight paraffin oil, and the petri dish is 
placed on a heated stage of the microscope. 
The microscope is equipped with two hydraulic 
micromanipulators that are fitted to two tool 
holders for the micropipettes. 

During the intracytoplasmic sperm injection 
procedure, oocytes are stabilized with a holding 
micropipette, and injected with an injection pi
pette. Each pipette is hand drawn, forged, and 
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either fire-polished or sharpened. The final 
outer diameter of the holding pipette is 60 J.Lm, 
and the inner diameter is 20 J.1ffi. The outer di
ameter of the injection pipette is 5 to 7 J.Lm, and 
the inner diameter is approximately 4 to 6 J.1ffi. 

Oocyte Injury 

Results from some of the major centers per
forming ICSI show rates of oocyte loss after 
injection of7% to 14% (Table 17.2). Although 
the precise reasons for oocyte injury are not 
known, it is thought to occur as a result of 
plasma membrane and ultrastructural distur
bances associated with injection, damage to the 
meiotic spindle during injection, or extrusion of 
the oocyte cytoplasm following injection or 
both. In addition, other factors, such as changes 
in temperature, have been reported to cause 
irreversible changes in the meiotic spindle of 
the human oocyte.30 

Sperm Immobilization 

In preparation for injection, spermatozoa are 
immobilized and then aspirated, tail first, into 
an injection pipette. Immobilization was ini
tially described as being induced by gentle com
pression of the sperm tail with the tip of a 
micropipette. 

Two recent studies have investigated the pos
sible beneficial effects of more vigorous immo-

TABLE 17.2. Fertilization and clinical pregnancy rates from IVFIICSI. 

No. of Fertility Clin pregnancy Ongoing or delivered 
No. of No. of oocytes Oocyte rate per rate per cycle pregnancy rate per 
couples cycles injected loss ('Yo) oocyte ('Yo) ('Yo) cycle ('Yo) 

Van Steirteghem 1816 18,778 1997 11,629118,778 666/1816 
et al66* (11) (62) (37) 

Palermo et al29 227 227 1,923 136 114211923 941227 841227 
(7) (59) (41) (37) 

Tsirigotis et at7 69 69 789 84 41On89 23/69 19/69 
(11) (52) (33) (28) 

Payne et al68 100 100 1,003 67211003 251100 
(67) (25) 

Harari et al69 114 119 1,185 112 717/1185 36/119 241119 
(9) (61) (30) (20) 

Oehninger et al46 92 102 1,163 154 70811163 31/102 26/102 
(13) (61) (30) (25) 

Sherins et al47 190 229 1,690 237 617/1690 381229 35/198 
(14) (37) (17) (18) 

* Adapted from abstract. Includes results from July 1992 to May 1994 only. Results from April 1990 to June 1992 excluded. 
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TABLE 17.3. Fertilization and pregnancy rates in IeSI cycles using ejaculated, testicular, and epididymal 
spermatozoa immobilized by two different methods. 

Standard immobilization Aggressive immobilization 

Fertilization! Clinical pregnancyl Fertilizationl Clinical pregnancyl 
oocyte ('Yo) 

Ejaculated spermatozoa 3469/4963 
(69.9) 

Epididymal spermatozoa 171/354 
(48.3) 

Frozenlthawed spermatozoa 58/119 
(48.7) 

Testicular spermatozoa 9/22 
(40.9) 

From Palermo, et al. Human Reprod 11:1023-1029, 1996. 

bilization techniques. Gerris et al3l evaluated 
the effects of sperm tail breakage on ICSI suc
cess by studying the fertilization rates achieved 
when using sperm with intact tails compared 
with sperm with damaged tails. Specifically, the 
tail was cut approximately halfway between the 
spermatozoal head and the tip of the tail, with 
the researchers taking care to preserve the 
spermatozoal midpiece. This technique re
sulted in a significant increase in the percentage 
of normally fertilized two-pronuclear oocytes 
(35.5% versus 59.9% for intact tails versus bro
ken tails, respectively) and in a significant de
crease in the number of one-pronuclear oocytes 
(15.6% versus 3.9%, respectively), which re
flect oocyte activation without normal fertiliza
tion. Although the authors did not investigate 
the mechanism that accounts for these im
provements, they speculated that tail damage 
induced changes in the sperm plasma mem
brane that facilitated biochemical changes nec~ 
essary for decondensation and pronuclear 
formation from the sperm nucleus. 

Palermo et al evaluated the effects on ICSI 
results of permanently crimping the sperm tail 
for immobilization compared with standard 
immobilization. Only a slight improvement in 
fertilization rates (69.9% vs. 73.4%; p = 0.02) 
and no improvement in pregnancy rates (42.3 % 
vs. 45.5%; P = NS) were observed in sperm 
processed from ejaculated semen samples. In 
contrast, significant differences in fertilization 
and pregnancy rates were observed in imma
ture sperm retrieved from the epididymis of 

cycle ('Yo) oocyte ('Yo) cycle ('Yo) 

2731645 6771922 501110 
(42.3) (73.4) (45.5) 
18/35 1411172 14117 
(51.4) (82.0) (82.4) 

3116 48/58 6/8 
(18.7) (82.8) (75.0) 

2/3 8/12 0/2 
(66.7) (66.7) (0) 

men with unreconstructable reproductive tract 
obstruction. Fertilization rates increased from 
48% to 82% for fresh epididymal sperm (p = 

0.03) and from 51 % to 84% for frozen, thawed 
epididymal sperm (p = 0.02). Pregnancy rates 
increased from 51 % to 82% and 19% to 75% 
for fresh and frozen epididymal sperm, respec
tively (Table 17.3). It was concluded that unlike 
spermatozoa from ejaculated specimens, sper
matozoa retrieved from the epididymis have 
not undergone the final maturation processes 
that occur in the epididymis and vas deferens 
and therefore may require membrane manipu
lation, because they maybe resistant to leakage 
of sperm factors from the sperm cytoplasmic 
necessary to induce oocyte activation after 
intracytoplasmic injection. Alternatively, the 
membrane changes induced by aggressive im
mobilization could allow leakage of toxic mate
rial from the cytoplasmic droplet that is 
frequently found on immature sperm and that 
could adversely affect the fertilization process. 

Oocyte Activation and 
Intracytoplasmic Injection 

The oocyte is stabilized using a holding pipette 
with the extruded polar body in the 6 o'clock or 
12 o'clock position. The extruded polar body 
and associated de granulated area containing 
the oocyte nuclear material on its metaphase 
plate are thereby located away from the 
planned injection site. The aspirated spermato
zoon is then injected into the oocyte cytoplasm 
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with an injection pipette. A small amount of 
cytoplasm is withdrawn into the injecting pi
pette just prior to depositing the spermatozoon, 
to ensure that the injecting pipette is indeed 
within the cytoplasm. It is possible that the vol
ume of ooplasm aspirated determines whether 
oocyte stimulation will occur during the micro
injection procedure, a necessary step for effi
cient achievement of fertilization. 

In a recent study, Tesarik and Sousa32 re
ported improved fertilization and pregnancy 
rates with vigorous oocyte cytoplasm aspiration 
at the time of sperm injection compared 
with gentle aspiration. In this study, gentle 
(lOllm of cytoplasm aspirated) and vigorous 
(l00llm of cytoplasm aspirated) techniques of 
aspiration were directly compared in a group 
of 15 patients. Fertilization rates per oocyte 
and pregnancy rates were 38% and 20%, re
spectively, for the gentle aspiration group but 
80% and 40% for the vigorous aspiration 
group. They then applied the vigorous aspira
tion technique for 100 consecutive patients and 
reported fertilization and clinical pregnancy 
rates of 87% and 52%, respectively. No in
crease in oocyte injury was noted after vigorous 
aspiration. 

In the same study, calcium fluxes were mea
sured by loading preinjection oocytes with a 
fluorescent calcium indicator. These oocytes 
were then subjected to ICSI with the gentle 
or vigorous technique. During manipulation 
of the oocytes, confocal images of the 
fluorescence emitted by the calcium indicator 
were recorded. Vigorous aspiration results in 
an additional peak of intracellular calcium lev
els, which were comparable to those with gentle 
aspiration and injection. The authors proposed 
that the additional intracellular calcium peak 
induced by vigorous cytoplasmic aspiration 
contributes to the improved fertilization rates 
observed after vigorous aspiration. 

Results of Assisted 
Reproductive Techniques 

Over the past few years several large studies 
have been published that report fertilization 
and pregnancy rates for the various assisted re-
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productive techniques. One paradigm in which 
reliably poor sperm quality is routinely ob
tained is that in which sperm are retrieved from 
men with chronic reproductive tract obstruc
tion, including bilateral congenital absence of 
the vas deferens (CAV). The low pregnancy 
rate with IVF alone using sperm of poor quality 
was illustrated in the sperm microaspiration 
retrieval and assisted reproductive technolo
gies (SMART) study, published in 1994.33 

This study reported on 219 procedures 
performed at 22 centers across the United 
States. Half of the procedures were performed 
for the treatment of CA V. The overall clinical 
pregnancy rate for the 219 procedures per
formed was only 10%. 

PZD and SuZI Results 

Pregnancy and fertilization rates for PZD and 
SuZI have been published on microsurgical 
epididymal sperm aspiration in combination 
with IVF alone, PZD, and SuZI.24 In all cases, 
sperm were retrieved from the epididymis 
with the micropuncture technique previously 
described. Microsurgical epididymal sperm re
trieval with PZD or SuZI resulted in fertiliza
tion and clinical pregnancy rates of 19% and 
27%, respectively. This is a significant improve
ment over the 10% clinical pregnancy rate re
ported in the SMART study and appears to be 
attributable to the application of PZD and 
SuZI for these couples. Catt et al34 reported 
comparable results using ejaculated sperm 
treated with SuZI in 141 couples with severe 
male factor infertility. They reported a fertiliza
tion rate per oocyte of 23% and a pregnancy 
rate per embryo transfer of 29%. Successful 
fertilization and pregnancies were even re
ported in cases of extreme male factor infertil
ity. Lippi et al35 reported a fertilization rate per 
oocyte of 57% and a clinical pregnancy rate per 
cycle of 9.4% in 213 cycles in which less than 
50,000 total motile sperm were retrieved. Sev
eral investigators have attempted to correlate 
SuZI success with individual semen param
eters. The results have been conflicting.36- 38 Al
though semen parameters may correlate 
with SuZI and PZD success, SuZI and PZD 
can be expected to improve fertilization and 
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pregnancy rates over IVF alone in cases of Discussion 
moderate and severe male-factor infertility. 

ICSI Results 

Preliminary reports from one of the largest 
studies39 using IVF/ICSI indicate that in 150 
couples who underwent 150 consecutive treat
ment cycles, 1409 oocytes were injected and 830 
were successfully fertilized for a fertilization 
rate of 59%.39 A total clinical pregnancy rate of 
35% was achieved. The fertilization rate in this 
study was not influenced by the standard semen 
characteristics of concentration, motility, and 
strict criteria morphology. The fertilization and 
pregnancy rates from an updated study series 
are shown in Table 17.2. 

In another large series, Palermo et af9 re
ported on 227 couples treated with IVF/ICSI 
for failed IVF cycles or for severe male-factor 
infertility. Fertilization and pregnancy rates 
were evaluated relative to semen parameters 
and the origin of the semen samples. They re
ported successful fertilization in 1142/1923 
(59%) metaphase II oocytes injected, and 
ongoing pregnancies in 84/227 (37%) couples. 
Neither semen quality nor the source of 
sperm (ejaculated, surgically retrieved, or 
electroejaculated) affected pregnancy rates. 
They concluded that IVF/ICSI offers fertiliza
tion and pregnancy rates comparable to those 
achieved with normal sperm quality in couples 
who have failed to achieve pregnancy on re
peated IVF cycles or who have severe impair
ments in semen quality. In addition, the success 
of IVF/ICSI was independent of standard 
semen parameters (density, motility, and 
morphology). 

Results with IVFIICSI25 in combination with 
microsurgical epididymal sperm retrieval show 
that microsurgical epididymal sperm retrieval 
with IVF/ICSI resulted in a 45% fertilization 
rate and a 52 % clinical pregnancy rate, with an 
ongoing pregnancy rate of 48% per attempt at 
sperm and egg retrieval. These results, and the 
fact that very small numbers of sperm are 
needed for ICSI, indicate the use of ICSI exclu
sively over all other micromanipulation tech
niques for couples in whom sperm must be 
surgically retrieved. 

Since the first report of a successful delivery 
from in vitro fertilization in 1983/ the advances 
in the field of assisted reproduction and micro
manipulation have been truly dramatic. Per
haps the most exciting advances have been in 
the area of male-factor infertility. Couples who 
previously would have been offered donor in
semination or adoption are now achieving 
pregnancies despite severe impairments in 
semen quality, the presence of only single 
numbers of sperm in the ejaculate, or 
unreconstructable reproductive tract obstruc
tion. Techniques of micromanipulation that 
were revolutionary less than 5 years ago are 
now obsolete, replaced by even more successful 
methods. Even nonobstructive azoospermia 
due to maturation arrest or other impairments 
in germ cell maturation has been added to the 
list of treatable factors in male infertility be
cause sperm can frequently be extracted di
rectly from testicular parenchyma that is 
surgically biopsied. For patients without sperm 
in the testicular parenchyma, round spermatid 
injection40 and round spermatid nuclear injec
tion41 are possible. Several important questions 
remain, however, with regard to these exciting 
discoveries: (1) What are the specific indica
tions for lUI, IVF, and ICSI? Should IVF alone 
ever be used for male-factor infertility? (2) 
What are the reasons for ICSI failures that still 
represent over half of our attempts at achieving 
ongoing pregnancies? (3) Can we be certain 
that using severely impaired or less mature 
sperm will not result in significant birth defects 
or in genetic abnormalities that could affect the 
offspring in adolescence or adulthood? (4) 
What is the most cost-effective approach for 
the infertile couple with severely impaired se
men parameters? 

Indications for Specific Assisted 
Reproductive Techniques (ARTs) 

The indications for lUI, IVF, and ICSI are 
largely center-dependent. In general, lUI is re
served for couples who lack severe impair
ments in semen quality or in whom a known 
cervical factor exists. Some advocate that as 
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long as the semen analysis reveals at least 4 % 
morphologically normal forms by strict criteria, 
lUI should be used as a first-line therapy in 
male-factor infertility prior to proceeding with 
other more sophisticated ARTs. 

IVF is indicated in couples with female
factor infertility as well as in some couples with 
male-factor infertility. Multiple studies have 
shown that IVF success is dependent on semen 
quality. Therefore, in couples with established 
male-factor infertility, only those with moder
ate impairments in sperm quality are consid
ered candidates for IVF. Semen parameters 
that are unacceptable for success with IVF are 
defined as follows: 

1. sperm concentration of less than 2 million, 
2. motility less than 5%, 
3. morphology of less than 4% normal forms 

by strict criteria. 

Patients who meet these indications and who 
have not experienced a previous failed IVF at
tempt are considered candidates for IeS!. An 
additional indication for IeSI is documented 
failure to achieve fertilization with IVF regard
less of the semen quality. 

IeSI is so effective that it allows fertilization 
rates equivalent to those resulting from 
normal-appearing sperm. Therefore, it has 
been suggested that IeSI should be applied to 
all men, even those with mild male-factor infer
tility. However, there are potential long-term 
complications from IeSI that may not have 
been detected as yet because IeSI has only 
been in widespread use for 2 to 3 years. There
fore, caution is warranted before extending in
dications for IeSI beyond the most severe cases 
of male-factor infertility until the safety and 
efficacy of this treatment have been confirmed. 

Determinants of ICSI Success: 
Male and Female Factors 

Palermo et al42 reported in 1993 that success 
with IeSI is independent of the three basic se
men parameters: sperm concentration, motility, 
and morphology. They did show, however, that 
extensive teratospermia did correlate with sig
nificantly lower embryo implantation rates than 
those achieved with less severe teratospermia. 
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These findings have not been corroborated by 
other studies. Cohen et al43 reported no signifi
cant correlation between the fertilization, im
plantation, and the percentage of normal sperm 
forms. Nagy et al44 reported high fertilization 
and pregnancy rates in 966 microinjected cycles 
despite cryptospermia, total asthenospermia, 
or total teratozoospermia. They concluded that 
the only absolute criterion for successful IeSI is 
the presence of at least one living spermato
zoon per oocyte in the pellet of the treated 
semen sample. For patients with no motile 
sperm in the ejaculate, pregnancy rates were 
decreased to 12% per cycle. If no sperm were 
motile in the ejaculate and no motile sperm 
were obtained after processing, Nagy et al did 
not achieve any pregnancies in their patients, 
presumably because none of the sperm injected 
were viable. Similarly, Mansour et al45 report 
that fertilization and pregnancy rates were not 
affected by semen parameters as long as injec
tions were performed with morphologically 
well-shaped, live spermatozoa. These reports of 
fertilizations and pregnancies occurring inde
pendently of male factors argue for an exami
nation of female factors that could account for 
IeSI failures. 

Oehninger et al46 implicated maternal factors 
as contributors to the failure to achieve an on
going pregnancy after IeSI in a prospective 
clinical trial that correlated maternal age with 
IeSI outcome. A total of 92 couples were stud
ied and 1163 oocytes were injected; a fertiliza
tion rate per oocyte of 61 % was achieved. The 
overall ongoing pregnancy rate per cycle was 
25% (26/102). Female age did not have an im
pact on fertilization rates but did affect preg
nancy rates. The pregnancy rates were 49%, 
23%, and 6% for couples for whom the mater
nal age was :534, 35 to 39, and ;:::40 years, 
respectively (Table 17.4). The authors 

TABLE 17.4. Fertilization and pregnancy rates from 
ICSI according to maternal age.46 

Age Fertilization per Pregnancy per 
oocyte (%) cycle (%) 

:s34 349/571 (61.1) 17/49 (34.7) 
35 to 39 262/424 (61.8) 8/36 (22.2) 
;;,40 97/168 (57.7) 1117 (5.9) 
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TABLE 17.5. Fertilization and pregnancy results of 
IeSI according to female age in 190 couples with 
severe male-factor infertility.47 

No. of Fertilizations/ 
eggs per oocyte Pregnancies/ 

Maternal age retrieval injected (%) cycle (%) 

23 to 29 15.1 50 30 
30 to 34 13.5 46 31 
35 to 39 10.1 45 16 
40 to 48 6.5 36 13 

concluded that although ICSI has succeeded in 
treating many couples with severe male-factor 
infertility, female age may play a critical role in 
ICSloutcome. 

Similarly, Sherins et al47 evaluated fertiliza
tion and pregnancy results of ICSI according to 
female age in 190 couples with severe male
factor infertility who underwent 229 consecu
tive IVF cycles. They found a reduction in the 
number of eggs retrieved and fertilized in 
couples with female partners over age 40 
(Table 17.5). In couples with female partners 
<40 years of age, the number of eggs per re
trieval was 15.1, 13.5, and 10.1 for the age 
groups 23 to 29, 30 to 34, and 35 to 39, com
pared with 6.5 for the age group between 40 
and 48 years. The fertilization rates were con
stant for the age group between 23 and 39 years 
(50%,46%, and 45% for age groups 23 to 29, 30 
to 34, and 35 to 39), whereas the fertilization 
rate was 36% for the age group 40 to 48 years. 
Pregnancy rates per cycle also declined with 
age, from 30% in the youngest age group to 
13% in the oldest age group. The authors 
concluded that reductions in fertilization and 
pregnancy rates in their study could not be 
attributed to the severity of semen quality 
impairment but could be correlated with 
advanced maternal age. 

Effects on Birth Defect Rates 

The bypass of natural barriers to fertilization, 
possible genetic defects in men with severe 
male infertility, and the use of severely abnor
mal sperm for intracytoplasmic sperm injection 
have engendered concern over the impact of 
ICSI on the genetic complement of the off-
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spring. Bonduelle et al48 reported on a prospec
tive study of 55 children born after subzonal 
insemination or intracytoplasmic sperm injec
tion. The children underwent antenatal diagno
sis and postnatal follow-up. A total of 55 
children had been examined at the time of pub
lication. One child had multiple congenital mal
formations and a second had quadriparesis for 
a major birth defect rate of 3.6%, which does 
not differ from the prevalence of major con
genital malformations in the general popula
tion. Van Steirteghem49 also reported no 
increase in the congenital malformation rate in 
their center when compared with the general 
population. Of 877 children born after ICSI 
procedures, 23 (2.6%) had major congenital 
malformations compared with 2.0% to 2.85% 
in the general population and 1.9% to 2.9% of 
children resulting from assisted reproductive 
techniques. 

Sex chromosomal abnormalities have also 
been reported in ICSI cases. In't Veld et also 
reported on 12 patients with ICSI pregnancies 
who underwent prenatal diagnosis for ad
vanced maternal age. Three of the 12 women 
had twin pregnancies for a total of 15 diagnostic 
procedures by amniocentesis or chorionic villus 
sampling. A total of five chromosomal abnor
malities were detected: two cases of XXY, 
one complex mosaic 4S,x/46,X.dic(Y)(qll)/ 
46X.del(Y)(qll), and two cases of 45, XO. 
This high rate of sex chromosome abnormali
ties has not been corroborated by other studies. 
The Brussels group5! reported on a total of 585 
prenatal diagnoses performed in pregnancies 
established by ICSI. A total of six sex chromo
some abnormalities (1.0%) were detected com
pared with 0.2% in the general population. 
Govaerts et al52 reported on 55 karyotypes ob
tained by amniocentesis or chorionic villus 
sampiiog in pregnancies from ICSI and found 
no sex chromosome abnormalities. When sex 
chromosome abnormalities have been identi
fied, it is unclear whether they are related to the 
ICSI procedure itself, mosaic Klinefelter's syn
drome in the male partner, or can be ascribed 
to advanced maternal age. What is reassuring is 
that the rates of non-sex chromosomal abnor
malities in the ICSI population published to 
date do not exceed the rates seen in the general 
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TABLE 17.6. Sex chromosome abnormalities reported in pregnancies established by intracytoplasmic sperm 
injection. 

No. of sex chromosome Percentage of sex 
abnormalities per prenatal chromosomal Sex chromosomal Maternal 

diagnosstie procedure* abnormalities detected abnormalities detected age 

In't Veld et al50 5/15 33 247,XXY Not given 
1 complex mosaiet 
245,XO 

Van Steirteghem49 6/585 1.0 247,XXY 25 to 32 
147,XXY 25 to 32 
147,XXY 25 to 32 
1 trisomy 21 41 
146,Xx/47,XXX 44 

* In all studies prenatal diagnoses were made by amniocentesis or chorionic villus sampling. 
t45 X/46 X.die (Y) (qll)/46 X.del (Y) (qll). 

population. These studies are summarized in 
Table 17.6. 

The relationship of ICSI to sex chromosomal 
abnormalities in offspring may be related to 
the association between Y chromosomal 
abnormalities and severe male-factor infertil
ity. Investigators53,54 have reported that 10% 
to 15% of men with azoospermia or severe 
oligospermia will have deletions of 15,000 to 
200,000 base pair lengths of the Y chromosome. 
At least one gene DAZ (deleted in azoo
spermia) is deleted in 13 % of patients with 
nonobstructive azoospermia. 

Although chromosomal abnormality rates 
thus far have not exceeded those in the general 
population, studies essential to a thorough and 
objective evaluation of the new technologies in 
assisted reproduction must continue. In addi
tion to studying congenital malformations, 
analysis of the psychosocial impact of assisted 
reproduction on the children and parents is also 
critical to a thorough assessment of the reper
cussions of these new technologies. Genetic 
counseling, preimplantation genetic diagnosis, 
and state of the art prenatal diagnosis must also 
be available to couples enrolled in assisted 
reproductive programs. Genetic counseling 
should be available to all couples and should be 
mandatory for couples who meet the following 
criteria: 

1. male-factor infertility due to congenital bi
lateral absence of the vas, 

2. male or female partner with a karyotype 
abnormality, 

3. female partner greater than 40 years old, 
4. either partner with a genetic disease. 

All couples undergoing micromanipulation 
procedures are strongly recommended to have 
a prenatal diagnosis with amniocentesis or 
chorionic villus sampling. The need for prenatal 
diagnosis is dependent on whether the couple 
would consider terminating the pregnancy if 
the results are abnormal. If the couple would 
carry a pregnancy to term regardless of the re
sults of prenatal diagnosis, then the procedure 
of prenatal intervention would carry risks to the 
fetus without benefit and therefore cannot be 
required. 

Risks of IeSI 

All couples for whom IVF with ICSI is recom
mended should be apprised of the risks associ
ated with assisted reproductive procedures. 
Complications from ovarian stimulation, oo
cyte retrieval, and multifetal pregnancies have 
been reported. 

One of the most significant risks associated 
with stimulation of the ovaries is the ovarian 
hyperstimulation syndrome (OHSS). This 
manifests itself as massive ovarian enlarge
ment, peritoneal irritation due to follicular 
rupture or hemorrhage, ovarian torsion, 
ascites, pleural effusion, oliguria, electrolyte 



272 

imbalance, hypercoagulability,55 and sometimes 
death.56 The syndrome occurs in the moderate 
form in 3 % to 4 % of the population and 
severe form in 0.1 % to 0.2% of the popula
tion57 undergoing ovarian hyperstimulation. 
Other reported complications of ovarian 
hyperstimulation are pituitary hemorrhage, 
endometriotic bloody ascites, and genital 
cancer. 58 

Complications of ovarian retrieval have been 
reported for transvaginal aspiration as well as 
for laparoscopic aspiration. Complications as
sociated with transvaginal aspiration have been 
reported to occur in 0.3 % to 3 % of cases58,59 
and include bleeding, pelvic infections, and 
abdominal viscera perforation. Laparoscopic 
complications include hemorrhage, intestinal 
perforation, infection, and carbon dioxide em
bolism. The risks are no higher in ovarian re
trieval procedures than in other laparoscopic 
applications. 

Finally, pregnancies resulting from ovarian 
stimulation are at risk for spontaneous abor
tion, ectopic pregnancy, and multiple gestation. 
The rate of spontaneous abortions associated 
with assisted reproduction is approximately 
25% and is attributed to advanced maternal age 
and an increased prevalence of chromosomal 
abnormalities, higher rates of pregnancy loss 
due to multiple gestations, and early recogni
tion of these pregnancies due to close monitor
ing.60 Ectopic pregnancies occur in 3% to 5.5% 
of patients and can be life threatening. The 
causes are usually pelvic adhesions and tubal 
damage from pelvic inflammatory disease or 
previous surgery.61 Multifetal pregnancies oc
cur in 10% of hMG stimulated cases,62 22% of 
cases of IVF with embryo transfer,63 and 44% 
to 46% of IVF/ICSI cases.29,46 Multifetal preg
nancies are considered a complication of as
sisted reproductive techniques because of the 
associated increased incidence of preeclampsia, 
placenta previa, placental abruption, prema
ture rupture of membranes, and postpartum 
hemorrhage.64 Most importantly, multiple ges
tations are almost universally associated with 
prematurity and the associated complications 
to offspring, including cerebral palsy and in
tracranial hemorrhage with mental retardation 
or blindness. To prevent multifetal pregnancies 
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and their attendant complications, it is recom
mended that ovarian stimulation drugs be used 
with extreme caution and the number of em
bryos transferred be limited, based on maternal 
age. 

Cost-Effectiveness of rcsr 
The cost of assisted reproductive technologies 
can be prohibitive without third-party insur
ance coverage. For this reason it is imperative 
that both male and female partners be evalu
ated prior to the application of assisted repro
ductive procedures, because specific treatment 
of male or female-factors may be more effec
tive, less expensive, and carry fewer risks to the 
couple and offspring. In a comparison of the 
cost per successful live delivery from IVF/ICSI 
with the cost per successful live delivery with 
treatment of varicocele,65 the most common 
treatable cause of male-factor infertility, the 
cost per delivery of IVF/ICSI was $89,091 
compared with $26,268 for varicocelectomy. 
Therefore, there was a significant cost benefit 
to repairing a varicocele rather than initially 
performing IVF/ICSI. These results emphasize 
two other points: the value of a thorough 
examination and workup of the male partner, 
and the importance of pursuing treatable 
causes of infertility prior to pursuing assisted 
reproductive techniques as long as maternal 
age allows. If an initial specific intervention 
does not result in pregnancy, then assisted 
reproductive techniques may still be applied 
to further increase the chance of achieving a 
pregnancy. 

Conclusion 

The field of assisted reproductive technology is 
growing rapidly. Already technologies that 
were revolutionary 5 years ago are obsolete. 
This sort of growth is likely to continue as more 
is learned about sperm and oocyte physiology 
and the biology of sperm-oocyte interactions. 
For this reason, it is important that continued 
investigations into the biology of sperm-egg in
teraction accompany the clinical application of 
these successful technologies. 
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There is a growing need for specific guide
lines as to which couples will benefit from lUI 
and IVF initially and which should proceed di
rectly to more invasive forms of ARTs, such as 
ICSI . The cost-effectiveness of each new tech
nology must be rigorously tested so that the 
couple can be assured of maximal benefit at 
minimal risk and cost. Standardized reporting 
of fertilization and pregnancy rates by centers 
performing assisted reproductive techniques is 
essential. Despite the lack of a documented in
crease in birth defects after ARTs, there is an 
ongoing need for further surveillance of chil
dren born after application of these technolo
gies. It is possible that the effects of ARTs may 
not be detectable until the children born have 
grown to the age where they attempt to have 
children. Continued studies of the children and 
parents of ARTs are essential to understanding 
the long-term impact of these extraordinary 
advances. 
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Fertility Issues in the Patient 
with Testis Cancer 
Dana A. Ohl and Jens Sonksen 

In the past 20 years a marked improvement 
in the outlook for men with testis cancer has 
been achieved, aided by advances in imaging 
technologies, which now can better diagnose 
the presence or absence of metastatic disease, 
and refinements in surgical and anesthetic 
techniques for excision of difficult, persistent 
metastatic lesions. The most marked change, 
however, has come from the development 
of effective chemotherapy for the treatment 
of metastatic lesions. In the 1990s, it is 
expected that >95% of men with low-volume 
metastatic testicular cancer will survive their 
neoplasm.1 

In a disease where survival is the rule rather 
than the exception it is necessary to confront 
quality-of-life issues. Most men who have had 
testis cancer do not suffer from nonurologic 
complications of their disease and treatment. 
However, because the site of the disease is also 
the site of sperm production, testis cancer 
brings a significant risk for infertility. The prob
lem is amplified by the fact that the peak inci
dence of testis cancer is from age 20 to 40-the 
prime reproductive years. 

When discussing fertility in the patient with 
testis cancer, several areas require consider
ation. First, subfertility may already exist prior 
to treatment. Treatment regimens, although ef
fective in treating the cancer, may further dam
age fertility in survivors. Because there are a 
number of men who become completely infer
tile from testis cancer therapy, sperm banking 
before treatment needs to be discussed with 
patients prior to initiation of therapy. 
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Preexisting Subfertility 

A subfertile semen analysis following orchiec
tomy but prior to institution of radiation or 
chemotherapy is an indication of pretreatment 
subfertility. The problem appears to be due to 
some aspect of the disease itself, rather than to 
a simple postorchiectomy change, because se
men quality is similar prior to and immediately 
after orchiectomy.2 

Several investigators have verified that pre
treatment subfertility is present in a large per
centage of patients2-8 (Table 18.1). Berthelsen5 

found a median sperm concentration of only 15 
million per milliliter in 34 patients prior to ini
tiation of radiation therapy or chemotherapy. 
Drasga3 found an incidence of azoospermia 
prior to chemotherapy of 17%. 

Loss of testicular tissue, as is seen with de
struction by tumor or orchiectomy or both, is 
an obvious reason for decreased fertility. Men 
with a solitary testis have been found to have 
decreased fertility. Ferreira et a19 found that 
half of men with a single testis had a sperm 
concentration below the World Health Organi
zation (WHO) limit of adequacy (20 million per 
milliliter). Loss of effective volume of testicular 
tissue may also be seen in men with contralat
eral carcinoma in situ (CIS) (see below), but 
the 4 % incidence of CIS in the contralateral 
testis does not fully explain the incidence of 
subfertility. 

An argument against simple loss of testicular 
tissue as the reason for pretreatment subfer
tility is found in the series of Fossa et aI.1O In 
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TABLE 18.l. Selected published reports of pretreat
ment subfertility in testis cancer. 

% with subfertile 
Study N semen analysis 

Drasga et aI/ 1983 41 93% 
Hendry et al,4 1983 208 73% 
Fossa et al,6 1984 60 50% 
Bouchot et al,7 1989 22 77% 

their group, 14 patients had pretreatment 
azoospermia, but follow-up 2 years later 
showed that seven patients had >10 million 
sperm per milliliter on semen analysis. This 
suggests that there is an active mechanism 
causing the subfertility that is related to the 
cancer. 

Immunologic infertility has been suggested 
as a contributing cause of subfertility of testis 
cancer patients. Because growth of a testis tu
mor can compromise the integrity of the testis 
structure, systemic leakage of sperm-specific 
antigens that are usually sequestered in a pro
tected immunologic environment may occur, 
causing the production of antisperm antibodies. 
In reports on the topic, investigators have 
noted an incidence of antisperm antibodies of 
18% to 73% of men with testis cancer.l1- 13 The 
argument against the importance of these data 
is that most series of pretreatment subfertility 
have focused on a decrease in the sperm count. 
Because antisperm antibodies are thought to 
cause infertility mainly via effects on sperm 
function and not sperm count, an immunologic 
cause does not adequately explain the pretreat
ment subfertility phenomenon. If antibodies 
are present, however, they may further com
promise an already handicapped situation. 

A few testis tumors produce human chori
onic gonadotropin (HCG), which may lead to 
increased levels of estrogens14,15 and decreased 
levels of follicle-stimulating hormone (FSH). 
This decrease may prevent quantitatively nor
mal spermatogenesis. However, a minority of 
testis tumors produce markedly elevated levels 
of HCG, but this does not explain the changes 
in the semen in most patients. 

There may be undefined factors, common to 
testis tumors and other cancers, that are active 
inhibitors of fertility. Men who have a recent 
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diagnosis of cancer may not be able to produce 
their previous semen volume because of preoc
cupation with the diagnosis. Systemic effects of 
the cancer may lead to generalized dysfunc
tions, including disordered sperm production. 
Pretreatment subfertility has been seen in 
young men presenting with other neoplasms, 
such as Hodgkin's disease and others.4,16 

Testis Cancer and Related 
Conditions-A Common 
Origin? 

A fascinating relationship exists between testis 
cancer and other conditions of the testis, in
cluding infertility, cryptorchidism, and con
tralateral carcinoma in situ. This raises the 
possibility that the development of testis cancer 
and these other conditions may have a common 
etiology. 

Cryptorchidism represents a risk factor for 
both testis cancer and subfertility. The unde
scended testis is more likely to develop a 
neoplasm. However, the location/environment 
of the undescended testis is not the reason for 
the increased risk of neoplasm, in that testes 
brought down into the scrotum at an early age 
continue to exhibit an increased risk of neo
plasm. Furthermore, in men with a history of 
cryptorchidism, the risk of the contralateral, 
normally descended testis developing a neo
plasm is increased compared with the general 
population. These pieces of information sug
gest that the increased risk of developing a tu
mor appears to be predetermined and cannot 
be reduced to baseline by orchidopexy. 

Similarly, there is not an environmental ex
planation for the subfertility seen in men who 
previously had an undescended testis. Orchi
dopexy prevents temperature-dependent sper
matogenic failure, but does not allow fertility to 
equal that of the general population.17 Men 
with a unilateral undescended testis at birth 
have a higher rate of infertility than the general 
popUlation. These similarities support the pos
sibility of a common causal factor between the 
infertility associated with cryptorchidism and 
the increased risk of testis cancer. 
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It has been suggested that abnormal early 
development of germ cells may be this common 
link. Abnormal germ cells can be detected by 
testicular biopsy early in life, particularly in 
undescended testes.18-20 CIS may be seen in up 
to 3 % of men with undescended testes and in 
6% of men with a contralateral testis tumor.21 
More evidence of global testicular dysfunction 
at the cellular level was found by Berthelsen 
and Skakkebaek,22 who saw severe pathophysi
ology in 24 % of contralateral testes in men with 
cancer. 

In men presenting for infertility evaluation, 
where the initial examination has not revealed 
a testis tumor, CIS is found in 0.4% to 1.1 % of 
testis biopsies,23-26 but was not found in any of 
399 men aged 18 to 50 who were examined 
following unexpected sudden death?7 

Effects of Testis Cancer 
Treatment on Fertility 

Radiation Therapy 

Radiation therapy is important in the treatment 
of testis cancer. Men presenting with clinical 
stage I seminoma experience a high cure rate 
when given 2500 to 3000 cGy to the retroperito
neum, thereby eradicating micrometastases in 
those with undetected spread. Direct radiation 
to the testis for biopsy proven CIS is also cura
tive,. but requires a much higher direct dose of 
1400cGy. Radiotherapy of bulky retroperito
neal metastatic seminoma has yielded to che
motherapy in modem treatment regimens, and 
radiation has no place in the nonradiosensitive 
nonseminomatous germ cell tumors. 

In patients undergoing prophylactic retro
peritoneal radiation for stage I seminoma, 
the testicular dose via intracorporal scatter is 
approximately 20 to 130cGy.5,28 In this dosage 
range temporary azoospermia usually results. 
In the higher dosage range (>I000cGy), the 
germinal failure will usually be permanent. 
Thus, men being treated for contralateral carci
noma in situ with direct testicular doses of 
1400cGy can expect to be rendered perma
nently sterile.29 Older series of higher level ra
diation for CIS (2000cGy) showed that this 

D.A. Ohl and J. Sonksen 

dosage range caused both permanent infertility 
and endocrine deficiencies, leading to lowering 
of the dosage in recent years.30 

Berthelsen5 found that two thirds of the men 
undergoing prophylactic radiotherapy for 
seminoma became azoospermic, and nearly 3.5 
years were necessary to reach baseline sperm 
counts. Other investigators have found a more 
rapid recovery of less than 2 years.31,32 In a more 
recent, small series, recovery to a normal sperm 
count in 1 year has been noted.28 

About two thirds of the men who have previ
ously undergone prophylactic radiotherapy for 
seminoma will succeed in fathering children.33,34 

Although physicians commonly urge caution 
on those attempting pregnancies after radio
therapy, for fear of teratogenic effects of the 
treatment carried by the sperm, there is little 
evidence that this occurs. No increased rate of 
congenital anomalies has been reported in the 
children of these men.34,35 

Chemotherapy 

Chemotherapy has a central role in the treat
ment of metastatic testis cancer, but, as in other 
types of cancer, damage to sperm production 
may result from this treatment. This is because 
actively dividing cells, such as spermatogonia, 
are most affected by chemotherapeutic agents. 
Most men with combination chemotherapy for 
this disease will become azoospermic shortly 
after treatment initiations.3 

Fortunately, most of these men will recover 
some degree of sperm production. The time 
to recovery of spermatogenesis varies in pub
lished reports, but all agree that full recovery 
takes at least 2 years and perhaps longer.36- 38 
It is uncommon to recover sperm in the ejacu
late of men who remain azoospermic 4 years 
following treatment. Despite return of sperm 
to the ejaculate, sperm production and re
productive efficiency may not be normal 
(Table 18.2)?·39 Drasga et ae noted a 32% preg
nancy rate at 4 years following chemotherapy 
treatment. 

Suppression of spermatogenesis during che
motherapy treatment theoretically may lead to 
protection of the germinal epithelium via de
creased spermatogonial cell division rate. 
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TABLE 18.2. Sperm counts in men treated with chemotherapy for testis 
cancer. 

Time from 
Study N treatment 

Drasga et al,3 1983 41 4 years 
Poirier et al,39 1992 21 2 years 

Animal studies created some initial excitement 
for this philosophy. However, human studies 
with medroxyprogesterone and luteinizing 
hormone-releasing hormone (LHRH) agonists 
have not produced beneficial protective effects, 
despite successful suppression of sperm pro
duction during treatment.40-42 

Retroperitoneal Lymphadenectomy 

Retroperitoneal lymph node dissection 
(RPLND) may be indicated in the treatment of 
testis cancer, most commonly for stage I non
seminomatous tumors, where the false
negative rate of detection of metastases is 
about 20% to 25%, and in men with residual 
retroperitoneal masses following chemo
therapy. This integral component of treatment 
may also impair fertility through neurogenic 
injury to ejaculation. The classic radical dissec
tion had a high rate of anejaculation due to 
disruption of postganglionic sympathetic fibers 
responsible for seminal emission.43,44 

Nerve-sparing RPLND has been developed 
in an attempt to circumvent this problem and 
has been quite successful. Different groups 
have utilized modification of dissection tem
plates or dissection and freeing of the postgan
glionic fibers from the lymphatic tissue or 
both.45-48 Nerve-sparing RPLND may not be 
appropriate in men with advanced tumors, in 
which a wider margin around tumor masses 
may be desirable, but in low-stage disease the 
newer techniques preserve ejaculatory function 
in nearly 100% of cases.46,47 This preservation of 
ejaculation is reflected in a high pregnancy 
forecast rate in individuals treated with nerve
sparing RPLND (no chemotherapy) for their 
testis cancer. Of 53 such men attempting to 
initiate a pregnancy in one series, 43 (81 % ) 
were successful.49 

0/0 0/0 0/0 
azoospermia oligospermia normal 

18 41 41 
29 33 38 

In men who suffer ejaculatory dysfunction 
following RPLND, it is essential to evaluate for 
retrograde ejaculation. If retrograde ejacula
tion is found, the sperm may be retrieved and 
used for artificial insemination.5o,51 However, if 
ejaculatory dysfunction is found after RPLND, 
it is more likely to be total absence of seminal 
emission.43 Sympathomimetic therapy (e.g., 
ephedrine, imipramine) may be initiated to 
convert a retrograde ejaculator into an ante
grade ejaculator or to stimulate seminal emis
sion in those where it is absent.52-54 

Men with anemission due to RPLND may 
undergo rectal probe electroejaculation (EEJ) 
to retrieve sperm for assisted reproductive 
technologies (ART). EEJ is uniformly success
ful in inducing emission, but in a series of 24 
patients at the University of Michigan, ad
equate numbers of sperm were found in only 
21124 (88%). The failures in this group were 
due to carcinoma in situ in the remaining testis 
(one patient) and germinal failure from chemo
therapy (in the other two). Of couples who pro
ceeded to intrauterine insemination, 37% 
achieved a pregnancy. 55 

ART Procedures Following 
Testis Cancer Treatment 

In the event that oligospermia persists after tes
tis cancer treatment, introduction of ART is 
appropriate in an attempt to improve the 
odds of initiating a pregnancy with 'the sub
optimal semen specimen. ART procedures 
include intrauterine insemination (lUI), in 
vitro fertilization (lVF), and intracytoplasmic 
sperm injection (ICSI). With ICSI, only a 
handful of viable sperm may be needed to 
cause a pregnancy. 



280 

Non-ICSI ART procedures that would be 
introduced in the posttestis cancer treatment 
still require the sperm to function normally and 
fertilize the oocyte spontaneously. With this 
requirement for normal sperm function with 
the lower-level ART procedures, it is reason
able that markedly injured sperm would not be 
successful in initiating a pregnancy, and the risk 
of congenital anomalies from pregnancies in 
this patient popUlation should be similar to that 
seen in couples who obtain a spontaneous preg
nancy following testis cancer treatment. The 
risk of anomalies in such spontaneous pregnan
cies (initiated by men treated for testis cancer) 
is no different from the rate seen in the general 
population.56,57 

However, when considering the ICSI proce
dure, added caution may be indicated because 
fertilization will be possible for sperm that 
might normally be nonfunctional. If there is a 
common origin of testis cancer, infertility, and 
genital anomalies, the ICSI procedure might 
inadvertently pass this tendency to the male 
offspring. 

Sperm Banking in Testis Cancer 

In past years, there was a fairly consistent opin
ion that sperm banking had little value in the 
majority of testis cancer patients who were fac
ing surgery, radiation, or chemotherapy.5s-60 
Pretreatment subfertility accounted for much 
of the lack of enthusiasm, because pretreat
ment sperm quality was such that initiation of a 
pregnancy following thawing was unlikely. 
However, a large component of the pessimistic 
opinion was the lack of effective methods of 
sperm handling and ART protocols that re
quire fewer sperm. 

Loss of sperm cell viability is a significant 
problem with semen preservation, and the ini
tial freezing process is responsible for most of 
the cell death. Development of more effective 
cryoprotectants and freezing methodology has 
better optimized sperm survival after cryopres
ervation. A recent study suggests that young 
men with testicular neoplasms and lymphomas 
will have approximately 50% cell survival fol
lowing thaw.61 Stimulation with the methylxan-
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thine derivatives, caffeine, 2-deoxyadenosine, 
and pentoxifylline may improve the postthaw 
motion characteristics in cancer patients.62 

In cancer patients, a treatment delay may 
compromise the results. However, a delay is 
inevitable when initiating a program of sperm 
cryopreservation. The more rapid the speci
mens can be collected, the faster the cancer 
treatment can be given. Agarwal et al,63 in a 
report of cancer patients facing additional 
therapy (36 with testicular cancer, 39 with 
Hodgkin's disease, and 20 with other neo
plasms), found no difference in sperm quality in 
those with ejaculation intervals of <2 days, 2-3 
days, or >3 days. Therefore, a daily frequency 
of collection for freezing seems optimal. 

Pregnancies from cryopreserved sperm of 
cancer patients are not uncommon. In data col
lected from case reports and nine sperm banks, 
Sanger et al64 reported 115 live births of chil
dren conceived by the use of cryopreserved 
sperm from cancer patients. 

Different ART procedures have been uti
lized in attempting pregnancies with sperm 
from cancer patients. Artificial insemination of 
cryopreserved sperm from testis cancer and 
Hodgkin's disease patients gave a cumulative 
pregnancy rate of 45% through six cycles.65 

Khalifa et al66 achieved four pregnancies in nine 
cycles of IVF using semen cryopreserved prior 
to cancer treatment. The sperm yield was only 0 
to 4.2 million motile spermatozoa per patient, 
further underscoring the efficiency of IVF in 
initiating pregnancies with minimal numbers of 
viable sperm.66 The ICSI procedure, which re
quires even fewer sperm, will be a viable option 
in many situations where the cryopreserved 
specimen is unsuitable even for standard IVF. 

Because of advances in ART procedures and 
improvements in the cryopreservation process, 
sperm banking recommendations must now be 
revised. Sperm cryopreservation should be of
fered to all men with testis cancer who are fac
ing treatment by chemotherapy, radiation 
therapy, or retroperitoneal lymphadenectomy. 
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Infections and Infertility 
Durwood E. Neal, Jr. 

Genitourinary tract infections and other in
flammatory conditions are known contributors 
to male-factor infertility.1,2 Their effects are still 
not entirely understood, but there are strong 
associations. Because male-factor infertility ac
counts for 30% to 50% of infertility cases,3 and 
genitourinary infections are ubiquitous, these 
associations are of great interest. Because these 
infections are both preventable and treatable, 
much study has been done in this field. Unfor
tunately, there is a paucity of confirmatory data 
on the etiology of the process and treatment 
efficacy. The difficulty in most of the research 
on the association between infection and infer
tility has been in proving the presence of a 
causal agent. Thus, it is problematic to assess 
the efficacy of any given treatment modality. In 
females, there is little doubt that early, aggres
sive antibiotic therapy is beneficial in prevent
ing secondary tubular damage due to pelvic 
inflammatory disease.4 Furthermore, localized 
infections in the vagina are known to limit fer
tility, and aggressive, curative treatment is ben
eficial to fertility rates.5 The low incidence of 
symptoms and physical findings in the male 
proves to be daunting in the evaluation of treat
ment. When there is an absence of a proven 
causative organism, the results of any treatment 
may not be evaluable. When the final common 
pathway is pregnancy and the semen analysis is 
usually not definitive, one may be dealing 
simply with probabilities. It may be best to di
vide this discussion into infections versus 
noninfections; however, the line between these 
two is frequently indistinct. 
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Bacterial Infections 

Infection of the adnexal structures of the tes
ticle is perhaps the most common anatomical 
location where bacteria are known to be re
sponsible for infertility. Perhaps the prototypi
cal bacterial infection associated with infertility 
is Neisseria gonorrhoeae.6 This sexually trans
mitted organism causes a localized urethritis 
that may progress to prostatitis or epididymo
orchitis7 and is usually diagnosed in the 
younger male. At its target sites, inflammation 
or abscesses may form, with the resultant tissue 
destruction and scar formation. The long-term 
outcome of untreated or incompletely treated 
infection is stricture of the urethra, which may 
predispose to other urinary tract infections. 
Additionally, infection of the epididymis can 
cause inflammatory and sclerotic changes that 
result in obstruction of the tubules and dimin
ished semen quality.8 Fortunately, this disease 
is usually symptomatic, leading to early 
therapy.9 Chlamydia trachomatis causes a simi
lar inflammatory reaction that often is not as 
exuberant, but may be as damaging, and is com
monly referred to as nongonococcal urethritis 
(NGU). It is also more often associated with 
the young adult. In addition, this organism is 
more common than N. gonorrhoeae and thus 
possibly causes more cases of obstructive infer
tility than any other etiologic agent.9 The pau
city of symptomatology may lead to a lower 
number of confirmed cases. Epididymo-orchitis 
in the older male is more likely due to the usual 
uropathogens, specifically Escherichia coli, 
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Staphylococcus saprophyticus, and others. 
These may be related to other genitourinary 
tract abnormalities, such as benign prostatic 
hyperplasia, urethral stricture disease, urologic 
instrumentation/trauma, or others. When infec
tion with these common uropathogens occurs 
in the younger individual, there is usually a con
genital genitourinary anomaly that is present. 
Thus, it may be problematic to separate the 
effects on fertility status of the infection from 
those of the malformation. 

Acute prostatitis is a relatively unusual infec
tion at any age. The organisms are usually not 
sexually transmitted in the formal sense, but 
are pathogens that are commonly isolated from 
urinary tract infections in general, and only 
rarely are they due to Neisseria or Chlamydia 
species. The entire infectious process has not 
been extensively studied, but in a number of 
animal models intense inflammation with the 
resultant scarring occurs.10,1l The inflammation 
may progress from acute to chronic, manifest
ing itself as recurrent urinary tract infections in 
the male with chronic bacterial prostatitis.12 

This process has not been clearly defined be
cause of a lack of longitudinal data. Fibrosis in 
the prostate and ejaculatory ducts has also been 
documented in humans and is thought to be 
secondary to the host response to bacterial 
prostatitis. Recently, there have been reports of 
transurethral resection of the ejaculatory ducts, 
which resulted in pregnancies by patients 
whose ejaculatory duct obstruction was previ
ously documented.13,14 It was not determined to 
be consistent, however, that these patients had 
a confirmed history of prostatitis. 

It is clear that the effects of prostatitis go 
beyond simple ductal obstruction. Infection has 
been shown to cause glandular secretory dys
function as well.15-19 A number of divalent cat
ions are found in normal, healthy seminal 
plasma, and these are disordered in the setting 
of infection or inflammation. The most impor
tant of these, arguably, is zinc, which is critical 
for normal sperm function and motility. Bacte
rial infection greatly diminishes prostatic fluid 
zinc, and the levels may not recover after reso
lution of the infection. This has been shown not 
only in animal models of infection (nonhuman 
primate, dog),15,16 but also in prostatic secre-
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tions by men with a history of prostatitis.17 Zinc 
is also the integral part of prostatic antibacterial 
factor, and low levels may pose an increased 
risk for recurrent infection.20 In any case, there 
is a causal relationship between prostatic fluid 
zinc and fertility. Infection causes dysfunction 
in the acquisition or secretion of magnesium 
and other divalent cations as well, but their 
specific roles are not as well understood.19 

The bacteria themselves may cause infertility 
by direct interaction with spermatozoa, result
ing in toxicity and reduced seminal quality.21-24 
The bacteria have receptors on their surface 
that actually bind the sperm, resulting in agglu
tination or immobilization.21,22 E. coli has been 
the organism that has been most extensively 
studied, and the receptors on the bacterial cell 
surface that facilitate bacterial binding to the 
uroepithelial cells at the time of incipient infec
tion are the same that bind to spermatozoa. 
These same bacteria may be found in the 
perineum of female patients and thus may serve 
not only as a source of infection for the male 
but also as a risk to the sperm deposited in 
the vaginal vault. Both P-fimbriae (mannose
resistant) and type I fimbriae (mannose
sensitive) have been implicated in this process. 
Other bacterial appendages are involved as 
well, for motility, which may contribute to the 
transporting of bacteria into the ducts, and for 
binding to the urothelial or prostatic ductal cell 
membranes. Furthermore, bacteria secrete 
soluble substances into their local environment 
that can be toxic to spermatozoa. These sub
stances may be more deleterious by their role in 
the initiation and perpetuation of the inflam
matory process, rather than directly on sperm.24 
Many of these substances (endotoxin, bacterial 
enzymes) marshal the inflammatory response 
by aggregating leukocytes. These cells then se
crete various bioactive cytokines that not only 
prolong and extend the inflammatory response 
but also are directly toxic to sperm.2S Hydrogen 
peroxide, and probably all of the free radicals 
generated in this process, will injure and immo
bilize spermatozoa. It is difficult, if not impos
sible, to separate the effects of infection from 
the effects of inflammation, especially when 
there are limited culture data in many of the 
reported studies. 
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Other bacteria have been implicated in infec
tion, the most common of which are Chlamydia 
trachomatis and Ureaplasma urealyticum?6-29 
There even appears to be evidence for direct 
interaction with sperm themselves,30 but the 
major effects are mediated by the inflammatory 
process.1,2,31 There is controversy over the sig
nificance of finding these organisms in the geni
tourinary tract. It has been problematic to 
prove causality, partly because 10% to 25% of 
patients are asymptomatic?2 Furthermore, the 
organisms are difficult to culture because of 
their fastidious nature and specific growth re
quirements. Therefore, infection may be de
tected most efficiently using immunologic 
techniques, which provide secondary evidence 
of infection that does not prove concurrent in
fection, only exposure to the organism. Molecu
lar biologic techniques are definitely more 
sensitive for infection, but may add a lack of 
specificity as well as their generally limited 
availability. This, however, will probably be a 
more important source of information in the 
future. The effects of Chlamydia, in any case, 
are perhaps more important in females, with 
the resultant pelvic inflammatory disease and 
fallopian tubular damage. The evidence for 
Ureaplasma or Mycoplasma hominis as a cause 
of reproductive failure is less compelling.33 Im
plications for cause and effect exist, with a few 
authors finding that treatment of infection re
sults in improved pregnancy rates as well as 
some improvement in the parameters of semi
nal quality.34,35 Because these organisms may be 
found in fertile, asymptomatic males, and their 
rates of recovery are the same in fertile and 
infertile groups, their role in infertility is in 
question.28 The only correlation with infection 
(or colonization) seems to be with the number 
of sexual partners. Conversely, others have 
found increased rates of Ureaplasma infection 
in infertile men. There are a few studies that 
have shown a direct interaction between 
Ureaplasma and sperm with resultant inactiva
tion of sperm,28,36 but translation to the clinical 
condition is difficult, especially because fertile 
couples may harbor the organism. Treatment 
specific for this organism has been determined, 
and some authors have reported facilitated 
pregnancy rates.35,37 There is, perhaps, a host-
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organism interaction that in certain individuals 
impairs fertility but is not present in others. The 
final solution is still to be determined. 

Viruses 

Viral infection of the genitourinary tract has 
been well studied in the paramyxovirus group, 
the etiologic agent of mumps. This disease af
flicts young children and causes orchitis in ap
proximately 20% of those infected. Of that 
group, the majority will suffer some degree of 
testicular atrophy, and almost 30% will develop 
contralateral orchitis.38 Seminal quality is usu
ally normal in the unilaterally infected person, 
but severe oligospermia is the usual result of 
bilateral disease. Presumably, this complication 
will continue its rapid decline because of the 
advent of an efficacious parenteral vaccine. 
Few other viruses are known to affect fertility. 
DNA virus groups, specifically cytomegalovirus 
(CMV) and herpes simplex virus (HSV), have 
been isolated from semen and the genitouri
nary tract, but no causality with diminished 
fertility has been demonstrated.39,40 Their asso
ciation with the other aforementioned sexually 
transmitted diseases is perhaps the most com
mon deleterious effect. 

Retroviruses, such as human immunodefi
ciency virus (HIV), the causal agent for ac
quired immunodeficiency syndrome (AIDS), 
and others, have been isolated from the geni
tourinary tract and from semen in particular.41,42 
The virus exists not only within the seminal 
leukocytes, but also in cell-free seminal plasma. 
It is found in higher concentrations when there 
is concurrent genital inflammation with in
creased leukocytospermia.43 There is also a 
close association with concurrent CMV and 
HSV infections. There is no apparent detrimen
tal effect on seminal quality or sperm itself that 
is separable from the systemic effects of the 
virus. There does not appear to be a direct asso
ciation with infertility, although this may be 
difficult to study. It is perhaps more interesting 
from a viral transmission standpoint than from 
the infertility perspective. This is especially true 
now that a greater number of AIDS patients 
are desirous of fertility. The conditions under 
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which transmission of HIV by semen occur 
have not been fully elucidated. 

Miscellaneous 

There are numerous other infections that may 
affect seminal quality. The best studied of these 
is Trichomonas vaginalis, a sexually transmit
ted protozoan. It has been implicated in up to 
5% of cases of NGU but may be found as an 
asymptomatic colonization.44 The organism is 
motile by means of a flagellum and has been 
seen to attach to and immobilize sperm.4S As 
such, the large numbers of organisms needed to 
drastically reduce the effective sperm count are 
never reached, but the concomitant inflamma
tory process may actually be more detrimental. 
Furthermore, the association with other sexu
ally transmitted diseases adds to the risk. 

Mycobacterial infections, while remaining 
relatively rare, may have devastating conse
quences in the genitourinary tract. The organ
isms rarely, if ever, are transmitted sexually, 
but are most commonly inhaled and then 
spread in a miliary fashion. Numerous cases of 
prostatitis, epididymo-orchitis, and other geni
tal locations have been reported in the litera
ture.46 Treatment is usually curative, but the 
host response to the organism may cause 
fibrosis and subsequent obstruction. The dam
age to other organs, namely the kidney and 
ureter, is usually more dramatic and may 
greatly overshadow the effects on fertility, al
though vas deferens obstruction is common. 

Fungal infections are perhaps more impor
tant in the female than in the male. Candidal 
balanoposthitis is perhaps the most common 
manifestation. Low levels of yeasts, usually 
Candida albicans, may be isolated from the pe
nis and preputial areas, but no implication of 
diminished fertility has been made, except that 
yeasts, in general, bind and immobilize sperm.47 
Other fungi are known to infect the genitou
rinary tract, but are uncommon, except in 
the immunosuppressed popUlation. There are 
few reports regarding these organisms and fer
tility. Prostatitis and epididymitis with Crypto
coccus neoformans, Histoplasma capsulatum, 
Blastomyces dermatitidis, and Coccidioides 

287 

immitis have all been reported, as well as the 
many subspecies of Candida.48 No data exist as 
to the effects on fertility, but that may be im
possible to separate from the underlying dis
ease process, which is usually present in 
patients with this type of infection. 

Diagnosis 

Urethritis 

There are several ways to reliably diagnose 
urethritis. Symptoms may suffice, especially of 
dysuria or penile pain along with a urethral 
discharge. To ascertain the cause, a swab 
(cotton-tipped or alginate) is inserted into the 
urethra and the resultant sample is plated 
on the appropriate agar for culture (e.g., 
Neisseria), placed on a treated slide (Chlamyd
ia), and placed in saline (Trichomonas). How
ever, the high false-negative rate may make 
empiric therapy the most prudent course. An
other method is to examine the initial urine for 
leukocytes and possibly culture the specimen. 
Ultimately, it may be problematic to precisely 
determine the source of inflammation in all 
circumstances. 

Prostatitis 

The mainstay of diagnosis of male genitouri
nary tract infections has been the technique of 
collecting four urine specimens.49 The initial 
urine, voided bladder 1 (VB1) is considered to 
be urethral in its origin. The midstream urine, 
voided bladder 2 (VB2) is used to document 
bladder or kidney infection. The patient then 
interrupts his stream and prostatic massage is 
performed. The expressed prostatic secretions 
(EPS) are collected either in a sterile container 
or on a glass slide or both for direct examina
tion or staining. The postprostatic massage 
urine, voided bladder 3 (VB3) is then collected 
from the initial 15 to 50cc of urine expelled 
immediately after prostatic massage. All of the 
specimens are next examined under the micro
scope and cultured aerobically. Although this 
technique will usually differentiate the source 
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of an infection, it is cumbersome and expensive. 
The cultured VB3, in many cases, will suffice to 
determine prostatic infection. Some authors 
have advocated culture of the ejaculate, which 
has proven to be predictive.50 In any case, the 
number of organisms in the VB3 or semen 
should be at least 10 times the count in the 
midstream VB2 in order to localize the infec
tion to the prostate. 

The culture techniques are those considered 
to be routine for urinary microbiology. The 
most common finding is no organisms, but a 
variety of bacteria may be isolated, some of 
which are not usually considered to be 
uropathogens. The decision is easy when one 
isolates gram-negative rods or enterococci, and 
these should be treated aggressively. When or
ganisms are found that are not usually con
sidered to be uropathogens, treatment and 
outcomes may be confusing. Some researchers 
have implicated certain gram-positive cocci as 
causal agents in prostatitis, but the effect on 
fertility was not addressed.51 Sometimes, quan
titative leukocyte counts in the EPS or VB3 
have been used in the diagnosis of prostatitis. 
However, these may be confusing as some 
white blood cells (WBCs) are normally present, 
and immature spermatozoa are almost identical 
to lymphocytes in appearance.52 Arbitrary lim
its of normal numbers of WBCs in the prostatic 
fluid are the only measures of infection in some 
studies, thereby limiting the conclusions. 

Nonbacterial prostatitis is distinguishable 
from chronic bacterial prostatitis by the 
findings of leukocytes in a negative bacterial 
culture. The symptoms are the same, but there 
is an absence of recurrent urinary tract infec
tions, and patients have not been found to have 
fastidious organisms (Chlamydia, Ureaplasma) , 
viruses, or other agents. There are a few reports 
of some commensal aerobes, but they are in
conclusive. Most clinicians accept :::;5 WBC per 
high power field as normal. 

Prostatodynia is distinguished from nonbac
terial prostatitis by the absence of WBCs in the 
EPS. The symptoms are similar, but there may 
be subtle differences. The treatments are var
ied. This syndrome is also referred to by many 
other names, such as pelvic floor myalgia syn
drome or prostatosis. 
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E pididymi tis 

The differential diagnosis of epididymitis or 
epididymo-orchitis is that of the acutely painful 
scrotum, specifically torsion of the testis, ap
pendicular torsion, acute hydrocele/hernia, 
trauma, or infection/inflammation. Differentia
tion among these entities may be difficult, and 
despite nuclear scans, color-flow Doppler ultra
sound, and other techniques, surgery is often 
necessary in order to make the diagnosis, al
though clinical suspicion by history, physical 
examination, and urinalysis will typically suf
fice. On occasion, it may be advantageous to 
aspirate fluid from the epididymis or the resul
tant reactive hydrocele to determine the etio
logic agent. 

Treatment 

In all cases, the acute infectious process is 
treated with specific antibiotics. The treatment 
of gonorrhea has undergone a dramatic change 
in the past few years, from the combination 
of probenecid and procaine penicillin to intra
muscular ceftriaxone to oral quinolones (cip
rofloxacin, ofloxacin).53 Similarly, the therapy 
for Chlamydia has changed, from 10 days of 
ofloxacin or doxycydine to a single dose of 
azithromycin.53 Urea plasma is treated in a 
similar fashion to Chlamydia.53 Relapses are 
uncommon when compliance is assured. Rein
fection seems the greater problem, so the part
ners must be treated. Trichomonas is typically 
treated with metronidazole as a single large 
dose, or it may be spread out over 7 days. Effi
cacy is high for both regimens. As with other 
forms of urethritis, the partner or partners 
should also be sought and treated. 

The different syndromes of prostatitis are 
all treated according to the suspected cause as 
well as the specific syndrome. Acute bacterial 
prostatitis is treated with a broad-spectrum an
tibiotic by parenteral or oral means, depending 
on the clinical condition. Theoretically, the 5-
fluoroquinolones have the advantage of con
centrating within the prostatic glandular cells. 
This is perhaps less important in the setting of 
an acute inflammatory/infectious process, how-
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ever, and probably any culture-specific antibi
otic is appropriate. Therapy for 10 to 14 days, as 
is recommended for any acute urinary infec
tion, should clear any simple acute prostatitis. 
Contrary to supposition, there is no evidence 
that 4 to 6 weeks of antibiotics is the optimal 
time course of treatment. Most of the research 
studies in this area have enhanced the longer 
treatment epochs, but no studies have been 
undertaken to define the ideal length of 
therapy. Consequently, most clinical studies on 
treatment are at least of 4 weeks' duration. 
Chronic bacterial prostatitis should probably 
be treated as a more deep-seated infection 
by a 4- to 8-week course of specific antibio
tics that concentrate in the gland. The 5-
fluoroquinolones concentrate in the prostate 
gland and may have this advantage in therapy. 
The culture result should be checked to deter
mine sensitivity of the organism to the antibi
otic selected. 

Nonbacterial prostatitis has had myriad at
tempted treatment alternatives.54.55 Because the 
precise cause remains an enigma, the therapies 
remain varied. It may be that this entity is actu
ally not one disease but several, giving credence 
to the response to such varied therapeutic 
maneuvers. Antibiotics are empirically tried 
by many physicians, with varying results. The 
long-acting alpha-antagonists are used and 
have an acceptable efficacy.55 No randomized 
placebo-controlled clinical trials have been ac
complished in this area, although there have 
been numerous studies. 

Antibiotics probably have a place in the 
treatment of some cases of nonbacterial 
prostatitis, but one should remember their po
tential toxicity to fertility.56,57 Their action me
chanism of some antibiotics, such as sulfa drugs, 
tetracycline derivatives, and nitrofurantoin, 
makes infertility very probable.56 Others exert a 
detrimental effect on fertility by acting directly 
on the sperm themselves, causing decreased 
motility and diminished fertilizing capacity.58 
There are numerous reports of improved fertil
ity after treatment with antibiotics, but these 
studies lack the proper controls.35,37,58 It remains 
controversial as to whether empiric antibiotics 
should be instituted, but with significant num
bers of leukocytes in the VB3 urine or EPS 
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most clinicians would probably give a therapeu
tic trial of antimicrobials. The effects of antibi
otics on spermatogenesis are well recognized 
but are also observed to be temporary. No 
studies have been done in situations where 
antibiotics are used in prophylactic doses. 
Although a dose-responsive curve might be 
assumed, this has not been shown to date. 

Viral infections remain enigmatic with re
spect to their therapy, but the best treatment 
likely is prevention with vaccines. The treat
ment for fungal diseases has undergone a great 
deal of change in the past few years, with the 
development of highly effective oral agents of 
the imidazole class. These drugs are effective in 
most patients, but some, such as ketoconazole, 
with its depressive effects on steroidogenesis, 
may be injurious to spermatogenesis. The over
all disease process itself may also be detrimen
tal to fertility, or even the underlying condition 
that was predisposing to the fungal infection. 
Mycobacterial infections are still treated with 
the same agents as years ago, but the effects of 
the disease process itself may result in scarring 
and obstruction. No studies have been reported 
on the effects of antituberculous drugs. 
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Gonadotoxicity 
Suresh C. Sikka 

"Each man in this room is half the man his 
grandfather was." These were the words re
cently quoted during a Congressional hearing 
reporting the startling and controversial finding 
that a serious decline in the quality and quan
tity of human spermatozoa has occurred over 
the past 50 years.1 Another report from Scot
land revealed that men born after 1970 had a 
sperm count 25 % lower than those born before 
1959-an average decline of 2.1 % a year. The 
lower sperm count was also associated with 
poor semen quality.2 In contrast, Olsen et aV 
using several statistical models, found an actual 
increase in average sperm number. These data 
have led some scientists and environmentalists 
to believe that the human species is approach
ing a fertility crisis, but others think that the 
available data are insufficient to deduce world
wide conclusionsY Nevertheless, the topic of 
gonadotoxicity remains a real challenge and 
concern to almost everyone. 

During the past 15 years, a dramatic increase 
in knowledge of male gonadal toxicity and sub
sequent changes in fertility has resulted from 
advances in the understanding of gonadal func
tion and dysfunction. This has been made pos
sible by many well-controlled clinical studies 
and basic scientific discoveries in the physiol
ogy, biochemistry, and molecular and cellular 
biology of the male reproductive system. Al
though any discussion of gonadal function and 
toxicity is of special relevance to man, much of 
this understanding has been obtained from 
research using animal species and various ex
perimental models. Also, the increased risk of 
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exposure to any environmental toxicant ex
tends to both male and female. 

Background 

Gonadotoxicity has recently been the subject 
of a number of reviews,6,7 with myriad en
vironmental agents now being classified as 
male reproductive toxicants. In the mid-1970s, 
it was determined that dibromochloropropane 
(DBCP) exposure impaired fertility in the ab
sence of any other clinical signs of toxicity, sug
gesting that the male reproductive system was 
the most sensitive target organ. Reduced fertil
ity, embryo/fetal loss, birth defects, childhood 
cancer, and other postnatal structural or func
tional problems were the most common out
comes from such exposures. However, the 
database for establishing safe exposure levels 
or risk assessment for such outcomes remains 
very limited. Declining semen quality is not the 
only indicator that the human testis is at risk. A 
marked increase in the incidence of testicular 
cancer in young men has been associated with 
other abnormalities (including undescended 
testis, Sertoli-cell-only pattern, and hypo
spadias), which cause poor testicular function 
and low fecundity rates. 

The human male produces relatively fewer 
sperm on a daily basis compared with many of 
the animal species used for toxicity testing. A 
less dramatic decrease in sperm number or se
men quality in humans can have serious conse
quences of reproductive potential. In fact, in 
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many men over age 30, the lower daily sperm 
production rate already places them close to 
the subfertile or infertile rangeY Decreased 
semen quality (low sperm number, motility, 
and structure) over the past 50 years has been 
attributed to environmental toxicants, many 
of which act as "estrogens.,,9 This "estrogen 
hypothesis" has inspired a number of debates 
and serious investigations. Lists of such poten
tial estrogenic chemicals continue to grow, 
although it is not known what exact levels and 
combinations of these chemicals may be haz
ardous to male reproductive functions. There is 
still not enough evidence to determine whether 
this decline in semen quality is geographically 
localized or is a global phenomenon. Certain 
synthetic chemicals termed "endocrine impos
tors" exert a variety of toxic effects on the go
nads, fertility and sexual and reproductive 
function, in addition to behavioral and other 
effects. So far, 51 such hormone impostors 
referred to as "persistent organic pollutants" 
(POPs), have been identified, the most com
mon of which are organochlorines (DDT, 
PCBs) and dioxins.1O- 12 Unfortunately, there 
are no control populations for further evalua
tions of these widely distributed POPs. 

Thus, the study of gonadotoxicity is an esca
lating concern not only to andrologists and 
reproductive biologists but also to environ
mentalists and the public at large. 

Development of Male Gonadal 
Components 

The male gonads, a pair of testes, are the site 
of spermatogenesis and androgen production. 
Spermatozoa are the haploid germ cells respon
sible for fertilization and species propagation. 
There are paracrine and autocrine regulations 
in various compartments of testis that are under 
endocrine influences from the pituitary and hy
pothalamus. The testes develop abdominally at 
the renal level and descend into the scrotum. 
Each testis arises from a primitive gonad on the 
medial surface of the embryonic mesonephros. 
Primitive germ cells migrate to the medial sur
face from the yolk sac, cause the coelomic epi-
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thelial cells to proliferate, and form the sex 
cords that lead to the formation of major com
ponents of the testis. 

Seminiferous Tubules 

The proliferation of the mesenchyme separates 
the sex cords from the underlying coelomic epi
thelium by the seventh week of fetal develop
ment. These sex cords become the seminiferous 
tubules that develop a lumen after birth. 

Rete Testis 

During the fourth month, sex cords become U
shaped, and their ends anastomose to form the 
rete testis, which provides communication with 
the epididymis. The primordial sex cells are re
ferred to as prespermatogonia and the epithe
lial cells of the sex cords as Sertoli cells. 

Sertoli Cells 

These cells form a continuous and complete 
lining within the tubular wall and establish the 
blood-testis barrier by virtue of tight junctions. 
The luminal environment is both created and 
controlled by these Sertoli cells, also called 
"nurse cells." Thus, many irregularities of sper
matogenesis due to gonadotoxicity may reflect 
changes in function of the Sertoli cell popula
tion, and not necessarily the pathology in the 
germ cells themselves. The differentiation of 
Sertoli cells and formation of a competent 
blood-testis barrier are essential to the estab
lishment of spermatogenesis during puberty in 
all species. 

Leydig Cells 

These cells are the site of testosterone produc
tion and arise from interstitial mesenchymal tis
sue between the tubules during the eighth week 
of human embryonic development. 

Establishment of Spermatogenesis 

Extensive studies on spermatogenesis in the 
rodent testis have been carried out, but still 
very little is known about the details of these 
phenomena in primate and human testes. Sper-
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matogenesis is a chronological process span
ning about 42 days in the mouse and 72 days in 
man. During this period, relatively undifferen
tiated spermatogonia, the immature germ cells, 
cyclically develop into highly specialized sper
matozoa. Spermatogonia undergo several mi
totic divisions to generate a large popUlation of 
cells called primary spermatocytes, which pro
duce haploid germ cells by two meiotic cell divi
sions. Spermiogenesis is the transformation of 
spermatids into the elongated flagellar germ 
cells capable of motility. The release of mature 
germ cells is known as spermiation. The germ 
cells constitute the majority of testicular vol
ume, which can be appreciated easily as a 
smaller size if gonadal damage has occurred. 

A significant characteristic of mitotic arrest is 
that the gonocyte becomes acutely sensitive to 
irradiation.13 Low-dose irradiation may com
pletely eradicate germ cells while causing little 
damage to developing Sertoli cells, thus creat
ing Sertoli-cell-only testis in the rodent. 

Gonadotoxic Agents 

Gonadotoxicity can be caused by any chemical, 
physical, or biologic agent that alters physi
ologic control processes and affects the normal 
functioning of the gonads. This can occur either 
by a direct chemical action of the agent or indi
rectly via the metabolic products formed during 
the reaction process. A potential gonadotoxic 
agent can interrupt the normal function of the 
male reproductive system at (1) any level ofthe 
hypothalamic-pituitary-gonadal axis, (2) di
rectly at the gonadal level, or (3) by altering 
posttesticular events, such as sperm motility or 
function or both. Any disruption of these events 
by toxicants may lead to hypogonadism, infer
tility, decreased libido/sexual function or all of 
these. The effect may be mild or severe, and the 
duration may vary from transient dysfunction 
to permanent gonadal damage. 

Environmental/Occupational 
Toxicants 

The recent debate has focused on estrogenic 
environmental pollutants; however, certain 
heavy metals,agricultural chemicals, and indus-
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trial products have now been reported to 
alter the male reproductive axis, potentially 
influencing fertility. These toxicants have 
significant environmental consequences due 
to their multiple routes of exposure, their 
widespread presence in the environment, 
and their ability to bioaccumulate and resist 
biodegradation. 

Heavy Metals 

Metals (e.g., lead, mercury, cadmium, alumi
num, cobalt, chromium, arsenic, lithium, and 
antimony) have been noted to exert adverse 
reproductive effects in human and experimen
tal animals. 

More reports are available on lead-induced 
toxicity than any other heavy metal. Histori
cally, the fall of the Roman Empire has been 
attributed to lead poisoning.l4 Adverse effects 
on the reproductive capacity of men working 
in battery plants and exposed to toxic levels 
of lead have been reported. l5,l6 In animals, 
lead exposure results in a dose-dependent 
suppression of serum testosterone and sper
matogenesis.17 Although testicular biopsies 
reveal peri tubular fibrosis, vacuolation, and 
oligospermia, suggesting that lead is a direct 
testicular toxicant,t8 recent mechanistic studies 
have revealed that lead exposure can disrupt 
the hormonal feedback mechanism at the 
hypothalamic-pituitary level.l9 Animal studies 
suggest that these effects can be reversed 
when lead is removed from the system. Such 
detailed evaluations in humans are not yet 
available. 

Mercury exposure (during the manufacture 
of thermometers, thermostats, mercury vapor 
lamps, paint, electrical appliances, and in min
ing) can alter spermatogenesis and has been 
found to decrease fertility in experimental ani
mals?O Boron (extensively used in the manufac
ture of glass, cements, soaps, carpets, crockery, 
and leather products) has a major adverse re
productive effect on the testes and at the hypo
thalamic-pituitary axis in a manner similar to 
lead. Oligospermia and decreased libido were 
reported in men working in boric acid-produc
ing factories?l Polycyclic aromatic hydrocar
bons (P AHs) are another ubiquitous undefined 
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complex mixture encountered in the environ
ment, as a consequence of combustion as well 
as of the use of tobacco products.22 Because 
environmental exposures tend to be mixtures 
of various P AHs, the question of their com
bined toxicity arises but has not been examined 
in any detailed, well-designed study. Cadmium, 
another heavy metal used widely in industries 
(electroplating, battery electrode production, 
galvanizing, plastics, alloys, paint pigments) 
and present in soil, coal, water, and cigarette 
smoke, is a testicular toxicant.23 In animal 
studies, cadmium has been shown to cause 
severe testicular necrosis. Cadmium toxicity 
is mediated by cadmium-DNA binding and 
inhibition of sulfhydryl-containing proteins 
directly or through transcription mechanisms. 
It can also induce the expression of heat 
shock proteins, oxidative stress response genes, 
and heme oxygenase induction mechanisms.24 
Further study is needed to delineate the 
specific gonadotoxic mechanisms involved. 
Clinical studies have associated cadmium expo
sure with testicular toxicity, altered libido, and 
infertility. 

Agricultural and Industrial Chemicals 

Agricultural chemicals implicated in male 
reproductive toxicity include epichlorhydrin, 
DDT, ethylene dibromide, kepone, and the 
dioxins.25 DBCP, a nematocide widely used 
in agriculture, is a testicular toxicant and in
duces hypergonadotropic hypogonadism.26.27 
DDT (o,p-dichlorodiphenyl-trichloroethane), 
a commonly used pesticide, and its metabolites 
(p,p'-DDT, and p,p'-DDE) have estrogenic 
effects in males by blocking the androgen re
ceptors.28 The levels of serum freelbound toxi
cant will influence the androgen-blocking 
capacity. The plasma/tissue concentration of 
an estrogenic toxicant depends on the detoxifi
cation and elimination mechanisms in the or
ganism. The fate and detoxification of these 
organochemicals have not been described, 
but these agents can disrupt the hypothalamic
pituitary-testicular axis affecting the endocrine 
and reproductive functions. Methyl chloride, 
used in the production of organosilicates and 
gasoline antiknock additives, is a thoroughly 
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studied industrial chemical.29 Such organic 
solvents have been reported to induce changes 
in semen quality, testicular size, and serum 
gonadotropins.3O 

Recreational Agents 

Cigarette Smoking 

The association between cigarette smoking 
and infertility has been investigated but with 
conflicting conclusions.31-33 The smoking dose, 
duration, age of the smoker, and the levels 
of serum cotinine (the active metabolite of 
nicotine) are some of the parameters that 
may explain such variability. A detrimental 
effect of smoking on sperm concentration, 
motility, and morphology may be caused by 
impaired spermatogenesis secondary to various 
hormonal alterations.33--35 A recent study has 
proposed that morphologic sperm abnor
malities due to secretory dysfunction of the 
Leydig and Sertoli cells may impair the sperm
fertilizing capacity in smokers?6 Smoking and 
the presence of varicocele have also been pro
posed as having an additive, detrimental effect 
on sperm density.37 Investigations on the influ
ence of smoking on reproduction must also 
consider other gonadotoxic agents subjects are 
exposed to. 

Alcohol Consumption 

Although there are conflicting reports as to the 
effects of moderate alcohol consumption on 
sperm quality, chronic high-level consumption 
has been shown to decrease sperm concentra
tion and the number of normal sperm forms, 
and to impair sexual function in men with alco
hol dependence syndrome.38 Tobacco, nicotine, 
caffeine, and other recreational drugs can influ
ence the alcohol effect on gonadal function and 
sperm quality. Caffeine consumption has been 
shown to increase the risk of dyspermia.39 Al
though the circumstantial evidence implicates 
testicular damage by chronic alcohol exposure, 
the exact mechanism is not known. No doubt, 
alterations in the hypothalamic-pituitary
gonadal (HPG) axis are contributory to the 
gonadotoxicity; avoidance of chronic, heavy al
cohol use can reverse these effects. 
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Marijuana, Cocaine, and Heroin; 
Methadone 

These recreational drugs and methadone alter 
the hypothalamic-pituitary-gonadal axis. Mari
juana can decrease sperm number and motility 
and increase abnormal forms.40,41 Decreased 
testosterone and altered gonadotropin levels 
have also been associated with marijuana and 
other "recreational drugs." However, the exact 
mechanism of their gonadotoxic effect is not 
clear. 

Anabolic Steroids 

The incidence of athletes abusing anabolic ste
roids has grown to epidemic proportions. 
Hypogonadotropic hypogonadism due to feed
back inhibition of the hypothalamus-pituitary 
axis is the most common cause of severe im
pairment of normal sperm production in this 
population.42 These defects can be reversed 
within 4 months of nonuse; however, sporadic 
azoospermia has been reported in some young 
men even 1 year after cessation of chronic ana
bolic steroid use.43 

Pharmacologic Agents 

Many chemotherapeutic agents, radiation 
therapy, and pharmacologic drugs are known to 
adversely affect gonadal function (Table 20.1). 

Chemotherapeutic Agents 

As early as 1954, antibacterial agents were re
ported to be toxic to spermatozoa. Some anti
microbials (e.g., tetracycline derivatives, sulfa 
drugs, nitrofurantoin, and macrolide agents 
such as erythromycin) impair spermatozoal 
function and spermatogenesis.44,45 Cancer che
motherapy usually damages the germinal epi
thelium.46 Mechlorethamine, extensively used 
as nitrogen mustard during the Second World 
War, causes spermatogenic arrest.47 Many com
mon cytotoxic agents cause a dose-dependent 
progressive decrease in sperm count, leading to 
azoospermia.48 Postmeiotic germ cells are spe
cifically sensitive to cyclophosphamide treat
ment with abnormalities observed in progeny.49 
Chronic low-dose cyclophosphamide treatment 
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in men may affect the decondensation potential 
of spermatozoa due to the alkylation of nuclear 
proteins or DNA. This is likely to affect pre
and postimplantation loss or contribute to con
genital abnormalities in offspring. 50 Combina
tion therapy with alkylating agents has been 
shown to improve survival in the treatment of 
Hodgkin's disease, lymphoma, and leukemia. 
However, such combination therapy has in
duced sterility in most adults, as revealed by 
complete germinal aplasia in testicular biopsy 
specimens.51 

In general, the severity of germ cell damage 
is related to the category of chemotherapeutic 
agent used, the dose and duration of therapy, 
and the developmental stage of the gonad. The 
recovery of spermatogenesis is variable and 
depends on the total therapeutic dose and du
ration of treatment.52 The effects of cytotoxic 
drugs on the gonadal function of children are 
inconclusive due to the relative insensitivity in 
detecting such damage with available technol
ogy; however, the prepubertal and adolescent 
gonads are reportedly affected less by radiation 
and chemotherapy than is the postpubertal 
testis.53 The evaluation of gonadotoxicity at 
present is commonly achieved by the use of 
testicular biopsy, semen analysis, and assess
ment of the HPG axis.54 

Radiation Therapy 

Radiotherapy is alternatively used for the treat
ment of seminomatous germ cell tumors and 
lymphomas. Gonadal damage due to radiation 
exposure (x-rays, neutrons, and radioactive 
materials) is generally more severe and difficult 
to recover than that induced by chemotherapy. 
Radiation effects on the gonad depend on the 
schedule (total dose, number of fractions, dura
tion) of the delivered irradiation, as well as the 
developmental stage of the germ cell in the go
nads at the time of exposure.53 In general, germ 
cells are found to be the most radiosensitive. A 
direct dose of irradiation to the gonads greater 
than 0.35 Gy causes aspermia. The time taken 
for recovery increases with larger doses, and 
doses in excess of 2 Gy will likely lead to perma
nent azoospermia. At higher radiation doses 
(> 15 Gy), Leydig cells will also be affected. 55 
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TABLE 20.1. Summary of the most common gonadotoxic agents. 

Class Agent 

A: Environmental/occupational agents 
Organochemicals DBCP 

Heavy metals 

DDT 
PCBs 
Dioxins 
Methyl chloride 
Lead 
Mercury 
Cadmium 
Cobalt 
Chromium 

Recreational drugs Nicotine 
Alcohol 
Marijuana 
Steroids 

B: Pharmacologic agents 
Antimicrobials Tetracyclines, sulfas, gentamycin, 

Antineoplastic 

Radiations 
Other drugs 

C: Biological agents 

neomycin, nitrofurantoin 
Nitrogen mustard, 

cyclophosphamide 
X-rays, y-rays 
Cimetidine 
GnRH analogs 
KTZ 
Cyclosporine 
Lithium 

Hyperthermia 

Infection/inflammation 

Oxidative stress 

Age related 

Adverse effects/comments 

.,l, Fertility, .,l, libido; embryo fetal loss, 
birth defects, cancer; estrogenic 
effects, poor semen quality 

.,l, HPG-axis, .,l, spermatogenesis, CNS 
effects, testicular damage 

.,l, Spermatogenesis, poor sperm function, 
.,l, HPG axis 

.,l, Sperm function, .,l, spermatogenesis, 
testicular damage, .,l, sperm motility 

Germ cell and Leydig cell damage 

.,l, HPG-axis, .,l, sperm; .,l, libido, 
.,l, steroidogenesis 

t ROS, .,l, spermatogenesis, testicular 
damage, poor sperm morphology 

t ROS, t WBC, .,l, SOD, t IL-8 
.,l, sperm function 

t ROS, t LPO t cytokines, .,l, T, 
.,l, sperm function 

t ROS, .,l, HPG, t LPO .,l, spermiation 

References 

11,12,25-30 

14-24 

31-37 
38,39 
40,41 
42,43 

44,45 

46-51 

54-56 

57,58 
59,60 
61,62 

63-67 

68-71 

76-79 

85-92 

DBep, dibromochloropropane; DDT, dichlorodiphenyl-trichloroethane; KTZ, ketoconazole; ROS, reactive oxygen 
species. 

Vulnerability of the testis to irradiation also 
depends on the age and the pubertal status of 
the male. In addition to direct damage to the 
gonads, whole body irradiation can also dam
age the hypothalamic-pituitary axis and affect 
reproductive capability. 56 

Other Pharmacologic Drugs 

Numerous pharmacologic agents and many 
clinically approved drugs have gonadotoxic 
effects, especially at higher doses.57 Adminis
tration of gonadotropin-releasing hormone 

(GnRH) agonists and related analogues leads 
to suppression of gonadotropins and spermato
genesis. This approach has been utilized for the 
development of potential male contraceptive 
agents.58 Ketoconazole, an antifungal agent, in
hibits testosterone biosynthesis primarily by in
hibiting the activities of steroidogenic enzymes 
in Leydig cells without any direct effect at the 
pituitary leve1.59,60 Cyclosporine has been the 
drug of choice for immunosuppression in pa
tients who undergo organ transplantation, but 
it has hypoandrogenic effects61,62 mediated 
through the hypothalamic-pituitary axis.63 
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Biologic Conditions 

Certain pathophysiologic conditions have sig
nificant gonadotoxic effects. 

Hyperthermia 

Progressive germ cell damage occurs in the 
cryptorchid testis secondary to the increased 
temperature of the extrascrotal location. El
evated testicular temperature is also considered 
to be responsible for testicular dysfunction in 
men with varicocele.64 Hyperthermia results in 
impaired Leydig cell function, a gradual loss in 
size of seminiferous tubules, and peritubular 
hyalinization with fibrosis of the testis, which 
is accompanied by characteristic structural 
changes, notably the retention of cytoplasmic 
droplets in the ejaculated sample.65 This finding 
signifies elevated levels of reactive oxygen spe
cies (ROS) and sperm dysfunction.66 Germinal 
cells respond to heat by producing unique pat
terns of heat shock proteins, and these may 
prove to be useful markers of susceptibility to 
thermal and oxidative stress.67 

Chronic Infection/Inflammation 

An infection/inflammation of the genitourinary 
tract in an infertile man is suspected when 
the semen analysis shows an increased number 
of leukocytes (>1-2 million white blood 
cells/ml semen). Acute and subacute infection 
and inflammation of the male gonads and 
accessory sex glands can be associated with 
disturbances in both sex gland function and 
sperm quality.68.69 Some of these conditions 
(e.g., chlamydia infection, mumps orchitis, 
tuberculosis, syphilis, leprosy) can cause irre
versible sterility, are invariably symptomatic, 
and are associated with leukocytospermia/ 
bacteriospermia. Chronic infection and inflam
mation of the reproductive tract can also con
tribute to the infertile state; the impact of such 
asymptomatic or "silent infections" is some
times more severe.70.71 The pathophysiology 
involves damage to the seminiferous tubules or 
obstruction to the passage of sperm at the level 
of the epididymis or ejaculatory duct.72 

The precise role of genital tract infection, 
the site of origin of leukocytes, their migratory 
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pattern and mode of action, and the con
tribution that bacteria or viruses and the 
subsequent genitourinary inflammation have 
on sperm function are not well described. 
Elevated leukocytes/granulocytes are believed 
to release various proinflammatory/bioactive 
cytokines,73.74 in addition to hydrogen peroxide 
and other reactive oxygen species.75 These 
cause oxidative stress and peroxidative damage 
to spermatozoa. 

Oxidative Stress and Gonadotoxicity 

"Oxidative stress" is a condition associated 
with an increased rate of cellular damage in
duced by oxygen and oxygen-derived oxidants 
commonly known as reactive oxygen species 
(ROSs). ROSs are highly reactive oxidizing 
agents belonging to the class of free radicals. 
Chronic disease states, aging, toxin exposure, 
physical injury, and exposure to many types of 
foods can enhance this oxidative process and 
cause cell damage. ROSs have been implicated 
in over a hundred disease states, ranging from 
arthritis and connective tissue disorders to 
carcinogenesis, infection, and acquired immu
nodeficiency syndrome (AIDS). In the area of 
reproduction, the role of oxidative stress and 
the use of antioxidant therapy have been re
ceiving more attention lately.76 

Similarly, the generation of nitric oxide (NO) 
and reactive nitrogen species (RNS) has re
cently been found to have an astounding range 
of biologic roles, including vascular tone, in
flammation, and as a mediator of many cyto
toxic and pathologic effects.77.78 NO synthesis in 
response to infection and inflammation can 
contribute to poor sperm motility and function 
and lead to infertility.79 NO along with superox
ide radicals (peroxynitrite) induces endothelial 
cell injury,SO which may result in gonadal dys
function due to the vasoactive effects of NO 
rather than by direct effects on gonadal cells. 

The assumption that free radicals can influ
ence male fertility has received substantial sci
entific support.81 The proposed mechanism for 
loss of sperm function due to oxidative stress 
has been shown to involve excessive generation 
of ROSs.82 Free radicals can damage DNA and 
proteins, either through oxidation of DNA 
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bases (primarily guanine via lipid peroxyl or 
alkoxyl radicals) or through covalent binding to 
malondialdehyde (MDA) resulting in strand 
breaks and cross-linking.83 ROSs can also in
duce oxidation of critical sulfahydryl (SH) 
groups in proteins and DNA, which will alter 
spermatozoal structure and function with an 
increased susceptibility to attack by macro
phages. Cellular damage is theoretically the re
sult of an improper balance between ROS 
generation and intrinsic scavenging activities. 
The scavenging potential in gonads is normally 
maintained by adequate levels of superoxide 
dismutase (SOD), catalase, and probably glu
tathione (GSH) peroxidase and reductase. This 
balance can be referred to as oxidative stress 
status (OSS), and its assessment may playa 
critical role in monitoring gonadotoxicity and 
infertility (Fig. 20.1). 

A situation in which there is a shift in this 
ROS balance toward pro-oxidants, because of 
either excess ROSs or diminished antioxidants, 
can be classified in terms of positive oxidative 
stress status.76 There is at present no true ROS 

299 

detection method available that will evaluate 
this balance. However, assessment of OSS, or a 
similar paradigm when monitored more objec
tively, would be a good indicator of sperm 
damage caused by oxidative stress. Chronic 
asymptomatic genitourinary inflammation can 
be regarded as a condition with positive OSS, 
which may be the real cause of idiopathic infer
tility in such patients. GSH-peroxidase and 
GSH-reductase may directly act as antioxidant 
enzymes involved in the inhibition of sperm 
lipid peroxidation (LPO). A high reduced! 
oxidized glutathione ratio (GSHlGSSG) will 
help spermatozoa to combat oxidative insult. It 
seems that the role of these GSH enzymes and 
their associated mechanisms as related to bio
logic antioxidants in infertility is an important 
area for further development.84 Although the 
therapeutic use of antioxidants appears attrac
tive, clinicians need to be aware of exaggerated 
claims of antioxidant benefit by various com
mercial supplements for fertility purposes until 
proper multicenter clinical trials have been 
completed. 

Infection t Reactive Oxygen Species 
Inflammation (02'-, H20 2, OH') ... 

Damaged 
Sperm 

(Male/Female) 

.Antioxidants 
(SOD, Catalase 
Vitamins E, C, 
(~-carotene ) 

t Chemokines 
(IL-8 ... ) 

Altered Ca2+ 

Regulation 

/ 1 
~I tOxidative Stress I ~ 

1 tDamageto 
[J-GSH, NAD(H)] (iFe3+) Proteins, Li 

t LPO in Sperm 

Decreased Motility, Viability, 
• Capacitation, Acrosome Reaction 

I Infertility I 

DNA, 
pids 

FIGURE 20.1. Scheme suggesting interacting mecha
nisms in the role of oxidative stress and antioxidants 
in male infertility. (From Sikka, R. and Hellstrom W. 

"Role of Oxidative Stress and Antioxidants in Male 
Infertility." J Androl: Nov-Dec 1995; 465.) 
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Aging and Gonadotoxicity 

Some forms of infertility are caused by age
related degenerative disorders of the testis, a 
problem that may be increasing in some indus
trialized societies as suggested by the reports of 
declining sperm population over the past two 
generations. Although the decline in sperm 
numbers is considered to be associated with 
male fetal, neonatal exposure or both to in
creased levels of environmental estrogens,11,28 
this idiopathic male infertility may also be ex
plained as a form of premature or differential 
aging of the testis induced by ischemia and 
oxidative stress associated with a defective mi
tochondrial genome that controls oxidative 
phosphorylation.66 The presence of retained 
cytoplasmic droplets on spermatozoa due to 
imperfect spermiation in the aging testis may be 
a sign of reduced fertility potential. It is known 
that LPO and midpiece anomalies are linked,85 
and that the increased rate of LPO and creatine 
kinase (CK) activity in immature sperm is due 
to incomplete cytoplasmic extrusion during ter
minal spermatogenesis.86 In addition, Sertoli 
cell abnormalities in infertile men may well be 
central to the development of spermatogenic 
failure due to faulty spermiation and may be 
related to genetic defects, oxidative stress, or 
even aging of the gonads. 

Decreased vascularity, increased spermato
genic failure, and reduced sperm output occur 
with senescence in a variety of animal species 
and in humans.87 Germ cell degeneration with 
age starts with the spermatids and continues to 
completely sclerosed tubules consisting of 
thickened and highly collagenized tunica pro
pria with myoid cells.88 These may degenerate 
and be phagocytosed by Sertoli cells, resulting 
in lipid accumulations that increase progres
sively with age. A significant decrease in an
drogen and in Leydig cell number with a 
concurrent rise in serum follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) 
has been observed in the older population.89,90 

Increased levels of lipofuscin and lipids are 
seen intracellularly, suggesting mitochondrial 
dysfunction possibly compounded by oxidative 
stress in the older population.91 These degen
erative changes in gonads associated with an 
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accumulation of lipofuscin pigment and mul
tiple nuclei are considered to be due to ROS
induced lipid peroxidation with aging.92 Most of 
these changes are strikingly similar to those 
seen in men with idiopathic testicular failure, 
probably due to induced gonadotoxicity. The 
differentiation between gonadal anomalies 
and posttesticular effects due to occupational 
exposures is difficult, and there is an obvious 
need to develop new methods for studying this 
problem. 

Assessment of Gonadotoxicity 

Several methods are being evaluated for the 
assessment of the effects of toxicants on the 
male reproductive system. Essentially, any risk 
assessment usually has four components: (1) 
hazard identification, (2) dose-response assess
ment, (3) human-exposure assessment, and (4) 
risk characterization. The hazard identification 
and dose-response data are developed from 
experimental animal studies that may be 
supplemented with data from in vitro studies. 
This information is then extrapolated and inte
grated to characterize and assess the risk to the 
human population. 

The most common approach to evaluate the 
effect of cytotoxic drugs on the testis has used 
testicular biopsy, semen analysis, and endo
crine assessment of the hypothalamic-pituitary
testicular axis. Research on testicular toxicol
ogy has been advanced significantly by the in
troduction of in vitro testing systems. In vivo 
systems, however, are still essential parts of the 
risk assessment process, and they are unlikely 
to be eliminated entirely by in vitro models. 

In Vitro Systems 

In vitro systems are uniquely suited to investi
gate specific cellular and molecular mecha
nisms in the testis and thus improve risk 
assessment.93 These in vitro models can be used 
alone or in combination with each other to test 
hypotheses about testicular toxicity. An origi
nal toxicant, its metabolites, and the precursors 
or selective inhibitors can be individually ad
ministered to isolated cell types to evaluate spe-
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cific toxicity mechanisms and to note the inter
action of adjacent cell types. Numerous in vitro 
model systems are described in the literature, 
including Sertoli-germ cell cocultures,94 Sertoli 
cell-enriched cultures,95,96 germ cell-enriched 
cultures,97 Leydig cell cultures,98 Leydig-Sertoli 
cell cocultures,99 and peritubular and tubular 
cell cultures.1OO,101 These in vitro systems are the 
only way to directly compare human and ani
mal responses and screen a class of compounds 
for new product development. Even though 
these in vitro systems are a valuable adjunct to 
the in vivo test system, they do not replace the 
in vivo data, because they cannot provide all 
the facts essential for hazard assessment. More
over, certain dynamic changes associated with 
spermatogenesis are difficult to model in vitro. 
For example, the release of elongated sperma
tids by the Sertoli cells (spermiation), which is 
commonly inhibited by boric acid and methyl 
chloride, can only be studied at present by spe
cific in vivo systems. 

In Vivo Systems 

In vivo methods are important tools to study 
the integrated male reproductive system. The 
complete in vivo assessment of gonadotoxic re
sponse involves multigenerational studies, now 
required by most regulatory agencies. These 
multigenerational studies have a complex 
design, in part because testicular function 
and spermatogenesis are very complicated pro
cesses.102 The spermatogenic cycle is highly or
ganized throughout the testis. In the rat it 
requires 53 days. If a toxicant affects the imma
ture spermatogonia, the effect may not be de
tectable as a change in mature sperm before 7 
to 8 weeks. Effects on more mature germ cells 
would be detected sooner. To test the sensitiv
ity of all stages of spermatogenesis, the expo
sure lasts the full duration of the cycle. This 
cannot be achieved in vitro because germ cell 
differentiation and the physical relationship of 
stages within the tubules are lost in cell culture 
systems. The germ cells are entirely dependent 
on the Sertoli cells for physical and biochemical 
support. Complicated endocrine and paracrine 
systems control Sertoli cells, Leydig cells, and 
germ cells. Besides the loss of paracrine inter-
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actions, the altered metabolic activity of target 
or adjacent cells and the difficulty in isolating 
and testing certain spermatogenic stages are 
other significant limitations of in vitro assess
ment of gonadotoxicity.93 In addition, for accu
rate identification of stage-specific lesions of 
the seminiferous epithelium, critical evaluation 
of morphologic structures is very important.102 

In vivo, germ cells are continuously dividing 
and differentiating. The staging of spermato
genesis, thus, has proven to be an extremely 
sensitive tool to identify even subtle toxicologic 
changes. 

Sperm Nuclear Integrity Assessment 

Recent attention has been focused on assess
ments of sperm morphology and physiology as 
important end points in reproductive toxicol
ogy testing.103 Structural stability of sperm 
nuclei varies by species and appears to be en
hanced by the oxidation of protamine sulfhy
dryl to inter- and intramolecular disulfide 
bonds and is a function of the types of prota
mine present. Chemicals may disrupt the struc
tural stability of sperm nuclei, which depend on 
their unique packaging either during spermato
genesis or sperm maturation. Decondensation 
of isolated sperm nuclei in vitro can be induced 
by exposure to disulfide reducing agents, and 
the time taken to induce extensive decondensa
tion (assay end point) is considered to be in
versely proportional to the stability of the 
sperm nucleus. This "sperm activation assay" is 
also useful in evaluation of some cases of unex
plained infertility.l04 Human sperm decon
denses most rapidly, followed by that of the 
mouse and of the hamster, but rat sperm nuclei 
show a slower decondensation.105 

Other tests, such as the DNA stability assay 
or sperm chromatin structure assay (SCSA), 
use direct evaluation of sperm chromatin integ
rity and may provide information about genetic 
damage to sperm. A shift in DNA pattern 
(from double-stranded intact DNA to dena
tured single stranded) can be induced by a vari
ety of mutagenic and chemical agents. Such 
changes can be evaluated by either dual
parameter DNA flow cytometry (SCSAY06,107 
or single-cell gel electrophoresis (Comet) as-
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say, which uses fluorescence intensity measure
ments by microscopy and image analysis.104,107 

A shift in the DNA pattern can also be evalu
ated by acridine orange staining, or by flow 
cytometry. Double-stranded DNA is stained 
green, whereas single-stranded DNA is stained 
red. Animals exposed to known mutagens 
demonstrate increased amounts of single
stranded DNA, indicating an increase in 
genetic damage.10S-110 

Flow cytometry, although a very useful tool 
that permits rapid, objective assessment of a 
large number of cells, may not be readily avail
able. Comet assay, when combined with cen
trifugal elutriation, can provide a useful in vitro 
model to study differences in metabolism and 
susceptibility of different testicular cell types to 
DNA damaging compounds.108,111 Thus, new 
findings through these systems should lead to 
greater knowledge about why a chemical or 
class of chemicals can cause testicular toxicity. 

Conclusion 

A variety of extraneous and internal factors can 
induce gonadotoxicity leading to poor sperm 
quality and male factor infertility. Unfortu
nately, a number of these influences (e.g., 
glandular infection, smoking, environmental 
toxicants that are mainly estrogenic chemicals, 
nutritional deficiencies, aging, ischemia, and 
oxidative stress) have been underestimated. 
Partial androgen insensitivity mainly due to al
tered androgen-to-estrogen balance may con
tribute to significant oligozoospermia. The role 
of chronic inflammation on the reproductive 
organs is not completely understood because it 
is asymptomatic and is difficult to demonstrate 
objectively. There is an urgent need to charac
terize all the factors involved and to develop 
reliable animal models of testicular disease. No 
major advances have been made for the medi
cal management of poor sperm quality. The 
application of assisted reproductive techniques, 
such as intracytoplasmic sperm injection (ICSI) 
to male infertility, regardless of cause, does not 
necessarily treat the cause and may inadver
tently pass on adverse genetic consequences. 
Clinicians should always attempt to identify the 
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cause of a possible gonadotoxicity, assess the 
degree of risk to the patients being evaluated 
for infertility, and initiate a plan to control and 
prevent the exposure to others once an associa
tion between occupation/exposure and infertil
ity has been established. 
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Cryptorchidism and Infertility 
Manoj Monga and Wayne J.G. Hellstrom 

Cryptorchidism is a defect involving malde
scent of the testicle. The aims of therapy for 
cryptorchidism include preservation of fertility, 
reduction in risk of malignancy, and alleviation 
of psychological stress. It was first described by 
Hunter! in 1841, who noted an association be
tween maldescent and alterations in testicular 
function and fertility. 

The incidence of cryptorchidism in the new
born is 2% to 5.8%; however, with spontaneous 
descent this incidence drops to 1 % by the age 
of 3 months and 0.8% to 2.0% by the age of 1 
year.2- S Up to 15% to 33% of cryptorchidism 
may be bilatera1.2,6--8 Prematurity, low birth 
weight, and multiple gestations (twins) are pre
disposing factors, with the increase in incidence 
correlating to the degree of prematurity. The 
incidence of cryptorchidism in premature in
fants is 30%; in infants under 1800g, 69%; and 
in infants under 900g, 100%.6 

A family history of cryptorchidism may be 
present in 3.5% to 5%.7 The incidence of 
cryptorchidism in siblings is 1 % to 4 % and in 
fathers of the patients 6 %.9 Mothers of children 
with cryptorchidism tend to have mild pituitary 
impairment manifested by short menses and 
delayed menarche.9 A peak in incidence in chil
dren born from January through March and a 
nadir in incidence in children born between 
August and October have been attributed to 
effects of sunlight on maternal gonadotropin 
secretion during pregnancy.6,9 

Associations with specific human leukocyte 
antigen (HLA) haplotypes support a congenital 
intrinsic defect.s Associated hypospadias may 

be present in 6% to 9% of cryptorchid pa
tients.8 Cryptorchidism is also associated with 
disorders of gonadotropin deficiency, such 
as Kallmann's, Prader-Labhart-Willi, and 
Laurence-Moon-Biedl syndromes. In addition, 
cryptorchidism is associated with neural tube 
defects, with incidences of 24 % in sacral 
myelomeningocele and 50% when lesions are 
above L-2.9 Cryptorchidism is also associated 
with disorders of the abdominal musculature, 
such as gastroschisis and prune belly syndrome. 

Embryology of Descent and 
Pathophysiology of Maldescent 
of the Testis 

Attachment of the gubernaculum to the epi
didymis occurs at the eighth gestational week. 
By the 12th to 14th week of gestation, the testis 
migrates from the urogenital ridge to the level 
of the internal inguinal ring, where it waits to 
begin its transinguinal descent during the 26th 
to 28th week of gestation with associated 
gubernacular swelling and processus vaginalis 
extension into the scrotum. Testicular descent 
is believed to depend on an integration of fac
tors: an increase in intraabdominal pressure, 
gubernacular tension, and the hormonal influ
ence of high local concentrations of dihy
drotestosterone. Because hormonal influence 
depends on an intact fetal hypothalamic
pituitary-testicular axis, aberrations in tes
ticular descent may result from a deficiency in 
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one or more of these factors. Mechanical ob
struction of the inguinal canal is noted in only 
9% of patients, but abnormal gubernacular at
tachments are noted in 83% to 93% of 
cryptorchid testes.z,lO 

Hormonal influence may also depend on 
mullerian-inhibiting factor, as the absence of 
androgen receptors in the testicular feminiza
tion syndrome does not preclude testicular de
scent, and transabdominal descent has been 
shown to fail in animals with persistent 
mullerian structures. Mullerian-inhibiting fac
tor is produced by fetal Sertoli cells during the 
seventh to ninth week of pregnancy. The 
transabdominal descent during weeks 10 to 15 
may depend on mUllerian-inhibiting substance 
stimulation of gubernacular growth, and the 
transinguinal descent requires androgen
dependent stimulation of the genitofemoral 
nerve, which releases calcitonin gene-related 
peptide (CGRP) and causes cyclic adenosine 
monophosphate (cAMP)-dependent contrac
tion and chemotactic migration of the guber
naculum.2 Estrogen-induced cryptorchidism is 
accompanied by preservation of the muller
ian duct structures and atrophy of the 
gubernaculum.ll 

The effects of cryptorchidism on subsequent 
fertility may be associated with alterations in 
hormonal-dependent transformations of the 
gonocyte. A surge of luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH) during 
the first 60 to 90 days of life stimulates Leydig 
cell proliferation, which peaks at 3 months of 
age and results in a surge of testosterone. A 
transient perinatal period of hypogonadism due 
to blunting of this gonadotropin surge may be 
the primary hormonal defect in cryptorchidism. 
This would lead to understimulation of the fetal 
Leydig cells, with resultant Leydig cell hypopla
sia and regression. Subsequently, a blockage of 
the normal surge of testosterone at this age 
would prevent transformation of the gonocytes 
into adult dark spermatogonia, the first postna
tal maturational step in germ cell development, 
normally completed by 6 months.z,12-14 An un
derlying endocrinopathy is supported by evi
dence of reduced Leydig cell and germ cell 
counts as well as by defective germ-cell matura
tion in the contralateral descended testis.2 
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The genitofemoral nerve may play an impor
tant role in transinguinal testicular migra
tion. The genitofemoral nucleus (cremasteric 
nucleus) and nerve are sexually dimorphic 
structures under androgenic control.I5 With an
drogenic stimulation, there is an increase in 
substance P nociceptive and thermal afferents 
from the testes, serotonin thermal regulatory 
fibers, and myelinated motoneurons innervat
ing the cremasteric muscle.15 The genitofemoral 
nerve innervates the distalmost aspect of the 
gubernaculum. CGRP is secreted by the 
genitofemoral nerve and is known to cause 
rhythmic contractions of the tip of the 
gubernaculum.15 

The genitofemoral nerve may act as a media
tor between androgen stimulation and the 
gubernaculum, as transection of this nerve or 
division of the spinal cord above its origin (Ll-
2) inhibits testicular descent through the in
guinal canal, inhibits formation of the processus 
vaginalis, and causes a decrease in testicular 
weight and degeneration of the seminiferous 
tubules.6,11,15,16 These findings correspond to the 
clinical observation that patients with spina 
bifida with lesions above L3 have an unex
pectedly high incidence of cryptorchidism.ll 

The gubernaculum is insensitive to androgen 
stimulation following transection of the geni
tofemoral nerve. Capsaicin, a substance P 
inhibitor, increases the likelihood of flutamide
induced cryptorchidism and inhibits scrotal 
development. 2 

Malposition of the testis may result in sensory 
neural transmissions that may play a role in 
contralateral damage. Transection of the nerve 
in naturally unilateral cryptorchid rats was 
shown to protect the contralateral testis from 
atrophy and impaired spermatogenesis, and im
proved the fertility rate from 10% to 60%.16 

Flutamide-induced cryptorchidism in the fe
tal rat is associated with reduction in the neural 
diameter and number of large and small myeli
nated fibers in the genitofemoral nerve. These 
changes correlate with cremasteric muscle atro
phy.15 It is believed that these changes are not 
the result of a direct antiandrogen effect on the 
neural tissue, but rather the gubernaculum or 
cremasteric muscle producing paracrine factors 
that modulate neuronal survival by retrograde 
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transport back to the neuronal cell. Potential 
paracrine factors known to be androgen depen
dent that may playa role in this process include 
neurotrophic growth factor, epidermal growth 
factor (EGF), and CGRP. As EGF is involved 
in stabilization of wolffian duct structures, ab
normal secretion may account for coexisting 
epididymal abnormalities. 15 

Although testicular absence (agenesis) may 
reflect the most severe form of cryptorchidism, 
it may be the end result of intrauterine testicu
lar torsion of the spermatic cord.17,18 Histologic 
findings in the contralateral descended partner 
of unilateral agenesis support the intrauterine 
torsion theory, as contralateral histologic 
changes found in other cases of cryptorchidism 
(decreases in Leydig cells, total germ cells, 
adult dark spermatogonia, and primary sper
matocytes) are absent.19 

The deleterious effects of cryptorchidism on 
the testis may reflect primary genetic or 
congenital defects, or may be secondary to hor
monal, vascular, autoimmune, or temperature
sensitive alterations. 

Clinical Classification 

When a testicle is not located in the scrotal 
compartment, it is necessary to differentiate 
between a true cryptorchid testicle and a retrac
tile testis. The scrotal compartment of a retrac
tile testis is normally developed and inverts 
during retraction of the gubernaculum. A re
tractile testis can easily be manually manipu
lated into the scrotum and will remain there for 
a short period of time after overstretching of 
the cremasteric muscle, before retracting into 
the canal as the cremasteric muscle regains its 
tone. This entity is considered benign, with no 
demonstrable effects on testicular function and 
no indication for intervention. Because the 
cremasteric reflex becomes active at 3 months 
of age, documentation of testicular position 
prior to this may assist in identifying retractile 
testes. The incidence of retractile testis in fer
tile men is 12%.20 Careful examination will 
demonstrate that 66% to 80% of mal-located 
testicles are retractile in nature, but only 28% 
are truly cryptorchidic?,9,21 
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A gliding testis, a testicle that lies below the 
external inguinal ring, can be manipulated into 
the upper scrotum but immediately returns to 
the superficial inguinal pouch upon release. 
The gliding testicle is associated with absence 
of the gubernaculum and with a partially patent 
processus vaginalis from the upper scrotum to 
the midgroin, allowing manual manipulation. 
By age 7, 24% of gliding testes demonstrate 
loss of volume, and histologic degeneration is 
evident.6 

Cryptorchid testes may be canalicular (75 %), 
intraabdominal (6-11 %), ectopic (10-15%), or 
high-scrotal (8%)Y Ectopic positions include 
perineal, femoral, and penopubic. The most 
common location for a cryptorchid testis is in 
the superficial inguinal pouch. The proportion 
of intraabdominal testes in bilateral cases is sig
nificantly higher (51 % ).8 The cryptorchid testis 
may be nonpalpable in 5% to 28% of cases; 
however, preoperative physical observations 
with regard to testicular location do not corre
late well with intraoperative findings.z.s 

Testicular agenesis occurs in 49% to 88% of 
unilateral nonpalpable testes as compared with 
5% of bilateral nonpalpable testes.8,9 Contralat
eral compensatory hypertrophy, with a 2-cc 
testicular volume in boys aged 3 or older, 
may be a sensitive indicator of agenesis of 
the nonpalpable testis.22 With bilateral non
palpable testes, elevated basal gonadotropin 
levels in boys under the age of 9 and the lack of 
serum testosterone response to human chori
onic gonadotropin (hCG) stimulation may also 
indicate testicular anorchia.2,l0 Elevated prepu
bertal serum gonadotropins can be considered 
confirmatory for bilateral anorchia; however, 
absence of response to hCG stimulation should 
not be considered proof of anorchia. Bilateral 
nonpalpable testes should undergo karyotype 
examination to exclude congenital adrenal 
hyperplasia or other intersex abnormalities. 

Association with Infertility 

Cryptorchidism is a preexisting factor in 3 % to 
8% of infertile men and in 20% of men with 
azoospermia.21 ,23 The incidence of infertility 
ranges from 10% to 20% in patients with uni-
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lateral cryptorchidism to 40% to 80% III pa
tients with bilateral cryptorchidism.24 

Animal studies support an effect from 
cryptorchidism on fertility, with primary 
bilateral cryptorchidism preventing paternity.25 
In congenital unilateral cryptorchid rats, the 
fertility rate is only 0% to 10%, compared 
with 100% in the control rats.16,26 In the 
congenital canine cryptorchid model, all bilat
eral cryptorchid animals were azoospermic, 
and the total sperm count, sperm motility, 
and percentage of normal sperm morphology 
were diminished in the unilateral cryptorchid 
animals.27 

Analysis of any clinical series of crypt
orchidism should evaluate the study population 
for the inclusion of retractile testes, as these 
spontaneously descend and have no bearing on 
future fertility. Isolated cryptorchidism not as
sociated with congenital syndromes accounts 
for 80% to 90% of instances of undescended 
testes.28 Patients with congenital syndromes, 
such as prune belly syndrome and intersex 
patients, should also be excluded from 
study popUlations, as the pathophysiology of 
maldescent and infertility may be different 
from isolated cryptorchidism, and outcomes 
may be adversely affected. Cases of entrapped 
testis following inguinal surgery (e.g., hernior
raphy) may demonstrate atrophic intratubular 
changes and should likewise be excluded from 
a clinical series of true primary cryptorchid 
testes. 

Study populations should be stratified 
according to testicular location, as the per
centage of testicular tubules containing sper
matogonia (tubule fertility index, TFI) 
correlates with proximity to the scrotum.21 

Some studies report no correlation between 
testicular location and TFI or tubular diameter, 
although a trend toward a lower TFI with 
intraabdominal testes has been noted.? Study 
patients selected from infertility clinics may 
represent a biased population when compared 
with a spectrum of cryptorchid patients 
followed from childhood, and clinical series 
often incorporate a heterogeneous population 
based on type and timing of surgical 
intervention. 
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Subfertility 

Sterility occurs in 100% of patients with un
treated bilateral cryptorchid testes, and 
subfertility occurs in 71 % of patients with 
untreated unilateral cryptorchid testes.4 

Oligospermia (78-84%), azoospermia (6-
16%), and asthenospermia (46%) have been 
reported in patients who underwent unilateral 
orchiopexy after puberty.4,2o,29 The incidence of 
azoospermia was higher than in the general in
fertile population (5-8% ),zo Orchiopexy per
formed during the prepubertal period may 
result in severe oligospermia or azoospermia in 
75% to 100% of bilateral cases and in 28% to 
50% of unilateral cases.4,30 No difference has 
been found in semen parameters in boys who 
underwent prepubertal unilateral orchiopexy 
compared with orchiectomy,30 Two studies on 
fertile men with a history of orchiopexy for 
cryptorchidism and who underwent unilateral 
vasectomy for elective sterilization demon
strated that 69% of cryptorchid testes were 
azoospermic.5 

Clinical studies involving 561 men with 
unilateral cryptorchidism and 281 men with 
bilateral cryptorchidism demonstrated de
creased sperm density in 49% of the patients 
with unilateral disease and in 72% of the 
patients with bilateral disease.21 A report on 
200 patients presenting to an infertility 
clinic found oligoteratoasthenozoospermia in 
all patients, regardless of mode of therapy; 
however, this was a retrospective study with a 
heterogeneous group of patients in terms of 
testes location, mode of therapy, and timing of 
therapy.31 FSH levels were high in all patients, 
possibly reflecting primary Sertoli cell 
malfunction, but the mean age at time of inter
vention was 11 years, with 95% of the 
orchiopexies being performed after the age of 
4. Although these investigators advised post
poning surgical treatment because semen qual
ity was not improved in the orchiopexy groups, 
the significant selection bias of these patients 
presenting to an infertility clinic should be 
noted, and management conclusions based 
on these findings should most definitely be 
reserved. 
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Other studies confirm that type of interven
tion (surgical/hormonal/bothlneither) and age 
at intervention had no effect on subsequent 
azoospermia or oligospermia.32 Oligospermia 
after either unilateral or bilateral orchiopexy 
occurred in 31 %, and azoospermia occurred in 
14 % after unilateral orchiopexy and 42 % after 
bilateral orchiopexy.32 Some investigators re
port decreased percentages of viable sperm 
in addition to oligoteratoasthenospermia in 
cryptorchid patients being evaluated for infer
tility.33 Others have reported normal semen 
production and normal fertility following 
orchiopexy.5,34-37 

Paternity is a more valid index of fertility 
than semen parameters because 14 % of normal 
fertile men have 0ligospermia.5 The paternity 
rate in the normal population is 85%.9 Pater
nity rates following orchiopexy for unilateral 
cryptorchidism are 71% to 92% (cumulative 
average 81 %), and 43% to 62% (cumulative 
average 51 %) following orchiopexy for bilat
eral cryptorchidism.5 The paternity rates 
following prepubertal bilateral orchiopexy (30-
80% ) compare favorably to those of 
postpubertal orchiopexy (13% ).25 

Effects on Germinal Epithelium 

The cryptorchid testis is histologically normal 
at birth. Progressive seminiferous tubular 
atrophy and peritubular hyalinization, col
lagenization, and interstitial fibrosis occur in 
the cryptorchid testis within the first few 
months of life, with the resulting postpubertal 
testis being devoid of germ cells.4,5 Seminifer
ous tubular length is decreased at puberty to 
100 f.lm in the cryptorchid boy compared with 
300f.lm in normal boys.9 A Sertoli-cell-only pat
tern may be demonstrated in 70% of adult 
cryptorchid testes.38 Severe histologic changes 
(Sertoli cell only, maturational arrest) are seen 
in 81 % of unilateral cryptorchid men present
ing to infertility clinics.23 These changes are be
lieved to commence between the first and 
second years of life, with complete absence of 
germ cells being noted in cryptorchid testes in 
5% of boys under the age of 1 and 38% of 2-
year-olds.4,6 Decreased germ cells are noted in 
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40% to 50% of contralateral descended testes 
after the age of 2.6 

The normal mean spermatogonia-per-tubule 
ratio (Srr ratio, fertility index) is 4 at birth, 2 at 
age 1, and 1 from the age of 2 through 6.9 In 
cryptorchid boys the SIT ratio begins at 4, but it 
drops to 0.3 by age 2 and remains low until 
puberty, with only 1 % of cryptorchid boys hav
ing normal SIT ratios at age 1.9 Low germ cell 
counts and tubule fertility indices on prepuber
tal biopsies at the time of orchiopexy correlate 
with subsequent abnormalities in semen pa
rameters, adult testicular volume, and reduced 
fertility.5,14 Studies demonstrated that 22% of 2-
year-olds with unilateral cryptorchidism had 
absence of germ cells in the ipsilateral testis, 
while the remainder demonstrated germinal at
rophy.21 Decrease in total germ cell counts be
gin at the age of 1 year.14 Impairment of germ 
cell maturation (frequency of Ad spermatogo
nia) and a decrease in germ cell counts corre
late with testicular position, with abdominal 
testes demonstrating the most significant 
impairment. 9,39 

Histologic studies of infants under the age of 
4 months demonstrate a significantly smaller 
proportion of cryptorchid testicles containing 
adult dark spermatogonia, but gonocyte counts 
remain higher than in the contralateral de
scended testis until 18 months,12-14 This may 
represent a block in the transformation of 
gonocytes to adult dark spermatogonia in the 
cryptorchid testis, and as the untransformed 
gonocytes start to degenerate after the sixth 
month of life, a decrease in the total germ count 
would not be evident until the second year.12,13 

Adult dark spermatogonia have been reported 
in only 31% of cryptorchid testes compared 
with 95% of controls by 3 months of age.12,14 
The second postnatal maturational step in 
germ cell development, transformation of adult 
dark spermatogonia to primary spermatocytes 
at the age of 3, has also been shown to be 
defective in cryptorchid boys,14,40 Testicular bi
opsies at the time of orchiopexy demonstrated 
presence of Ad spermatogonia in only 17% of 
cryptorchid testes compared with 64 % of de
scended contralateral testes, Spermatocytes 
were present in 20% to 27% of descended 
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testes, as compared with 0 to 0.6% of 
cryptorchid testes.14,39 

Gonocyte maturation has been thought to 
be dependent on hCG stimulation of intra
testicular testosterone levels, but mUllerian
inhibiting substance (MIS) is now believed to 
regulate the transformation of gonocytes to 
type-A spermatogonia.41,42 MIS peaks between 
4 and 12 months of age, coinciding with the 
timing of gonocyte transformation to type
A spermatogonia, but low levels of MIS 
have been documented in cryptorchid 
patients.41,43 

Effects on Sperm Nuclear Content 
and Organization 

Chromosomal abnormalities have been identi
fied in 14 % of cryptorchid infertile men, with 
sex chromosome aneuploidy accounting for 
half of these.44 The average DNA content of 
spermatogonia is significantly increased in crypt
orchid and contralateral descended testes 
in children with unilateral or bilateral cry tor
chidism.38 Hormonal stimulation during pu
berty results in a more pronounced increase 
in DNA content of adult cryptorchid men, 
and this finding is unaffected by orchiopexy.38 
The increased DNA content is not due to a 
high proliferative activity level, for autoradio
graphic studies demonstrate a decreased prolif
erative activity in cryptorchid testes.38 Bilateral 
decreases in DNA synthesis noted in germ 
cells of unilateral cryptorchid boys suggest an 
intrinsic nuclear anomaly in the cryptorchid 
spermatogonia that blocks completion of DNA 
replication or mitosis.38,45 This defect may 
account for the inability of spermatogonia to 
proliferate to spermatozoa and for the pre
disposition to malignant degeneration in 
cryptorchid testes and contralateral descended 
partners.38 

Cryptorchidism results in a high degree of 
sperm nuclear instability because of a defect in 
histone replacement by protamines.33 Somatic 
histones are normally replaced by protamines, 
basic sperm-specific nucleoproteins, during 
transformation of round spermatids into 
spermatozoa.33 Stable condensation of the 
nucleoprotein complex relies on the formation 
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of cross-linking disulfide bridges and inter
chelation of zinc into the chromatin during 
epididymal transit.33 Chromatin condensation 
is required for successful oocyte penetration?3 
The adverse effects of cryptorchidism on this 
process are not altered by early orchiopexy or 
prevention of testicular atrophy by orchiopexy, 
and orchiectomy does not protect the contralat
eral testis from these alterations?3 These 
findings are supported by evidence that sperm 
chromatin from cryptorchid patients is more 
susceptible to in situ denaturation.46 

Effects on Sertoli Cell Function 

Sertoli cell vacuolation and dilatation have 
been noted in 2-year-old boys.47 Numerous free 
ribosomes are evident in a fibrotic cytoplasm by 
ages 3 to 8.45 There is no evidence of differences 
in DNA content in Sertoli cells.38 Significant 
reductions in the number of Sertoli cells are 
evident at puberty, correlating to a higher ana
tomical testicular position.9 

The Sertoli cell type Sf is thought to produce 
mUllerian-inhibiting substance, which itself 
may playa crucial role in testicular descent.6 

Absence of Sf cells has been demonstrated 
as early as 2 weeks postnatally in the cryptor
chid testis.6 Other cryptorchid-induced alter~ 
ations in the Sertoli cell include incomplete 
maturation at puberty, increase in lipid drop
lets, dilation of the smooth endoplasmic reticu
lum, and abnormal inter-Sertoli cell junctional 
complexes.48 

Alterations and reduction in androgen bind
ing protein may affect both the cryptorchid and 
contralateral descended testes.6,48 Androgen
binding protein (ABP) production is bidirec
tional, secreted across the apical surface into 
the tubular lumen and across the basal surface 
of the Sertoli cell into the testicular fluid where 
it is transported into the systemic circulation.49 
Impairment of ABP secretion at both locations 
has been demonstrated in the primary and sec
ondary cryptorchid animal models.49 

Effects on Leydig Cell Function 

Testosterone levels in the blood of the cord and 
in peripheral circulation of cryptorchid new-
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borns are comparable to those in normal in
fants;28 Testosterone levels fall postnatally 
because of declining levels of maternal hCG 
then rise to 2 to 3 nglml during the second 
and third months of life in response to LH 
stimulation.9,28 These changes correlate with a 
peak in fetal Leydig cell/tubule ratio at 3 to 4 
months? 

Between the ages of 3 and 8 years in boys 
with cryptorchidism, collagen proliferation in 
the interstitium of the testis is significantly in
creased and disorderly, with thickening of the 
tunica propria. From ages 9 to 13, increased 
basement membrane thickening and Leydig 
cell atrophy, degeneration, and lack of differ
entiation and maturation are evident.4s Elec
tron microscopy has demonstrated decreased 
Leydig cell number and Leydig cell atrophy 
with irregular nuclei, diminished mitochondria, 
and smooth endoplasmic reticulum.28,so 

There is an attenuation in this rise in tes
tosterone in unilateral and bilateral cryptorchid 
boys to 50% of the levels attained in normal 
infants, unless spontaneous descent occurs 
within the first 4 months of life.28 Leydig celli 
tubule ratio peaks are lower and occur earlier.2 
Gonadotropin-releasing hormone (GnRH) 
stimulation tests demonstrate diminished re
lease of LH in prepubertal cryptorchid boys.28,S! 
Leydig cell stimulation tests using parenteral 
hCG demonstrate a normal tenfold increase in 
basal testosterone secretion.28 These findings 
suggest that a defect in the hypothalamic
pituitary axis may result in an early hypo an
drogenic state in cryptorchid infants. Small fe
tal Leydig cells with decreased cytoplasm and 
small irregular nuclei are found in cryptorchid 
infants under the age of 4 months, suggesting 
understimulation of the Leydig cells.13 Hypo
plasia of the Leydig cells is evident from the 
first month of life, representing the earliest 
postnatal histologic abnormality in the cryptor
chid testis.!2 This early, transient hypogonadism 
may be the cause of the subsequent germinal 
deterioration. 

Other clinical and experimental evidence 
suggests normal basal LH levels in cryptorchid 
infants, pointing to a primary Leydig cell dys
function as a cause of lowered testosterone 
secretion.28 Leydig cell dysfunction may be 
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secondary to disruption of paracrine interac
tions with the damaged seminiferous tubules or 
with the Sertoli cell. There may be decreased 
activity in the heat-sensitive enzymes AS 
3~- and 17~-hydroxysteroid dehydrogenase, 
responsible for the conversion of dehydroepi
androsterone to testosterone.28 

Androgen levels (testosterone, dihydro
testosterone, androstenedione, dihydroepian
drosterone) are normal at age 6 years and 
remain normal through puberty and adult
hood.28 Reports on Leydig cell response to hCG 
stimulation are variable, possibly due to differ
ences in dosage of hCG, timing of administra
tion, and timing of androgen measurement. 
Ideally, androgen levels should be measured 72 
to 120 hours after hCG administration, and 
doses should be adjusted for body size. The 
Leydig cell response to hCG stimulation may 
be blunted and remain blunted in the early 
stage of puberty (Tanner stage 2), normalizing 
by midpuberty.28 This suggests a defect in the 
hypothalamic-pituitary axis that leads to insuf
ficient preparation of the Leydig cell to respond 
to hCG stimulation tests. 

Reports on androgen function in the adult 
population are more controversial. Reported 
incidence of decreased plasma androgen and 
seminal acid phosphatase levels ranges from 
4% to 100%, and histologic evidence of dam
age ranges from none to multivacuolated 
Leydig cells with large lipid droplets in 50% of 
the cell population to Leydig cell hyperplasia.28 
Leydig cell hyperplasia has been demonstrated 
in both the undescended and the scrotal testes 
of unilateral cryptorchid postpubertal men.S! 
Cryptorchid patients do not demonstrate clini
cal signs of hypogonadism (normal secondary 
male hair distribution, libido, potency), indicat
ing that a peripheral androgen deficit does not 
exist, even though a high intratesticular andro
gen concentration may not be maintained.28 

Elevated Testicular 
Temperature Theory 

Most mammals, with the exception of elephants 
and whales, have a scrotum that maintains a 
testicular temperature 4.8°C lower than the 
core body temperature? Detrimental effects of 
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hyperthermia on semen quality and fertility 
have been demonstrated experimentally by 
increasing testicular temperature (applied 
heat, testicular insulation, electromagnetic or 
ultrasound exposure, modified athletic support
ers), and clinically by pathophysiologic asso
ciations with cryptorchidism and varicocele.25 

External ice application to the scrotum has 
improved sperm production in men with 
0ligospermia.25 

Measurements of testicular temperature at 
the time of orchiopexy in prepubertal boys 
have demonstrated significantly higher tem
peratures in the cryptorchid testis (34.4°q 
when compared with the contralateral de
scended testis (33.2°q, and this temperature 
declined through the inguinal canal down to the 
scrotum.52 

Studies have shown that among infertile men 
with a history of cryptorchidism, 45 % had 
scrotal hyperthermia following orchiopexy 
(>35.2°q, and this was associated with more 
severe impairment of spermatogenesis and a 
greater degree of testicular atrophy than 
cryptorchid infertile men with normal scrotal 
temperature.20 Patients with right-sided crypt
orchidism were more likely to have contralat
eral scrotal hyperthermia, and this was 
associated with a higher incidence of contralat
eral testicular volume loss than in patients 
with left-sided cryptorchidism.20 High location 
of the testis was a risk factor for scrotal 
hyperthermia. 

Chilling of the congenital intra abdominal 
cryptorchid testis in the boar by use of a cooling 
coil around the testicle demonstrated normal 
development and differentiation of the germi
nal epithelium, indicating that increased tes
ticular temperature rather than congenital 
defect results in progressive failure of sper
matogenesis.25 

Autoimmunization Theory 

Some researchers suggest that the prepubertal 
human testis does not contain antigenic germ 
cell components, thus making an autoimmune 
cause of cryptorchid-induced testicular damage 
unlikely. After puberty, according to this 
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theory, testicular hyperthermia may damage 
the blood-testis barrier, facilitating the passage 
of immunoreactive cells. However, others have 
demonstrated antisperm antibodies in 21 % 
of boys with testicular pathology, including 
cryptorchidism, varicocele, testicular torsion, 
inguinal hernia, and trauma. 53 By use of an indi
rect immunobead assay, antisperm antibodies 
have been noted preoperatively in 25% of pre
pubertal boys (mean age 2.8 years) undergoing 
orchiopexy, 40% of boys undergoing her
niorraphy, and 50% of boys undergoing hypo
spadias repair, compared with 4% of controls.54 

This suggests that the prepubertal testis may 
contain antigenic germ cell components, al
though it is unknown whether adult sperm 
share the antigenic epitopes expressed on the 
prepubertal germ cells. Cryptorchidism, in
guinal hernia, and hypospadias may therefore 
be manifestations of a common hormonal ab
normality that also causes a delayed maturation 
or incomplete formation of the blood-testis 
barrier. 

Antisperm antibodies in serum and seminal 
fluid have been demonstrated by use of 
macroagglutination tests, immobilization tests, 
and indirect immunobead assays in 66% of 
cryptorchid infertile patients, compared with 
3% in infertile patients without a history of 
cryptorchidism and 3 % in patients with proven 
fertility.24,54 Progressive sperm motility was sig
nificantly diminished and the degree of sperm 
agglutination was significantly higher in pa
tients who tested positive for antisperm anti
bodies, indicating that they may contribute 
to reduced fertility. Immobilizing antibodies 
were more common (57%) than agglutinating 
antibodies (14%), with the sperm midpiece 
being the most common immunoglobulin 
binding site (73 %). Patients who developed 
antisperm antibodies had undergone orchi
opexy after puberty (mean age 14.2 years), un
like the younger patients who did not develop 
antisperm antibodies (mean age 8.6 years). 
This supports the theory that the prepubertal 
testis may lack antigenic properties. Reports 
on antisperm antibodies in cryptorchid 
adults demonstrate positive findings in 13 % to 
55%.44 
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Epididymal Anatomical 
Abnormalities 

Epididymal anomalies are commonly associ
ated with cryptorchidism and should be consid
ered when predicting the prognosis for fertility 
and when evaluating results following interven
tion, as subfertility may result from defective 
sperm transport despite preservation of the 
germinal epithelium by early orchiopexy. Some 
consider the epididymis to be the key factor in 
testicular descent, as the gubernaculum actu
ally inserts into the epididymis, with the testicle 
being carried passively into the scrotum due to 
its epididymal attachments.2 Epididymal abnor
malities may be categorized as anomalies of 
ductal fusion (65%) and anomalies of ductal 
suspension (35% ).55 Epididymal abnormalities 
ranging from complete absence of the epididy
mis to abnormal attachment of the body of the 
epididymis occur in 36% to 87% of cryptorchid 
testes, while only 19% of the descended part
ners have coexisting epididymal abnormali
ties.1O,21.55 If a looped epididymis is considered 
normal (seen in 84% of descended testes), then 
epididymal abnormalities occur in only 17% to 
21 % of cryptorchid testes.2 

Flimsy attachment of the caput epididymis to 
the testis is the most common anomaly.55 The 
incidence of epididymal abnormalities is great
est if the testis is undescended with a complete 
hernia sac (75 %), rather than ectopic (29%) 
or undescended with an incomplete hernia 
sac (16%).21 The degree of epididymal 
dysmorphism corresponds to higher testicular 
position? 

A patent process vaginalis (concomitant in
guinal hernia) is present in 50% to 89% of pa
tients.5.7.8 Epididymal dissociation is present in 
78% to 90% of the cases with an open 
processus vaginalis, compared with 38% with a 
closed processus. 10,56 A spermatogonia-per
tubule index of 0 to 0.2 in 62% of these prepu
bertal patients suggests a more severe form 
of cryptorchidism, indicating that a patent 
processus vaginalis may be a poor prognostica
tor of future fertility.56 Absence of spermato
gonia was noted in 42% of these patients. 
Some suggest empiric postoperative therapy 
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with a luteinizing hormone-releasing hor
mone (LHRH)-analogue (buserelin) in these 
patients.56 

Experimental Effects on 
Epididymal Function 

The normal loop configuration of the epididy
mis positions the cauda epididymis, the site of 
sperm storage, in a significantly cooler position 
than the adjacent testis.57 An experimental 
cryptepididymal state can be created where the 
epididymis is positioned in the abdominal cav
ity while remaining attached to a normally 
functioning scrotal testis. 57 Epithelial function 
and subsequent spermatozoal maturation in the 
caput and corpus epididymis remain normal. 
Elevation of the cauda epididymis into the ab
domen results in an immediate suppression of 
the sperm storage capacity of this structure, as 
reductions in length and diameter of the epi
didymal ducts in this segment result in an inap
propriately rapid transit of spermatozoa.57 

Disruption of the cauda epithelium's water and 
ion transport mechanisms and protein synthesis 
patterns results in alterations in the composi
tion of the cauda fluid. These changes are re
flected by an increase in abnormal sperm 
morphology and a decrease in sperm motility. 
A cryptepididymal state may also affect the ca
pacitation characteristics of the spermatozoa. 
These changes in cauda epithelium capacity 
and function can be reversed with return to a 
scrotal position, with subsequent improvement 
in sperm density and motility.57 

Secondary Cryptorchidism 

Secondary cryptorchidism may occur following 
inguinal herniorraphy, and even though studies 
suggest that significant loss of germinal epithe
lium occurs after 5 years of entrapment, fertility 
is minimally affected, probably due to the pres
ence of a normal contralateral testis.58 The 
number of spermatogonia per tubule is higher 
in boys with secondary cryptorchidism than in 
those with primary cryptorchidism, probably 
because normal transformation of gonocytes 
to spermatogonia occurs in the secondary 
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cryptorchid testis during the first months of 
life.58 Collagenization of the peritubular con
nective tissue occurs. Semen analyses following 
orchiopexy of a secondary cryptorchid testis 
are significantly better than following primary 
cryptorchidism. 58 

Management Considerations 
Affecting Fertility Outcome 

Age of Repair 

A contemporary trend toward early interven
tion may improve subsequent fertility, but re
sults from this approach are not yet available. 
Spontaneous descent of undescended testes oc
curs by 3 months of age.2 Testicular volume loss 
is demonstrable by 6 months of age.2 Currently, 
orchiopexy prior to the age of 2 years is ac
cepted, but early intervention within the first 6 
months of life may be needed and is commonly 
recommended.5,8 Orchiopexy in the infant may 
be facilitated by a shorter inguinal canal and a 
comparatively larger vas deferens and scrotal 
sac. 

Histologic studies support early intervention. 
Leydig cell and germ cell atrophy have been 
observed in l-year-old boYS.59,60 In severe forms 
of cryptorchidism, spermatogonia-per-tubule 
indices (fertility index) are normal under the 
age of 1, but 62% of boys ranging from ages 1 to 
7 years demonstrated decreased indices, and 
42% demonstrated absence of spermatogonia, 
indicating that the testis is susceptible to dam
age during the early years of childhood.1O,56 In 
contrast, one study reports no significant rela
tionship between tubular fertility index or tu
bular diameter and time of surgery, refuting the 
dictum that progressive deterioration occurs in 
the malpositioned testis.7 However, a normal 
TFI was noted in cryptorchid patients at the age 
of 1.7 The importance of differential germ cell 
counts (gonocyte, adult dark spermatogonia, 
primary spermatocyte) has been emphasized, 
as blockage of transformation of gonocytes into 
adult dark spermatogonia would not be eVident 
on total germ cell count until age 2, even 
though the defect occurs at the age of 2 
months.14 
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Paternity rates following prepubertal ther
apy are 65% to 80% for unilateral crypt
orchidism and 50% to 60% for bilateral 
cryptorchidism.4 Paternity rates following 
orchiopexy may be inversely related to the age 
at' surgery, although orchiopexy in older pa
tients may be of benefit in the presence of 
azoospermia if normal sized testes are palpated 
in the inguinal canal. 61 

Adults with nonpalpable testes should un
dergo exploration and orchiectomy if under the 
age of 50 years, but the risk of exploration may 
outweigh the benefit of prevention of testicular 
malignancy in men over the age of 32? 

Hormonal Manipulation 

Early studies using hCG stimulation reported 
testicular descent in 47% of inguinal testes and 
20% of intraabdominal testes, with response 
rates increasing with age possibly due to an age
related increment in Leydig cells.9,62 Children 
younger than 2 years show a poor response to 
hCG stimulation.6.63 Native and synthetic 
LHRH analogues have been reported from 
European centers but are unavailable in the 
Vnited States. Intranasal administration of 
LHRH results in 1 % to 2% of the dose reach
ing the systemic circulation.62 Testicular de
scent in response to LHRH ranges from 22 % to 
60%, with 80% success if combinations of hCG 
and LHRH analogues were used.9 The premise 
for combination therapy is' that LHRH
stimulated increases in LH result in develop
ment of a larger population of juvenile Leydig 
cells for hCG to act on. Relapse rates have been 
reported as 15% at 6 months and 23% at 2 
years.9 

The criticisms of the above studies were 
addressed in randomized, blinded, placebo
controlled studies that documented the ef
fectiveness of LHRH -analogue therapy in 
stimulating testicular descent in prepubertal 
boys, using intranasal buserelin (20mg per day, 
28 days) in combination with hCG (1500 IV 
intramuscular once a week for 3 weeks ).10,39 
Success in stimulation of testicular descent for 
single agents, busereIin (28%) and hCG (10%), 
was surpassed with combination of both agents 
(38%). However, fewer patients treated with 
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buserelin in this study had intraabdominal 
testes (8%) as compared with those treated 
with placebo or orchiopexy (16% and 14% 
respectively). Also, orchiopexy was avoided 
in only 20% of the patients treated with 
buserelin, 9% of the patients treated with 
HeG, and 32% of the patients treated 
with both medications.39 

Independent studies support these findings, 
with testicular descent and improved germ cell 
quality being induced with LHRH (1.2mg per 
day, 28 days) in 11% and combination of 
LHRH and heG (500 IV 3 X/week, 3 weeks) in 
38%.64 Similar studies report that the successful 
testicular descent with GnRH treatment (O~ 
8 %) and heG (14%) was no better than with 
placebo controls (3-9%), suggesting that hor
monal therapy is useless for undescended tes
tes.62,63,65 In addition, relapse rates are high, for 
62 % of testicles that descend after LHRH and 
44 % that descend with combination therapy 
will reascend after 7 years of follow-up.2 

The gliding testis may represent the best 
candidate for hormonal treatment of malde
scent. Hormonal stimulation may help identify 
the retractile testis that can be managed 
nonoperatively. Testicular descent in response 
to hormonal therapy may have positive prog
nostic implications on subsequent fertility, as 
response to hormonal stimulation correlates 
with higher germ cell counts and more normal 
epididymal development.2,1O,2! Evaluation of 
fertility following hormonal therapy with heG 
has suggested no significant difference com
pared with primary orchiopexy.62 Fertility rates 
are higher for patients cured with heG therapy 
(74%) as compared with those undergoing 
orchiopexy, due to unresponsiveness to heG 
(51 %), although some of the responders may 
represent retractile testes.62 

Preoperative bus ere lin has been reported to 
stimulate significant increases in vas deferens 
and spermatic cord length and vascularity, re
sulting in lower orchiectomy rates at the time of 
orchiopexy (5%) than in patients who did not 
receive preoperative buserelin (17% ).10,62 HeG 
therapy (3000 IV 2X/week for 4 weeks) may 
help identify the presence and position of the 
nonpalpable testis and increase the vascular 
distribution, resulting in a more lax vascular 
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supply.2,66 These changes may obviate the need 
for a Fowler-Stephens procedure. 

Buserelin may have additional benefits in 
stimulating testicular and epididymal matura
tion. A closed processus vaginalis and normal 
epididymal morphology were more frequently 
observed if buserelin succeeded in stimulating 
testicular descent (73% and 63%, respectively), 
as compared with patients treated primarily 
with orchiopexy (5% and 10%, respectively).tO 
Hormonal therapy is postulated to stimulate 
testosterone secretion, inducing epididymal de
velopment. tO A patent processus vaginalis after 
hormonal therapy indicates a severe form 
of cryptorchidism, with 90% having epididy
mal abnormalities, and 42 % demonstrating 
azoospermia.56 

Buserelin also resulted in a higher number 
and better maturation index of germ cells.39 
Normal germ cell counts were noted in 82% of 
patients treated with buserelin as compared 
with 48% of those treated with placebo or pri
mary orchiopexy.39 HeG did not demonstrate 
an additional effect on germ cell number or 
maturation.39 These changes in germ cell counts 
are stable beyond 6 months after discon
tinuation of therapy.2 LHRH stimulation re
sulted also in an increase in Leydig cell size and 
endoplasmic reticulum.6 

If an early transient hypogonadotropic 
hypogonadism accounts for inhibition of gono
cyte transformation and subsequent germinal 
atrophy, early hormonal replacement during 
the first 60 to 90 days of life may be needed to 
protect the fertility potential of cryptorchid 
patients. Stimulation of the transformations 
of the gonocyte to adult dark spermatogonia 
(age 2 to 3 months) and the adult dark sper
matogonia to primary spermatocytes (age 3) 
may require supplementation with exogenous 
gonadotropins.12,4o 

Role of Laparoscopy 

Laparoscopy is the most sensitive and specific 
localizing test for the nonpalpable testis, with 
an accuracy of 88% to 100%.2 Laparoscopy, 
used in the presence of an impalpable testis, 
will be diagnostic in 50% to 81 % of the cases 
when an intraabdominal testis is present (9-
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77%, pooled data 36%) or blind-ending sper
matic vessels above the internal inguinal ring 
are identified (6-86%, pooled data 44%)?,17,67 
The wide variation in results reported in differ
ent studies can be accounted for by patient 
selection-primarily the mean age studied, per
centage of bilateral cryptorchidism, and the 
percentage of patients pretreated by hormonal 
manipulation. Absence of a testis is most com
mon in a unilaterally impalpable testis in a pa
tient preselected by preoperative heG or 
LHRH -analogue therapy. 

Laparoscopy is diagnostic in 48% to 75% of 
bilateral cryptorchid patients (13-17% blind
ending vessels and 35-58% intraabdominal tes
tis) compared with 43 % to 53 % of unilateral 
cryptorchid patients (27-34% blind-ending ves
sels, 16-19% intraabdominal testis).17,67 An ar
gument could be supported favoring initial 
inguinal exploration in patients with unilateral 
cryptorchidism, followed by laparoscopy if the 
pathology is not identified. 

Laparoscopy can also be used therapeutically 
to perform one-stage orchiopexy or to clip liga
tion of the spermatic vessels as a first stage of a 
Fowler-Stephens procedure or orchiectomy. 

Orchiopexy Technique 

Extensive mobilization of the vas deferens may 
exert an adverse effect on fertility. Depletion of 
germ cells with shedding of germinal epithe
lium and arrest of spermatogenesis propor
tional to the degree of mobilization has been 
demonstrated in experimental models.68 Addi
tionally, denervation of the adrenergic supply 
to the vas deferens may result in a functional 
obstruction of sperm transport not related to 
anatomical obstruction of the vas deferens 
or ischemia of the testis, epididymis, or vas 
deferens.68 

Suture fixation of the testis through the tu
nica albuginea may stimulate secondary testicu
lar atrophy due to severe inflammatory changes 
and granulomatous reactions elicited by the 
suture.69-71 A nonsutured dartos pouch provides 
adequate fixation with circumferential adher
ence, as well as preservation of normal sper
matogenesis (94 %) and minimal focal tubular 
atrophy (23%).70 If suture fixation is deemed 
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necessary, the least reactive sutures are syn
thetic monofilaments, such as nylon and 
polypropylene.71 A consensus exists that if su
ture fixation is performed it should be through 
the tunica vaginalis rather than the tunica 
albuginea, with suture preference ranging from 
chromic to Vicryl to permanent.2 

Microvascular and radiographic studies 
demonstrate the absence of adequate col
lateralization to perform a Fowler-Stephens 
orchiopexy in 13% of cases.6 Testicular 
autotransplantation may improve results in a 
patient with a high undescended testis that 
may have inadequate collateral blood supply 
for a traditional Fowler-Stephens proce
dure.2,70 Success rates after microvascular 
autotransplantation exceed 80%, compared 
with 50% to 80% for the conventional Fowler
Stephens procedure? The testicular vessels are 
ligated near their origins, the testis mobilized 
on a wide strip of peritoneum, and a subdartos 
orchiopexy performed. An end-to-end mi
crovascular anastomosis is then performed be
tween the inferior epigastric vessels and the 
testicular vessels.72 Palpable testes have been 
demonstrated in 96% of these patients, com
pared with an average reported success rate of 
73% for a traditional Fowler-Stephens proce
dure. Histologic studies demonstrate Leydig 
cell development and preservation of germinal 
epithelium and tubular diameter with this 
technique.72 

If the testis cannot be positioned in the scro
tum at the time of orchiopexy, it can be 
wrapped in Silastic mesh for reexploration in 1 
year, which will usually allow advancement into 
the scrotum.9 If blind-ending vessels are en
countered in the inguinal canal, the remnant 
nubbin should be excised, for viable germ cell 
tissue will be present in 6% to 13%.2 

Results with Medical Management of 
Oligospermia in Cryptorchid Patients 

Few studies compare the results of empiric 
medical therapy of oligospermia based on 
cause within subsets of patients. One phar
macologic intervention studied is gonadotropin 
supplementation in patients with idiopathic 
hypogonadotropic hypogonadism (IHH). In 
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clinical applications, human menopausal gona
dotropin (hMG) simulates the biologic role of 
FSH, and heG simulates the biologic role of 
LH. 

Finkel et af3 demonstrated that hCG alone 
was effective in treating oligospermia in men 
with postpubertal onset of IHH. The addition 
of hMG was required to improve sperm count 
in prepubertal IHH, but this combination 
therapy was not efficacious if a history of 
cryptorchidism existed. Cryptorchidism de
creased the response rate to 17%.74 Testicular 
response to hMG and hCG is attenuated in 
postpubertal IHH patients with a history of 
cryptorchidism, as evidenced by decreased im
provement in testicular volume and spermato
genesis when compared with IHH patients 
without a history of cryptorchidism.73 An initial 
testicular volume of less than 4 ml is a poor 
prognostic indicator of initiation of spermato
genesis with hormonal stimulation.75 Other 
studies have demonstrated that spermatogen
esis was stimulated in four of five men with 
oligospermia associated with cryptorchidism 
with the use of subcutaneous hMG (37.5IU 
twice daily) and intramuscular hCG (5000-
10,000 IU weekly, dose titrated to serum tes
tosterone).76 Pregnancies resulted from this 
therapy. 

Conclusion 

Outcome analysis following surgery or hor
monal manipulation is clouded, because the 
cryptorchid testis may be a dysgenetic organ 
and inherent defects may be irreversible. Also, 
abnormalities in epididymal structure and func
tion may lead to subfertility even in the pres
ence of adequate spermatogenesis. The only 
certainty is that the postpubertal cryptorchid 
testis will not produce sperm. Until more is 
known about the pathogenesis and optimal 
management of this condition, hormonal stimu
lation of spermatogenesis and assisted repro
ductive technology will continue their roles in 
the management of infertility. 

Preservation of fertility relies on early 
orchiopexy, possibly with adjuvant hormonal 
stimulation, especially in cases of maturational 
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delay of the testis and epididymis. Early 
hormonal stimulation to induce transforma
tions of the gonocyte to adult dark spermatogo
nia to the primary spermatocyte may be 
necessary between the third month and third 
year of life. The key to increased knowledge of 
cryptorchidism is a long-term, critical evalua
tion of today's children who are undergoing 
early orchiopexy and hormonal stimulation. 
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The Effects of Testicular Torsion 
on Fertility 
Manoj Monga and Wayne J.O. Hellstrom 

Testicular torsion occurs primarily in either the 
neonatal or the adolescent period of life. The 
yearly incidence of testicular torsion in men 
under 25 years of age is 1 in 4000, but the over
all risk of developing a testicular torsion by age 
25 is 1 in 160. Because the overall risk is so high, 
the potential to impact the fertility of many 
young men is greatY Neonatal torsion, which 
accounts for only 17% of testicular torsion, in
volves torsion of the testicle and surrounding 
tunica vaginalis (extravaginal torsion) and will 
not be discussed further in this chapter. In the 
intravaginal (postnatal) form of testicular tor
sion, the mechanism of injury involves contrac
tion of the cremasteric fibers, which causes a 
rotatory force on the testicle around the axis 
of the spermatic cord while surrounded by a 
high-inserting tunica vaginalisY This condition 
more commonly involves the left testicle.4 The 
two peak incidences for intravaginal testicular 
torsion are ages 1 to 5 and 11 to 15.4 Seasonal 
variations in occurrence of torsion favor the 
colder months.4,s 

Testicular torsion is a true urologic emer
gency, requiring prompt diagnosis and surgical 
intervention. Testicular torsion, or torsion of 
the spermatic cord, causes compression of 
the spermatic vessels and impairs testicular 
blood flow. Preservation of testicular function 
requires timely detorsion and orchiopexy, 
Numerous clinical studies and animal investiga
tions have attempted to elucidate the patho
genesis of testicular injury and long-term 
testicular dysfunction following testicular tor
sion, but the treatment of testicUlar torsion has 
remained relatively unchanged. 

The standard of care dictates detorsion and 
contralateral orchiopexy within 6 hours of on
set of symptoms, with orchiectomy if the tes
ticle appears nonviable. Viability of the testicle 
is assessed by gross appearance or by demon
stration of perfusion by incising the tunica 
albugineaY Detorsion within 6 to 10 hours in
creases the chance of salvage but does not 
guarantee preservation of function.6 Testicular 
injury may result from hypoxia during torsion 
or reperfusion injury following detorsion.6 

Recent advances in imaging studies have 
improved early diagnosis and management of 
testicular torsion. The nuclear testicular scan 
remains the best preoperative test, with an ac
curacy of 88% or greater in diagnosing torsion.3 

Color-flow Doppler imaging can be equally 
successful in detecting absent perfusion (540° 
torsion) and even more sensitive in detecting 
reduced testicular flow due to a lesser degree 
of twisting (360° torsion).7 Doppler contrast 
agents and power Doppler technology can im
prove the accuracy of this test.7 

Despite prompt management, testicular tor
sion remains a known risk factor for infertility. 
This places testicular torsion in the cauldron of 
unilateral pathologies that mysteriously cause 
detriment to the contralateral testicle and 
lead to impaired spermatogenesis. Decreased 
sperm concentrations and increased follicle
stimulating hormone (FSH) levels have been 
demonstrated in men with loss of one testicle 
because of cryptorchidism, torsion, testicular 
cancer, or iatrogenic injury during herniorra
phy, with no significant differences between 
groups based on etiology.s 
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Clinical Studies 

Clinical studies of testicular torsion have evalu
ated atrophy rates, fertility rates, histologic 
characteristics of the ipsilateral and contralat
eral testes, and evidence supporting an autoim
mune phenomenon. Most studies agree that 
prepubertal men who experience torsion pre
serve fertility regardless of treatment modality, 
but postpubertal men are at greater risk for 
subsequent infertility, a risk correlated with 
duration of torsion.9,l0 Many studies combine 
prepubertal and postpubertal populations, 
which can produce variable results. Addition
ally, definitions of testicular atrophy and nor
mal semen parameters may vary.ll Histologic 
studies also vary in grading systems and tech
niques, with evaluations of semisections pro
viding better testicular morphologic detail 
than paraffin embedment.12,13 Some dysplastic 
lesions require ultrastructural histologic tech
niques, such as electron microscopy or semi
thin sectioning, for visualization.14 

Testicular Atrophy 

The rate of secondary testicular atrophy follow
ing detorsion and orchiopexy may be as high 
as 68%.15 A positive correlation between dura
tion of torsion and percentage of atrophy has 
been demonstrated, because treatment delayed 
longer than 8 hours significantly increases the 
risk of testicular atrophy.l1,16 Long-term follow
up studies indicate a significant secondary atro
phy rate if the duration of torsion exceeds 24 
hours.17 Torsion of less than 3600 for up to 12 
hours' duration is better tolerated.17 

Subfertility 

The effect of testicular torsion on spermatogen
esis was first documented in 1978 by Krarup,15 
who found a normal semen analysis on follow
up in only 1 of 19 patients. Up to 50% to 87% of 
men may experience abnormalities on semen 
analysis following unilateral torsion.14,16,18,19 
Abnormalities on semen analysis at long-term 
follow-up may include oligospermia (35-57% 
of patients), asthenospermia (53-56%), and 
abnormal morphology (39-69% ).8,14,20,21 Dimin-
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ished paternity rates following unilateral tes
ticular torsion have also been reported.18,21 

Following testicular torsion, elevated lutein
izing hormone (LH) and FSH levels may be 
present in subfertile men.10,l1,16,19,22 Anderson 
et a122,23 found elevated FSH levels in 40% 
of patients with oligozoospermia. A supra
normal response of FSH to human chorionic 
gonadotropin (HCG) stimulation has been 
seen in patients following unilateral testicular 
torsion. lO,18,21,23,24 This response correlates with 
the degree of oligospermia and reflects the 
abnormal spermatogenesis present in these 
patients. 

Duration of torsion may correlate with the 
degree of abnormalities found on semen analy
sis and hormonal analysis, and fertility may be 
preserved in patients with early detorsion when 
compared with those who present late and 
require orchiectomy.lO,l1,15,18 FSH levels were 
elevated in 22 % of patients who underwent 
detorsion and orchiopexy, compared with 71 % 
with delayed diagnosis and orchiectomy.lO 
Other reports, however, have indicated no su
periority in semen parameters of patients who 
underwent early detorsion and orchiopexy, and 
in the preservation of normal semen analyses 
for those who presented late and underwent 
orchiectomy.16,21,23 Some reports dispute the 
deleterious effects of torsion on spermatogen
esis and fertility.9 

Histologic Examination 

Nistal et af5 evaluated 109 biopsy and orchiec
tomy specimens from the acutely torsed tes
ticles of postpubertal males and found that 
primary lesions, such as focal hyposper
matogenesis, intra tubular calcification, and 
Sertoli-cell-only tubules, were superimposed 
on lesions secondary to anoxia in only 14 %. 

Horica et al26 reported preexisting testicular 
abnormalities in the contralateral testis of 7 of 
7 patients with acute testicular torsion, and 
suggested these may represent congenital dys
plasia or damage from recurrent intermittent 
testicular torsion. Hadziselimovic et al13 

reported preexisting testicular abnormalities 
ranging from abnormal spermatogenesis to 
Sertoli-cell-only syndrome in 53% of the con-
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tralateral testis by biopsy at time of unilateral 
torsion. In this report, the ratio of spermatogo
nia to seminiferous tubule was reduced in pre
pubertal boys, and in postpubertal. ~e~ the 
number of late spermatids was dllllinIshed. 
Anderson et ae2,23 reported similar preexisting 
abnormalities in the contralateral testis of 57% 
to 65% of patients, finding evidence of partial 
maturation arrest in spermatogenesis (mainly 
in the late spermatid stage), which correlated 
well with subsequent oligospermia. All patients 
with normal contralateral histology had nor
mal sperm concentrations on follow-up. Laor 
et ae7 reported maturational arrest, germ cell 
degeneration, tubular hyalinization, immature 
tubules, and focal basement membrane thick
ening in the contralat~fal testicle of 60:0. of 
patients. Hagen et al reported preexIstmg 
congenital testicular dysplasia i~ 88% of c?n
tralateral testes biopsied at the tIme of torSIOn 
in 34 pubertal and postpubertal me~. Oth:r 
studies have reported contralateral hIStologIC 
abnormalities only if duration of torsion ex
ceeds 5 hours, suggestive of an acquired cause 
resulting from prolonged ipsilateral ischemia.28 

Dominguez et al12 evaluated testicular histol
ogy in the normal testis after prepubertal tes
ticular torsion caused subsequent atrophy of 
the affected testis. He noted in 62.5% of the 
patients a range of germinal hypoplas~a as 
graded by fertility tubular index; Sertoh cell 
index, and minimum tubular diameter. Al
though this study confirmed abnormal ~on
tralateral testicular histology, it is not pOSSIble 
to conclude whether these changes were a con
sequence of a congenital testicular dysgenesia 
or secondary to the effects of the contralateral 
torsion. 

Two explanations proposed for the above 
histologic findings are a preexisting congenital 
testicular dysplasia or an acquired testicular 
defect because of the cumulative effects of 
repeated episodes of ischemia induced by sub
acute torsion,z°,29 Both testes may be progres
sively damaged by recurrent transient torsion, 
because the anatomical abnormality of the high 
tunica vaginalis insertion that predisposes to 
torsion is bilateral in most patients, and one 
third of these patients have a history of previ
ous attacks of testicular pain.2,20 

325 

Autoimmunization 

The testis is an immunoprotected site, with 
multiple tight junctions between the Sertoli 
cells creating the blood-testis barrier that pro
tects the luminal compartment and the germi
nal epithelium. Disruption of this barrier by 
the ischemic trauma of testicular torsion may 
lead to autosensitization of sperm and testis 
antigens.20,30 

There is no strong evidence for induction of 
antisperm or antitesticular antibodies as the 
cause for subfertility or contralateral damage, 
for only 0% to 9% of patients have antisperm 
antibodies or sperm agglutinating and sperm
immobilizing activity in the seminal plasma or 
serum.1O,1l,14,20-23 In long-term follow-up of pa-
tients with nonviable testes not removed during 
prepubertal torsion, Puri et ae did nO.t do~u
ment any evidence of sperm autoantIbodIes. 
They concluded that for autoimmunity to oc
cur there must be prior exposure of the host
to-~perm antigens, which does not occur until 
the onset of spermatogenesis at puberty. Zan
chetta et al31 reported an incidence of anti
sperm or antitesticular antibodies of only 18% 
in patients after testicular torsion. Sperm agglu
tinating and sperm-immobilizing activity were 
found in 22 % of the sera from these patients. 

Thomas et ae2 reported antisperm or anti
testicular antibodies in eight of nine patients 
with torsion of greater than 6 hours' duration, 
and patients who underwent prompt or
chiopexy or orchiectomy did not develop 
autoantibodies. 

Experimental Models 

Contradictory findings may be related to differ
ences in qualitative evaluations and experimen
tal design.3 Variables include animal species 
and strain, age of sexual development, and 
degree and duration of the torsion as well as 
timing of detorsion, orchiectomy, and outcome 
evaluation. 

Animal Selection 

Becker and Turner33 demonstrated that ipsi
lateral damage to testicular endocrine and 
exocrine function following testicular torsion 
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requires a longer duration of ischemia to mani
fest in the prepubertal rat than in the adult 
counterpart. The effects of testicular torsion on 
the contralateral testicle may be different in 
preadolescent and adult animal models, and 
spermatogenesis in the prepubertal contralat
eral testicle may be more sensitive to the effects 
of ischemia than the postpubertal testicle.33 

Testicular torsion in the rat, guinea pig, 
mouse, hamster, dog, and rabbit has been 
studied.29 Even within species, there may be 
variability in the immunopathologic sequelae, 
based on the strain studied. For example, the 
Sprague-Dawley rat is considered a "low re
sponder" strain with regard to antisperm anti
body production. Using identical experimental 
designs, no evidence of antisperm antibody 
production or contralateral damage was identi
fied in the Sprague-Dawley rat, but significant 
antisperm antibody titers and decreased con
tralateral seminiferous tubular diameter were 
identified in the Lewis and brown Norway in
bred rat.29 

Experimental Technique 

Experimental torsion does not result in com
plete absence of testicular blood flow. Torsion 
of 7200 results in a reduction in testicular blood 
flow to 3% to 16% of control values, with varia
tion within and between species accounting for 
the range of values.6,34 This reduction in blood 
flow is highly variable, with up to 60% of ani
mals showing no change in intraparenchymal 
blood flow as evidenced by dynamic enhanced 
magnetic resonance imaging (MRI) scan.35 
Sonda36 demonstrated that torsion of 10800 to 
14400 resulted in necrosis within several hours, 
a turn of 3600 resulted in necrosis in 24 hours, 
and a half-turn of 1800 resulted in necrosis in 
only 50% of testes at 48 hours. Becker and 
Turner33 demonstrated no decrease in testis 
weight or daily sperm production in adult or 
prepubertal rats after 3600 torsion of 4 hours' 
duration. Other variables affecting degree of 
ischemia include length and thickness of the 
spermatic cord and arterial and venous occlu
sion pressure.35 

Toxic agents may be spread by way of the 
testicular circulation, because the effects on the 
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contralateral testis may be observed only after 
experimental torsion, not after simple ligation 
of the testicular artery.3? Ligation of the sper
matic cord may not allow for autosensitization 
to sperm and testicular antigens.9 This observa
tion is supported by clinical success with proce
dures that ligate the spermatic vessels, such as 
the Palomo procedure for varicocele repair and 
the Fowler-Stephens orchiopexy.38 

The surgical approach used may affect 
the ipsilateral or contralateral testicle. Becker 
and Turner33 recommend a low abdominal 
approach to create experimental torsion, as 
scrotal surgery may cause a generalized inflam
matory reaction that could affect the contralat
eral testis. 

Limitations 

Experimental models are limited in how closely 
they can approximate the clinical entity. They 
cannot account for subclinical insults to the ip
silateral and contralateral testes that may occur 
prior to the clinical presentation as an acute 
torsion, because preexisting acquired or con
genital abnormalities in ipsilateral or con
tralateral testes that are predisposed to torsion 
would not be present in the experimental 
model. 

Effects on Spermatogenesis 

Preadolescent Animal Models 

Ipsilateral and Contralateral Effects 

Blank et ae9 demonstrated preservation of 
ipsilateral tubular and germinal cell architec
ture after a 6-hour torsion in the prepubertal 
rat; however, a 12-hour torsion resulted in 
significant degeneration. Costentino et a14O--42 

demonstrated, histologically, a significant con
tralateral effect of ipsilateral testicular torsion 
in prepubertal rats (age 35 to 50 days), with 
significant effects on fertility, but only if the 
torsed testis was left untreated for 9 to 12 hours, 
suggesting that immunologic phenomena may 
account for the contralateral effect. Following 
testicular torsion with no intervention in prepu
bertal rats, Kamada et al43 demonstrated de-
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creased contralateral mean seminiferous tubu
lar diameter, decreased percentage of haploid 
cells by flow cytometric DNA analysis, and de
creased fertility rates. Becker and Turner33 did 
not note any detrimental effects on the con
tralateral prepubertal testis after a 4-hour tor
sion, and they demonstrated that the ipsilateral 
prepubertal testis may be more refractory to 
short periods of ischemia (1 hour or less); how
ever, after 2-hour and 4-hour torsion, testicular 
damage was similar to that seen in the adult rat 
model. 

Autoimmunization 

Other studies of detorsion suggest there is no 
increased immunoactivity in the contralateral 
testis and no contralateral tubular damage. 
Normal contralateral testicular development, 
normal spermatogenesis, and fertility were 
noted after detorsion in prepubertal hamsters, 
suggesting that the lack of an immune response 
may be due to absence of mature spermato
zoa.44-46 Kogan47 demonstrated no contralateral 
damage or increased lymphocytotoxic antibod
ies and active spermatogenesis in rats that had 
undergone prepubertal torsion, concluding that 
immature spermatogenic elements were not 
immunogenic. 

Reperfusion Injury 

Saba et al48 demonstrated that a 2-hour testicu
lar torsion followed by detorsion results in a 
time-dependent reperfusion injury to the con
tralateral testis that is refractory to antioxidant 
therapy at the time of detorsion. Blank et ae9 

demonstrated a significant reperfusion injury 
that was not mediated by iron-catalyzed 
hydroxyl radical formation or alterations in 
calcium homeostasis. In this study, histologic 
changes after 6-hour torsion correlated with 
duration of reperfusion. After greater than 12-
hour torsion, histologic changes were more 
consistent with ischemic injury than with 
reperfusion injury, as demonstrated by disrup
tion of the tubular basement membranes and 
loss of germinal cell cohesiveness with mainte
nance of nuclear chromatin and intracellular 
organization. 
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Adult Animal Models 

Ipsilateral Effects 

Ischemic Injury 

In 1955 Smith49 demonstrated that spermatogo
nia were damaged after only 2 hours of torsion
induced ischemia and were eliminated after 6 
hours of ischemia. Oettle and Harrison50 dem
onstrated that testicular ischemia of increasing 
duration is associated with increasing severity 
of testicular damage, with minor effects on the 
seminiferous tubules resulting after only 10 
minutes of ischemia. Carroll et a151 performed 
DNA flow cytometric analysis on testicular fine 
needle aspirates to show that critical ipsilateral 
testicular ischemia occurred with increasing 
severity after 1 hour of torsion. Contralateral 
hypospermatogenesis did not appear to be a 
time-dependent phenomenon. 

Intratesticular oxygen pressure measure
ments using polarographic microcatheter 
probes have demonstrated a significant ipsilat
eral drop in pressure within 5 minutes of a 720° 
torsion, with normalization within 25 minutes 
following detorsion.52 There was no change in 
contralateral intratesticular oxygen pressures. 
Testicular blood flow following detorsion re
turns to normal within 1 hour, as revealed by 
dynamic enhanced MRI.35 Testicular blood 
flow does not return to normal if torsion lasts 
longer than 4 hours.53 

Bergh et al54 and others41,55 demonstrated a 
significant reduction in testicular weight after 1 
hour of testicular ischemia, due to a decrease in 
total epithelial mass of the seminiferous tubule. 
The numbers of B-type spermatogonia and 
preleptotene and leptotene spermatocytes 
were most significantly reduced after 100 
minutes of ischemia.54 Turner and Brown6 

demonstrated that testicular torsion of 1 hour's 
duration affects testicular weight, microvascu
lature, histology, and daily sperm production 
even though bilateral testicular blood flow re
turns to baseline within 4 hours after detorsion. 
Testicular torsion of 30 minutes' duration does 
not significantly affect these parameters.6,33 

Seminiferous tubules are virtually depleted af
ter a I-hour torsion, with progressive damage 
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following increased duration of torsion.33 As 
testicular blood flow is restored by detorsion of 
the testicle, damage to the seminiferous epithe
lium results from either the initial short period 
of ischemia or the release of free radical oxygen 
species during reperfusion. Alternatively, a re
active hyperemia following detorsion may lead 
to an increase in oxygen tension and may cause 
degenerative changes in the oxygen-sensitive 
seminiferous epithelium.54,56 

Carmignani et al55 demonstrated that intra
venous inosine treatment prevents the mor
phologic changes associated with short-term 
torsion, suggesting that testicular damage is re
lated to ischemia-induced adenine nucleotide 
degradation. 

Reperfusion Injury 

Bergh et al54 demonstrated no protective effect 
from subsequent ipsilateral testicular damage 
when using the free oxygen radical scavengers 
superoxide dismutase and catalase, suggesting 
that reperfusion injury by oxygen radicals is 
an unlikely source of testicular damage. The 
low intratesticular temperature and oxygen 
tension may have provided protection from 
reperfusion-induced lipid peroxidation. How
ever, this study utilized testicular artery ligation 
that results in global ischemia, but testicular 
damage due to partial ischemia from testicular 
torsion may depend more on reperfusion 
injury and be more responsive to free radiCal 
scavengers.57 

When testicles are detorsed within 6 hours of 
torsion, reperfusion injury plays a significant 
role in damage. After 6 hours of torsion, the 
effects of ischemic injury predominate. 57-59 
Akgur et al58 demonstrated significant ipsilat
eral reperfusion injury following detorsion of l
and 2-hour torsions. In another study, the ad
ministration of polyethylene glycol-superoxide 
dismutase 1 hour prior to detorsion of a 3-hour 
torsion did not alleviate the gross histologic 
damage noted 2 weeks later in the ipsilateral 
testicle.60 The administration of allopurinol (a 
xanthase oxidase inhibitor) 30 minutes prior to 
detorsion can prevent the increase in ipsilateral 
reperfusion injury following detorsion if per
formed within 5 hours of torsion.59 Akhter et 
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al61 demonstrated prevention of reperfusion in
jury by pretreatment with heparin, oxypurinol, 
and polyethylene glycol-superoxide dismutase 
when detorsion is performed within 4 hours of 
torsion. 

Contralateral Effects 

Evidence 

Neither Turner et aI6,33,53.62 nor Costentino's 
group40 have demonstrated contralateral effects 
of ipsilateral testicular torsion in adult animal 
models. In these studies, contralateral testis his
tology and weight, daily sperm production, epi
didymal sperm concentrations and motility, 
and testicular blood flow were not affected by 
ipsilateral torsion. Likewise, quantitative mor
phometry did not demonstrate any contralat
eral testicular damage 2 months after torsion or 
ligation of the testicular artery despite a 50% 
decrease in sperm concentration.54,63,64 Numer
ous other investigators, using adult rat and 
guinea pig models, have demonstrated revers
ible contralateral tubular damage, spermatid 
and spermatocyte degeneration, and elimina
tion of germ cells following ipsilateral torsion 
or testicular artery ligation. These findings have 
been associated with an increase in circulating 
anti testicular antibodies and alterations in the 
specificity of antibody binding to normal con
trol testis and contralateral testis.6H8 Some 
investigators found that impaired spermato
genesis and seminiferous tubular atrophy were 
reversible with time.69 

Autoimmunization 

Harrison et al66 demonstrated that an increase 
in cytotoxic antisperm antibodies as well as an
tibody deposition in the contralateral testis 
could be reproduced in normal animals by 
allografting of an ischemic testis or by injection 
of an ischemic testis homogenate. Kogan47 
demonstrated increased lymphocytotoxic anti
body titers following adult rat torsion, which 
could be prevented by pretreatment with corti
costeroids. Kearney et afo prevented auto
sensitization in the rat by the administration 
of adrenocorticotropic hormone. As reported 
by Anderson and Williamson,zo immediate 
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orchiectomy in lieu of detorsion or delayed 
orchiectomy may prevent formation of sper
magglutinating antibodies. Other investigators, 
although documenting contralateral testis 
damage, have not indicated production of anti
sperm antibodies nor immunoglobulin deposi
tion in the contralateral testis.30,37,44,71 Ryan et 
aC2,73 reported an increase in antispermatozoal 
antibodies 1 week after acute torsion; however, 
these disappeared by 6 months, and at 1 month 
there was no evidence of tissue fixation of these 
autoantibodies in the contralateral testis. 

Nagler et a146,74 demonstrated, by use of histo
logic examination and flow cytometric eva
luation of DNA histograms, that acquired 
contralateral testicular changes and diminished 
fertility rates are dependent· on the timing of 
surgical intervention. Contralateral tubular 
disruption, decreased contralateral tubular 
diameter, and azoospermia can be prevented 
by orchiectomy or immunosuppression with 
a combination of antilymphocyte globulin 
and splenectomy, suggesting an immunologic 
mediation of the contralateral damage.42,69,74 

Gulmez et al demonstrated immunosuppres
sion with prednisolone prevented contralateral 
testicular damage. Recently, investigators have 
demonstrated induction on mast cell infiltration 
into the interstitium of the contralateral testis 4 
weeks after testicular torsion, reaching a pla
teau at 8 to 24 weeks posttorsion. In this study, 
no other histologic alterations were noted in 
the contralateral testes.76 

Karaguzel and colleagues77 designed an ex
periment to evaluate the role of the torsed tes
ticle in contralateral damage. They performed a 
subepididymal orchiectomy on one side, then 2 
weeks later torsed the remaining epididymis 
and spermatic cord for 24 hours. Subsequent 
evaluation of the contralateral testes demon
strated deterioration in mean seminiferous tu
bular diameters, although changes were not as 
pronounced as those produced by torsion of an 
intact testicle. 

Ischemic/ReperfUsion Injury 

Turner and Brown6 did not find an alteration in 
contralateral testicular blood flow with unilat
eral torsion. Others have demonstrated an in-
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crease in contralateral testicular blood flow 
with torsion of greater than 9 hours, which they 
postulate may cause an increase in testicular 
temperature and oxygen tension and thereby 
disturb spermatogenesis.78 This increase in con
tralateral blood flow may result from a humoral 
mediator, as sera from rats with testicular tor
sion injected into normal rats stimulated a simi
lar response. 

Tanyel et aC9 demonstrated a progressive 
decrease in contralateral testicular blood flow 
following 2-hour testicular torsion. Others, us
ing electromagnetic and radioisotopic blood 
flow studies, have confirmed a decrease in con
tralateral testicular blood flow and increase in 
contralateral tissue hypoxia parameters (lactic 
acid and hypoxanthine ).57,58,79--S1 Increased levels 
of lactic acid, hypoxanthine, and lipid peroxi
dation products have been demonstrated in 
both testes following unilateral torsion of 2 
hours' duration, indicating a bilateral decrease 
in testicular perfusion.57,58,81 Detorsion within 
6 hours did not suppress these increases.57 

The contralateral levels were suppressed by 
chemical sympathectomy using guanethidine or 
dopamine hydrobromide, indicating that a 
reflex-activating sympathetic system is stimu
lated by changes in the ipsilateral testicle and 
results in vasospasm, decreased blood flow, and 
subsequent hypoxic damage in the contralat
eral testicle.81 

In these studies, detorsion resulted in in
creased contralateral testicular blood flow, 
which could cause reperfusion injury by free 
oxygen radical formation during the conversion 
of hypoxanthine, an adenosine triphosphate 
degradation product, to uric acid.57,59 These free 
oxygen radical species could then trigger 
peroxidation of lipids in the cell and mitochon
drial membranes. Akgur et al58 demonstrated 
significant increases in lipid peroxidation prod
ucts in the ipsilateral testis but not in the con
tralateral testis following detorsion of 1- and 
2-hour torsions. Choi et al56 demonstrated sig
nificant alterations in contralateral testicular 
cellular metabolic parameters following torsion 
of greater than 8 hours. Decreases in adenosine 
triphosphate and total adenosine nucleotide 
content in testicular tissue occurred in the ab
sence of gross histologic changes, indicating 
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that these metabolic alterations may be utilized 
in assessment of subtle testicular damage. 

Effects on Leydig Cell Function 

Clinical 

Those who have measured testosterone levels 
in clinical settings have not reported hypo
androgenic results.8,10,11,16,22 Normal levels of LH 
have been reported in 86% of men following 
testicular torsion.8 Other researchers noted el
evated LH levels and supranormal LH re
sponse to gonadotropin-releasing hormone in 
patients with delayed torsion of greater than 8 
hours that required orchiectomy.lO,l1 

Zanchetta et ae1 reported antibodies react
ing to Leydig cell cytoplasmic antigens in 9% of 
patients following testicular torsion. Hagen et 
al14 reported tubular atrophy of the Leydig cells 
in the contralateral testis of pubertal and 
postpubertal patients, but did not report the 
frequency of this specific pathologic finding. 

Experimental 

Loss of Sertoli cells has been demonstrated to 
occur after 2 hours of torsion, but Leydig cells 
are more resistant to ischemia.62,82 Bergh et al54 

did not demonstrate any alteration in intersti
tial mass or Leydig cell size after 100 minutes of 
testicular ischemia in the rat. Smith49 demon
strated that 8 hours of testicular torsion were 
required to impair the Leydig cell function in 
dogs, and 10 hours resulted in fibrotic replace
ment of these cells. 

Becker and Turner33 and Costentino et al42 

independently demonstrated posttorsion Ley
dig cell proliferation in the prepubertal testis 
Kamada et al43 demonstrated Leydig cell prolif
eration in the contralateral prepubertal rat tes
tis. Experimental torsion of 10800 with no 
corrective intervention in prepubertal rats did 
not result in significant changes in serum tes
tosterone levels.83 In adult rats, torsion of 1 
hour's duration followed by detorsion did not 
alter the subsequent response to LH stimula
tion as measured by ipsilateral testicular 
venous testosterone levels; however, torsion of 
2 hour's duration attenuated this response.82 

There was no change in contralateral Leydig 
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cell response to LH stimulation. Basal ipsilat
eral testicular venous concentrations following 
4-hour torsions were 15% to 20% of the 
pre torsion value in both the prepubertal and 
postpubertal rat.33 

Management Considerations 

Delayed Torsion 

There is controversy about management of the 
delayed presentation of testicular torsion. If 
contralateral damage occurs due to reperfusion 
injury reSUlting from free radical formation in 
the ischemic testicle or autosensitization by 
antigens from the ischemic testis, then the 
nonviable testis should be removed without 
detorsion. In addition to the potential initiation 
of contralateral damage, by whatever means, 
the nonviable testis is a source of discomfort 
and possible secondary infection, or wound 
sloughing and delayed wound healingY In nor
mal rats, unilateral orchiectomy in and of itself 
has not affected spermatogenesis or serum tes
tosterone levels.43,83 In addition, there may be a 
threefold increase in the risk of testicular can
cer following testicular torsion.84 

Nonetheless, the grossly infarcted or nonvi
able testis may retain some Leydig cell function 
and spermatogenesis and may not pose a risk of 
infection, abscess, or wound dehiscence.85 Puri 
et al9 found normal contralateral testicular 
growth or compensatory hypertrophy and nor
mal spermatogenesis and fertility in 18 men 
who underwent detorsion with replacement of 
nonviable testis in the scrotum during their pre
pubertal years, even though the nonviable testis 
atrophied completely on follow-up. Although 
there is a report of the salvage of a testicle 
that had remained torsed for 5 days, early 
orchiectomy is generally advised in the post
pubertal man with a nonviable testis.86 

Contralateral fixation 

A retrospective study of 31 patients managed 
by inguinal exploration and detorsion without 
fixation of the contralateral testis did not report 
any contralateral torsion.4 Most authors recom
mend fixation of the contralateral testicle and 
report a 5% to 42% torsion rate of unfixed 
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contralateral testicles.15,87 Animal studies have 
shown that contralateral orchiopexy does not 

• 74 affect spermatogenesIs. 

Fixation Technique 

Orchiopexy techniques include fixation, with or 
without eversion of the tunica vaginalis, and 
use of either absorbable or nonabsorbable su
tureY Detorsion without suture fixation of the 
testicle may be adequate due to fixation to the 
scrotal wall by the inflammatory process, and 
some authors report no incidence of retorsion.4 

Eversion of the tunica vaginalis by Lord's plica
tion or the Jaboulay technique88 results in suffi
cient adhesion formation, rendering suture 
fixation unnecessary?,88 A nonsutured dartos 
pouch also provides adequate fixation with cir
cumferential adherence, as well as preservation 
of normal spermatogenesis (94 %) and minimal 
focal tubular atrophy (23%). Alternatively, ny
lon suture fixation may result in absent sper
matogenesis (29%), tubular necrosis (29%), 
and tubular atrophy (58%).85 These changes 
have been demonstrated in both prepubertal 
and postpubertal animal models.85,89 In the pre
pubertal rat, suture fixation resulted in testicu
lar atrophy and severe inflammatory changes 
associated with granulomatous reactions and 

f . 89 absence 0 spermatogenesIs. 
If suture fixation is deemed necessary, the 

least reactive sutures are synthetic mono
filaments, such as nylon and polypropylene.89,90 

Fixation should be performed at three points, 
with care taken to avoid the lower pole of the 
testicle where numerous superfical arteries are 
located.! Suture fixation should be performed if 
the tunica albuginea is not placed in contact 
with the dartos muscle by eversion of the tunica 
vaginalis,3 

Conclusion 

The literature reporting effects of testicular tor
sion on testis biology and male fertility is con
fusing and divergent. The question of how 
unilateral torsion results in subfertility remains 
unanswered. The hypothesis that appears to 
have the least contradictory evidence is that the 
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contralateral testis must have a preexisting 
defect: congenital, acquired from previous 
subclinical insults, or a predisposition to free
oxygen radical injury during reperfusion of the 
torsed testicle. 

The current management of testicular tor
sion in the acute presentation is with early 
detorsion and orchiopexy or orchiectomy if the 
testicle is nonviable. The management of 
subfertility resulting from testicular torsion 
may benefit from the assisted fertility tech
niques that have been applied generically to 
most forms of male factor infertility. Adjuvant 
antioxidant therapy, immunosuppressive ther
apy, and chemical sympathectomy during op
erative intervention for testicular torsion 
hold promise in minimizing future deleterious 
effects on testicular function. 
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23 
Office Evaluation of the Impotent Man 
David F. Mobley and Neil Baum 

With a plethora of diagnostic and treatment 
options, there is probably no area of urology 
that has more diversity in diagnosis and treat
ment than erectile dysfunction. There is no 
unanimity or consensus as to what should be 
done or what is the usual and customary ap
proach. There is wide variation in how the im
potent man is approached in different areas of 
the country, as well as from urologist to urolo
gist within the same community. A workup may 
vary from obtaining a thorough history and 
physical examination to thousands of dollars' 
worth of laboratory work, assessment of sleep 
erections, and imaging studies that leave the 
patient with a probable diagnosis and no solu
tion to his problem. Treatments vary from the 
far too common reassurance that the man is 
"over the hill" and his days of sexual intimacy 
are over, to the immediate recommendation of 
a surgical procedure that may still leave the 
patient without a useful erection. For many 
men, it is a total surprise that there is help, and 
that there is far more than reassurance avail
able as a solution to this common, but often 
devastating, medical problem. 

With the use of medical therapy as a first-line 
treatment for the management of men with be
nign prostatic hyperplasia (BPH), there are 
fewer prostate operations being performed. On 
the other hand, there are other medical prob
lems that have replaced lower tract obstructive 
symptoms, and impotence is one of them. Ac
cording to Dr. Irwin Goldstein/ associated with 
the Massachusetts Male Aging Study, there 
are 30 million American men who suffer from 

some degree of impotence. It is difficult to de
termine what the incidence really is, but prob
ably between 20 and 30 million men suffer with 
erectile dysfunction (ED). With no more than 
500,000 penile implants having been per
formed, perhaps fewer than 1 in 20 men who 
might benefit from treatment have been 
helped. With an increasing number of men in 
the over-55 age group, there will be an increas
ing number of men who have a problem 
of erectile dysfunction and need the assistance 
of a urologist. Fortunately, the taboo of discuss
ing this problem with a physician has been 
lifted to some extent. However, many physi
cians are still very uncomfortable dealing with 
sexual issues, which is one of the reasons that 
reassurance is perhaps the most common 
"treatment." The news media provide numer
ous articles, information, and even adver
tisements on the treatment of impotence; 
therefore, more men are asking for help, or 
their partners are suggesting that they seek 
medical assistance for the problem that affects 
both of them. 

Before the First Visit 

To enhance the impotent patient's first office 
visit, a well-trained, sensitive receptionist can 
inquire about the reason for the patient's ap
pointment and can determine which informa
tion to send to the patient before the initial 
visit. If the receptionist identifies a sexual prob
lem, the caller should be reassured immediately 
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that he has contacted the proper specialist. A 
we1come-to-the-practice package should then 
be mailed to the potential patient. Include a 
letter and any other educational materials that 
might be helpful, for these will not only educate 
the patient but also reassure him that his sexual 
problem can almost certainly be solved. Conse
quently, the patient will arrive informed, opti
mistic, and enthusiastic. 

The Office Visit 

The urologist's first interaction with the patient 
is vital to establishing rapport. At the first visit, 
the patient will probably be uncomfortable 
talking about a sensitive and personal topic 
such as impotence. He should be reassured that 
other men have been helped. Physicians should 
be aware that impotent patients may be discuss
ing a subject that they find very difficult to talk 
about to a stranger. Many an impotent man will 
not share his feelings or his problem with his 
partner, his best friend, or even his clergyman. 
To most men, impotence is a terrible source of 
mental pain and discomfort, and the patient 
needs to quickly sense how comfortable the 
urologist is in discussing this topic and conse
quently be put at ease himself. The patient will 
also be judging the office staff as to their tact, 
concern, compassion, and willingness to be of 
help. 

In the history-taking process, the physician 
needs to be aware that most men are consider
ably distressed about having a problem with 
potency and do not realize how common this 
problem is. Each patient may feel he is the only 
one with impotence. The anxiety and loss of 
self-esteem can result in depression that will 
affect other areas of a man;s life-his libido, 
his job performance, and his interaction with 
others. 

It is helpful to have the patient complete, 
before the first visit, a urologic questionnaire 
that includes questions about sexual perfor
mance. Alternately, the questionnaire can be 
returned on the second visit, so the patient's 
partner will have an opportunity to help him 
complete the form, because there are certain 
risk factors associated with ED that patients 
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TABLE 23.1. Risk factors associated with erectile 
dysfunction. 

Age 
Smoking 
Alcohol abuse 
Diabetes 
Hypertension 
Peripheral vascular disease 
Medications associated with impotence 

Antihypertensives 
Thiazide diuretics 
H2 blockers 
Tranquilizers 
Analgesics 

Radical pelvic surgery 
Neurologic disease 

Multiple sclerosis 
Spinal cord injury 
Stroke 

Priapism 
Conflict with partner 
Recent divorce or death of spouse 
Fear of failure (performance anxiety) 
Endocrine disease 

Adrenal disorders 
Hyper/hypothyroidism 
Pituitary tumor 

Modified from Nadig.5 

may momentarily forget about (Table 23.1). 
For most men older than 55 to 60 years, the 
history is straightforward, but it is often helpful 
to ask if there was a precise episode or event 
that brought him in for help. If he admits that 
his partner urged or coerced him to make the 
appointment, it may be necessary to include the 
partner and to be concerned about primary li
bido problems or marital discord as a source of 
the erectile failure. In this latter situation, it is 
important to determine how important his ED 
is to him and how motivated he is to find a 
solution to the problem. 

During history-taking, open-ended questions 
beginning with "How" or "What" are helpful in 
establishing rapport. The partner may be in
cluded in the initial visit, but it may be more 
appropriate to include the partner at the second 
or subsequent visits when treatment options 
are discussed. This is often a moot point, how
ever, because usually the couple will decide 
who shows up for which visits. Sometimes 
both of them are there for each discussion, and 
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sometimes the treating urologist may never 
meet the partner until perhaps the day of 
surgery. 

The physical examination includes an inspec
tion of the general habitus, escutcheon, and 
external genitalia. A neurosensory examination 
includes a cremasteric reflex and pin prick/light 
touch discrimination. During the rectal exami
nation, the bulbocavernosus reflex, sphincter 
tone, and the prostate gland must be evaluated, 
giving a measure of sacral root function. Ex
amination of the external genitalia includes an 
assessment of the testes and appraisal of the 
corpora cavernosa for Peyronie's plaques. 

The vascular system can be evaluated by pal
pating the pulses in the lower extremities. A 
simple noninvasive method of grossly deter
mining the blood flow to the penis is to gently 
compress and quickly release the corporal body 
to observe how quickly blood returns to the 
penis. 

The penileibrachial index has lost its initial 
popularity as an assessment of blood supply to 
the penis, but some urologists still prefer to use 
this technique or the nocturnal penile tumes
cence (NPT) test to differentiate organic from 
psychogenic impotence. Most patients can indi
cate whether they have nighttime erections, but 
such NPT studies can often show the degree of 
erection and duration and provide definite 
clues as to organicity of the condition. If the 
patient states he is aware of no erections at 
any time, the snap gauge® may serve as a good, 
simple, and inexpensive screening test. The 
sleep lab with simultaneous monitoring of the 
EEG for REM sleep is sometimes desirable if 
legal proof of erectile status is needed. 

After the physical, if the patient is already 
aware of treatment options, it is very helpful to 
ask the patient, "What would be the ideal solu
tion to your problem?" This question can be 
very insightful as to the patient's expectations 
and what solutions to recommend. The goal
directed impotence management devised by 
Dr. Tom Lue2 can help the patient select 
the appropriate treatment (Table 23.2). This 
management system is based on the desires 
of the patient and is very effective in tailoring 
the treatment to the needs and wants of the 
patient. 
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If it is concluded that the problem is prima
rily psychogenic, e.g., premature ejaculation, 
abrupt onset associated with personal or occu
pational stress, or partner-specific impotence, 
then referral for sex therapy is appropriate. 
However, it is important to keep the patient's 
sensitivity in mind. A patient may not accept 
the idea that the problem is psychogenic and 
may require some proof before considering 
such a referraL In discussion with the patient, 
try to determine how he might react to an im
mediate referral to a sex therapist. Approach 
this area with a question like, "If your evalua
tion shows this to be a psychological problem, 
how would you feel about a referral to a spe
cialist in this area?" When making a referral to 
a sex therapist, be certain that the patient is 
reassured that his problem does not require a 
pill, an injection, or an operation, but may be 
helped and even cured with a course of sex 
therapy. Strong encouragement and reinforce
ment of the benefits of sex therapy should be 
carefully laid out, for the term sex therapy can 
be intimidating to a patient. Prior to making a 
referral to a sex therapist, spend a few minutes 
to explain what the patient can expect to occur 
with this therapy. Occasionally, a patient will 
not respond adequately to sex therapy and will 
need additional urologic treatment. It is a good 

TABLE 23.2. Patient's goal-directed management of 
impotence. 

Group I (not interested in treatment)-No workup 
Group II (only interested in oral medications or vacuum 

constriction devices) 
Group III (interested in other treatment)-Proceed with 

workup 
III-A (probably psychogenic)-Confirm with CIS* and 

refer for sex therapy 
III-B (hormonal)-Trial of testosterone therapy of 

endocrine consultation 
III-C (neurovascular)-Obtain neurologic consultation 

if neurogenic history; all others proceed to CIS* 
Full erection-injection therapy or sex therapy 
Full erection after manual stimulation-injection 

therapy 
Partial erection-vacuum constriction device, 

injection therapy, or both 
Poor or no response-proceed to prosthesis 

* CIS, combined intracavernous injection and stimulation 
test. 
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idea to encourage the patient to make a return 
appointment after he completes the prescribed 
therapy. Make him aware that he is welcome to 
return to the urologist at any point. The sex 
therapist should provide written communica
tion to the referring urologist regarding the 
patient's progress. 

Following the history and physical examina
tion, a laboratory evaluation is tailored to the 
individual patient. This avoids the expense of a 
battery of tests that in many situations are not 
necessary. For example, if a patient has normal
sized testes and his libido is intact, it may be 
unnecessary to obtain a serum testosterone. On 
the other hand, a patient with a solitary testis 
that has become smaller after an episode of 
epididymo-orchitis may have a decreased se
rum testosterone. If the testosterone is found to 
be decreased or is at the lower limit of normal, 
then a serum prolactin should be obtained. 
Urinalysis should be done to check for 
glycosuria and infection. Glycosuria or a his
tory of polyuria and polydypsia or both will 
require a workup for diabetes mellitus. If the 
patient has had no laboratory assessment 
within the past year to determine that he is not 
diabetic, some screening blood work should be 
obtained. 

At the end of the first visit, a trial of 
yohimbine may be suggested. Most men will 
not improve with this medication, but some do. 
lt is inexpensive, quite safe, and offers the pa
tient a potentially easy treatment on the first 
visit. Two to three weeks of yohimbine (5.4mg, 
three times daily) is an adequate trial, with a 
plan for a follow-up. Specific literature relative 
to the patient's other medical and urologic 
problems can be given at the end of the first 
visit. 

The second visit reviews the lab work, any 
sleep erection testing that may have been done, 
results of yohimbine therapy if tried, any inter
vening sexual activity, and the patient's assess
ment of the information materials provided. If 
the patient has decided to try a vacuum device, 
the patient can review a video and be fitted on 
this second visit. Some physicians use "demo" 
models, others sell the devices, and others pre
scribe them for the patient to purchase at a 
pharmacy or medical supply company. If the 
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patient has selected injection therapy, there are 
a number of different options available. Be
cause prostaglandin is now available with a 
prescription (Caverject), the patient may re
ceive a demonstration of the technique of 
injection therapy. 

The patient's consent must be obtained after 
the possible problems associated with the 
intracorporal injection have been discussed, 
such as priapism, corporal fibrosis, Peyronie's 
disease, and blood pressure changes. The pa
tient is asked to schedule a date with his part
ner, so that intercourse can be attempted after 
the injection. Inject the patient's phallus with 
saline so he knows the proper technique, and 
send him home with one syringe of the 
urologist's choice of vasoactive drug(s). The 
patient should be instructed to call the office 
the following day to tell the nurse how the erec· 
tion was rated on a 1 to 10 scale. Based on this 
rating, the physician can select the optimal 
dosage by starting with small dosages of pros
taglandin (PGE j ), for example, and titrating to 
the appropriate or effective dose. 

The initial dose is tailored to the history of 
the patient. For example, an older patient or 
one who has an obvious history of atherosclero
sis, cerebrovascular accident (CVA), myocar
dial infarction (MI), or hypertension, might be 
started with IOllg of PGE j • A younger patient 
or one with suspected neurogenic impotence 
(e.g., spinal cord injury) should be started with 
a lower dose, i.e., 51lg of PGE j • 

If the injection is given in the office, the pa
tient can be either sent home or asked to wait. 
If no erection occurs after 20 minutes, another 
injection may be given, and repeated up to a 
total of 1 cc or a maximum of 20llg of PG E j • If 
small doses of vasoactive agents are used ini
tially, the probability of trips to the emergency 
room are unlikely. Oral terbutiline, 5mg tab
lets, can be prescribed in the event that the 
erection is sustained or the patient experiences 
severe penile pain. The dose can be repeated 
every 15 minutes until detumescence occurs or 
after a total of three tablets of terbutiline 
(15 mg). This oral therapy is effective in 20% to 
30% of those who use it for priapismY 
Pseudoephedrine is also effective for the relief 
of prolonged erections due to vasoactive 
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TABLE 23.3. Priapism treatment. 

Phenylephrine (l-cc vial, 10mg/cc) 
Saline, injectable 

O.Scc 
9.Scc 

TotallOcc 

l. Inject 1 to 2cc with a 27-gauge needle (repeat once) 
2. If no detumescence, insert 19-9auge scalp vein needle 

into side of corpora cavernosum 
3. Aspirate or squeeze trapped blood out of corpora 
4. Slowly inject 0.5 to l.Occ of phenylephrine solution 

into the corpora 
5. Observe for 15 to 20 minutes and reinject as needed 
6. Wrap the penis in a compression bandage and 

maintain for several hours 

agents. If oral therapy is not effective and the 
erection lasts longer than 4 hours, the patient 
should be seen immediately by the urologist or 
go to an emergency room for treatment by in
jection of a vasoconstrictor (phenylephrine 
[Table 23.3]), and irrigation of the corporal 
bodies if necessary. Phenylephrine should not 
be used in patients taking monoamine oxidase 
(MAO) inhibitors. When detumescence occurs, 
the corporal bodies should be compressed with 
an elastic bandage for several hours. Use of this 
technique will avoid the need for a cavernosal
spongiosum shunt. 

If the patient does obtain a good erection 
with the original diagnostic injection and will 
accept this as a treatment modality, he should 
be given further detailed instruction by the 
urologist or a nurse or medical assistant or both 
regarding proper sterile technique and selec
tion of the proper injection sites. The patient is 
cautioned to always use the smallest effective 
dose of medication, never to use it more than 
two to three times a week, to vary the injection 
sites on the shaft of the penis, and to gently 
compress the injection site for 1 to 2 minutes 
following the injection. 

If the patient does not get an adequate erec
tion with PGE j , the problem is most likely 
vasculogenic, and the patient should be advised 
of the treatment options that are available to 
resolve his problem. The medical manufactur
ing and pharmaceutical companies have infor
mational videos, or such videos can be made by 
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the urologist with a video camera and a tripod. 
Whichever videos are used, provide the patient 
with a written summary after he has viewed the 
tape. 

There are numerous advantages to using vid
eos. The patient may take a copy home to 
watch or to show his partner about the test, 
procedure, or treatment. The urologist should 
document in the chart that the patient has seen 
the video, which helps provide medical-legal 
protection. An effective video can reduce the 
number of questions that the patient may ask. 

Summary 

There are many changes occurring in the deliv
ery of health care that are impacting the prac
tice of urology. Certainly the days of being 
primarily transurethal resection of the prostate 
(TURP) doctors are past. The "three I's" (im
potence, infertility, and incontinence) have 
now become important. 

Incorporating the treatment of impotence 
will not usually require any significant addi
tional equipment or staff. There are thousands 
of men suffering from impotence who need 
help from experts. To identify these men and 
educate them regarding the help that is avail
able, an efficient and effective office evaluation 
is the critical first step. 
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24 
Androgen Deficiency 
Glenn R. Cunningham and Max Hirshkowitz 

The classic belief is that androgen (of which 
testosterone is the major component) primarily 
mediates libido. Androgen deficiency has long 
been known to contribute to, but not necessar
ily be the sole underlying cause of, erectile 
failure. Clinical studies provide information 
for understanding the role of androgens in hu
man sexual function. Loss of sexual drive and 
desire in association with hypogonadism has 
long been recognized, and self-reports have 
verified clinical observations.1-3 The nocturnal 
penile tumescence study has provided a sen
sitive, objective, physiologic index for studying 
erectile capability and screening androgen 
deficiency.4,5 

Diagnosis 

Androgen deficiency in individuals with de
layed puberty is clinically apparent when se
vere androgen deficiency occcurs in young 
adult males after puberty; the symptoms and 
physical signs usually make the diagnosis obvi
ous. However, less severe deficiencies in adult 
men can be difficult to recognize even by an 
experienced andrologist. 

A good laboratory measurement of tes
tosterone (T) is essential for establishing the 
diagnosis of hypogonadism. The clinician must 
recognize factors that can cause erroneous in
terpretations of eugonadism or hypogonadism. 
Diurnal variations in T secretion cause higher 
levels in the early morning with the nadir occur
ring during the late afternoon and evening. 
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These diurnal variations tend to be reduced 
with aging.6 T must be determined in a correctly 
timed blood specimen. Most normal ranges 
have been established using early morning 
samples. Moderate exercise acutely increases 
total and free T levels.7 T is bound with 
high affinity to sex hormone-binding globulin 
(SHBG) and lower affinity to albumin. There is 
evidence that albumin-bound T, as well as free 
T, is available to peripheral tissues.8-10 When 
alterations of SHBG are suspected (Table 
24.1), it is important to request that the labora
tory measures free T or non-SHBG-bound T. 
Studies suggest that a single plasma T level re
liably reflects the annual mean T level. l1- 13 

After the diagnosis of androgen deficiency 
has been established, it is useful to determine if 
it is caused by testicular, pituitary, or hypotha
lamic disease. Measurement of serum luteiniz
ing hormone (LH) provides the most useful 
means for separating patients who have testicu
lar disease from those who have pituitary or 
hypothalamic abnormality. LH levels are in
creased in patients who have primary testicular 
disease unless they also have concomitant pitu
itary or hypothalamic disease. A diagnosis of 
primary testicular failure may not require 
further evaluation. Measurement of serum 
prolactin is indicated in patients with normal 
or low serum LH levels. Hyperprolactinemia 
decreases T levels by decreasing gonadotropin
releasing hormone (GnRH) secretion. Values 
above SOng/ml require further assessment. 
Prolactin levels in excess of 200nglml strong
ly suggest a prolactinoma, requiring further 
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evaluation. Because low or inappropriately 
normal levels of LH are observed in patients 
with both pituitary and hypothalamic disease, 
differentiation requires considerably more 
evaluation and is beyond the scope of the 
present discussion. It is useful to separate hypo
gonadal states into those that are hypogona
dotropic and those that are hypergonadotropic, 
congenital, or acquired (Table 24.2). 

Studies suggest that 95 % of hypo gonadal 
men over 50 years of age have a secondary 
cause.14 The large majority of these men will 
have an isolated gonadotropin deficiency. Be
cause it is rare to find anatomic abnormalities 
on magnetic resonance imaging (MRI) scan
ning of the pituitary and hypothalamus, these 
patients should be evaluated by an endocri
nologist. Anatomical imaging may not be 
warranted unless other pituitary hormone defi
ciencies are evident. One approach to evaluat
ing such men is to administer the antiestrogen 
clomiphene citrate 50mg two times a day for 7 
or 10 days.ls A 40% or greater increase in total 
T and a 100% increase in free T, with values in 
the normal range, will suggest a resetting of the 
factors that regulate GnRH and LH secretion.13 

Further endocrine evaluation may not be 
necessary in these patients. Abnormal T 
responses to clomiphene citrate are seen in 
healthy aged individuals;16 therefore, abnormal 
responses may be seen in men with normal 

TABLE 24.1. Conditions associated with alterations 
in serum SHBG levels or reduction of SHBG bind
ing sites. 
Increased levels of SHBG 

Newborn 
Aging (after the fifth decade) 
Low fat diet «20 g/day) 
Hyperthyroidism 
Cirrhosis 
Estrogen 

Decreased levels of SHBG 
Increased body mass index 
High fat diet (> lOOg/day) 
Nephrotic syndrome 
Testosterone 

Drugs that compete with T and DHT for binding sites 
Spironolactone 
Danazol 
19-nor progestins 

TABLE 24.2. Causes of male hypogonadism. 

H ypogonadotropic conditions 
Congenital 

Delayed puberty 
Isolated deficiency of GnRH (with and without 

anosmia) 
Fertile eunuch syndrome 
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Polymaiformation syndromes (Prader-Labhart-Willi; 
Laurence-Moon-Biedl) 

Acquired 
Isolated gonadotropin deficiency 

Aging 
Chronic illnesses (renal, liver) 
Drugs 
Idiopathic 
Obesity 
Sleep apnea 
Starvation 
Stress 

Associated with deficiency of multiple other pituitary 
hormones 

Autoimmune destruction of pituitary 
Head trauma 
Infection (tuberculosis, syphilis) 
Infiltrative diseases (sarcoidosis, hemochromatosis) 
Irradiation 
Metatastic tumors to the pituitary (breast, lung) 
Primary intracranial tumors (pituitary, 

craniopharyngioma, parameningioma, pinealoma) 
Surgery 

Hypergonadotropic conditions 
Congenital 

Abnormal LH 
Androgen resistance 
Bilateral cryptorchidism 
Enzymatic defects in testosterone synthesis 
Gonadal dysgenesis 
Klinefelter's syndrome 
Myotonic dystrophy 
Polyglandular failure syndrome 
Polymaiformation syndrome (Laurence-Moon-Biedl) 
Vanishing testis syndrome 

Acquired 
Aging 
Chronic illnesses (renal, liver) 
Drugs 
Idiopathic 
Irradiation 
Nonsurgical testicular trauma 
Orchiectomy or surgical trauma to testes 
Postinfection (viral, bacterial) 
Testicular torsion 

MRI scans. Nevertheless, this approach pro
vides reassurance when the response is normal, 
and it saves extensive evaluation for many 
men. 
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Libido and Erectile Responsitivity 

Libido in hypogonadal men can be restored 
by T replacement therapy?,17 Clopper et aIls 
treated gonadotropin-deficient hypopituitary 
male patients with T, gonadotropin, or a pla
cebo in a crossover design. Sexual desire and 
ejaculatory frequency increased during T and 
gonadotropin administration. 

Androgen sensitivity of sleep-related erec
tions appears to differ from erections elicited 
by visually presented sexual stimuli (VSS). It is 
possible that very low T levels are needed to 
support VSS erectile function, but sleep-related 
erections have more linear effects across a 
broader range.l<}-2l A recent study found VSS 
functional erections in 4 of 16 men castrated to 
treat prostatic cancer.22 All patients were re
portedly sexually active before castration. The 
men with normal VSS response had abnormally 
low, but significantly higher, T levels than those 
who did not achieve erections (1.125 vs. 
O.628pglml). 

VSS erections also change as a function of 
age. Rowland et af3 reported that age inversely 
correlates with maximum circumference in
crease during VSS, and there is age-related 
slowing in the time required to achieve maxi
mal erection. This study did not find an age
related change in T. 

Erectile Capability 

In assessment of sleep-related erections before 
and during T replacement in hypogonadal men, 
T treatment has consistently produced in
creased spontaneous nocturnal erections.19,24 In 
sleep studies during and after androgen re
placement, cessation of androgen replacement 
was associated with decreased spontaneous 
sleep-related erection frequency, magnitude, 
duration, and rigidity.25 

Other Effects 

Testosterone affects many bodily systems in 
addition to altering libido and erectile function. 
The effects of androgen on skin and hair, exter
nal genitalia, accessory sex organs (including 
the prostate and testes), bone, skeletal muscle, 
lipids, and red blood cells are well recognized. 
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Androgen receptors have been identified in 
these sites by binding studies, immunohis
tochemistry, and in situ hybridization. Less well 
understood are the T-induced changes in fat 
distribution, vascular smooth muscle, and im
mune function. Because T is metabolized to 
both dihydrotestosterone (DHT) and to estra
diol (E2)' many of the effects of T are mediated 
by these metabolites. 

Skin and Hair 

Androgen has an effect on scrotal skin, seba
ceous glands, and hair follicles. The increase in 
T levels at puberty is associated with an in
crease in rugation of scrotal skin. The skin be
comes more oily because of the effects on the 
sebaceous glands. Acne is very common at this 
age, usually involving the face and back. Stimu
lation of hair follicles in the axillae, pubic area, 
beard area, chest, back, and extremities results 
in growth of terminal hair. The type I isoen
zyme of 5a-reductase is the predominant en
zyme in skin and hair follicles?6 Activity is 
correlated with sensitivity of skin and hair 
follicles. Pubic, scrotal, and penile skin have 
higher levels of activity than skin from the 
trunk. The variation in hair patterns among ra
cial groups is thought to be more related to 
local tissue factors than to differences in circu
lating levels of testosterone; Sa-reductase activ
ity is reduced in Japanese and Chinese men 
when compared with Caucasian men, but the 
concentration and affinity of androgen recep
tors appears to be sirnilar.27,28 An acquired loss 
of T is associated with a slow reduction in hair 
growth and loss of androgen-sensitive hair. Al
though scalp hair is not androgen-dependent 
for growth, recession of the temporal hair line 
at puberty and development of male-pattern 
baldness are dependent on changes in normal 
levels of T, tissue Sa-reductase activity, and 
androgen receptors. 

External Genitalia 

The external genitalia are developed by the 
12th week of fetal growth. In addition to ad
equate levels of T and normally responsive an
drogen receptors, Sa-reductase activity must be 
present at this critical time for normal penile 
development. T is the more important andro-
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gen for spermatogenesis. Sertoli cells have 
follicle-stimulating hormone (FSH) and andro
gen receptors, and peritubular cells have andro
gen receptors. FSH and androgen act on these 
cells to support spermatogenesis. 

When testicular T levels are severely re
duced, spermatogenesis is impaired, and tes
ticular volume is reduced. Usually, changes in 
the consistency of the testis are appreciated be
fore changes in testicular volume are apparent. 

Accessory Sexual Organs 

Development of normal male accessory sexual 
glands depends on D HT. This process is dis
rupted by defects in androgen receptors or 5a
reductase activity. Congenital deficiency of 
5a-reductase type 2 results in a poorly devel
oped prostate, with minimal growth of the pros
tate at puberty and impaired spermatogenesis. 
Conditions causing a T deficiency after puberty 
may result in a regression of prostate and semi
nal vesicle volume,29,3o but androgen replace
ment can normalize the volume of the prostate 
and seminal vesicles. If T deficiency occurs af
ter benign prostatic hyperplasia (BPH) has 
been established, regression in prostate volume 
is usually less remarkable. 

GH and IGF-I 

Growth hormone (GH) and insulin-like growth 
factor-I (IGF-I) levels increase at puberty, 
and T deficiency reduces levels of GH and 
IGF-I levels. Androgen replacement therapy 
increases these parameters in individuals with 
primary hypogonadism or isolated hypogona
dotropic hypogonadism.31 GH and IGF-I levels 
can be reduced during treatment with T and the 
antiestrogen tamoxifen, indicating that they are 
mediated by conversion of T to E2.32 Consistent 
with this observation, T treatment of boys with 
delayed puberty increases GH and IGF-I lev
els. By contrast, these changes are not observed 
with DHT because DHT cannot be aromatized 
to estrogen.33 

Bone 

The timing of puberty and the concomitant in
crease in T secretion are critical for the devel
opment of normal bone mass. Young adult men 
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with delayed puberty have a decreased radial 
and spinal bone mineral density.34 The reduc
tion in peak bone mineral density is reportedly 
greater in males with hypo gonadotropic hypo
gonadism35 and possibly in individuals with 
Klinefelter's syndrome.36 T treatment increases 
cortical and trabecular bone density in men 
with open epiphyses and cortical bone density 
in those with closed epiphyses.37,38 

Evidence indicates the direct and indirect ef
fects of estrogen acting via growth hormone 
and IGF-I are primarily responsible for the 
growth spurt and for epiphyseal closure.39 

Other factors may be operative at the level of 
bone. Open epiphyses and decreased bone min
eral density of males in their mid-twenties who 
have estrogen resistance or aromatase defi
ciency underscore the importance of estrogen 
in bone development.40,41 Individuals with an
drogen resistance have peak height velocity 
more similar to normal girls than boys.42 
Androgen receptors in os teo blasts mediate 
androgen effects.43,44 T and DHT reduce 
interleukin-6 (IL-6) production by murine 
bone marrow-derived stromal cells. IL-6 may 
upregulate osteoclasts; thus, T or DHT and 
estrogen are important for bone maturation 
and bone mineralization.45 

Acquired T deficiency is a cause of osteo
porosis in men.46,47 Treatment of aging men 
having metastatic prostate cancer with a long
acting GnRH agonist may also decrease bone 
mineralization.48 

Muscle 

Muscle weakness is observed in men with both 
primary and secondary hypogonadism, but is 
reportedly more prevalent in men with second
ary hypogonadism, which suggests that concur
rent GH deficiency may be a contributing 
factor. 49 Puberty in the male is characterized 
by an increase in skeletal muscle mass and 
strength. When androgen is administered to 
prepubertal adolescents or to hypogonadal 
men, it causes nitrogen retention.50,51 In one 
study, lean body mass increased in men aged 57 
to 76 with low or borderline low total testoster
one levels when they were treated with 100mg 
of testosterone enanthate every week for 12 
weeks.52 
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Red Blood Cells 

The increase in T at puberty coincides with in
creases in red blood cell counts and in hemoglo
bin and hematocrit levels.53 Early studies using 
a bioassay for erythropoietin showed that 
androgen increases erythropoietin activity.54 
When hypogonadism was induced with a 
GnRH agonist in men with BPH, hemoglobin 
levels fell from 15.2 ± 0.9 to 14.1 ± 0.4g1d1.55 

Levels returned to pretreatment values within 6 
months after discontinuing the agonist. These 
changes were not accompanied by altered 
serum erythropoietin, indicating a direct andro
gen effect on red blood cell precursors. Com
bining erythropoietin and T has a synergistic 
effect on erythroid colony formation in human 
bone marrow cultures. 56 Thus, it is thought 
that androgen has a direct effect on stem cells 
to increase the number of erythropoietin
sensitive cells and an indirect effect mediated 
by increased erythropoietin levels, which 
stimulates the erythropoietin-sensitive red 
blood cell precursors. 

Immune System 

Androgen deficiency and replacement effects 
on the immune system have not been studied 
extensively in humans. In rats castration 
causes increased thymus weight, and T reverses 
this effect.57 This relationship is inhibited by 
antiandrogens but not by Sa.-reductase inhibi
tors, and it does not require conversion of T to 
E2.58 The changes may be mediated indirectly 
by the thymic epithelial cells. 

Lipids 

In men with hypogonadism, fat tends to be dis
tributed more to the hips and thighs and less to 
the abdomen, suggesting sex steroids affect fat 
distribution and, perhaps, serum lipids. Recent 
studies in middle-aged, abdominally obese men 
show that androgen has marked effects on adi
pose metabolism.59 T treatment of boys with 
delayed puberty causes a decrease in high
density lipoprotein (HDL) cholesterol levels 
without a significant change in low-density lipo
protein (LDL) cholesterol.60 In a study involv
ing prepubertal and early pubertal boys, human 
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chorionic gonadotropin (hCG) stimulation ofT 
and estradiol secretion resulted in decreased 
lipoprotein lipase activity and increased hepatic 
lipase activity.61 HDL cholesterol levels were 
positively correlated with lipoprotein lipase 
activity and negatively correlated with hepatic 
lipase activity. 

Differences in T-induced effects on lipids in 
hypogonadal men have been reported. Mter 
controlling for age and body mass index 
(BMI), Oppenheim and colleagues62 found that 
hypogonadal men had higher total cholesterol, 
LDL cholesterol, triglycerides levels, and a 
higher total cholesteroVHDL cholesterol ratio. 
HDL cholesterol levels were similar when com
pared with those of eugonadal men. When se
rum T was lowered acutely in normal men with 
a GnRH agonist, only HDL cholesterol levels 
increased.63,64 This pattern reversed when the 
agonist was stopped. Chronic androgen re
placement of hypopituitary men increased he
patic lipase without affecting lipoprotein lipase 
activity.65 Serum apoproteins A-I and A-II 
were decreased. Castrating aged men with 
prostatic carcinoma increased total and LDL 
cholesterol and apoprotein B levels without af
fecting HDL cholesterol.66 Most evidence indi
cates androgen deficiency is associated with an 
increase in total, LDL, and HDL cholesterol 
levels and replacement therapy tends to de
crease each parameter, but the HDULDL cho
lesterol ratio tends to be reduced slightly by 
treatment. 

Vascular Endothelium and 
Smooth Muscle 

Vascular endothelium and smooth muscle are 
involved in atherosclerosis, and sex steroid-in
duced factors may contribute to atherosclero
sis. Plasma levels of endothelin, a potent 
vasoconstrictor produced by endothelial cells, 
are normally higher in men than women.67 The 
difference is mediated by sex steroids because 
treatment of male-to-female transsexuals with 
ethinyl estradiol (0.1 mg/d) and cyproterone 
acetate, an antiandrogen, reduces endothelin 
levels, and treatment of female-to-male trans
sexuals with testosterone esters (2S0mg every 2 
weeks) increases endothelin levels. 
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Androgen induces proliferation of cultured 
smooth muscle cells when isolated from the rat 
aorta. These cells have androgen receptors 
and possess Sa-reductase activity.68 The smooth 
muscle cells also possess estrogen receptors and 
exhibit aromatase activity.69 It is probable that 
T and its metabolites DHT and E2 have sig
nificant effects on endothelium and vascular 
smooth muscle in man. 

Benefits and Risks of Androgen 
Replacement 

Traditionally, the benefits of androgen replace
ment therapy have focused on virilization and 
improving psychosocial well-being for the 
young hypogonadal male. Restoring libido and 
potency are the usual therapeutic goals in men 
with acquired androgen deficiency, but age 
must be considered when assessing the benefits 
and risks of androgen replacement (Table 
24.3). 

Age 14 to 18 Years 

Clinicians should be aggressive in providing 
androgen replacement to young men with 
hypogonadism. In addition to the psychosocial 
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benefits (proper timing of virilization, voice 
deepening, and increasing skeletal muscle 
mass), normal bone mass requires adequate 
androgen and estrogen at a critical stage of de
velopment or the risk for developing osteo
porosis and debilitating fractures's increased. 

The major risk of androgen replacement in 
the young male is premature closure of the 
epiphyses and a reduction in the individual's 
potential height. This risk is readily managed by 
using lower doses of T while monitoring growth 
and bone age. As in normal puberty, transient 
gynecomastia and acne can occur. The theoreti
cal risk of suppressing the hypothalamic-pitu
itary-testicular axis in boys can be managed 
with cyclical therapy: treat for 3 or 6 months, 
stop therapy for 3 months, and assess develop
ment and T levels to determine if endogenous 
hormone secretion has been activated. Fertility 
among boys with delayed puberty or men with 
permanent hypo gonadotropic hypogonadism is 
not adversely affected?O Individuals with per
manent GnRH or FSH and LH deficiency can 
undergo hormone replacement therapy when 
fertility is desired. T replacement in young 
hypogonadal males may produce a slight reduc
tion in HDLltotal cholesterol. Androgen re
placement normalizes cholesterol levels to 
those found in eugonadal males. 

TABLE 24.3. Benefits and risks of androgen replacement in males. 

Age 

14-18 

Benefits 

Cause virilization 
Improve psychosocial well-being 
Increase skeletal muscle 
Achieve normal bone mass 

>18-50 Restore libido and potency 
Preserve bone mass 
Increase lean body mass 
Improve strength 
Improve physical stamina 
Improve psychological well-being 

>50 Restore libido and potency 
Preserve bone mass and prevent fractures 
Increase lean body mass 
Improve strength 
Improve physical stamina 
Improve psychological well-being 

Risks 

Premature closure of epiphyses and blunting of potential height 
Cause gynecomastia 
Decrease HDL:T cholesterol 

Precipitate or worsen sleep apnea 
Induce polycythemia 
Facilitate development of BPH and/or prostate cancer 
Cause gynecomastia 
Decrease HDL:T cholesterol 

Precipitate or worsen sleep apnea 
Induce polycythemia 
Cause CVA 
Exacerbate BPH and/or prostate cancer 
Cause gynecomastia 
Decrease HDL:T cholesterol 
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Age> 18 to 50 Years 

T treatment of androgen deficiency in > 18- to 
50-year-old men usually restores male hair pat
terns, heightens libido and potency, improves 
general well-being, increases energy and stam
ina, and enlarges the prostate. When hypo
gonadism occurs in an adult, treatment can 
retard the development of symptomatic osteo
porosis and may increase cortical bone 
density.71 

Androgen deficiency may be diagnosed in 
men with or predisposed to sleep-disordered 
breathing. Obesity in men is a strong risk factor 
for developing sleep apnea, and obese men fre
quently have low total and free T levels. Addi
tionally, men with obstructive sleep apnea have 
lower serum T levels than men with primary 
snoring.72 In patients where the low T level is 
related to sleep apnea, androgen replacement 
therapy may be unnecessary. Serum T corre
lates with oxygen saturation during overnight 
polysomnography. Hypogonadism associated 
with impaired respiration during sleep is usu
ally secondary, perhaps due to a reduction in 
the bioactivity of LH.73 Continuous positive air
way pressure therapy reduces sleep apnea and 
increases plasma IGF-I, SHBG, and total T, 
but not free T levels.74 Sleep apnea-related 
hypogonadism also may be reversed by 
uvulopalatopharyngoplasty.72 

T replacement in androgen-deficient men 
can worsen or cause disordered breathing.75,76 
One proposed mechanism for androgen
induced sleep apnea points to increased sen
sitization to hypoxia (decreasing pC02 causes 
increased apnea). A direct effect of T on neuro
muscular innervation of the upper airway is 
another possibility.77 Hypoxia resulting from 
sleep apnea or chronic obstructive pulmonary 
disease stimulates erythropoietin-mediated 
erythropoiesis. Androgen can stimulate eryth
ropoiesis both directly and indirectly by its ef
fect on erythropoietin, but appropriate T 
replacement doses rarely lead to polycythemia 
in nonapneic > 18- to 50-year-old men.78 

Clinical prostate cancer and symptomatic 
BPH are very rare in this age group. Prostate 
size regresses in men who become hypogonadal 
before age 40.30,79 Men who become hypo-
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gonadal before age 40 (perhaps age 50) and are 
not provided with replacement therapy are un
likely to develop either symptomatic BPH or 
prostate cancer. Autopsy studies reveal the be
ginnings of BPH in the prostates of men in their 
30s, and the incidence increases with aging.so T 
appears necessary but not sufficient for devel
oping clinical BPH. Similarly, latent prostate 
cancer may be found at autopsy of men in their 
thirties,81 and it increases with age.82 Androgen 
appears to promote cancer after a genetic mu
tation initiates it. No differences in serum T 
levels were found in men who were studied 5 to 
15 years before the clinical diagnosis of BPH or 
prostate cancer was established.83 At this time 
there is no evidence that hypogonadal men on 
appropriate doses of androgen have an in
creased prevalence of BPH or prostate cancer 
as compared with eugonadal men. 

Age >50 Years 

T therapy in this age range improves well
being, increases libido and potency (in the ab
sence of comorbid diseases that cause impo
tence), and increases muscle mass and strength. 
Changes noted in serum markers of bone activ
ity also suggest a beneficial effect. However, T 
replacement in hypo gonadal men over age 50 
years may induce polycythemia, precipitate or 
worsen sleep apnea, or accelerate symptomatic 
BPH, clinical prostate cancer or both.52,84,85 

Polycythemia can increase the viscosity of 
the blood and decrease cerebral blood flOW.86 
Over age 50, polycythemia is also considered a 
significant risk factor for strokes, especially 
when underlying vascular disease exists. Risk 
increases further with androgen-induced eleva
tions in endothelin and vascular smooth muscle 
and platelet thromboxane A2 receptors. 

Serum levels of total and free T at the time of 
diagnosis are similar to controls in patients with 
both BPH and prostate cancer.87 However, an
drogen can exacerbate metastatic prostate can
cer.88,89 High-dose androgen regimens also have 
been associated with the development of clini
cal prostate cancer in a few young men.90 

Therapies directed at reducing intraprostatic T 
or DHT are partially effective in treating BPH 
and prostate cancer, which suggests that T 
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should not be prescribed for patients with pros
tate cancer or symptomatic BPH. 

Autopsy data reveal that the incidence of la
tent prostate cancer is similar throughout the 
world; however, clinical prostate cancer occurs 
less frequently in Japan and China.82 The fac
tors responsible for higher clinical prostate 
cancer prevalence in the United States and 
Western Europe are poorly understood. Diet is 
highly suspect, however. High-fat diets may 
prolong the metabolic clearance rates of T. 
Vegetarian diets can decrease T and increase 
SHBG, and may decrease free T.91 Japanese 
and Chinese men appear to have less ability to 
convert T to DHT.27,28 This could account for 
the difference in hair patterns and possibly dif
ferences in clinical prostate cancer and could 
provide a rationale for using a Sa-reductase 
inhibitor for chemoprevention or for using an 
androgen that could not be Sa-reduced for an
drogen replacement. 

The true benefit/risk ratio for T therapy in 
men over age 50 is currently unknown. Effec
tive prostate monitoring is essential when pro
viding androgen replacement to men over the 
age of 50. 

Androgen Preparations 
and Doses 

Clinicians now have a variety of approved T 
preparations from which to choose. T can be 
administered orally, transdermally, or paren
terally. An acceptable androgen must effec
tively correct the symptoms and signs of 
androgen deficiency. The route of administra
tion must be acceptable to the patient to pro
mote long-term adherence. Pharmacodynamics 
must be predictable. The drug must be safe, and 
the delivery system should have minimal side 
effects. Reasonable costs will facilitate wide
spread acceptance. 

To simulate normal physiology as much as 
possible, serum T levels should simulate physi
ologic levels. The daily T production rate in 
young adult males is 6 to 7 mg, but the meta
bolic clearance rate decreases in individuals af
ter age 50, so adequate replacement therapy 

TABLE 24.4. Androgen preparations. 

Oral or sublingual 
Testosterone 
Methyl testosterone' 
Fluoxymesterone' 
Mesteroloneb 

Testosterone undecanoateb 

Parenteral 
Testosterone propionate' 
Testosterone cypionate' 
Testosterone enanthate' 
Testosterone phenylpropionateb 

Testosterone isocaproateb 

Testosterone decanoteb 

Testosterone bucilate' 
Transcutaneous 

Testosterone transdermal therapeutic system' 
Testosterone transdermal system (nonscrotal)' 

Testosterone pellets 
Fused crystalline testosterone' 
Testosterone-poly (DL-lactide-co-glycolide) 

microspheresc 

a Available in the United States. 
b Available outside of the United States. 
, Experimental. 
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may not require more than 4mglday for older 
individuals. The efficiency of delivering this 
amount of androgen into the circulation varies 
greatly with the route of administration and the 
formulation (Table 24.4). 

Oral Preparations 

Because orally administered T undergoes first
pass inactivation by the liver, this is the least 
efficient route for administering T. Chemical 
modifications of T have somewhat prolonged 
its biologic activity. The approved oral andro
genic formulations in the United States include 
17a-methyl testosterone and fluoxymesterone 
(9a-fluoro-11~-hydroxy-17a-methyl testoster
one). Each can cause virilization if given in 
large enough doses (>40mg/day). The serum 
half-life is short, and virilizing doses can cause 
serious hepatotoxicity. For these reasons most 
authorities favor other agents for androgen 
replacement. T analogues (norethandrolone, 
oxymetholone, and stanazol) are approved 
anabolic agents. Concerns relevant for 17 a
methyl testosterone and fluoxymesterone also 
apply to androgen analogue use. 
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Two additional oral androgens are available 
outside of the United States. Mesterolone (10.
methyl-5a-androstan-17p-ol-3-one) is a weak 
androgen when given orally. Testosterone 
undecanoate is more popular. The 10 carbon 
chain at the 17P position enhances lipid solubil
ity. When given in oleic oil, it is taken up by the 
intestinal lymphatics, bypassing the liver and 
thereby retarding its degradation, but the usual 
replacement dose is 40mg qid. The relatively 
short serum half-life results in subnormal T lev
els at night. Nonetheless, virilization is possible, 
and restoration of libido and potency are 
well documented. Doses of testosterone unde
canoate that provide adequate serum levels of 
T for the majority of the day also increase se
rum levels of DHT. This compound has had a 
good safety record for over 10 years,92 and is the 
only oral androgen with an acceptable record of 
efficacy and safety. 

Transdermal Preparations 

Two transdermal delivery systems for T have 
been approved in the United States and other 
countries. Gel formulation of both T and DHT 
are available in some parts of Europe. The 
transdermal delivery systems or gels provide 
the patient with control over his therapy and 
offer the theoretical advantage of simulating 
normal diurnal patterns with higher T or DHT 
levels or both in the morning. 

The first transdermal delivery system ap
proved in the United States was designed to 
deliver 4 to 6mg of T into the circulation.93 The 
system is replaced daily, but this system does 
not use agents that readily enhance T absorp
tion through the skin. To deliver this amount of 
T, the system is applied to scrotal skin. The 
thinness of and the circulation to scrotal skin 
provide much greater absorption of T than 
when the system is applied to the torso or an 
extremity. Because scrotal skin exhibits consid
erable 5a-reductase activity, serum levels of 
DHT are increased above normal physiologic 
levels. More than 7 years' experience attests to 
a low incidence of topical and systemic side 
effects.94 To enhance adherence to scotal skin, 
the patient must dry-shave the scrotum every 3 
to 5 days. 
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Recently, a transdermal system that uses al
cohol to enhance T penetration of the skin has 
been approved.95 Two (37 cm2) patches are ap
plied each 24 hours to the torso or extremities. 
Each system is designed to release 2.5 mg of T. 
Physiologic serum levels of T, DHT, and estra
diol are achieved, and they persist for 24 hours. 
A small group of patients have been treated 4 
years or more, and 94 patients have been stu
died for up to 3 years. Chronic skin irritation 
accounts for 5% discontinuation, and allergic 
contact dermatitis has caused an additional 4 % 
to discontinue treatment.96 

De Lignieres97 reported the use of DHT
containing gel in 37 men 55 to 70 years of age, 
treated for 6 months to 5 years. Mean prostate 
size as measured by ultrasound decreased from 
31.1 ± 16.3 g before treatment and 26.3 ± 12.7 g 
after a mean of 1.8 years of DHT treatment 
(p < 0.01). Topical application of this DHT gel 
to the penis of boys with micropenis has been 
reported to be beneficial, but some systemic 
effects were noted.98 

Parenteral Preparations of 
Testosterone 

The length of the carbon chain that is esterified 
to testosterone at the 17P position and the ve
hicle in which the compound is administered 
will affect the rate of T release and clearance. 
Longer chain carbon esters are more lipophilic, 
thereby reducing the rate of release from the 
lipid vehicle. The lipid vehicle is important, as 
exemplified by studies in the rat.99 The same 
dose of free T gave much more sustained serum 
levels of T when given in hydrogenated soy
bean oil as compared with liquid soybean oil. 

Testosterone propionate contains only a 2 
carbon ester. When 25 mg of testosterone pro
pionate was administered in sesame oil to 
normal men, plasma levels of testosterone pro
pionate were detectable within 3 hours, and low 
levels at 72 hours. Labeled T that was released 
from the testosterone propionate was detect
able within 3 hours, and peak T levels of 11.5 
and 14 ng/ml were achieved between 24 and 27 
hours. The (1/2 was about 24 hours. 

Testosterone cypionate and testosterone 
enanthate have received widespread clinical 
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Editor's Comments: The goal of testosterone (T) 
replacement therapy i to ameliorate the symptom of 
T deficiency by establishing and maintaining table 
physiologic concentrations of T, bioavailable te to -
terone. and the major metabolites, dihydrote tosterone 
(DHT) and e tradiol. Becau e T replacement in hypo
gonadal men involve long-term treatment, therapeutic 
goal mu t be accompli hed with minimal adverse 
effect . 

Intramu cular admini tration of testosterone enan
thate (TE) and testosterone eypionate (TC) has been a 
commonly u ed treatment for male hypogonadi m but 
often re ult in . upraphysiologic T levels during the 
fir t few day after injection. These intermiltent eleva
tions of T may have phy iological con equences. 

Testo terone therapy can induce erythropoiesis and 
leep apnea and can lead to polycythemia in orne 

patients, particularly tho e >50 years of age. In these 
patient , polycythemia can increa e blood vi co ity 
and dimini h cerebral flood flow, becoming a signifi
cant risk factor for stroke in patient with underlying 
vascular di ease. Although the clinical ignificance to 
T-related increase in hemoglobin and hematocrit have 
been debated in medical literature, the temporal 
relation hip between the admini tration of T and de
velopment of a thromboembolic event has not been 
definitively addressed in a well-de igned clinical 
study. It is al 0 important to note that in addition to the 
erythropoietic effect of T, normal pro tatic develop
ment i known to be dependent on T and DHT, the 
principal androgens affecting the prostate. Therefore, 
important mea urement of safety in patients receiving 

use for over four decades. The pharmacokinet
ics of these esters when given in oil are very 
similar. loo Following a 200-mg injection of ei
ther testosterone cypionate or testosterone 
enanthate, serum total and free T levels are 
increased above the normal range for 1 to 5 
days. They typically fall to subnormal levels by 
14 days in men between 20 and 40 years of 
age.101-103 Snyder and LawrencelO4 provided data 
indicating that 200mg every 2 weeks or 300mg 
every 3 weeks was preferable, a dose sufficient 
to suppress LH and the least frequent effective 
dosing schedule.I04 Reduced metabolic clear
ance rates will prolong the duration of action in 
men over age 50. Therefore, less frequent in
jections or a reduced dose should be given to 
these men. 

Testosterone Pellets 

T also has been fused into crystalline pellets 
that are implanted subcutaneously with a 
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T treatment include effects on the pro tate. 
A the author pointed out, therapeutic effect of 

di fferent T treatments can vary according 10 age, the 
androgen preparation, and do e u ed. Tran dermal 
delivery y tern avoid the fluctuation in erum T 
concentration and ymptom of hypogonadi m a so
ciated with TE and TC treatment. Tran dermal T 
provides phy iologic erum T levels that mimic the 
normal circadian rhythm of endogenou T level in 
healthy young men. In a recent tudy, a yet unpub
Ii hed, comparing long-term treatment wilh a nonscro
tal tran dermal T y tem and TE, tran dermal delivery 
did not lead to exce ive timulation of erythropoiesis 
as ob erved with TE treatment. Furthennore, the phy -
iologic delivery ofT by tran dermal lherapy wa a so
ciated wi th P$A levels and increase in prostate size 
that were within normal range. However, periodic 
monitoring of hematocrit level. and prostate parame
ters i ugge ted for all patients who receive androgen 
therapy. 

In summary. transdermal deljvery sy terns can elim
inate the pike and deep trough in erum T level , 
thereby more clo ely imulating the n rmal phy iolog
ical pattern. Tru mode ofT admini tration may be Ie s 
likely to induce sleep apnea and hematocrits >50% 
than standard dO 'e ofTE and TC adminj tered by IM 
injection. However, the mechani m for te to terone
induced polycythemia, especially in older men, are not 
well under lOod. 

Wayne J.O. Hell trom, M.D., F.A.C.S. 
Editor 

trocar. Although this mode of delivering T has 
not received widespread popularity because it 
is a minor surgical procedure, it is available 
throughout the world. The pellets are available 
in 100- and 200-mg doses. The 200-mg capsule 
is estimated to release approximately 1.5 mg of 
T/day.105 Implantation of a 600-mg dose pro
vides serum levels of T that are within the nor
mal range for 4 to 5 months, and a 1200mg 
dose, after an initial high level, remains within 
the normal range for 6 months. 

Testosterone Preparations Under 
Development 

Several T preparations are under clinical or 
preclinical evaluation or both. Testosterone 
bucilate is a longer-acting injectable ester. A 
single 600-mg injection was reported to in
crease the mean serum T + DHT into the low 
normal range for up to 12 weeks.106 The 600-mg 
injection currently requires an injection volume 
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TABLE 24.5. Therapeutic guidelines for testosterone replacment therapy. 
A. Ages 14 to 18 years 

1. Give small doses of testosterone enanthate or cypionate (75mglm2 month) for 3 to 6 months.1l3 Experience with 
transdermal testosterone is limited in this age group. 

2. Gradually increase to l00-150mglm2/month of testosterone or cypionate. This will lead to a peak growth 
velocity approximately 1.5-2 years after the start of treatment. Axillary hair will develop approximately 1.5 
years after the initiation of therapy. Larger doses of androgen can lead to premature epiphyseal closure and 
reduced ultimate height. Growth hormone is needed to achieve optimum effect. 

3. After complete virilization is achieved, adequate replacement can be maintained with oral testosterone 
undecanoate, transdermal testosterone, testosterone enanthate or cypionate, or testosterone pellets (see B.1.). 

4. Assess therapeutic and nadir serum total and free testosterone. Timing of sampling depends upon the route of 
administration and the preparation (see B.5.). 

5. Monitor virilization, height, weight, aI).d growth velocity every 3 months; bone age and hematocrit should be 
obtained at 6-month intervals. 

B. Age >18 to 50 years 
1. Effective replacement therapy can be provided by oral testosterone undecanoate (40mg qid or SOmg bid), 

transdermal testosterone (4 or 6mg scrotal system or two 2.5mg nonscrotal systems every 24 hours), parenteral 
testosterone cypionate or enanthate (200mg every 2 weeks or 300mg every 3 weeks), or subcutaneous 
testosterone pellets (600mg every 16 to 20 weeks). 

2. Perform digital rectal examination every 2 years after age 40 and yearly in men with a family history of prostate 
cancer. Those with a family history also should have an annual prostate specific antigen (PSA) test. 

3. Obtain baseline hematocrit prior to treatment, at 2 and 4 weeks, 3 months, and annually. An increase of >4% 
suggests chronic hypoxia or sleep apnea. Further evaluation is indicated. 

4. Measure serum triglycerides, total, HDL, and LDL cholesterol at baseline and 3 months. 
5. Assess serum total and free testosterone levels when they should be therapeutic (2 to 3 hours after oral 

testosterone undecanoate, 3 to 5 hours after application of a transdermal system, 3 to 5 days following an 
injection of testosterone enanthate or cypionate, and 1 to 2 weeks after implantation of testosterone pellets). 
Serum levels also should be obtained prior to the next dose to ensure that treatment is not excessive. 

C. Age >50 years 
1. Reduce the frequency of administration or the dose of testosterone cypionate or enanthate by 25-50% or use 

another delivery system that does not cause supraphysiologic levels of T. (The metabolic clearance rate of T 
decreases with age and the risks of sleep apnea, polycythema, and prostatic disease are increased.) 

2. Perform digital rectal examination every 6 months for first year and then yearly. After 60 years of age, patients 
should be examined every 3 months during the first year of therapy. 

3. Obtain baseline hematocrit prior to treatment, at2 and 4 weeks, 3 months, and annually. An increase of >4% 
suggests chronic hypoxia or sleep apnea. Further evaluation is indicated. 

4. Measure serum triglycerides, total, HDL, and LDL cholesterol at baseline and 3 months. 
5. Assess therapeutic and nadir serum total and free testosterone levels (see B.5.). 
6. Measure prostate-specific antigen (PSA) before rectal examination at baseline and then yearly. 
7. Obtain transrectal ultrasound examination of the prostate and any time prostate pathology is suspected. 

of 2.4 ml. If higher doses of testosterone 
bucilate provide somewhat higher serum levels 
of T, this formulation may be preferable for 
long-term replacement therapy. Microencap
sulation of T into a biodegradable matrix com
posed of DL-lactide-co-glycolide also offers 
promise for prolonged release.107 A single 630-
mg injection increased levels of serum, total, 
and free T as well as of DHT and estradiol into 
the normal range for 10 to 11 weeks.1OB This 
dose was given as two 2.5-rnl injections in an 
aqueous mixture. 

A unique modality for delivery, T is provided 
by complexing T with 2-hydroxypropyl-~
cyclodextrin in a tablet and administering it 
sublingually.l09 T is quickly brought into solu-

tion and absorbed through the oral mucosa, 
bypassing immediate degradation by the liver. 
The carrier is swallowed and subsequently di
gested. A 2.5-mg tablet will increase serum T 
levels within 20 minutes to approximately 
30nmol/l, and a 5.0-mg tablet will increase T 
levels to approximately 45nmol/l.110 Levels fall 
to approximately 10nmol/l by 2 hours and 
reach baseline levels by 6 hours. Thus, it is nec
essary to administer the drug three times a day. 
Even though serum levels of T may be subnor
mal for part of the day and much of the night, 
patients report improvement in sexual motiva
tion and performance comparable to that in
duced by testosterone enanthate. 

Animal studies with two other compounds 
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have suggested that they may be useful clini
cally. When testosterone undecanoate was ad
ministered parenterally to nonhuman primates, 
prolonged release was observed. A single 
10mg/kg dose of testosterone undecanoate in 
tea seed oil maintained serum T at supraphys
iologic levels for 56 days and normal levels for 
an additional 56 days.111 Undecanoate has a 10 
carbon ester as compared with enanthate, 
which has a 6 carbon ester. The longer side 
chain gives undecanoate greater hydrophobic
ity. Seven-a.-methyl-19 nor-testosterone has 
been proposed to provide anabolic effects with 
less effect on the prostate because it cannot 
be metabolized to a 5a.-reduced androgen. ll2 

Whether this compound or others that follow 
this principle will prove effective and safe in 
hypogonadal men remains to be demonstrated. 

Summary 

Variation in T delivery, depending on route of 
administration, dose, and frequency, will affect 
efficacy of T treatment. The risks of androgen 
replacement require that guidelines be estab
lished for monitoring potential side effects 
(Table 24.5). Appropriate dosing is the first 
step to preventing undesirable side effects. Age 
should be considered when deciding on dosage 
and the parameters to monitor. 
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Premature Ejaculation 
Allen D. Seftel and Stanley E. Althof 

Traditionally, the etiology of premature ejacu
lation, a prevalent male dysfunction, was be
lieved to be psychological and was treated 
therefore with a variety of behavioral or other 
psychotherapeutic techniques. Pharmacother
apy for treatment of premature ejaculation is 
presently in its infancy; however, it offers urolo
gists an additional option for medical manage
ment of this distressing condition. 

Historical Perspective 

There is no consensus on the definition of pre
mature ejaculation. Various studies have de
fined the dysfunction in terms of time from 
intromission to ejaculation, number of coital 
thrusts, partner satisfaction, and degree of vol
untary control. The most recent set of criteria, 
published in the fourth edition of the American 
Psychiatric Association's Diagnostic and Statis
tical Manual of Mental Disorders,! delineates 
three criteria for premature ejaculation: 

1. Persistent or recurrent ejaculation with mi
nimal stimulation before, during, or shortly 
after penetration and before the person 
wishes it. The clinician must take into ac
count factors that affect duration of the ex
citement phase, such as age, novelty of the 
sexual partner, or situation, and recent fre
quency of sexual activity. 

2. The disturbance causes marked distress or 
interpersonal difficulty. 

3. The premature ejaculation is not due exclu
sively to the direct effects of a substance 
(e.g., withdrawal from opioids). 
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To confirm a diagnosis of premature ejacula
tion, the clinician must make three additional 
determinations: first, whether the dysfunction is 
lifelong or acquired; second, whether it is of a 
generalized or specific type; and third, whether 
it is due to psychological or combined factors. 
Although this set of criteria employs a multidi
mensional definition using time and voluntary 
control, it provides few quantifiable points of 
reference. For instance, what is meant by mini
mal sexual stimulation and how quickly should 
ejaculation occur after penetration for it to be 
considered dysfunctional? 

Individual, conjoint, and group psychother
apy approaches in combination with behavioral 
strategies such as stop-start or squeeze tech
niques have all been used to treat premature 
ejaculation.2- 9 It is now recognized that the ini
tial posttreatment success rates ranging from 
60% to 95%7,10 were not sustainable; 3 years 
after treatment, success rates had dwindled to 
25%.11,12 These data suggest the failure of clini
cians to develop long-term strategies that allow 
patients to maintain their initial therapeutic 
gains. It would be interesting to examine data on 
the efficacy of treatment where therapists em
ploy periodic booster or maintenance sessions 
after the termination of the original treatment. 

This psychological/behavioral approach to 
rapid ejaculation, which has been in ascendancy 
for over 20 years, has been challenged by stud
ies that suggest that ejaculatory latency can be 
prolonged by clomipramine or the selective 
serotonin reuptake inhibitor drugs (SSRIs)
fluoxetine, sertraline, and paroxetine-without 
troubling side effects.13- 17 
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The Case Western Reserve 
University (CWRU) Experience 
with Clomipramine for 
Premature Ejaculation 

Urologists' Perspective 

As the treatment of erectile dysfunction has 
become less surgical, urologists are faced with 
new challenges in the treatment of male sexual 
dysfunction. Pharmacotherapy for premature 
ejaculation is one such new frontier. Urologists 
must now become conversant and knowledge
able about the diagnosis and management of 
this dysfunction. 

To this end, CWRU initiated a trial of 
clomipramine for those patients with primary, 
lifelong premature ejaculation. The selection 
process was a careful one. A sample question
naire was given to potential patients (Table 
25.1). Excluded were those patients who were 
suspected of secondary or acquired premature 
ejaculation or those patients with concomitant 
erectile dysfunction. Cursory psychosocial 
screening excluded patients with overt psycho
pathology. To date, 10 patients have been fol
lowed with an average follow-up of 1.5 years. 
Five of the patients were happily married, and 
the remaining five patients had a stable rela-
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tionship with a solo partner. The subjects did 
not perceive that the dysfunction had a nega
tive impact on the nonsexual relationship, al
though they were dissatisfied with the quality of 
their sexual life. Other patients not accepted in 
the study had unrealistic expectations that cor
rection of premature ejaculation would lead to 
marital harmony. To date, 7 of 10 patients con
tinue on pharmacotherapy and find it helpful 
and satisfying. The one treatment "failure" was 
due to the deterioration of the relationship 
rather than to the lack of efficacy of the drug. 
This therapy is not a substitute for marital 
counseling, should not be used for treatment of 
erectile dysfunction, and should not be offered 
to men contemplating new relationships who 
are concerned about their possible sexual 
performance (performance anxiety). The two 
other failures with clomipramine were middle
aged men, both married. One patient found the 
clomipramine of no help and was switched to 
paroxetine. A second patient tried oral clomi
pramine for 2 weeks, 25 mg qd for the first week 
and 25 mg qod for the second week; he devel
oped headaches, nausea, and chest flushing and 
was switched to paroxetine. The remaining 
seven patients on long-term therapy have dis
played good results. Two of the seven men have 
been maintained on an as-needed schedule as 
opposed to a more intensive regimen. 

TABLE 25.1. Urologic history for premature ejaculation. 

I. Complaint and duration of complaint (self-described) 
a. When did it start-acquired or lifelong? If acquired, was there a precipitating event or life circumstance that 

was temporally related to the onset? 
b. Does the patient sense that he has voluntary control over the ejaculatory reflex even if it is rapid? 
c. What is the patient's attribution for the rapid ejaculation? 
d. What solutions has the patient undertaken to remedy the dysfunction? 
e. Are there other sexual dysfunctions present in the patient or partner? 
f. What is the quality of the nonsexual relationship? 

II. Partner's assessment of ejaculation 
a. Is this a problem for her/him? How so? 
b. Is it viewed as a lifelong or acquired dysfunction? 
c. Have the patient and partner ever had successful intercourse? 
d. What is the quality of the nonsexual relationship? 
e. What is believed to be causing the problem? 

III. Physician's assessment of mean latency 
a. With intercourse 
b. With manual/oral stimulation 
c. With masturbation 
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Patients with erectile dysfunction who have 
developed premature ejaculation secondarily 
are generally not helped by SSRI therapy. An
ecdotal experience suggests that these patients' 
premature ejaculation will improve with treat
ment of the erectile dysfunction. 

Treatment Experience 

Initially, these patients were treated with 
clomipramine, 25 mg qd. Early on, this regimen 
produced side effects for many of these men. 
Side effects included headache, hot flashes, 
nausea, vomiting, and fatigue. Subsequently, 
the oral therapy has been tailored to qod or 
twice a week or even to the day of anticipated 
intercourse. This has significantly reduced the 
incidence of side effects, appears to have rea
sonable efficacy, and is currently employed for 
all new patients. 

Side Effects 

The side effects of clomipramine treatment are 
generally mild, dose-related, and tend to dimin
ish over time. However, 5 out of 27 patients in 
the aforementioned study could not tolerate 
even low doses of clomipramine and would not 
consider switching to another drug. 

Patient Acceptance Rates 

In carefully selected research populations the 
patient acceptance rate was over 79%. How
ever, it appears that in less carefully selected 
samples the patient acceptance rate markedly 
drops to 52%. This treatment is likely to 
negative have a impact on nonphysician thera
pists who would lose potential therapy patients 
and slightly less likely to be negative for physi
cian therapists who see patients for a medi
cation-only treatment. The economics might 
benefit both the patient and third-party payers. 

Preliminary Guidelines for 
Patient Selection 

The key to patient satisfaction lies in selecting 
appropriate candidates who have realistic ex
pectations about treatment outcome. Based on 
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limited clinical experience, guidelines have 
been developed, but further research needs to 
validate these as useful. The lifelong versus ac
quired classification or premature ejaculation 
may prove to be a useful marker for formulat
ing treatment recommendations. The ideal can
didate for drug therapy might be a man who is 
free of substance abuse, depression, and psy
chosis; capable of developing stable, satisfying 
nonsexual relationships; and with several years 
of sexual experience accompanied by a lifelong 
pattern of premature ejaculation. Drug therapy 
can also be considered for those patients who 
have not profited from competently conducted 
psychological treatment. In contrast, a history 
of acquired premature ejaculation should de
mand that the clinician be interested in the 
forces that generated the new symptom. Given 
a relatively recent onset and some degree of 
psychological involvement, men with prema
ture ejaCUlation and couples affected by it 
might, in the long run, react better with behav
ioral or psychologic intervention. 

Sexual Experience Level 

Pharmacologic treatment should not be a first 
line of consideration for the young or inex
perienced male who in his first few sexual en
counters experiences premature ejaculation. 
Reassurance and education are likely to be 
worthwhile, and it is hoped that in time such 
patients will develop increased confidence and 
learn to control ejaculation. 

Quality of the Nonsexual Relationship 

Caution is warranted in offering drug therapy 
alone to men where the symptom clearly re
flects intrapsychic or interpersonal conflict. 
Therapists must not lose sight of the time
honored dynamic maxim that symptoms exist 
for reasons. The correction of premature ejac
ulation may disrupt the individual's or couple's 
eqUilibrium. This caution is not simply a re
statement of the psychoanalytic theory of 
symptom substitution, but is a concern based 
on experience where treatment in a small mi
nority of cases resulted in destructive acting 
out. 



25. Premature Ejaculation 

Other Pharmacologic Studies 

Clomipramine 

Early studies suggesting that premature ejacu
lation can be controlled by drug therapy led 
researchers to conduct several additional trials. 

Althof et aIlS conducted a double-blind, ran
domized, placebo-controlled study employing 
strict dosages in a carefully selected population 
to see if clomipramine was biologically and psy
chologically efficacious in delaying ejaculation. 
The results with 15 couples were that 25 mg of 
clomipramine increased ejaculatory latency 
249%, and 50mg of the drug increased time to 
orgasm by 517%. However, when the men dis
continued the medication, the improvements 
vanished, and their ejaculatory latencies re
turned to baseline. Placebo administration 
(nonsignificantly) increased ejaculatory latency 
30% over baseline. These results were consis
tent with prior studies conducted by Assalian13 

and Segraves et al.15 

Psychosocially, there were significant im
provements'in male and female sexual satisfac
tion, male relationship satisfaction, and male 
psychological well-being. Three women part
ners who never achieved coital orgasm became 
orgasmic while their partners were taking 
medication. Six of ten women who commonly 
achieved orgasm reported that it occurred with 
greater frequency when their partners were 
taking the active drug. 

Side effects were generally mild, dose
related, and tended to diminish with time. Dry 
mouth, constipation, and feeling "different" 
were the longest-lasting effects on 50mg but 
were not generally clinically significant at 
25mg. Nausea, sleep disturbance, fatigue, and 
hot flashes were infrequently observed at 
50mg. 

A second open-label study19 was undertaken 
to determine: (1) whether prolonged treatment 
with clomipramine could lead to continued 
ejaculatory control upon discontinuation of the 
medication, (2) whether men can take the drug 
on less than a daily basis, and (3) the character
istics of those subjects who continue with 
pharmacologic treatment and those who drop 
out. 
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Of 37 men calling the CWRU Center, 27 (av
erage age 45 years) agreed to treatment. They 
were begun on a daily regimen of 25 mg of 
clomipramine and asked to complete sexual 
and side effect logs on five coital experiences. 
Based on their self-report, medication was in
creased to 50mg daily, 50mg qod, 50mg pm, 
decreased to 25 mg qod, 25 mg pm, or left un
changed. Each time the medication schedule 
was altered, subjects were asked to complete 
sexual and side effect logs on five more coital 
experiences. Each subject's dose continued to 
be adjusted upward or downward until some 
reasonable efficacy was achieved. Those sub
jects who could not tolerate the side effects of 
clomipramine or who failed to adequately 
respond were offered trials on fluoxetine or 
paroxetine. Subjects continued on medication 
for 7 months, at which point they were asked to 
take a i-month drug holiday while reporting on 
ejaculatory latency and sexual satisfaction. 

After 7 months, 14 men continued to take 
medication and 13 dropped out. The baseline of 
ejaculatory latencies of stayers was shorter than 
those of the dropouts (64 seconds vs. 81 sec
onds). The stayers' average estimated ejacula
tory latencies on 25 mg was 403 seconds; the 
latencies of the dropouts averaged 206 seconds. 
Five of 13 dropouts reported no efficacy on 
25 mg. All 14 stayers reported an improvement 
of at least 55 seconds. Equal numbers of drop
outs and stayers reported side effects. 

Sexual satisfaction scores at baseline were 
lower for stayers than for dropouts. However, 
on a daily dose of 25 mg the stayers' satisfaction 
levels had improved more than twofold, but 
the dropouts' levels had decreased (3.2 vs. 
2.07). At 50mg daily and 50mg pm, satisfaction 
levels for the stayers increased to 3.8 and 4.2, 
respectively. 

By 7 months, the 14 subjects were distributed 
among five medication schedules (in mg): 1-25 
qd; 2-25 qod; 1-25 pm; 7-50 qd; 1-50 pm. Only 
2 of 14 subjects were successful with taking the 
medication the day of intercourse; the other 12 
required more intensive regimens. 

Eleven of 14 men went on drug holiday, 
three by design at 7 months and eight by them
selves at various intervals ranging from 2 to 
7 months. None of the 4 men who went on 
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holiday-by-design at 7 months were able to 
maintain the increases in ejaculatory latency. 
Two of the 4 men returned to baseline. The 
other 2 reported losing 25% to 50% of the 
ejaculatory gains. All the men who placed 
themselves on holiday returned to baseline 
ejaculatory latencies. This open-label trial con
firmed our group's previous findings regarding 
the efficacy of clomipramine in the treatment of 
rapid ejaculation. However, 7 months of treat
ment did not bring about permanent gains in 
ejaculatory latency once treatment stopped. 
Only a minority of subjects had been able to 
delay ejaculation on less than a daily dose of 
medication. This suggests the need for lifelong 
use of oral therapy in treatment of premature 
ejaculation. 

The results of this second study should be 
viewed as preliminary and interpreted with 
caution because of the small sample size, the 
lack of control groups, objective timing, or 
blinding of the investigators or subjects. The 
48% dropout rate was believed due in part to 
failure to closely monitor the patients' progress. 
It is recommended that, initially, patients be 
followed at least monthly. Dropouts should be 
anticipated, because some patients unrea
listically hope the medication will remedy 
relationship problems as well as cure prema
ture ejaculation. 

As a note of caution regarding the use of 
clomipramine, 1 study reported that a daily 
regimen of 75 mg of clomipramine taken for 3 
months in a series of 11 depressed patients re
sulted in pathologic spermiograms in all pa
tients in terms of volume, sperm motility, 
and sperm structure.20 This important finding 
warrants replication and further research into 
the possible consequences of pharmacotherapy 
with clomipramine or other antidepressant 
medications or both on male fertility. 

Sertraline 

In a double-blind, randomized placebo
controlled study, Mendels et ael reported that 
sertraline produced clinically and statistically 
significant improvements relative to placebo in 
time to ejaculation and number of successful 
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attempts at intercourse. The average daily dose 
was 121 mg/day. Similarly, in an open-label 
trail, Swartz22 reported on 10 patients who were 
prescribed either 25 or 50mg of sertraline. The 
average ejaculatory delay was 20 minutes. Side 
effects were infrequent and consisted of tran
sient anorexia and headaches. 

Paroxetine and Fluoxetine 

Waldinger et all? studied the effect of paroxe
tine on ejaculation in a double-blind, placebo
controlled trial of men with premature 
ejaculation. The dose of paroxetine was in
creased from 20 to 40mg after the first week. 
Successful outcomes were noted in most pa
tients, and side effects were minimal. Presently, 
there are no double-blind placebo-controlled 
studies regarding the efficacy of fluoxetine in 
treating premature ejaculation; however, sev
eral anecdotal reports and clinical experience 
suggest that it may also be effective at doses 
ranging from 20 to 40mg daily (S. Levine, per
sonal communication, 1996). 

Conclusion 

In sum, oral therapy for premature ejaculation 
is in its infancy. It is exciting to be able to pro
vide such therapy for men suffering from this 
dysfunction. As with other oral therapies, clini
cal use will ultimately dictate the optimal drug 
dose as well as delineate the appropriate pa
tient for treatment. An understanding of the 
psychobiology of the effects of the oral therapy 
is needed for researchers to better understand 
the ejaculation reflex arc and the central path
ways that affect it, allowing better tailored 
therapy and the production of drugs with 
greater specificity. 
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The Normal Penis and Augmentation 
Surgery in Adult Males 
Claudio Teloken 

Phallus dimension-as evidenced by the in
creasing number of men seeking penis enlarge
ment-is a growing concern. Some men request 
penis enlargement for functional reasons; how
ever, the majority seek it for aesthetic purposes 
to reinforce a sexual "macho" image. 

The penis in healthy human males varies 
greatly in size, so much so that the establish
ment of norms is difficult. It is universally 
accepted, however, that penile length needs 
to be sufficient for an individual to stand up 
to urinate, to allow penetration during sexual 
intercourse, and-from the social standpoint
to avoid embarrassment when seen by 
others. 

The most important single predictor of adult 
penile size appears to be the initial length of the 
penis at birth.! The size of the foot or the diam
eter of the hand does not predict the penile 
length (unpublished data). 

The Normal Penis 

Development 

Penile development in the human embryo oc
curs in three phases: (1) the genital tubercle 
phase, when the phallus appears as a hillock in 
the perineum; (2) the phallic phase, when the 
organ becomes progressively elongated and cy
lindrical, with the urethral groove extending to 
the tip; and (3) the last phase, when the urethral 
tube closes and the glans becomes demarcated 
by the formation of the coronal sulcus? 
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During the first 3 months of life, the masculin
izing process of the genitalia is initiated 
by human chorionic gonadotropin secreted by 
the placenta. From month 4 onward, the fetal 
pituitary gland takes over and begins to secrete 
luteinizing hormone and follicle-stimulating 
hormone in response to gonadotropin-releasing 
hormone produced by the hypothalamus. 
The final period of phallic growth occurs at 
pubertyY 

Anatomy 

The normal penis is constructed of paired cor
pora cavernosa covered by double layers of a 
thick and dense elastic sheath of connective tis
sue, the tunica albuginea. The outer collagen 
bundles are oriented longitudinally and play an 
important role in determining the tunica's 
thickness and strength. The finer fibers of the 
inner layer are arranged circularly; they sur
round and penetrate each corpus separately 
and, by their junction in the median plane, form 
the septum of the penis. The circular bundles 
send off perpendicular projections, the intra
cavernous pillars, originating from around 6 
o'clock and inserting into the tunica at the 
lateral walls of the cavernous bodies. They 
reinforce the tunica albuginea.4 The corpora 
cavern os a make up the bulk of the penis and 
contain erectile tissue. They are incompletely 
separated by a layer of the tunica albuginea 
tissue, the septum. 

The erectile bodies are surrounded by Buck's 
fascia that splits to contain the corpus spon-
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giosun, which supports the urethra. Buck's fas
cia is the tough layer of elastic tissue immedi
ately adjacent to the tunica albuginea.5 

The corpus spongiosum lies in the ventral 
groove between the two corpora cavernosa. 
The tunica albuginea of the corpus spongiosum 
is thinner than the tunica of the corpora caver
nosa, and there is less erectile tissue. 

At its base, the penis is supported and sus
pended by two ligaments composed primarily 
of elastic fibers that are continuous with the 
fascia of the penis. The fundiform ligament is 
continuous with the lower end of the linea alba; 
then it splits into two lamina that surround the 
body of the penis and unite underneath it to 
fuse with the septa of the scrotum. The suspen
sory ligament, which is deep to the fundiform 
ligament, is triangular and is attached above the 
front of the pubic symphysis, and, below it, 
blends with the fascia of the penis on each side 
of the organ.6 The septum becomes more com
plete toward the base of the penis, but the cor
pora become truly independent only as they 
split to form the crura attached to the inferior 
ramus of the pubis and ischium. 

Longitudinally, the penis is divided into three 
portions. The root lies in the superficial per
ineal pouch and provides fixation and stability. 
The corpora diverge from each other to form 
the crura and gain attachment to the pubic arch 
of the ischia. Each crus is firmly adherent to the 
ramus of the ischia and is surrounded by 
the fibers of the ischiocavernous muscles. The 
body, which constitutes the major part, is com
posed of the three spongious erectile tissues 
completely covered by skin. The glans is the 
distal portion of the corpus spongiosum. The 
corpus spongiosum lacks both a rigid fibrous 
covering and intraspongiosal pillars. Their ab
sence allows the urethra to function in a low
pressure milieu even during erection. The glans 
penis has only a minimal amount of fibrous tis
sue between the sinusoids and the superficial 
epidermis.4 

Size 

Medical literature does not clearly define what 
constitutes normal penis length in the adult 
male. Therefore, what constitutes insufficient 
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or inadequate penile size is still a controversial 
issue. Because no standard method of penile 
measurement has yet been developed, the accu
racy of some reported data is questionable. 

Although for some authors the flaccid-state 
measurement has been found to correlate 
closely with the length of the penis in the erect 
state,? there is evidence that relaxed or flaccid 
penile length varies excessively and this mea
surement is, therefore, not reproducible.8 

Schonfeld and Beebe9 evaluated several 
methods of measuring penile size and found a 
highly significant correlation between the fully 
stretched penile length and the erect length of 
the penis. The correlation between flaccid and 
erect length, as noted above, is not reliable 
enough to recommend using flaccid length to 
predict erect length. Wessells et al,lO however, 
found that stretched length most closely pre
dicted erect length. Using penis extensibility as 
a measurement appears to be a reliable, easy, 
and noninvasive test.· Its correlation to erectile 
function suggests its significance. l1 

Penile length measurements in adults should 
be made with a full erection, which can be pro
duced either by visual sexual stimulation (VSS) 
or intracavernous injection of vasoactive 
agents. The latter method seems to be more 
effective because general environmental condi
tions, such as inadequate room temperature, 
and anxiety, embarrassment, or fear accompa
nied by exacerbated adrenergic status can alter 
the length of the penis, thus preventing an accu
rate measurement. (Taking an objective mea
surement of the penis and showing the patient 
that his penis is within the mean of the healthy 
population may be enough to convince him that 
his phallus is normal and appropriate for inter
course, and he may withdraw his request for 
phalloplasty augmentation.) 

Whether using the stretched penis or a fully 
erect one, the measurement should be taken 
using a rigid ruler. If using the stretched penis, 
the glans penis should be grasped firmly be
tween the thumb and forefinger and the penis 
pulled to its full length. The distance is re
corded along the dorsal aspect of the penis, 
from the symphysis pubis to the tip of the glans, 
disregarding the prepuce. The ruler should 
be pressed against the pubis, depressing the 
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suprapubic fat as much as possible. If the penis 
is in full erection, the measurement should be 
made along the dorsum to the tip in the same 
way. 

Lee et alB found the stretched penile length in 
normal adult males to be 13.3cm ± 1.6cm SD7; 
Wessells et allO demonstrated that mean flaccid 
penile length was 8cm, mean flaccid circumfer
ence was 10 cm, and the new stretched length 
11 cm. The mean erect length increased to 
12.5 em, and the mean erect circumference in
creased to 12.5 em. The mean functional penile 
length (erect length and fat pad depth) was 
16 em. 

Ros and colleaguesll examined 150 potent 
Caucasian males after full erection was ob
tained following injection of intracavemous va
soactive agents. These men were chosen for the 
study because they had no penile size com
plaints and were very satisfied with their genita
lia. Even the patients with the smallest penile 
length testified to feeling comfortable with the 
functional aspect as well as the aesthetic profile 
of their penises and denied any embarrassment 
about their penile size when seen by others. 
Penile lengths (from pubis to distal glans) as 
well as proximal and distal circumferences were 
obtained. The shortest and the longest penises 
measured 9em and 19cm, respectively. The 
mean length was 14.5em. The mean proximal 
circumference was 11.92em, and the distal cir
cumference was 11.05 cm.ll 

As to body type and its correlation to the size 
of the genitalia, it has been suggested that there 
is no direct correlation between somatic and 
skeletal development of phallic length.12 

Penile Abnormalities 

Micropenis, Webbed Penis, 
Buried Penis 

The term micropenis describes a penis that is 
abnormally small, but otherwise perfectly 
formed, with the urethra opening at the tip of 
the glans. It is usually described in children as a 
penis that has a stretched length measuring less 
than 2.5 standard deviations below the mean.6 

True micropenis is rare, and is usually investi-
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gated and treated during childhood or puberty. 
However, sometimes micropenis is not discov
ered until adulthood. 

Mircopenis must be distinguished from the 
condition called webbed penis, in which the pe
nis may be of normal size but is buried and 
enclosed by the skin of the scrotum.13 In such 
cases, palpation of the corporeal bodies will 
confirm that they are well developed. An even 
more common source of confusion is a buried 
penis, in which the shaft lies hidden within an 
abundant mass of prepubic fat, often leaving 
only the prepuce protruding. The full length of 
the organ can be revealed simply by holding the 
fat back out of the way, allowing the penis to 
stand out.7 

Lengthening of the Penis 

Psychosocial Adjustment 

Phalloplasty is medically necessary only in 
adults with uncorrected micropenis, webbed 
penis, buried penis, or other anatomical abnor
malities, and bodily changes reSUlting from 
disease, injury, or other surgical procedures. 
Great misconceptions exist about the correla
tion between penile length and sexual ad
equacy.14 Therefore, most people seeking 
augmentation phalloplasty probably do not 
need the procedure. For many patients, the de
sire for the operation is based on fantasies or 
lack of sex education about which factors in the 
male genitalia are responsible for female or
gasm, what constitutes normal male genitalia, 
and what women's actual sexual expectations 
are. 

Psychiatric or psychological consultation is 
imperative, because severely depressed, psy
chotic, or unrealistic patients definitely should 
not undergo penile augmentation surgery. 

Surgery 

When indicated, penile lengthening can be ob
tained by partial detachment of the crura from 
the puboischial rami so that the proximal penile 
part of the corpora cavemosa can be advanced 
into the shaft.1s The main objective is to release 
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the proximal portions of the erectile bodies 
from their attachment to the widespread infe
rior pubic rami and to excise the dysgenetic scar 
tissue encountered during the dissection. Com
plete detachment of the corpora should be 
avoided, as it can cause devascularization of the 
corporal bodies.16 

A second alternative for penis elongation is 
to incise the suspensory ligament and release 
the fundiform ligaments. The preferred incision 
is the V-V flap. Excessive fat should be re
moved, while keeping adequate subcutaneous 
tissue to maintain a healthy blood supply. By 
pulling on the penis, the suspensory ligament 
is palpated and easily incised, as are the bands 
of the fundiform ligaments. The ligament is 
released 1 cm to each side of the midline of 
the pubis. The lower limit of the release is the 
inferior border of the pubis. The dissection 
should be kept directly on the periosteum to 
prevent injuring the dorsal bundle of nerves 
and vessels. The penis falls forward, gaining 
some length.17 Reattachment of the ligament, 
which in the past was simply loosened, is man
datory to avoid penile shortening.18 Before re
attachment, the curve of the penis is pushed 
out, ensuring extra lengthening outside the pel
vis. This technique was first used on a small 
farm child who had half of his penis bitten off 
by a pig.19 

A good choice of suture for penis reattach
ment is 3-0 Prolene. This has a double func
tion: to maintain penile advancement (penile 
length can retract after releasing the suspen
sory ligament) and to eliminate dead space be
tween the dorsal corpora and the pubis. This 
space must be filled to prevent spontaneous re
attachment of these structures and possible 
shortening of the penis. A roll of Gore-Tex can 
be used for this purpose.20 

Although no incision is completely satisfac
tory for the mentioned approach, the most 
commonly used is the V-V advancement flap. 
Several variations have been described to 
incise the suspensory ligament and release the 
fundiform ligament.17- 2o Longer incisions than 
this may deform the genitalia, resulting in dog
ear formation of the penis buried in the scro
tum, paradoxically creating the appearance of a 
short penis.18,2o 
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The M-plasty incision, another variation 
popularized in China, is placed in the supra
pubic region, but it frequently causes hyper
trophic scars.21 

A large Z-plasty or a double Z-plasty in the 
pubic region is often used to advance the skin 
and concomitantly remove the suprapubic fat 
pad. This technique creates more reliable flaps 
with less noticeable scarring. The vertical limb 
of this incision is about 4 cm in length, and the 
distal end is just proximal to the penopubic 
junction. The resulting skin advancement is 
about 2 cm.17 

Perineal insertion of a penile prosthesis is 
also a recommended treatment for an adult 
male with micropenis.21 In selected cases, 
liposuction or formal excision of the prepubic 
fat pad will give a worthwhile improvement in 
penile appearance.7 

Webbed scrotum (the scrotal sac extends 
well up onto the ventral shaft of the penis) can 
be easily corrected by a straightforward recon
structive procedure. 

Conclusion 

Men seeking phalloplasty must be made aware 
of some caveats. Many of the studies on penile 
augmentation lack scientific methodology, suf
ficient sample size, or matched comparison 
populations. In addition, most results are anec
dotal and follow-up data are often difficult to 
interpret. Moreover, a predictive index of suc
cessful management of penile length and data 
evaluating the gain in length from ligament re
lease are still unavailable. The demand for pe
nile aesthetic surgery is increasing, in spite of 
the limited medical knowledge and appropriate 
clinical trials to document its need and the best 
techniques to be used. This demand may be due 
in part to the social stigma attached to the small 
penis, promotion by the media of the "macho" 
male image, and the mystique surrounding 
sexual matters in general. 

Patients seeking penile lengthening must be 
made aware that sometimes no gain is possible; 
reattachment of the penis after cutting the sus
pensory ligament can occasionally produce a 
shorter, not a longer, penis; and a I-cm gain in 
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length is considered a surgical success although 
neither self-esteem nor sexual performance 
may change as a result. 

Finally, from the psychologic point of 
view, each case must be managed individually 
before surgery in order to avoid possible disap
pointment because of a less than spectacular 
outcome. 

References 

1. Danish RK, Lee PA, Mazur T, et al. Micropenis. 
II. Hypogonadotropic hypogonadism. Johns 
Hopkins Med J 1980; 146:177-184. 

2. Spaulding MH. The development of the external 
genitalia in human embryo. Embryol Carnegie 
Inst 1921; 143:67-73. 

3. Kaplan SL, Brumbach NM, Aubert ML. The 
ontogenesis of pituitary hormones and hypotha
lamic factors in the human fetus: maturation of 
central nervous system regulation of anterior pi
tuitary function. Recent Prog Horm Res 1976; 
32:161-172. 

4. Breeza A, Aboseif S, Lea TF. Anatomy of the 
penis. In: Montague DK, ed. Atlas of the Urology 
Clinics of North America. Philadelphia: W.B. 
Saunders; 1993: 1-8. 

5. Devine CJ Jr, Jordan GH, Schlossberg SM. Sur
gery of the penis and urethra. In: Walsh PC, 
Retic AB, Stamey TA, et aI, eds. Campbell's 
Urology. Philadelphia: W.B. Saunders; 1992: 
2957-3032. 

6. Tanagho EA. Anatomy of the lower urinary 
tract. In: Walsh PC, Retik AB, Stamey TA, et aI, 
eds. Campbell's Urology, Philadelphia: W.B. 
Saunders; 1992: 40-69. 

7. Aaronson IA. Micropenis: medical and surgical 
implications. J Uro11994; 152:4-14. 

8. Lee P A, Mazur T, Danish R, et al. Micropenis: I. 
Criteria, etiologies, and classification. Johns 
Hopkins Med J 1980; 146/147:156-163. 

C. TelOken 

9. Schonfeld WA, Beebe GW. Normal growth and 
variation in the male genitalia from birth to ma
turity. J Uro11942; 48:759-777. 

10. Wessells H, Lue T, McAninch JW. The relation
ship between penile length in the flaccid and 
erect states: guidelines for penile lengthening? 
J Uro11995; 153:374A, Abstr 582. 

11. Ros C, TelOken C, Sogari P, et al. Caucasian 
penis: what is the normal size? J Urol 1994; 
151:323A. 

12. Masters WH, Johnson YE. The penis. In: Hu
man Sexual Response. Boston: Little, Brown; 
1996: 201-230. 

13. Crawford BS. Buried penis. Br J Plast Surg 1977; 
30:95-99. 

14. Rivard DJ. Anatomy, physiology, and neuro
physiology of male sexual function. In: Bennett 
AH, ed. Management of Male Impotence. Balti
more: Williams & Wilkins; 1982: 1-25. 

15. Gearhart JP, Jeffs RD. Exstrophy of the blad
der, epispadias, and other bladder anomalies. In: 
Walsh PC, Retik AB, Stamey TA, et aI, eds. 
Campbell's Urology. Philadelphia: W.B. Saun
ders; 1992: 1772-1821. 

16. Devine CJ Jr, Jordan GH, Schlossberg SM. Sur
gery of the penis and urethra. In: Walsh PC, 
Retik AB, Stamey T A, et aI, eds. Campbell's 
Urology. Philadelphia: W.B. Saunders; 1992: 
2957-3032. 

17. Alter GJ. Augmentation phalloplasty. In: 
Melman A, ed. Urological Clinics of North 
America. Philadelphia, P A; W.B. Saunders Co. 
1995; 4:887-902. 

18. Roos H, Lissoos I. Penis lengthening. Int J Aes
thetic Restorative Surg 1994; 2:89. 

19. Long DC. Elongation of the penis. Chung Hua 
Cheng Hsing Shoa Shang Wai Ko Tsa Chih 1990; 
6:17-19. 

20. Alter GJ. Penis enhancement. AUA Update Se
ries 1996; 15:94-99. 

21. Burkholder GV, Newell ME. New surgical treat
ment for micropenis. J Uro11983; 129:832-834. 



27 
Color Duplex Doppler Ultrasound: 
Penile Blood Flow Study 
Gregory A. Broderick 

A recent estimate of the number of men in the 
United States suffering with complete erectile 
dysfunction is 10 to 20 million. When partial 
erectile dysfunction is included, the estimate 
jumps to 30 million.! Age-specific prevalence is 
estimated to be 5% at age 40, increasing to 15% 
to 25% by age 65. In clinical series, the ratio of 
organic to psychologic male sexual dysfunction 
also varies with age: 70% of patients under 35 
years of age have a psychogenic cause, and 85% 
of patients over 50 years of age have organic 
impotence.2 Patient accounts of coital fre
quency similarly vary with age: 75% of men in 
their seventh decade report having coitus once 
monthly, and 37% of patients 60 to 69 years old 
describe having weekly coitus. 

Normative data on the prevalence of impo
tence in the community have only recently 
become available.3 The Massachusetts Male 
Aging Study (MMAS) assessed the prevalence 
of impotence among 1290 men ranging in ages 
from 40 to 70 years. On a four-point scale, a 
complaint of impotence was offered by 51 % of 
the men: 16% were minimally impotent, 25% 
were moderately impotent, and 10% were com
pletely impotent. Diabetes, hypertension, and 
coronary artery disease were each associated 
with increased probability of impotence com
plaints; these risks were amplified by concur
rent smoking. Complete impotence was more 
prevalent among men taking hypoglycemic 
medication, antihypertensive and cardiac 
drugs, and vasodilators. Normative commu
nity-based data clearly have established a 
relationship between aging and male sexual 

dysfunction and, more importantly, have dem
onstrated the relationship to vascular risk 
factors. 

Based on an appreciation of these vascular 
risk factors and other para-aging phenomena, 
urologists can usually direct patients toward 
therapy after obtaining a good sexual history 
and medical history, and performing a physical 
examination and basic blood tests. When diag
nostic testing is indicated or desired, the penile 
blood flow study (PBFS), an intracavernous 
challenge of a vasoactive agent and assessment 
by color duplex Doppler ultrasound (CDDU), 
is the most reliable and least invasive means of 
screening for vasculogenic erectile dysfunction 
and efficiently selects patients who are candi
dates for invasive testing.4-7 CDDU provides a 
detailed examination of the vascular anatomy 
of the penis and elucidates the dynamics of 
erection. 

Investigating Penile Blood Flow 

Numerous diagnostic tests have been employed 
to evaluate penile hemodynamics: penile pleth
ysmography, penile blood pressures, penile 
brachial index, duplex Doppler sonography, 
dynamic infusion cavernosometry/cavernosog
raphy, nuclear washout radiography, and color 
duplex Doppler ultrasound. In 1971 Gaskell8 

described a noninvasive test of penile arterial 
inflow using a photometer to quantify the ab
sorption of light by the pigment oxyhemoglobin 
in the glans penis. An occlusive cuff at the base 
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of the penis was slowly loosened, and the pres
sure at which oxyhemoglobin became measur
able in the glans indicated the penile systolic 
blood pressure. Abelson9 used the Doppler 
stethoscope to measure penile blood pressure 
in flaccidity and compared this value to systolic 
brachial pressure, yielding the penile-brachial 
index (PBI)-maximal systolic penile pressure 
divided by systolic brachial artery pressure. 
Michal et allO and Goldstein et alll modified the 
PBI test with a dynamic component by adding 
lower extremity and pelvic musculature exer
cises, with Doppler stethoscope auscultation 
made before and after exercise. A decrease 
in the ratio of penile systolic pressures 
( <0.15 mmHg) was indicative of pelvic steal, or 
significant penile inflow disease. Subsequent 
reviews comparing the PBI to pharmacopenile 
angiography found PBI values from normal 
patients overlapped with those from impotent 
patients, and pressures were inadvertently ob
tained from the dorsal artery not reflecting the 
central cavernous arteries.12 

Indisputably, arteriography provides the best 
anatomical information about the origin of the 
common penile arteries, but these data have 
been difficult to correlate with patient com
plaints and with erection dynamics.13 Accurate 
penile angiography requires pharmacologically 
induced erection, as the vessels of the flaccid 
shaft are contracted and tortuous. High osmo
lality contrast agents are painful, may induce 
anaphylaxis, and may require intravenous seda
tive-anesthesia. Some centers use epidural or 
spinal anesthesia because of the additional ben
efit of reducing vasospasm.14,15 Low osmolality 
contrast agents reduce angiographic morbidity 
but are more expensive. 

The common penile artery typically arises 
from the third segment of the internal pudendal 
artery (IPA) as it passes through the urogenital 
diaphragm. The paired common penile arteries 
may originate from one internal pudendal ar
tery or from an accessory internal pudendal ar
tery. The accessory IPA may take origin from 
the hypogastric artery, remnant of the umbili
cal, ischial, or obturator arteries. An accessory 
IP A is more common on the right, but preva
lence has been variably described from 4% to 
70%. Therefore, performing selective internal 

G.A. Broderick 

pudendal arteriography (missing an accessory 
IPA) has an inherent false-positive rate for di
agnosing penile inflow diseaseY-19 More impor
tantly, deviations from paired common penile 
arteries have been documented in 50% of nor
mally potent volunteers; unilateral absence or 
hypoplasia of a dorsal artery has been shown in 
up to 30% of volunteers.14 Anatomic variation 
of intrapenile arterial anatomy appears to be 
the rule rather than the exception, such as uni
lateral or bilateral origin of the cavernous arter
ies, distal shaft communications between the 
dorsal and central cavernous arteries, and 
anastomoses between the corpus spongiosum 
and cavernous body.20 The problem for the 
arteriographer has been twofold: how to differ
entiate congenital variations in penile arterial 
anatomy from acquired abnormalities, and how 
to correlate anatomical alterations in the pat
tern of vascular inflow with the patient's com
plaints of impotence. For the patient there 
remains the discomfort of the intraarterial con
trast, exposure to ionizing radiation, risk of mi
nor or severe dye reaction, and potential for 
endothelial cell and smooth muscle damage fol
lowing ionic contrast agents. As a screening 
test, phalloarteriography is overly invasive and 
nonspecific of penile hemodynamics.21 

Penile Blood Flow Study 

A PBFS consists of an intracavernous injection 
and visual rating of the subsequent erection; 
the test is the most commonly used diagnostic 
procedure for impotence. PBFS is simple, 
minimally invasive, and performed without 
monitoring equipment. A positive injection 
test in a neurologically normal patient implies 
psychogenic impotence, presumably excluding 
significant venous or arterial insufficiency.22,23 
All too often the penile response is suboptimal, 
leaving the clinician questioning whether the 
patient has severe arterial insufficiency, venous 
leakage, or high anxiety. A standard intraca
vernous test dosage has never been established 
for any agent; furthermore, a contemporary 
hemodynamic investigation suggests that a 
positive injection test is associated with normal 
veno-occlusion (low flow to maintain erection 
values of 0.5 to 3 ml per minute and minimal 
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contrast medium or no contrast leakage during 
cavernosometry-cavernosography), but not ne
cessarily with normal arterial function. In as 
many as 19% of patients the test may be a false 
negative. Despite the presence of an erection, 
there may be a significant disparity between the 
systemic and cavernous systolic arterial pres
sures, which can be correlated with abnormali
ties on pharmacopenile angiography. A normal 
PBFS indicates meeting or exceeding a thresh
old response for intracavernous pressure 
(2::80mmHg), which may occur in the presence 
of a significant gradient between systemic sys
tolic pressure and cavernous systolic pressure. 
A positive erection test only selects patients for 
home injection therapy; it does not rule out 
mild arterial insufficiency.24 

In 1985 Lue et af5 introduced the technique 
of high-resolution sonography and quantitative 
Doppler spectrum analysis to evaluate dynamic 
changes in cavernous arterial flow after 
intracorporal injection of papaverine. In July 
1995 the Upjohn Company (Kalamazoo, Michi
gan) received Food and Drug Administration 
(FDA) approval to market injectable pros
taglandin EJ (PGEJ) (Caverject; Upjohn, 
Kalamazoo, Michigan) specifically for the diag
nosis and treatment of male impotence. The 
demonstration that vasoactive injections could 
produce penile erection without benefit of psy
chic or tactile stimuli has revolutionized the di
agnosis and treatment of erectile dysfunction 
by providing a direct test of end organ integrity 
and tht?rapy specifically for vascular deficiency. 

CDDU Anatomy of the Penis 

The human penis consists of three corpora-the 
paired corpora cavernosa and the ventral cor
pus spongiosum-which form the glans 
penis distally. The cavernous bodies share a 
fenestrated septum, which allows them to 
neurophysiologically function and pharmaco
logically respond as a single unit. The tunica 
albuginea of the corpora cavernosa in the 
flaccid state has a thickness of 2 to 3 mm. The 
tunica albuginea of the corpus spongiosum is 
much thinner than that of the corpora caver
nosa. Each of the corporeal bodies is sur-
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rounded by a dense fascial structure, Buck's 
fascia. Additionally, Buck's fascia forms a thin, 
nonfenestrated septum between the corpora 
cavernosa and the corpus spongiosum. With 
real-time ultrasound the corpus cavernosum 
and spongiosum have a homogeneous medium 
echogenicity that is distinguished from the 
hyperechoic tunica albuginea and septum (Fig. 
27.1, see color insert for parts B and C). The 
tunica albuginea should have uniform thick
ness and echogenicity; the subcutaneous tissues 
and Buck's fascia are not identifiable sono
graphically except by the location of the dorsal 
vascular bundle-paired dorsal arteries (D A) 
and deep dorsal vein complex (DDV) (Figs. 
27.1B and 27.2B, see color insert). The proximal 
penis (crural bodies) is anchored to the inferior 
pubic bone. The penile bulb is surrounded by 
the bulbocavernosus (or bulbospongiosus) 
muscle. The crura and proximal part of the shaft 
are covered by the ischiocavernosus muscles. 
Although the pendulous penis is easily imaged 
from either the dorsal (Figs. 27.1 and 27.2) or 
ventral projection, the proximal third of the 
penis may be imaged in transverse or sagittal 
view only by scanning from the ventral penis or 
below the scrotum at the level of the perineum 
(Figs. 27.2C and 27.2D, see color insert). The 
urethral lumen will be compressed but can be 
imaged by retrograde filling with sterile gel or 
water,z6,27 The glans penis is covered with very 
thin and firmly adherent skin, has no fibrous 
sheath, and contains much connective tissue. 

Penile Inflow 

The penis is supplied mainly by the internal 
pudendal artery. After giving off the perineal 
artery in Alcock's canal, it becomes the com
mon penile artery. Branches of the penile ar
tery consist of the bulbar, urethral (spongiosal), 
dorsal, and cavernous arteries. The cavernous 
artery penetrates the tunica albuginea and en
ters the crura of the corpora cavernosa along 
with the cavernous veins and cavernous nerves 
(Fig. 27.2D). The cavernous arteries are easily 
identified by their echogenic walls; in the flaccid 
state the arteries are tortuous and ~O.5 mm in 
diameter. With CDDU, low blood flows are 
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visible, but detection of flow prior to injection 
of the vasodilator depends on the patient's 
level of sympathetic tone (anxiety) and is 
of no predictive value.4,28 Cavernosal tissue is 
sponge-like and composed of a meshwork 
of interconnected cavernosal spaces that are 
lined by vascular endothelium and separated 
by trabeculae containing bundles of smooth 
muscle in a framework of collagen, elastin, 
and fibroblasts. The terminal helicine arteries 
are multiple muscular and corkscrew-shaped 
arteries (150 to 350/lm) that open directly into 
the cavernous spaces and act like resistance 
arteries. The corporal tissue becomes more 
hypoechoic (darker) as the sinusoids distend 
with blood, making the echogenic walls of the 
cavernous arteries more distinct sonographi
cally (Fig. 27.1C). The dorsal artery enters the 
penis and continues distally beneath Buck's fas
cia between the centrally located deep dorsal 
vein( s) and the paired dorsal nerves (Fig. 
27.1B). The urethral artery runs longitudinally 
through the corpus spongiosum lateral to the 

A 

FIGURE 27.1. (A) The penis is held in the anatomic 
position of erection with the scanning probe in the 
transverse position. (B) Transverse color Doppler 
image following a 6-J.lg injection of PGE1 reveals 
the normal vascular anatomy. RCA, right cavernous 
artery; LCA, left cavernous artery; DDV, deep 
dorsal vein; LDA, left dorsal artery; CS, corpus 
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urethra (Fig. 27.2C). This supplies the corpus 
spongiosum, the urethral tissue, and the glans 
penis. The bulbar artery enters the bulb of the 
penis shortly after its origin and supplies blood 
to Cowper's gland and the proximal urethral 
bulb. Recently described anatomic variations 
of penile arterial supply include dorsal to cav
ernous, cavernous to cavernous, and cavernous 
to urethral collaterals, duplication of the cav
ernous artery, and unilateral absence of a dor
sal artery.14 

Penile Outflow 

Based on scanning electronic microscopy of 
vascular corrosion casts, Banya et ae9 suggested 
two circulatory routes in the human corpora. 
One route goes from the cavernous artery to 
capillary networks collected into the venular 
plexus just beneath the tunica albuginea; it is 
suggested that this route serves as a main circu
latory pathway during the flaccid state. The 

spongiosum. (C) Transverse image of right corporal 
body 5 minutes after injection of dilator. Helicine 
arterioles (red/blue) are seen with central sinusoids 
beginning to fill (arrows); note that blood distended 
sinusoids appear more hypoechoic than surrounding 
tissue. See color plate for parts Band C. 
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FIGURE 27.1. Continued 

other route is through anastomoses from 
the cavernous artery, via the helicine arteries 
to the cavernae (sinusoids), which are then 
emptied into the postcavernous venules. 
This ultrastructural detail is not visualized 
sonographically. 
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There are three sets of veins draining the 
penis: the superficial, the intermediate, and 
the deep. The deep venous system drains both 
the corpora cavernosa and the corpus spon
giosum. The postcavernous venules coalesce 
to form larger emissary veins that pierce the 
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FIGURE 27.2. (A) Probe held in the sagittal position 
from the dorsum; note cushion of ultrasound gel be
tween standoff wedge of transducer and penile shaft. 
(B) Sagittal view of right dorsal artery (RDA); too 
much compression (arrows) damps dorsal vascular 
flow and will alter both systolic and diastolic wave
forms. (C) The pendulous penis may be scanned 
from the ventral aspect. This sagittal image shows 
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the proximal bulb with the urethral artery (BUA) 
and right cavernous artery (RCA). Imaging of the 
urethral lumen is not possible unless the urethra is 
filled in a retrograde fashion with gel or water. See 
color plate. (D) Sagittal scanning below the scrotum 
(transperineal) reveals the origin of the right cavern
ous artery (RCA). See color plate for parts B, C, 
and D. 
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FIGURE 27.2. Continued 

tunica albuginea. The emissary veins of the 
middle and distal penis join to form the circum
flex veins, which empty into the deep dorsal 
vein (Fig. 27.1B). The emissary veins of the 
proximal penis form the cavernous vein, which 
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D 

empties into the internal pudendal vein (Fig. 
27.3, see color insert for part A). 

The intermediate set of veins is deep to 
Buck's fascia. Veins from the glans penis form 
a retrocoronal plexus that drains into the 
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FIGURE 27.3. (A) Transverse scan of patient with 
severe veno-occlusive dysfunction revealing large 
cavernous vein. (B) Dynamic cavernosogram of the 

deep dorsal vein. The deep dorsal vein courses 
proximally in the midline between the two 
corpora cavernosa and empties into the 
periprostatic plexus. The superficial dorsal 
vein drains the skin and the subcu
taneous tissue superficial to Buck's fascia. It 
drains into the superficial external pudendal 
vein. 
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same patient showing leakage via the deep dorsal 
vein and prominent cavernous vein (arrowhead). 
See color plate for part A. 

Erection Hemodynamics 

Erection is a complex event regulated by the 
tone of smooth muscle composing the cavern
ous arterioles, venules, and sinusoids. Tumes
cence follows a decrease in corporal smooth 
muscle tension--ciecreasing arterial, arteriolar, 
and sinusoidal resistance. Decreasing resis-
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tance to arterial inflow bathes the cavernous 
tissues in highly oxygenated arterial blood. 
Venous outflow during erection is dynamically 
limited by distension of the sinusoids compress
ing the subtunical venular plexus against the 
inner layer of the tunica albuginea. The differ
ential stretching of the two primary layers of 
the tunica albuginea during erection com
presses the exiting emissary veins closed. The 
rigid penis is veno-occluded, in a low outflow 
state, with distended sinusoids and elevated 
intracorporal pressure. During rigid erection 
arterial inflows are paradoxically very low-by 
Doppler estimation 1.S to S.6ml per minute, by 
phalloarteriography 4.7 ml per minute, by ra
dioisotope study <S ml per minute. Dynamic 
cavernosometry similarly reveals that with 
maximal smooth muscle relaxation rigid erec
tion is associated with low flow to maintain 
values of O.S to 3 ml per minute.24,25,30 

Detumescence and flaccidity are initiated 
and maintained by corporal smooth muscle 
contraction. Aboseif and Lue31 and Andersson 
and Wagner32 studied the dynamics of erection 
in several species and divided the progress from 
flaccidity to erection into distinct phases. In the 
flaccid phase, there is a dominant !!ympathetic 
influence, and the terminal arterioles and cav
ernous smooth muscles are contracted. Electri
cal activity recorded from the smooth muscle of 
the corpus cavernosum indicates that the 
smooth muscle cells are contracting. In the la
tent (filling) phase, parasympathetic nervous 
activity dominates, and there is an increased 
blood flow through the internal pudendal and 
cavernous arteries. Peripheral resistance is de
creased due to dilatation of the cavernosal and 
helicine arteries. The penis elongates. In the 
tumescence phase, the intracavernous pressure 
increases rapidly. The compliance of the sinu
soidal muscle is markedly enhanced, causing 
penile engorgement. In full erection the relaxed 
trabecular muscle expands and, together with 
the increased blood volume, compresses the 
plexus of subtunical venules, reducing venous 
outflow and increasing intracavernous pressure 
to 10 to 20mmHg below the systolic blood 
pressure. In the rigid erection phase cavernous 
pressure may increase well above the systolic 
pressure. As a consequence of voluntary or 
reflexogenic contraction of the ischiocaver-
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nosus and bulbocavernosus muscles, suprasys
tolic pressures may be transiently achieved 
during pelvic thrusting. 

Although the phases of erection documented 
in the laboratory in animals have correlates 
with human erectile responses during PBFS, 
there are variables in clinical testing, which may 
preclude full erection. In addition, the thresh
old dosage for a single agent or multiple agents 
to reliably promote complete smooth muscle 
relaxation has not been established. Available 
data on the minimal effective dosage of PGE1 
suggest 2f.lg will produce erection in 38% of 
men with psychogenic impotence and in 20% of 
men with vasculogenic erectile dysfunction.33 A 
pattern of spectral waveform progression on 
CDDU has been correlated with a normal rigid 
response during PBFS.34 In the latent/filling 
phase when sinusoidal resistance is low (S min
utes) following injection, the waveform is char
acterized by high forward flow during diastole. 
As intrapenile pressure increases, diastolic ve
locities decrease. With full erection, the systolic 
waveforms will sharply peak and may be 
slightly less than during full tumescence; dias
tolic flow will be zero. In rigid erection, cavern
ous pressure will exceed systemic diastolic 
blood pressure and reversal of diastolic flow 
occurs. Similarly in the rigid erection phase the 
systolic waveform may be damped. The 
bulbocavernosus reflex may be stimulated 
by intermittent glans compression during 
examination.4 

Technique: Instruments 

Since its introduction by Lue25 in 1985, duplex 
Doppler penile sonography has proven an ac
curate and reproducible technique for evaluat
ing erectile dysfunction. The addition of color 
has facilitated consistent detection of dorsal, 
cavernous, and urethral vessels. CDDU per
mits the rapid acquisition and measurement 
of small vessels in low-flow states.35-37 High
frequency linear array transducers (S to 
10MHz) provide the best images of the penis; 
the higher the frequency, the better the near 
field resolution. [All images in this discus
sion were retrieved from a 7.0-MHz linear 
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transducer with standoff wedge (Siemens/ 
Quantum) or a 7.5-MHz linear array transducer 
(Bruel and Kjaer); these permit continuous 
color encoded gray-scale images during Dop
pler sampling. Others have reported adequate 
high-resolution penile imaging with (noncolor) 
gray-scale 13.5-MHz probes?8] 

Color flow uses the imaging principles of 
pulsed Doppler; a pulse of ultrasound is emit
ted from the transducer, reflected back, and 
received. When the returning echo has a differ
ent frequency from the emitted frequency, a 
Doppler shift has occurred; ultrasound reflect
ing from a moving object (penile blood) causes 
a Doppler shift. Doppler frequency shift de
pends on several factors: frequency of the 
transducer, velocity of the moving object (pe
nile blood), speed of sound through the me
dium (penile tissue), and angle between the 
Doppler beam and direction of blood flow. The 
blood flowing in a vessel that is approaching 
the transducer will produce echoes with a 
higher frequency than was emitted; blood 
flowing away produces a lower frequency. As 
blood flow velocities increase, Doppler shift in
creases. The Doppler shift is displayed on gray 
scale as a spectrum (waveform) or in CDDU as 
a two-dimensional color image. In CDDU the 
color display has an angle dependence just like 
the gray scale spectrum of the Doppler shift. If 
the vessel runs parallel to the skin surface, ul
trasound scanning lines are perpendicular (90° 
Doppler angle) and will yield no Doppler shift 
and no color within the vessel. To correct this 
problem of physics, linear array transducers 
use phasing to steer the scan lines at a more 
appropriate angle or an angled standoff wedge 
on the end of the transducer to provide a 
nonperpendicular Doppler angle. The angled 
standoff wedge is acoustically neutral and is 
ideal for imaging penile vessels that are parallel 
to the skin. Arterial flow velocity determina
tions depend on the ultrasound beam-vessel 
angle; the optimal angle is 60°. The angle 
correction is set by the examiner. Because 
arterial flow velocities will be repeated several 
times after injecting the vasodilator, particular 
attention should be given to maintaining the 
same angle of insonation. Arterial velocity 
in the same vessel will be recorded at 20cm/s, 
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25 cm/s, 31 cm/s, or 203 cm/s if the probe-vessel 
angle is altered from 30° to 45° to 55° to 85°, 
respectively.39-43 

Examining Protocol 

The examination should be performed in a 
warm, darkened room, a secure setting essen
tial to reduce anxiety and reduce sympathetic 
cavernous smooth muscle tone. The patient 
should be assured that no one will come 
walking in during his testing. He lies in the 
supine position; he need only disrobe from 
the waist down. His attention should be di
rected at the ultrasound monitor with periodic 
explanation of images displayed, such as, 
"You are going to see ultrasound views of 
your penile vessels; some of these run ('
the surface of the penis, and two are central 
arteries providing the pressure to your erection. 
When the Doppler is activated, the sound you 
hear will be blood flowing into your penis with 
each heartbeat." 

The corporal bodies should be scanned in the 
transverse plane from base to tip to demon
strate normal anatomy (paired cavernous and 
dorsal arteries); the echotexture should be ho
mogeneous; fibrotic processes are relatively 
hyperechoic in comparison (Fig. 27.4, see color 
insert). Peyronie's plaques will be denser than 
normal tunica; they may be visible as linear 
echogenic thickenings. If they cast an acoustic 
shadow like a renal stone, calcification should 
be suspected and plain radiographs taken fol
lowing PBFS/CDDU. The penile vessels and 
flow velocities are assessed in the sagittal plane 
(parallel to the long axis of the penis). Vessels 
may be scanned from a dorsal or ventral ap
proach (Fig. 27.2). Lateral scanning will dem
onstrate both cavernous vessels in the same 
image, with the hyperechoic septum in between 
both arteries (Fig. 27.5, see color insert). Cav
ernous-to-cavernous collaterals are only im
aged in the sagittal projection from the lateral 
penis. These vessels are perforating the septum 
in more than 50% of men examined and 
are seen in patients with neurogenic and 
psychogenic impotence, suggesting a congenital 
origin. The dynamics of collateral flow are im-
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FIGURE 27.4. Corporal fibrosis (arrows) in an 80-year-old patient, sagittal scan; right dorsal artery (RDA) 
and right cavernous artery (RCA). See color plate. 

portant; high flow collaterals ::::::25 cm/s may 
supplement unilateral cavernous arterial insuf
ficiency. A dorsal projection is required to im
age the dorsal artery and ipsilateral cavernous 
artery (Fig. 27.6, see color insert). Following 
vasodilation, dorsal-to-cavernous collaterals 
were recently demonstrated in 59% of men, but 
these were hemodynamically significant only in 
15% of patients (::::::25cm/s).44 The dorsal arter
ies are not subjected to intracorporal pressure 
changes of each progressive erection phase; 
therefore, ante grade diastolic flow persists 
even in well-sustained rigidity. During peak 
erection, dorsal systolic flow is maximal. Copi
ous acoustic gel on the surface of the penis and 
a light touch of the probe apparatus are needed 
in order not to alter flow dynamics of dorsal 
vessels. 

All four penile arteries should be scanned at 
least from the level of the penoscrotal junction 
to the glans. When there is asymmetry of cav
ernous flows (::::::10cm/s) or when collaterals 
are seen, the crura should be examined to 
determine if proximal inflow disease exists 
(prepenile) or if intracorporal stenosis has re-

sulted in decreased unilateral CDDU signal. If 
the patient's legs are abducted in a frog-leg po
sition, the perineum can be scanned, revealing 
the entry of the cavernous arteries into the 
penis. This view is especially helpful when 
searching for arterial sinusoidal malformations 
causing high-flow priapism or if the patient 
develops a rapid rigidity. 

Cavernous flow velocities will be highest at 
the perineum and distally will segmentally 
diminish. Several investigators45.46 have con
firmed that systolic velocities of the cavernous 
arteries vary significantly as a function of sam
pling location. Traditionally, arterial velocities 
are measured at the penoscrotal junction 
(proximal pendulous shaft), from either the 
ventral or lateral sagittal projections. If the pe
nis has not become erect, it should be held up
right by the glans; this is the anatomic position 
of erection and serves to straighten the course 
of the cavernous and dorsal arteries. Because 
the principal source of error in flow velocity 
determinations is incorrectly assigned Doppler 
angle, holding the shaft upright stretches 
the tortuous cavernous vessels and permits 
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FIGURE 27.5. (A) Sagittal scan of cavernous artery 
collaterals, with distal right cavernous flow, supple
mented by collateral. (B) Sagittal scan shows ab-
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sence of right proximal inflow, with distal right cav
ernous flow depending on left collateral. See color 
plate. 
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FIGURE 27.6. Left dorsal artery (LDA) to left cavernous artery (LCA) collateral, sagittal scan. See color 
plate. 

consistent measurements with the probe-vessel 
Doppler angle remaining set (60°). 

Timing is important. Arterial diameter and 
cavernous peak systolic velocities will maxi
mize before rigid erection (maximal intracaver
nous pressure). Some investigators advocate 
continuous penile sampling for up to 30 min
utes following penile injection.47 Meuleman et 
al48 found peak velocities highest 5 to 10 min
utes following vasodilation. Fitzgerald et al49 

noted that 24% of patients tested did not reach 
maximum cavernous flow until 10 to 15 minutes 
after injection. If initial measurements are 
made at 5 to 10 minutes after injection and full 
or rigid erection waveforms are not seen, a pe
riod of privacy and self-stimulation will en
hance the penile response in ::::::70% of patients 
(Fig. 27.7, see color insert).4 CDDU assessment 
is repeated immediately following self-stimula
tion, and notation is made of whether the re
sponse weakens or is sustained.50 It is very 
useful to visually rate the erectile quality during 
Doppler assessment: inadequate, adequate, or 
unbending rigidity sustained for 20 minutes. 
Correlation of visual erection rating and Dop
pler parameters is an essential element in the 

diagnostic process; although the Doppler 
parameters are distinctly different, tumescence 
without rigidity is characteristic of both severe 
veno-occlusive disease and arterial insuffi
ciency. Finally, the patient should be ques
tioned about whether the pharmacologic 
erection is similar, better, or worse than those 
he achieves at home.38 If the answer to this 
question is "worse," then the patient is redosed 
to achieve maximal smooth muscle relaxation.51 

European investigators have recommended au
diovisual sexual stimulation in lieu of or to 
supplement manual stimulation for PBFS.52 

The choice of an intracavernous vasoactive 
agent for CDDU has not been standardized. 
The initial duplex Doppler studies13,53,54 were 
performed following injection of 60mg of 
papaverine, Trimix has been used recently 
in efforts to achieve maximal smooth muscle 
relaxation-0,2ml of papaverine (6mg), phen
tolamine (0.2mg), and PGE1 (2flg).38 PGE j 

(Caverject) is the only FDA-approved inject
able for the treatment of erectile dysfunction. 
Of the currently used agents it is thought 
to have the greatest biocompatibility. PGE j is 
a corporal smooth muscle relaxant and has 
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FIGURE 27.7. (A and B) Normal progression of Dop
pler waveform: response 5 minutes after penile injec
tion of PGE j and response following privacy and 
self-stimulation; note minor decrease in peak systolic 

antiadrenergic activity that may explain its 
efficacy in patients suffering high-anxiety 
psychogenic erectile dysfunction.55- 58 In a re
cent dose-finding study,33 the median effective 
dosage was 5.01lg in patients with vasculogenic 
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velocities from 30 to 27 cm/s and significant 
decrease in end diastolic velocities from 7 to 2 cm/s. 
See color plate. 

dysfunction, producing a mean duration of 
erection of 37 minutes. Penile discomfort was 
noted in 34%, and prolonged erection (4 to 6 
hours) in 5%. PGE1 is highly effective with dos
ing of 61lg for patients 50 to 60 years old and 
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to J.lg for patients 60 to 70 years old when 
coupled with privacy and self-stimulation. With 
this regimen of age-specific dosing, <4% of 
patients develop persistent rigidity for 2 hours. 
Patients are successfully managed with direct 
corporal injection of the a-adrenergic phenyl
ephrine (100J.lg/cc, using 1 to 3cc), if treated 
within 2 hours of their study. 

CDDU and Penile Inflow: 
Arterial Adequacy 

The original parameter used to infer the integ
rity of penile circulation was cavernous peak 
systolic velocity (PSV). In efforts to further re
fine the diagnosis of cavernous inflow disease, 
Doppler parameters have been expanded: end 
diastolic arterial velocity (EDV, flow velocity 
measured during diastole immediately prior to 
takeoff of the systolic waveform), systolic rise 
time (in milliseconds from the start of systolic 
velocity to the maximum value ),28.59 and cavern
ous artery acceleration (peak flow velocity over 
systolic rise time ).60 Flow velocities should 
be measured 5 to 10 minutes after injection; 
a delay in response is typical in both the 
hypertensive and the anxious patient. A visual 
rating of erectile quality should be recorded 
each time a set of Doppler parameters is 
recorded. 

Investigations have shown that cavernous 
arterial diameters normally decrease from 
proximal to distal and that measurement of cav
ernous arterial lumina actually exceeds ultra
sound resolution of 7- to to-MHz probes.37,61-64 

In the University of California-San Francisco 
(UCSF) series, normal subjects had a mean 
PSV of 34.8 cmls and a mean arterial diameter 
of 0.89 mm.43 In a study from Baylor University, 
normal volunteers had mean PSV of 40 cmls 
and mean arterial diameter of 1.0mm.65 Normal 
volunteers at the Harvard Medical School 
study had mean PSV of 47 cmls.64 Each of these 
groups concurs that a peak systolic velocity 
<25 cmls suggests severe arterial insufficiency. 
When penile angiography is compared with 
duplex Doppler examinations of the same pa
tients, PSV <25 cmls is consistently associated 
with severe arterial disease; in the Mayo Clinic 
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series PSV <25 cmls had a sensitivity of tOO% 
and specificity of 95% in selection of patients 
with abnormal pudendal arteriography66 (Fig. 
27.8, see color insert). A PSV of 35cmls or 
more is generally associated with a normal 
penile arteriogram.66 The Mayo Clinic group 
has recommended that if there is a good clinical 
response to vasodilating injection, and bilateral 
peak systolic velocities are >30 cmls with arte
rial dilation to 0.7mm, arteriography should 
not be performed.66 When PSV is compared 
with cavernous arterial systolic occlusion pres
sures (CASOP) generated during dynamic 
infusion cavernosometry, a PSV ;:::25 cmls pre
dicts a normal CASOP with a sensitivity of 95% 
and specificity of 95%? Asymmetry greater 
than tOcmls between right and left cavernous 
inflows is abnormal; if cavernous inflows are 
asymmetric or absent at the perineum, one 
should suspect prepenile (pudendal) arterial 
disease. Intrapenile arterial disease is evident 
when crural inflows are adequate and symmet
ric but asymmetry of RlL PSVs is noted in the 
pendulous penis. On CDDU, severe unilateral 
cavernous arterial insufficiency may be associ
ated with reversal of systolic flow proximal to 
the entry of a collateral (Fig. 27.9, see color 
insert). 

Schwartz et al68 correlated progressive 
changes in Doppler spectral waveform pattern 
with increasing intracorporal pressure in 
potent volunteers stimulated with papaverine/ 
phentolamine. Rigid erection was associated 
with intracorporal pressures ranging from 83 to 
106mmHg. During tumescence both PSV and 
EDV increased, with corporal pressure ranging 
from 11 to 25mmHg. With rigidity, EDV 
approached 0, and diastolic flow reversed 
when intracorporal pressures reached 63 to 
83mmHg. Planiol and Pourcelot69 derived the 
index of vascular resistance from the Doppler 
spectrum: resistive index (RI) = PSV - EDV/ 
PSV. The RI calculation is not directly depen
dent on the probe vessel angle; it does not 
matter that the Doppler angle is not ideal 
(60°). The value of RI depends on the resis
tance to arterial inflow, and in the context 
of corporal physiology this is a function of 
sympathetic tone in the flaccid state and of 
changing intracorporal pressure during the 
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B 

FIGURE 27.8. (A and B) Severe bilateral cavernous arterial insufficiency in 74-year-old patient, with peak 
systolic velocities <25 cm/s in each central artery (poststimulation responses). See color plate. 
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FIGURE 27.9. (A and B) Unilateral cavernous arte
rial insufficiency in left cavernous artery (LCA) with 
high peak systolic velocity in the right central artery, 

various phases of erection following either 
natural or pharmacologic smooth muscle relax
ation. As penile pressure equals or exceeds di
astolic systemic pressure, diastolic flow in the 
corpora will approach 0 and RI will approach a 
value of 1. During tumescence and until full 
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68 cm/s. The direction of blood flow is actually re
versed in the proximal LCA, because of RCA to 
LCA collateral. See color plate. 

rigidity, diastolic flow persists and the value for 
RI remains <1.0. The RI correlates very well 
with visual rating of erectile responses as both 
are descriptions of penile rigidity/pressure. 
Both EDV and RI are useful parameters in 
predicting adequacy of veno-occlusion. 
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Presbyrectia: Age-Related 
Decrease in Erection 

Age-related decreases in erectile function have 
long been evident in clinical series and have 
now been verified in normative community 
groups like the Massachusetts Male Aging 
Study.70 Using computerized morphometry of 
penile biopsies, Wespes et aC1 observed an age
related decrease in smooth muscle content. 
Comparing young patients with penile curva
ture but hemodynamically adequate erections 
to elderly patients with erectile dysfunction, he 
found young patients (with penile curvature) 
have corpora cavernosa composed of 40% to 
52 % smooth muscle, patients with corporal 
veno-occlusive dysfunction have 19% to 36% 
smooth muscle, and patients with arterial impo
tence have 10% to 25% smooth muscle with 
collagen content correspondingly increased. 

Recent research suggests that, in the aging 
man, decreasing number and duration of noc
turnal erections may be related to corporal 
hypoxia from arterial or arteriolar insuffi
ciency.72-74 In a retrospective review of over 600 
cases,75 106 instances were documented in pa
tients of a variety of ages where intracavernous 
challenge with PGE1 produced excellent, well
sustained rigidity of at least 20 minutes. These 
data suggest that cavernous arterial flow de
creases with age, but normal corporal dynamics 
permit penile rigidity across a wide range of 
PSVs, and the technique of privacy and self
stimulation should permit safe and effective 
diagnostic dosing for the typical impotence p~
tient with 10 Ilg of PGE1. The RI parameter dId 
not vary with age, suggesting the dynamics of 
veno-occlusion are the critical factor in the ag
ing erectile response. 

CDDU and Penile Outflow: 
Documenting Veno-Occlusive 
Adequacy 

Failure of the veno-occlusive mechanism is re
flected in the Doppler spectral waveform of 
the cavernous artery. The suspicion of venous 
leakage is raised when the patient has an excel-
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lent arterial response to injected vasodilator 
(;::::30cm/s, PSV), with well-maintained EDV 
(>3 to 5 cm/s) , accompanied by transient rigid
ity after self-stimulation. 

Although the definitive criteria for CDDU
diagnosed venous leakage have not been 
agreed upon, the examiner should reliably be 
able to select patients for more invasive investi
gations (dynamic infusion cavernosometry and 
cavernosography) by observing waveform pro
gression through each phase of erection. When 
the Doppler spectral waveform continues to 
exhibit forward diastolic flow despite peak sys
tolic flow (>30cm/s), a low-resistance state per
sists in the sinusoids and the patient may have 
venogenic impotence (Fig. 27.10, see color in
sert). The dorsal arteries are not subjected to 
the intracorporal pressure changes with each 
phase of erection, and well-sustained rigidity is 
associated with antegrade diastolic flow. Deep 
dorsal vein flow persists during rigid erection; 
DDV flows are a function of dorsal arterial flow 
to the glans and should not be interpreted as 
evidence of corporal venous leakage (Fig. 
27.11, see color insert). When DDV flows are 
high, a pattern of respiratory venous variation 
may be detected (Fig. 27.12, see color insert). 
The primary veno-occlusive mechanism c?n
sists of passive compression of the subtumcal 
venular plexus by the distended sinusoids. The 
secondary mechanism is the scissoring off of 
the emissary veins as they egress through 
the two layers of the tunica albuginea. Emissary 
veins unlike dorsal-artery to cavernous-artery 
collaterals are difficult to localize with CDDU, 
presumably because of their low flow state 
and easy compressibility (Fig. 27.13, see color 
insert). 

Priapism: CDDU Characteristics 
of Low Flow and High Flow 

Priapism is a persistent erection that fails to 
subside after climax and is accompanied by 
penile pain and tenderness; it is an overfunction 
of a normal mechanism.76 Traditionally, pria
pism has been categorized as primary (sp~n
taneous-idiopathic) or secondary to speCIfic 
pathologies: sickle cell disease, leukemia, 
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FIGURE 27.10. (A and B) An unequivocal diagnosis 
of cavernous venous occlusive disease based on ul
trasound criteria can be given when cavernous arte
rial flows exceed 35 cm/s, end diastolic velocities 
remain high, and resistive index is low. This 68-year-
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A 

B 

old patient, following PGE1 lOJ.lg and self-stimula
tion, has postinjection PSV of 57 cm/s and poststimu
lation PSV of 68 cm/s, EDV of 17 cm/s, and RI of 
0.75. See color plate. 
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A 

B 

FIGURE 27.11. (A) Deep dorsal vein flow (DDV) persists during rigid erection. (B) Rigid erection following 
10Ilg of PGE], associated with PSV of 33cm/s and reversal of diastolic flow; see arrows. See color plate. 

fat emboli, malignant infiltration, neurologic 
IllJury, alcohol, and psychotropic drugs. 
With the increasing popularity of pharma
cologic erection programs, iatrogenic or 
therapeutically induced prolonged erection 
has become the most common cause of 

priapism.77 Functional classification is prefer
able, and more accurately describes the 
pathophysiology: high flow-arterial, versus low 
flow-ischemic. 

Ischemic priapism is an obvious failure of the 
detumescence mechanism that may result from 
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FIGURE 27.12. Respiratory variation in deep dorsal vein flow (DDV). See color plate. 

FIGURE 27.13. Emissary veins perforating the tunica albuginea are rarely seen because of their small size and 
low flow state (arrows). See color plate. 



388 

direct dysregulation of the cavernous-arterial
sinusoidal system through persistent stimula
tion of corporal relaxing factors, inhibition of 
neurotransmission normally terminating erec
tion, or inactivation of the smooth muscle cellu
lar cofactors that regulate corporal smooth 
muscle tone like an altered metabolic environ
ment (hypoxia, hypercarbia, and acidity).78 

Of the various causes of priapism only 
trauma has been attributed to "dysregulation" 
of inflow and production of high-flow 
priapism.79,8O Hakim et a18! demonstrated the 
utility and accuracy of duplex Doppler in the 
diagnosis and management of high-flow 
priapism when compared with selective internal 
pudendal arteriography. It is essential to estab
lish the correct classification of priapism by as
piration of bright red blood from the corpora 
confirming high oxygen tension or dark venous 
blood suggesting "low flow" priapism. Remote 
corporal injury may be evident on CDDU by 
hyperechoic changes within the corpora, a non
specific finding consistent with scar formation 
(Fig. 27.14, see color insert). Acute disruption 

FIGURE 27.14. Transverse scan of 13-year-old boy 
with repeated episodes of sickle cell priapism: left 
cavernous arterial flow is present (arrow); cavernous 
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of the sinusoid architecture is evidenced by tur
bulent flow on CDDU, marking the site of 
arteriosinusoidal fistula (Fig. 27.15, see color 
insert). In the acute phase of injury, unregu
lated flow may be imaged without vasoactive 
injection. In follow-up, low-dosage vasoactive 
injection is needed. The crural bodies must be 
imaged from the ventrum (transperineum) by 
frog-legging the patient and lifting the scrotum. 

CDDU: Staging of Peyronie's 
Disease 

Surgical staging of Peyronie's disease must ad
dress both penile form and function. The tunica 
albuginea and dorsal vascular complex are well 
imaged with CDDU. A standoff wedge in
creases near-field resolution, bringing plaques 
into view. The tunica albuginea is normally 
hyperechoic compared with the corpora proper 
(Fig. 27.16A, see color insert). As the corporal 
bodies distend with blood, the cavernous sinu
soids become more hypoechoic, increasing the 

tissues are hyperechoic consistent with central 
fibrosis (*). See color plate. 
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A 

B 

FIGURE 27.15. (A) Sagittal image of left cavernous sinusoidal fistula producing high-flow priapism; note 
turbulent flow. (B) Distal-to-site-of-trauma cavernous flows are more distinct. See color plate. 

contrast between the tunica and corpora. Penile 
plaques are hyperechoic thickenings of the tu
nica albuginea. The typical dorsal plaque un
derlies the dorsal vasculature. Denser plaques 
cast an acoustical shadow (Fig. 27.16B, see 
color insert) and are well visualized in either 
the transverse or sagittal planes (Figs. 27.17 A 

and Fig. 27.17B, see color insert). Although 
most plaques localize to the proximal and 
middle third of the pendulous shaft, distal 
plaques may exert minimal curvature even at 
the level of the corona. Circumferential nar
rowing of the corporal bodies by plaque results 
in an hourglass shape to the erection; the 
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A 
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FIGURE 27.16. (A) Transverse scan proximal to plaque. (B) Transverse scan of Peyronie's plaque (arrows); 
note acoustic shadow below plaque. See color plate. 

patient complains of "hinging" with erection. 
The sonographic correlate is a ring of thickened 
tunica. A similar, but focal, wedge is seen when 
penile deviation is lateral. 

Septal fibrosis is the most technically chal
lenging abnormality to demonstrate. If in
creased tissue density is discrete, hyperechoic 
aggregates within the septum are seen. More 
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diffuse septal fibrosis is identified by scanning 
in a sagittal plane parallel to the septum; from 
this vantage point the denser septal fibers take 
on a veil-like appearance with posterior acous
tical shadowing. In cases where acoustical shad
owing is generated by dense plaques, plain 
radiographs should follow CDDU. 
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The most potentially useful preoperative 
staging information is the demonstration of col
laterals from the dorsal vascular bundle. Dorsal 
artery collaterals diving downward through the 
tunica to anastomose with the ipsilateral 
cavernous artery may be in close proximity. 
Operative mobilization of the neurovascular 

A 

B 

FIGURE 27.17. (A) Transverse scan of ventral Peyronie's plaque. (B) Sagittal scan of ventral plaque. 
(C) Home photograph. See color plate. 
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c 
FIGURE 27.17. Continued 

bundle for plaque excision in these cases would 
of necessity sacrifice the dorsal contribution to 
cavernous inflow. It is very difficult with current 
technology to image emissary veins despite 
the fact that these are ubiquitous82 (Fig. 
27.13). Experience with CDDU suggests high
resolution sonography provides a dynamic 
noninvasive vascular assessment of erectile 
function and can precisely localize penile 
plaques. Timing must take into account the dy
namic phases of erection, the fact that penile 
pain may preempt complete smooth muscle re
laxation, and the obstacle that severe penile 
deviations present to imaging. The plaque 
should be imaged at 5 to 10 minutes in the 
latent/tumescent phase while the penis may still 
be straightened by the examiner before rigidity 
(Fig. 27.17C, see color insert) 

Conclusion 

When dynamic testing is required, CDDU is 
minimally invasive and adds no additional risk 
to a diagnostic challenge of intracavernous va
soactive agent, the traditional penile blood flow 
study. Doppler sonography is more accurate 
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than physical examination alone following pe
nile injection and, unlike phalloarteriography, 
exposes anatomical abnormalities as well as 
corporal hemodynamics. An important ques
tion remains unanswered as to the adequate 
dosing in pharmacoerection testing: Should 
that dosage vary with age or vasculogenic risk 
factors? False-positive evaluations can be 
avoided by addition of the privacy and self
stimulation that enhance erectile responses 
with pharmacotesting in 70% of patients or by 
redosing to achieve maximal smooth muscle 
relaxation. 
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28 
The Role of the Cavernosal Biopsy 
and Studies on Penile 
Innervation 
Eric Wespes 

Cavernosal Biopsy 

Erectile dysfunction may be caused by psycho
logical problems, neurogenic dysfunction, 
hormonal alterations, or compromised penile 
blood flow. Better understanding of the erectile 
mechanism and the development of new inves
tigative techniques have led to dramatic im
provements in researchers' ability to recognize 
the etiology of impotence. Clinical investiga
tions suggest that the majority of patients ex
periencing erectile impotence are impotent 
because of vascular abnormalities. 

Intracavernous injection is a simple and reli
able test to evaluate vasculogenic impotence. 
A positive test confirms adequate arterial in
flow and a functional veno-oclusive mechanism 
but cannot distinguish neurogenic from psy
chogenic impotence. Nocturnal penile plethys
mography may, therefore, help distinguish 
between these diagnoses. 

Venous return can be evaluated in a number 
of ways. Duplex Doppler examination of the 
penile arteries studies the arterial inflow 
accurately during the intracavernosal vasoac
tive injection test. Pudendal arteriography is 
recommended only if a surgical procedure is 
being contemplated. In addition, pharmaco
cavernosometry-cavernosography allows deter
mination of the flows necessary to induce and 
maintain an erection.1 

However, a method to assess the intra
cavernous structural components is still lack
ing. The intracavernous components consist of 
bundles of smooth muscles, elastic fibers, col-
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lagen, and loose alveolar tissue with numerous 
arterioles and nerves. These structures are fun
damental to the problem of impotence, and 
demonstration of their alterations could poten
tially prevent some candidates with a poor 
prognosis from undergoing reconstructive 
surgery. 

The intracavernous components can be stud
ied by biopsy of the cavernous bodies. Al
though biopsies can be obtained during surgery 
after the opening of the tunica albuginea, there 
is a simple, minimally invasive technique to 
obtain cavernous tissue for more detailed struc
tural assessment of the impotent patient.2 

This biopsy is performed by first infiltrating 
approximately 1 ml of lidocaine into the skin 
of the penis in the balanopreputial groove 
dorsolaterally. With the Biopty gun (Bard 
Urological, Covington, Georgia), which has a 
spring trigger mechanism, the biopsy needle is 
introduced longitudinally through the tunica 
albuginea into the corpus cavernosum. With 
one hand, the surgeon maintains the penis in a 
stretched position, and with the other hand, 
fires the needle from an anterior to posterior 
direction. More than one pass of the needle 
may be necessary to obtain adequate tissue for 
study. 

These Biopty gun needle biopsies compare 
favorably with surgical biopsies obtained dur
ing insertion of penile implants. Corpus caver
nosum tissue is histologically identified, with 
representative intracavernous smooth muscle 
fibers, arteries, nerves, and collagen. Cavernous 
penile arterial Doppler analysis performed 
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both before and after Biopty gun biopsies dem
onstrated no significant change in the cavern
ous blood flow or tissue substance. 

With these needle biopsies, none of the pa
tients reported pain or required any postopera
tive analgesia and no hematoma or significant 
bleeding was encountered. 

Use of the Biopty gun to perform penile bi
opsy under local anesthesia is a simple and reli
able method for obtaining sufficient tissue for 
histologic study. The selected site of the needle 
puncture is important. If the patient is circum
cised, the balanopreputial groove is the pre
ferred site because the glans mucosa of the 
penile skin adheres closely here to the tunica 
albuginea, making the development of a 
hematoma under the skin unlikely. The small 
puncture in the tunica albuginea at this point 
does not damage either the intracavernous 
artery (as demonstrated by Doppler analysis 
performed before and after puncture) or the 
urethra. 

This procedure typically lasts less than 10 
minutes, is cost-effective, and can be performed 
in the clinic under local anesthesia. Although 
no complications have been reported, the pa
tient needs to be informed about possible 
bleeding, infection, or failure to obtain ade
quate tissue. 

Immunohistochemistry studies employing 
antidesmin antibody measure the amount of 
smooth muscle cells in both potent and impo
tent patients. The range in normal patients is 
40% to 52%.3 The ratio of smooth muscle cells 
in patients with arterial and venous disease de
creases, which is an important factor to con
sider in patients with documented arterial 
lesions. 

Vascular impotence is a diffuse disease, as 
studies have shown a reduction of smooth 
muscle cells exists throughout the penis.4 In 
patients with venous leakage, a significant cor
relation has been shown between the decrease 
in smooth muscle cells and the maintenance 
flow rates. Data reveal that the percentage of 
smooth muscle cells present in men with erec
tile dysfunction is the only prognostic factor for 
predicting the long-term outcome success of 
venous ligation surgery.5 Surprisingly, neither 
the patient's age nor the maintenance flow rates 
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corresponded with the ultimate surgical success 
rate. Operating on impotent men who quanti
tate less than 29% smooth muscle cells on pe
nile biopsy is not recommended. 

Future applications employing the immuno
histochemical staining and electron microscopy 
techniques will allow researchers to study the 
neurotransmitters present in the cavernous tis
sue obtained from impotent men undergoing 
penile biopsy. 

Penile Innervation 

It is well appreciated that the qualitative state 
of erection is dependent on the balance be
tween the inflow and outflow of blood in the 
penis. In the flaccid state, there is a high resis
tance to penile blood flow due to contraction of 
the helicine arteries and of the corporeal 
smooth muscle cells. It is well known that (l
adrenoceptor stimulation plays a significant 
role in this respect. Within the corpus 
cavernosum the (lcadrenoceptor is the func
tionally dominant subtype.6 Indeed, in this 
tissue three subtypes of (ll-adrenoceptor mes
senger RNA (mRNA) have recently been iden
tified «lIA' (lIB, (lId, with the (lIA and (lIe 
subtypes predominating.7 However, it is rea
sonable to speculate that noradrenaline is not 
the only neurotransmitter involved in both 
long- and short-term maintenance of penile 
smooth muscle tone, but that nonadrenergic 
noncholinergic (NANC) factors are also 
contributory. 

At flaccidity, the penile arterial tree and tra
becular smooth musculature are contracted due 
to a tonic sympathetic discharge. In contrast, at 
tumescence, neurotransmitters induce relax
ation of the arteries and intracavernous smooth 
muscles; this relaxation results in expansion of 
the sinusoidal spaces with a decrease in vas
cular resistance. At full rigidity, the expanded 
sinusoids compress the subtunical venular plex
uses against the tunica albuginea and similarly 
compress the emissary veinsY 

The smooth muscle cells of the corpus 
cavernosum relax and contract in a rapid and 
synchronous manner, and the electrical activity 
recorded in vivo in human cavernous bodies is 
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well synchronized, as revealed by electromyo
graphic studies.9 This evidence suggests that 
intracavernous smooth muscle cells behave as a 
functional syncytium despite the presence of a 
heavily collagenous extracellular matrix that 
separates the cells. lO•ll A mechanism recently 
postulated involves gap junctions, by which lo
cal neural and hormonal stimulation can be 
rapidly propagated in corporeal tissue.ll Gap 
junctions appear to provide an intercellular 
pathway for coordinated cellular activation and 
syncytial tissue contraction and relaxation.5 

Stimulation of the pelvic (cholinergic) nerves 
decreases the saline infusion flow rates needed 
during dynamic infusion cavernosometry to in
duce and maintain an artificial erection. By 
contrast, stimulation of the hypogastric (adren
ergic) nerves reduces penile tumescence in
duced by either electrical stimulation of the 
pelvic nerves or by vasoactive intracavernosal 
injection, but has no effect on the erection in
duced by saline infusion alone.! 

Parasympathetic activity plays a significant 
role in penile erection, although existing data 
concerning the effects of acetylcholine and 
different muscarinic receptor antagonists are 
quite controversial and contradictory and sug
gest that other transmitters besides acety
choline may be released from cholinergic 
nerves.12 Thus, there are at least three mecha
nisms by which parasympathetic activity may 
contribute to penile smooth muscle relaxation: 
(1) the neuronal release of noradrenaline may 
be inhibited by stimulation of prejunctional 
muscarinic receptors, (2) endothelium-derived 
relaxant factors may be released through stimu
lation of post junctional muscarinic receptors, 
and (3) NANC relaxing factors may be released 
directly from parasympathetic nerves.6•7 

Acetylcholine can provoke mixed relaxing 
and contracting effects on human corpus cav
ernosum muscle strips. Acetylcholine causes 
relaxation of both rat and human corpus 
cavernosum muscle strips precontracted by 
field stimulation or noradrenaline.13 Cholin
ergic nerves do not mediate corpus cavernosum 
n!laxation via post junctional muscarinic recep
tors, but presynaptically modulate noradrena
line release and likely influence nitric oxide 
(NO) release by endothelial cells.!4.15 
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NO and vasodilators acting through NO 
(such as nitroglycerin, sodium nitroprusside, 
S-nitroso-N-acetylpenicillamine, and linsi
domine, all of which cause concentration
dependent relaxation of the corpus caver
nosum) have been shown to stimulate soluble 
guanylate cyclase and increase the tissue 
levels of cyclic guanosine monophosphate 
(GMP).!6-!8 

Cyclic GMP is degraded intracellularly by 
different phosphodiesterases (PDEs), with 
three PDE isoenzymes localized to the human 
corpus cavernosum: PDE III (cyclic GMP
inhibited), PDE IV (cyclic adenosine mono
phosphate [AMP]-specific) and PDE V (cyclic 
GMP-specific). Spontaneous contractile activ
ity and noradrenaline-induced contractions are 
opposed by different PDE inhibitors, with 
quazinone (PDE III inhibitor) being the most 
potent. 

NO production appears to be dependent on 
oxygen tension. Electrically induced relax
ations are progressively inhibited as a function 
of decreasing oxygen tension, especially at p02 
values below 50mmHg and are markedly at
tenuated when oxygen tensions are similar to 
those measured in the flaccid state. This implies 
that the low oxygen tension recorded in the 
flaccid state is associated with a decrease in the 
activity of nitric oxide synthase (NOS), thereby 
reinforcing the mechanisms responsible for 
maintaining a high degree of penile smooth 
muscle tone. 

Neuropeptides (NP) have been implicated in 
neurotransmitter (NT) activity regulating pe
ripheral smooth muscle tissue, including those 
within blood vessels.!9 Blood flow regulation 
is important in controlling the mechanisms 
responsible for penile tumescence and detu
mescence. Vasoactive intestinal polypeptide 
(VIP) is a neuropeptide that has been isolated 
within the male urogenital tract. Combined 
morphologic and experimental data suggest 
that VIP plays a role in the regulation of 
intracavernous smooth muscle tone and the 
cavernous blood flow ultimately responsible for 
erection. 

However, the relaxing effects of VIP in 
vitro and the identification of VIP and VIP
containing nerves in penile erectile tissues do 



Color Plate I 

FIGURE 27.l.(B) Transverse color Doppler image 
following a 6-/lg injection of PGE 1 reveals the 
normal vascular anatomy. RCA, right cavernous 

FIGURE 27.l.(C) Transverse image of right corporal 
body 5 minutes after injection of dilator. Helicine 
arterioles (red/blue) are seen with central sinusoids 

artery; LCA, left cavernous artery; DDV, deep 
dorsal vein; LDA, left dorsal artery; CS, corpus 
spongiosum. 

beginning to fill (arrows); note that blood distended 
sinusoids appear more hypo echoic than surrounding 
tissue. 



Color Plate II 

FIGURE 27.2.(B) Sagittal view of right dorsal artery (RDA); too much compression (arrows) dampens dorsal 
vascular flow and will alter both systolic and diastolic waveforms. 

FIGURE 27.2.(C) The pendulous penis may be scanned 
from the ventral aspect. This sagittal image shows 
the proximal bulb with the urethral artery (BUA) 

and right cavernous artery (RCA). Imaging of the 
urethral lumen is not possible unless the urethra is 
filled in a retrograde fashion with gel or water. 



Color Plate III 

FIGURE 27.2.(D) Sagittal scanning below the scrotum (transperineal) reveals the origin of the right cavernous 
artery (RCA). 

FIGURE 27.3.(A) Transverse scan of patient with severe veno-occlusive dysfunction revealing large cavernous 
vein. 



Color Plate IV 

FIGURE 27.4. Corporal fibrosis (arrows) in an 80-year-old patient, sagittal scan; right dorsal artery (RDA) 
and right cavernous artery (RCA). 

FIGURE 27.S.(A) Sagittal scan of cavernous artery collaterals, with distal right cavernous flow, supplemented 
by collateral. 



Color Plate V 

FIGURE 27.5.(B) Sagittal scan shows absence of right proximal inflow, with distal right cavernous flow 
depending on left collateraL 

FIGURE 27.6. Left dorsal artery (LDA) to left cavernous artery (LeA) collateral, sagittal scan. 



Color Plate VI 

A 
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FIGURE 27.7. (A and B) Normal progression of 
Doppler waveform: response 5 minutes after penile 
injection of PGE 1 and response following privacy 

and self-stimulation; note minor decrease in peak 
systolic velocities from 30 to 27 cmls and significant 
decrease in end diastolic velocities from 7 to 2 cm/s. 



Color Plate VII 
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FIGURE 27.8. (A and B) Severe bilateral cavernous arterial insufficiency in 74-year-old patient, with peak 
systolic velocities <25 cm/s in each central artery (poststimulation responses). 



Color Plate VIII 

A 

B 

FIGURE 27.9. (A and B) Unilateral cavernous ar
terial insufficiency in left cavernous artery (LCA) 
with high peak systolic velocity in the right central 

artery, 68cm/s. The direction of blood flow is ac
tually reversed in the proximal LCA, because of 
RCA to LCA collateral. 



Color Plate IX 

FIGURE 27.10. (A and B) An unequivocal diagnosis 
of cavernous venous occlusive disease based on 
ultrasound criteria can be given when cavernous ar
terial flows exceed 35 cm/s, end diastolic velocities 
remain high, and resistive index is low. This 68-

A 

B 

year-old patient, following PGE1 10 /lg and self
stimulation, has postinjection PSV of 57 cm/s and 
poststimulation PSV of 68 cm/s, EDV of 17 cm/s, and 
RI of 0.75. 



Color Plate X 

FIGURE 27.ll.(A) Deep dorsal vein flow (DDV) persists during rigid erection. 

FIGURE 27.ll.(B) Rigid erection following 10Ilg of PGE" associated with PSV of 33cm/s and reversal of 
diastolic flow; see arrows. 



Color Plate XI 

FIGURE 27.12. Respiratory variation in deep dorsal vein flow (DDY). 

FIGURE 27.13. Emissary veins perforating the tunica albuginea are rarely seen because of their small size and 
low flow state (arrows). 



Color Plate XII 

FIGURE 27.14. Transverse scan of 13-year-old boy with repeated episodes of sickle cell priapism: left cavern
ous arterial flow is present (arrow); cavernous tissues are hyperechoic consistent with central fibrosis (*). 

FIGURE 27.1S.(A) Sagittal image of left cavernous sinusoidal fistula producing high-flow priapism; note 
turbulent flow. 



Color Plate XIII 

FIGURE 27.l5.(B) Distal-to-site-of-trauma cavernous flows are more distinct. 

FIGURE 27.16.(A) Transverse scan proximal to plaque. 



Color Plate XIV 

FIGURE 27.l6.(B) Transverse scan of Peyronie's plaque (arrows); note acoustic shadow below plaque. 

FIGURE 27.l7.(A) Transverse scan of ventral Peyronie's plaque. 



Color Plate XV 

FIGURE 27.17.(B) Sagittal scan of ventral plaque. 

FIGURE 27.17.(C) Home photograph. 
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FIGURE. 32.1. Cross-section of penis. 
(From Aiken P, Walz Peds., Uro
logie, VCH Verlagsgesellsc We in
heim, Germany, 1992.) 

FIGURE 36.2. (A) To properly expose 
the frequently occurring dorsal 
plaques, Buck's fascia is entered later
ally and carefully dissected underneath 
the neurovascular bundle. (B) The 
plaque is sharply excised with care 
taken not to damage any of the under
lying erectile tissue. (C) A Silas tic 
patch is fashioned slightly larger than 
the defect and sutured in a running 5-0 
proline suture with knots placed under 
the dorsal vein complex. 
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not conclusively prove that this neuropeptide is 
of physiologic importance in penile erection. 
Evidence to support this contrary veiwpoint on 
VIP activity includes the finding that VIP anti
serum nor (X-chymotrypsin display neither 
change on the relaxation of cavernosal smooth 
muscle induced by electrical stimulation of pe
nile nerves. These findings implicate the lack of 
neuronal release of VIP, at least in the in vitro 
situation described. Also, VIP did not produce 
penile erection when injected intracavernosally 
in healthy volunteers nor in impotent men.20-24 

Adrenergic neural fibers and adrenergic re
ceptors are present in the human corpus 
cavernosum and on cavernosal blood vessels. 
Immunohistochemical evidence of adrener
gic nerve endings has been demonstrated 
in the penises of various animal species. 
Pharmacologic and receptor binding studies 
have demonstrated the presence of both (X- and 
~-adrenergic receptors in the human corpus 
cavernosum, with the (X-type largely outnum
bering the ~-type. 

Inhibition of the sympathetic nervous 
system by phentolamine enhances the erectile 
response to electrical stimulation of the 
cavernous nerve. Phenylephrine injected intra
cavernously reduces the response to cavernous 
nerve stimulation. 

In vitro, electrically induced contraction of 
corpus cavernosum and contractions induced 
by exogenous noradrenaline (NA) is readily 
blocked by prazosin, indicating that post
junctional (X-adrenoreceptors probably mediate 
these phenomena. (XcAdrenoreceptors are in
volved in the contraction of the cavernous ar
teries. The contractile response to NA is 
mediated by a heterogeneous population of (X
adrenoreceptor subtypes-(XIA, (XlP, and (Xle, 
corresponding to three distinct genes expressed 
in the human corpus cavernosum. NA is 
recognized as the chief antierection agent. 
The importance of sympathetic nervous activity 
and (X-adrenoreceptor function in the main
tenance of penile flaccidity is universally ac
cepted. Other vasoconstrictive peptide agents, 
such as endothelin, may also play a role in 
vasomotor tone.25 Neuropeptide Y has been 
detected in the penis, but its role is more 
controversial. 26 
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Summary 

Penile biopsy may become a helpful tool in the 
complete management of the impotent man. 
Definition and quantification of histologic ab
normalities of the intracavernous structures 
will allow the clinician to decide on surgical 
reconstruction or a noninvasive approach. 

The addition of immunohistochemical stain
ing to penile biopsy techniques will allow re
searchers to appreciate penile innervation by 
identifying various neurotransmitters and pro
vide a better understanding of neurogenic 
impotence. 
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29 
Priapism 
Farhad Parivar and Tom F. Lue 

The word priapism is derived from the name of 
Dionysus and Aphrodite's son Priapus, the 
Greek god of fertility, who was characterized as 
having an overzealous phallus. Priapism is a 
persistent and painful erection of the penis, not 
associated with sexual excitement and not sub
siding after ejaculation. Priapism may either 
start de novo, follow a prolonged nocturnal 
erection, or occur after intercourse. Exactly 
how long an erection persists before it is consid
ered priapism is not clear. Erections of more 
than 6 hours' duration have been considered 
priapism because blood gas studies show evi
dence of ischemia and acidosis after 4 to 6 hours 
and, therefore, potential damage may occurY 

Although priapism can occur in all age 
groups, including the newborn, there are peak 
incidences between the ages of 5 to 10 years 
and 20 to 50 years.3 Most cases of priapism in 
the older age group are idiopathic, but in the 
younger groups it is most commonly associated 
with sickle cell disorder or malignancy.4 The 
pathology always involves the corpora caver
nosa, but in rare late cases it may involve the 
corpus spongiosum as well. Acute veno
occlusive priapism of more than 6 hours' dura
tion is usually painful and secondary to 
ischemia. In contrast, arterial priapism is pain
less. Regardless of whether pain is present, 
ischemic priapism is considered a urologic 
emergency because if untreated, impotency 
may result. Ischemic changes take place within 
6 hours, and, if untreated, variable degrees of 
fibrosis occur within 24 to 48 hours. It is of 
utmost importance for the patient who has 

priapism for the first time to be referred to a 
urologist for prompt treatment. Patients who 
have a known cause with recurrent priapism 
usually can self-administer emergency treat
ment but will need to see a urologist if such a 
measure fails. 

Classification 

Priapism can be classified as either primary or 
secondary (Table 29.1). Primary priapism oc
curs in up to 60% of all cases. This number 
includes all those patients in whom no etiologic 
factors can be identified. Priapism in these pa
tients may follow a prolonged erection during 
intercourse or after a nocturnal erection. De
pending on the underlying hemodynamic pa
thology, priapism can also be classified as high 
flow (nonischemic) or low flow (ischemic).5 
Arterial priapism and veno-occlusive priapism 
may be more appropriate terms for these two 
types.6 By far, most etiologic factors cause a 
low-flow veno-occlusive type of priapism. 
High-flow priapism is usually traumatic in na
ture, with rupture of the cavernous artery. 

Anatomy 

Arterial Supply 

The penis derives its blood supply from the 
penile artery, a terminal branch of the internal 
pudendal artery. The paired penile arteries 
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TABLE 29.1. Summary of etiologic factors for 
priapism. 
Primary: Idiopathic 

Secondary: A. Hematologic 
Sickle cell disease/trait 
Thalassemia 
Polycythemia 
Leukemia 

B. Neoplastic 
Prostate cancer 
Sarcomas 
Leukemias 
Myelomas 
Metastatic 

C. Traumatic 
Pelvic, perineal, or penile 

D. Neurogenic 
Spinal cord injuries 
Spinal cord tumors 
Multiple sclerosis 
Spinal anesthesia 

E. Pharmacologic 
Systemic 

Chlorpromazine 
Haloperidol 
Trazodone 
Methaquolone 
Ethanol 
Cannabis 
Prazosin 
Terbutaline 
Heparin/warfarin 
*TPN->lO% fat 

Intracavernosal 
Papaverine 
Prostaglandin El 
Phentolamine 
Drug combinations 

*TPN, total parenteral nutrition. 

branch to form (1) the bulbourethral arteries, 
which supply the corpus spongiosum; (2) the 
dorsal artery of the penis, which supplies the 
penile and the glans; and (3) the cavernous ar
tery, which is responsible for erection. The 
cavernosal artery on each side has helicine 
branches that supply the trabecular erectile tis
sue and the sinusoids. Some variations to the 
arterial supply do exist. Within the tunica of the 
corpus cavernosum, the sinusoids are inter
woven with trabeculae of smooth muscle and 
supportive connective tissue. In the flaccid 
state, blood diffuses peripherally from the cen-
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tral cavernosal artery, and the penile blood gas 
is similar to that of venous blood. During erec
tion, because of increased arterial flow, the 
blood gas level is more like that of arterial 
blood. 

Venous Drainage 

The venous drainage of the corpora cavernosa 
is through the emissary veins that traverse 
through the tunica albuginea of each corpus in 
a diagonal fashion. In the distal two thirds of 
the penis, emissary veins drain into circumflex 
veins along the shaft, which in tum drain into 
the deep dorsal vein of the penis beneath 
Buck's fascia. The latter traverses under the 
symphysis pubis to form the periprostatic 
venous plexus of Santorini. In the proximal one 
third of the corpora, emissary veins join to form 
two to five cavernous veins that exit the 
dorsomedial aspect of the penile hilum to form 
the pudendal vein and follow the course of the 
pudendal artery and nerves into the perineum. 

Nerve Supply 

The penis is supplied by autonomic and somatic 
nerves. Somatic sensory nerves are mainly 
responsible for sensation in the penile skin. 
Somatic motor nerves are responsible for 
contraction of the bulbocavernosus and 
ischiocavernosus muscles. Motor stimuli to 
these two muscles travel through the pudendal 
nerve. Contraction of the ischiocavernosus 
muscle produces a more rigid erection phase by 
compressing the already engorged corpora 
cavernosa, thereby increasing intracaverno
sal pressure. Rhythmic contraction of the 
bulbocavernosus is responsible for seminal 
emission. 

Parasympathetic nerve fibers to the penis 
arise from the second, third, and fourth sacral 
spinal cord segments forming the pelvic plexus. 
Branches of this plexus form the cavernous 
nerve that innervates the corpora cavernosa. 
Parasympathetic stimulation increases the 
blood flow to the penis, which results in disten
sion of the sinusoidal spaces. This, in tum, 
causes compression of intermediary venules 
between the sinusoids and the tunica and subse-
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quent compression of emissary veins. The re
sultant engorgement of the corpora is further 
enhanced by ischiocavernosus muscle contrac
tion, raising intracavernosal pressure several 
hundred millimeters of mercury (mmHg). 

Sympathetic nerve fibers to the corpora arise 
from the T12-L2 spinal cord segments, forming 
the hypogastric plexus. Branches of this plexus 
merge with the pelvic plexus and join in with 
the cavernosal nerves. Sympathetic stimulation 
causes detumescence. Remembering the so
matic and autonomic pathways is important 
when evaluating a patient for priapism. 

Pathophysiology 

The final pathologic pathway of all etiologic 
factors of low-flow priapism is stasis of blood in 
the corpora cavernosa. This stasis results in low 
pOz and high pCOz within the corpora, causing 
edema of the cavernosal trabeculae and leading 
to further outflow obstruction. Additionally, 
low pOz and high pC02 and increased blood 
viscosity contribute further to venous stasis. 
One of the most intriguing aspects of penile 
blood is the lack of thrombosis, even after sev
eral days of priapism. This lack may be attrib
uted to the very high fibrinolytic activity of 
cavernosal blood because it appears that 
local fibrinolysis takes place during prolonged 
erection.7 

Diagnosis 

Diagnosis of priapism is usually based on 
findings during clinical examination. A thor
ough physical examination (rectal, abdominal, 
and neurologic) will reveal a turgid corpus 
cavernosum with a soft glans and corpus 
spongiosum. Chronic priapism and acute inter
mittent (stuttering) priapism may be more 
difficult to diagnose. Cavernosal blood gas 
measurement is an integral part of every exami
nation. A blood gas level similar to that of 
venous blood is indicative of veno-occlusive 
disease; one similar to arterial blood, suggestive 
of arterial priapism. By definition, all priapisms 
start off as high flow and, therefore, an early 
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cavernosal gas measurement may be mislead
ing. Technetium 99m C9mTc) scan has been ad
vocated as a means of differentiating between 
high-uptake arterial priapism and low-uptake 
veno-occlusive priapism.8 Cavernosography, 
another means of differentiating between the 
two types, demonstrates rapid drainage of the 
corpus cavernosum in the arterial type and 
venous stasis in the veno-occlusive type.9 Once 
the diagnosis of high-flow priapism is made, use 
of selective arteriography to identify the site of 
the arterial pathology (usually a rupture) is ef
fective. Arterial embolization of the site can be 
therapeutic. 

Treatment 

The primary goal of all treatment modalities is 
to abort the erection as soon as possible, pre
venting permanent damage to the corpora that 
will lead to impotence; a secondary goal is to 
relieve pain. There is ample evidence that the 
risk of fibrosis and impotency increases with 
time. Generally, the incidence of impotence is 
less if the erection is aborted in less than 24 
hours. Medical management should always be 
tried before resorting to surgery. 

Medical 

High-Flow Priapism 

In the early stage, ice packing may cause 
vasospasm and spontaneous thrombosis of the 
ruptured artery. Three reported cases of 
spontaneous resolution suggest that conserva
tive treatment of high-flow priapism is advanta
geous.JO However, most of the cases with 
delayed cavernous arterial rupture do not sub
side spontaneously, and arteriography and 
embolization of the internal pudendal artery 
are usually required.l1~!3 Alternatively, injec
tion of methylene blue to counteract the release 
of nitric oxide and embolization of the internal 
pudendal artery have been proposed by Steers 
and Selby.14 One case of percutaneous 
autologus clot embolization of the arterial sinu
soidal cavity was reported by Ilkay and 
Levine.JO 
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Low-Flow Priapism 

Medical treatment is aimed at increasing 
venous outflow of the penis. The first line of 
treatment involves aspiration of the corpora 
and intracavernosal injection with an a
adrenergic agonist. Epinephrine, norepineph
rine, and phenylephrine all have similar modes 
of action. Initial aspiration of old blood from 
the corpora via a 21-gauge butterfly needle 
is followed by injection of 250 to 500 Ilg 
phenylephrine-a pure acadrenergic stimu
lant-every 5 minutes until detumescence takes 
place. The phenylephrine solution is made by 
mixing 10mg/ml of phenylephrine with 19m1 
of normal saline (500mcg/ml concentration). 
Irrigation with diluted a-adrenergic solution 
has also been described.15.16 Alternatively, oral 
terbutaline has been shown to be effective in 
causing detumescence in some patients with 
prostaglandin-induced priapism. The response 
rate of up to 36% has been reported in patients 
treated with either 5 or lOmg of terbutaline as 
compared with only 12% with placebo.17 How
ever, in another study, terbutaline was found to 
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have no benefit over the placebo.18 Never
theless, intracavernous injection of an a
adrenergic agonist remains the most effective 
treatment for low-flow priapism. It is almost 
100% effective if the priapism is treated within 
12 hours of onset. Figure 29.1 shows the recom
mended algorithm for the medical management 
of priapism. 

Sickle Cell Disease 

Sickle cell disorder accounts for approximately 
28 % of all cases of priapism. It is reported 
that 42% of all sickle cell adults and 64% 
of all sickle cell children eventually develop 
priapism. Treatment in these patients should 
be prompt and conservative as they often 
present with recurrent disease. The sickle 
cell patient should be treated by aggres
sive hydration, oxygenation, and metabolic 
alkalization to reduce further sickling. Super
transfusion and erythrophore sis should be 
used as second-line therapy. Irrigations and 
injections should be performed as soon as 
possible. 

H&P 
Blood Gases 

non ischemic 

confirm with 
color Doppler 

~ 
angiographic 
embolization 

surgical ligation 
of ruptured artery 

ischemic 

~ 
<36 hrs. 

+ 
Evacuation of 

old blood 

+ phenylephrine 
SOOf.-lg/Smin 

>36 hrs. , 
evacuation of 

old blood 

+ 
distal shunt + 

pressure monitor 

~ 
proximal shunt + 
pressure monitor 

FIGURE 29.1. Algorithm for treatment of priapism. 
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TABLE 29.2. Distal shunts. 

Ebbehoj 
Winter 
Goulding 
AI-Ghorab 
Datta 
Kilinc 
Hashmat -Waterhouse 

Recurrent Priapism 

1974 
1976 
1980 
1981 
1986 
1993 
1993 

Stuttering or recurrent priapism occurs often in 
patients with sickle cell traits or disease and in 
non-sickle patients with prior episodes. The 
mechanism is unknown, although alteration 
of the adrenoceptor or scarring of intra
cavernous venules may be partially responsible. 
For the sexually active patient, self-injection of 
an a-adrenergic agent such as phenylephrine 
500 llg every 5 minutes usually results in 
detumescence. If sexual function is not a 
concern, a patient may use antiandrogen or a 
gonadotropin-releasing hormone (GnRH) 
agonist, which suppresses nocturnal penile 
erection and may be very useful in preventing 
its recurrence.19,20 

Surgical 

High-Flow Priapism 

If the conservative and angiographic embo
lizations fail, surgical exploration and ligation 
of the ruptured artery will be necessary to avert 
the high-flow priapism secondary to arterial 
rupture. 

Low-Flow Priapism 

The aim of all surgical procedures for veno
occlusive priapism is to divert the venous return 
from the corpus cavernosum into either the cor
pus spongiosum system that is unaffected by 
the priapism or into another nearby venous sys
tem. This is achieved by formation of a shunt 
between the two systems. Perform the shunts at 
either the distal shaft or the proximal shaft. 
Distal shunts are preferentially carried out first, 
as they are easier to perform and can be created 
under local anesthesia. Table 29.2 shows a sum-
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mary of available choices. In the Ebbehoj 
shunt,21 a window is made between the corpus 
cavernosum and the glans penis by percutane
ously inserting a #11 blade at the coronal sulcus 
on each side. The Winter shune2 involves pro
duction of a communication between corpus 
cavernosum and glans using a Tru-Cut needle 
inserted through the glans. The Goulding 
shune3 achieves the same goal by removing 
a button of tunica albuginea of corpus 
cavernosum using a Kerrison rongeur inserted 
through an incision through the glans. The 
Datta shune4 uses a skin biopsy punch to 
achieve the same goal. In the AI-Ghorab 
shunt,25 a transverse incision is made on the 
dorsum of the glans and the tips of both cor
pora are exposed, a 5 X 5 mm segment of 
corpora is excised, and the glans skin is closed. 
The Kilinc shune6 is an insertion of a specially 
made trocar with multiple side holes through 
the glans into the corpora. The corpora is then 
irrigated with saline. Intermittent compression 
of the shaft shunts the corporeal blood through 
the side holes to the glans. In the Hashmat
Waterhouse shunt, a #11 blade is percutane
ously inserted in the glans, on both sides of the 
meatus, along the axis of the penis. The blade is 
advanced until it penetrates the tip of corpus 
cavernosum, producing a shunt between the 
two. 

Proximal shunts may be performed as first
line surgical therapy in long-standing priapism 
or if a distal shunt has failed to resolve the 
problem. Table 29.3 summarizes the available 
proximal surgical options. These shunts require 
general or regional anesthesia. 

In the Quackles shunt27 (cavernoso
spongiosal), with the patient in lithotomy, the 
corpus spongiosum is identified at the level of 
the bulb through a perineal incision. Side
to-side anastomosis is performed between 
the spongy tissue and the opposing tunica 
albuginea of corpus cavernosum on one side. If 

TABLE 29.3. Proximal shunts. 

Quackles (cavernoso-spongiosal) 
Grayhack (cavernoso-saphenous) 
Barry (cavernoso-dorsal vein) 
Odelowo (cavernoso-spongiosal) 

1964 
1964 
1976 
1988 
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priapism does not subside, the same procedure 
may be performed on the other side. 

In the Grayhack shune8 (cavernoso
saphenous), the long saphenous vein in the 
groin is exposed. The distal end is tied off; 
the proximal end is rotated, transferring 
through a subcutaneous tunnel to the base of 
the penis where it must be anastomosed to 
the corpus cavernosum in an end-to-side fash
ion. If detumescence does not ensue, the same 
procedure should be performed on the oppo
site side. 

In the Barry shune9 (cavernoso-dorsal vein), 
through a single incision at the base of the pe
nis, the superficial dorsal vein is mobilized then 
tied off distally. The proximal end is anasto
mosed end-to-side, to the corpus cavernosum, 
diverting the venous drainage to the superficial 
system. 

The Odelowo shuneo (cavernoso-spongiosal) 
uses the same principles as the Quackles, but 
the procedure is modified by interposition of a 
free venous patch (usually the saphenous vein) 

~., .. . .. . 
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at the anastomosis to prevent contracture and 
subsequent closure. 

Intraoperative Monitoring 

The intracavernous pressure should be continu
ously monitored via an arterial line set up after 
the shunts are made.31 If the intracavernous 
pressure remains below 40mmHg for more 
than 10 minutes, adequate shunting has been 
established and recurrence is unlikely (Fig. 
29.2). 

Postoperative Care 

Appropriate antibiotic coverage is essential if 
surgical treatment is undertaken. Infection of 
the corpora may have disastrous consequences. 
Compression dressings and blood pressure 
cuffs decrease venous drainage and may 
be counterproductive. However, occasional 
manual compression by the patient may help to 

FIGURE 29.2. Continuous monitoring 
of intracavernous pressure using an 
arterial line while creating glanulo
cavernosal shunts using #11 blade. 
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reduce venous stasis in the corpora. After surgi
cal shunting, the penis is in a state of tempor
ary high-flow priapism because of reactive 
hyperemia from long-standing tissue anoxia. 
Additionally, edema of the corpora and penile 
skin may give the appearance of a rigid penis, 
but corporal blood gas measurement differenti
ates between high- and low-flow priapism. 

Complications 

Untreated veno-occlusive priapism leads to 
corporeal fibrosis and impotence. The penis 
will have a permanent semirigid appearance. 
Complications of treatment can be classified as 
early and late. Early complications include 
bleeding, infection, and urethral injury. Bleed
ing from the glans penis after distal shunts is 
fairly cornmon and is easily controlled by sutur
ing of the puncture site or by gentle compres
sion. Hematoma of the shaft after corporeal 
aspiration and irrigation is also cornmon. Com
pression bandages should be avoided, for ice 
packs may be more useful to alleviate this prob
lem. Infections are usually in the form of 
cellulitis. Strict asepsis should be followed 
when carrying out penile irrigations. Use of 
antibiotics is mandatory in order to avoid 
potentially disastrous complications that, if 
undiagnosed, may lead to abscess formation. 
Urethral injury is a rare complication but may 
lead to stricture or a urethrocutaneous fistula. 
Injury to the urethra can occur during needle 
aspiration and irrigation, performing distal 
shunts, or in more proximal cavernoso
spongiosal shunt procedures. 

The most important late complication of 
priapism is impotence. Its incidence is directly 
related to the duration of priapism and to how 
aggressively it is treated. The overall impotence 
rate in men with priapism may be as high as 
59%. Impotence may be either secondary to 
permanent fibrosis of the corpora or the conse
quence of surgical treatment. A persistent 
proximal or a distal shunt can lead to a venous 
leak-type impotence. If this is suspected, use of 
cavernosography can be diagnostic. High-flow 
arterial priapism has a better prognosis, with a 
reported impotence incidence of 20%. 
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Conclusion 

Priapism is an uncommon condition, and the 
low-flow type is considered a urologic emer
gency. Prompt treatment will avert permanent 
damage and preserve potency. 
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30 
Vacuum Constriction Devices 
Joel L. Marmar 

Vacuum constnctIOn devices (VCDs) have 
been used for the nonsurgical management of 
erectile dysfunction for many years. Although 
the United States Patent Office has issued sev
eral patents to inventors of these devices since 
1917, VCDs were prescribed cautiously for 
many years because the original devices were 
clumsy and utilized mouth suction for a 
vacuum, the pumps were rubber bulbs that 
were not reliable, and the constriction rings 
were crude arrangements of rubber bands.1- 3 

There were few publications regarding either 
the safety of these devices or the effects of con
striction on penile blood flow. Most clinicians 
were hesitant to recommend them because 
there were reports of surgery for penile incar
ceration from the rings.4,5 

The basic VCD unit consists of a clear cylin
der, a vacuum pump, and a rubber constriction 
ring (Fig. 30.1). After the application of lubri
cant, the open end of the cylinder is placed over 
the flaccid penis and compressed against the 
abdominal wall to create an airtight seal. Acti
vation of the vacuum pump removes air from 
the cylinder and creates negative pressure. 
Blood, drawn into the penis, produces elonga
tion and increased circumference. When maxi
mum size and rigidity have been achieved, the 
rubber constrictor ring is guided off the back 
end of the cylinder to encircle the penis and is 
worn during intercourse to restrict venous 
drainage and to maintain rigidity. When the 
ring is removed, the erection usually declines 
rapidly. 

At least seven companies now offer safe 
devices with improved features,6 and the 1992 
National Institutes of Health (NIH) Consensus 
Conference7 listed the use of vacuum con
striction devices among therapeutic options 
for men with erectile dysfunction. Recently, 
several new devices have been developed 
and approved by the U.S. Food and Drug 
Administration. 

Components of the Devices 

The Cylinder 

The new cylinders are molded of clear plastic 
that permits observation of the penis during 
creation of the erection-like state. Because 
ecchymosis and petechia of the penis are 
potential complications, the patient can now 
observe the penis clearly during the application 
of the vacuum. If discoloration is noted, the 
negative pressure can be discontinued. Al
though some of the earlier models required 
special fitting and clinicians needed an inven
tory of sizes, most of the newer models have a 
rubber or plastic insert for the open end that 
may be sized to the patient. These inserts pro
vide an excellent fit, and create an airtight seal 
against the abdominal wall to improve the ef
fectiveness of the vacuum and to limit the unde
sirable effect of suctioning scrotal contents into 
the cylinder. 
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FIGURE 30.1. (A) Diagram of typical two-piece VCD 
with a cylinder and separate pump requiring two 
hands for operation. The rings have a central circle 
with two side loops constructed of a thinner rubber 
tubing (0.25 cm diameter). (B) Diagram of typical 

The Pump 

Some of the earlier devices used a piston sy
ringe and a three-way stopcock or a rubber 
bulb to create the vacuum,z·3 The newer devices 
utilize efficient vacuum pumps with governors 
or quick release valves that limit the negative 
pressure to -250 to -350mmHg. At these 
pressures, the vacuum-induced pain is mini
mized for most patients. Many of the new units 
still require two hands for operation because 
they consist of a separate pump and cylinder, 
but other models can be operated with one 
hand and some are motorized, a popular option 
according to patient surveys.6 

The Ring 

In the past, combinations of rubber bands were 
used for constriction.3 More recently, two new 
types of molded rings have become available in 
various sizes and degrees of firmness. The rings 
may be individually fitted for the patient by 
selecting one with an inner circumference ap
proximately 2cm less than the outer circumfer
ence of the flaccid penis. Some molded rings 
may have a central circle with two side loops for 
placement and removal. These rings are con
structed of solid rubber tubing with a cross
sectional diameter of 0.25 cm and a durometer 
or hardness of about 55 in the resting position. 
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one-handed unit with the pump attached to the cylin
der, some motorized. The "0" ring is constructed of 
thicker rubber tubing (0.5 cm diameter). (Repro
duced by permission from Marmar et al.17) 

When stretched, the hardness increases to 65 to 
70 durometer. Although this ring gives effective 
constriction, the hardness may be painful to 
some patients during the first few trials. Other 
models are constructed as simple "0" rings 
with a tab at one location. These are usually 
made of thicker rubber tubing with a cross
sectional diameter of 0.5 cm that compresses a 
greater surface area of the penis. The resting 
durometer of these thick rings is about 35 to 40, 
which increases to only 50 to 65 when stretched, 
which may be more comfortable for some 
patients. 

Clinical Application 

Several investigators have utilized VCDs for 
patients with a variety of conditions (Table 
30.1) and multiple risk factors (Table 30.2).1>-10 
These reports suggest that VCD therapy may 

TABLE 30.1. Potential categories for use of VCD. 

Arterial insufficency 
Venous leakage 
Hypertension 
Diabetes 
Post-radical prostatectomy 

Spinal cord injury 
Endocrine abnormalities 
Peyronie's disease 
Psychological causes 
Prior therapy: implants, 

implant removals, oral 
medication and 
injections 
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TABLE 30.2. Risk factors associated with patients 
who have used a VCD. 

Medications-antihypertensives, muscle relaxants, 
sleeping pills 

Smoking 
Alcohol 
Radiation therapy 

be applicable for almost all patients who seek 
help for erectile dysfunction. Most manufactur
ers of VCDs warn against their use by patients 
with bleeding disorders, on anticoagulant 
therapy, or having a history of priapism. How
ever, some investigators have used VCDs for 
these patients in selected situations.9 

In addition, VCD therapy has been used in 
special situations. A VCD was used in associa
tion with unsuccessful injection therapy.l1 In 
this study, 21 of 22 men had a partial erection 
that was completed to full rigidity with a VCD 
following an intracavernous injection. These 
investigators recommended that such patients 
be taught both injection therapy and VCD 
therapy for a comprehensive approach to man
agement. In another study,9 a VCD was used to 
augment erections for four men with semirigid 
penile implants. Other investigators used 
VCDs on 11 patients after removal of penile 
implants, and 10 patients (91 %) later achieved 
intercourse on a regular basis.12 

The complications and complaints, minimal 
and transient in most cases, include penile 
petechia or ecchymosis, pain during application 
of the vacuum, pain with placement of the ring, 
limitations on the amount of antegrade ejacu
late, coolness of the penis during constriction, 
and swiveling of the base of the penis with an 
erection-like state. Although these problems 
are unacceptable to some patients, they are 
usually self-limiting after repetitive use of the 
VCD. 

In a few studies, there have been reports of 
severe complications with vacuum therapy re
lated either to constriction or the vacuum. For 
example, skin necrosis was reported in a 
paraplegic male who utilized a VCD three 
times daily for 3 days.13 After discontinuation of 
the VCD, the area healed with a hypertrophic 
scar. In other cases, uncontrolled vacuum re-
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suIted in extreme magnitudes of pulling force 
that were computed to be 10 times greater 
than those of a physiologic erection.14,15 In these 
cases, the devices were used excessively: one 
patient developed a tear in the penis leading to 
a Peyronie's plaque/4 and another patient 
developed a plaque as well as significant venous 
leakage.15 

Although these devices seem safe for almost 
all patients, the potential for significant compli
cations must be appreciated. 

Arterial Studies in Humans 

VCDs maintain an erection-like state by acute 
corporal expansion, inflow of both arterial and 
venous blood, and limitations of venous out
flow. 16 From an early report with VCDs, partial 
arterial occlusion caused the skin temperature 
to fall an average of 0.9°C (0.5° to 3.1°).3 Al
though strain gauge plethysmography con
firmed continuous blood flow into the penis 
during constriction, it was clear from these data 
that additional arterial flow studies were 
needed to evaluate the constriction process. In 
a separate study, pneumoplethysmography was 
used to evaluate pulse volume tracings before, 
during, and after constriction among 51 pa
tients with varied diagnoses.17 The patients 
were classified by their penile brachial index 
(PBI). A value less than 0.7 was consistent with 
arterial insufficiency. The pneumoplethysmo
graph was easy to use, and the tracings were 
analyzed by established standards noted in Fig
ure 30.2.18 The amplitude of the pulse volume 
tracing was measured as the height of the trac
ing from the baseline to the highest peak. The 
crest time was measured from the base to the 
peak of the pulse wave in tenths of a second 
and compared with the time of the total cycle. 
The rate of rise of the ascending limb was calcu
lated by drawing a parallel line to the most 
rapidly rising portion of the tracing to deter
mine whether the ascending limb was rising 
abruptly. 

While the constrictor ring was applied, the 
amplitude of the pulse volume tracing declined 
by 70% to 75% in each case, but continuous 
blood flow was demonstrated.17 The decline in 
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A. Normal 

FIGURE 30.2. Normal and abnormal tracings with a 
pneumoplethysmograph. The amplitude is measured 
by the height of the tracing. The crest time is mea
sured from the base to the peak of the pulse wave. A 

amplitude was influenced somewhat by the 
patient's position (Fig. 30.3). The greatest de
cline occurred while the patient was supine. 
Less decline in amplitude was noted when 
the patient stood upright or when he was 
positioned on the side. However, the crest 
time never exceeded 35 % of the overall cycle 
and the rate of rise of the ascending limb re
mained abrupt in all positions. These findings 
confirm continuous blood flow in the different 
positions. 

Within 60 seconds after removal of the con
striction ring, the pulse volume tracings re
turned to baseline levels for all patients 
including 12 men with a PBI of less than 0.7.17 
Among 33 individuals with a PBI greater than 
0.7, there was a transient rise in the pulse vol
ume tracing over baseline levels within the first 
10 seconds after removal of the ring. This 
finding suggests postischemic hyperemia, which 
is an expected response among men with nor
mal vasculature.!9 

These findings suggest that the radial pres
sure produced by the constrictor ring probably 
exceeded the mean arterial pressure. because 
the amplitude of the tracing declined. How
ever, the radial constriction pressure from the 
ring did not exceed systolic blood pressure be
cause the tracings were never reduced to a 
straight line. These data implied that VCDs 
were probably safe for most patients, but more 
specific studies were needed of cavernous ar
tery flow. 
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B. Abnormal 

dichrotic notch is noted in the normal tracing on the 
down slope. The rate of rise of the tracing is noted by 
the angle of the ascending limb. (Reproduced by 
permission from Kedia.18) 

In a recent report, a color Doppler duplex 
ultrasound was used for real-time imaging of 
arterial flow within the corpora cavernosa dur
ing vacuum-constriction erections.20 The inner 
diameter of the cavernous artery and the cross
sectional areas of the cavernous bodies were 
measured in all patients before and after the 
use of the vacuum device. In most patients, it 
was difficult to localize the cavernosal arteries 
in the resting state. With the introduction of 
color, the arteries were identified, but the 
peak flow velocity was probably less than 9 to 
12 cm/s, which was the threshold for flow detec
tion by this instrument. After subatmospheric 
pressure, the cavernous arteries had a mean 
diameter of 1.5 mm, which is about three times 
wider than the nondilated vessel. After self
stimulation and the application of the cylinder, 
the arterial peak flow velocity was about 12 to 
18cm/s. This value was less than the arterial 
peak flow velocity of 38 cm/s following the in
jection of 20~g of prostaglandin E!. When the 
constriction ring was applied, the flow was not 
detectable, but again, the arteries were local
ized by color. 

The long-term effects of chronic VCD usage 
on cavernous artery function were also evalu
ated by a Doppler duplex ultrasound?! Eigh
teen men (mean age 57.1) used a VCD over 6 
months, and three had the diagnosis of partial 
arterial insufficiency. Each patient in the study 
had a baseline value following self-stimulation 
and the injection of 20 ~g of prostaglandin E!. 
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The mean arterial peak flow velocity was 
22.8cm/s for the right side and 18.7 cm/s for the 
left. After using the VCD for 6 months, the 
mean arterial peak flow velocity increased to 
29.9cm/s on the right side and 23.6cm/s on the 
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left. The differences were significant (p < 0.1-
0.03). These results were comparable to the 
improved hemodynamic response or increased 
mean arterial flow after long-term treatment 
with intracavernous injections.22 

A. RESTING Pl.'LSE·~OLUME TRACING IS ~tIol /SEC AND 2S lUI / SEC) 

B. POLLOWING INJI>CTlON, PARTIAL ERECTION IBUCKLING PRESSURE < SOWW HG) 

C. fOLLOWING YCD, WITH CONST RICTOR RING IN PLACE (L YING DOWN) 

D. FOLLOWING VCD, .... ITH CONSTRICTOR RING IN PLACE (STANDING UPRIGHT) 

I!. CONSTRICTOR RING REMOVED 

FIGURE 30.3. Pulse volume tracings using pneumo
plethysmography. (A) Resting pulse volume tracing 
at 15 mm/s and 25 mm/s. (B) Tracing following 
intracavernous injection. (C) Tracing following ap
plication of a VCD with constriction ring in place 

(patient supine). (D) Tracing following application 
of a VCD with constriction ring in place (patient 
standing upright). (E) Constriction ring removed. 
(Reprinted with permission from Marmar et al. l1 ) 
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Some clinicians have reported that with 
chronic use, 20% to 30% of the VCD users 
may regain their own spontaneous erections.8,9 
These data and the arterial flow studies re
ported above suggest that the clinical use of a 
VCD is probably safe and that the repetitive 
stretching of the penile vascular bed appears to 
be a stimulus for improved flow. 

Venous Studies in Humans 

It has been estimated that about 80% of men 
with vasculogenic impotence fail to store blood 
within the corpora during an erection because 
of venous leakage.23 In addition, about 20% of 
men with normal erections may demonstrate 
venous leakage as well.24 Although this condi
tion may be confirmed with cavernosography/ 
cavernosometry,25,26 or suggested by end dias
tolic velocities greater than 5 cm/s with color 
Doppler duplex ultrasound,2? management of 
venous leakage has been controversial. Sur
gery28 and embolization29 have been used, but 
the long-term results have been disappointing. 
Recently, patients with venous leakage have 
been classified into five groups, and all were 
given a trial with a rubber band around the 
penis during intercourse before recommending 
invasive therapy.3o Constriction seemed reason
able for these men with venous leakage based 
on other clinical observations. 

During constriction, it was apparent that 
venous congestion occurred during the applica
tion of a constriction ring. Superficial penile 
veins were dilated and the skin appeared 
dusky.3 Doppler duplex ultrasonography noted 
an increase in the cross-sectional area of the 
penis during constriction/o and the circumfer
ence of the penis increased 3.4 to 4.3 cm after 
applying the device? In addition, there was a 
mean increase in the circumference of 4.3 cm, 
which was greater than the increase in diameter 
of natural erections, estimated at 2.5 cm.!? Xe
non washout studies during constriction con
firmed that in the flaccid state the clearance was 
1.9 mllminute compared with 0.27 mllminute 
during constriction.3! These findings demon
strated the effects of constriction on venous 
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drainage, but more specific measurements of 
corporal blood seemed important to investigate 
the safety of constriction. 

In one study, a sample of corporal blood 
was obtained immediately after constriction 
and the mean pC02 was 39.9mmHg, which was 
between the mean arterial pC02 (37.7mmHg) 
and the mean venous pC02 (49.5mmHg).32 
Similar findings were noted for the mean 
p02 (mean arterial, 75.5 mmHg; mean cavern
ous, 46.2mmHg; and mean venous, 32.1 
mmHg). From these data, it was computed 
that about 40% of the increased corporal 
blood was of venous origin after the application 
of the VCD. Despite this admixture, the 
mean corporal O2 saturation was 79.2% during 
constriction versus 94.5% for arterial blood. 
This level of O2 saturation seemed sufficient 
for oxygenation of the tissues because few 
long-term complications have been reported 
from constriction. However, most manu
facturers continue to recommend a limit on 
constriction of 30 minutes. From these observa
tions, it seemed reasonable to carry out studies 
involving constriction on men with venous 
leakage. 

One such report utilized cavernosography, 
and documented venous leakage among 47 
men who were unable to attain an erection suf
ficient for penetration.33 These men were of
fered various treatment options and 29 patients 
(62 % ) chose a VCD. They completed question
naires and 20 of 29 patients (69%) who used the 
device were satisfied, but there was no correla
tion with success and the severity of venous 
leakage. In a separate study on 31 men, infusion 
pharmacocavernosometry was used to docu
ment and quantify venous leakage.34 After a 
2-ml injection of papaverine (60mg)/phentola
mine mesylate (2 mg) or 20 ~g prostaglandin El> 
an intravenous infusion was started to maintain 
an intracorporal pressure of 145mmHg. Sever
ity of leakage was based on the maintenance 
infusion rate. A rate of less than 50cc/min was 
mild leakage, 50 to 100cc/min was moderate, 
and greater than l00cc/min was severe. This 
group used a VCD and 18 (58%) were satisfied 
after a mean follow-up of 7.6 months. Again, 
there was no correlation with severity based on 
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the infusion rate necessary to maintain an erec
tion. These studies suggested that VCDs may 
be helpful for some men with venous leakage. 
To evaluate the use of the ring alone, 67 impo
tent men were studied (Marmar, unpublished 
data). Each patient was interviewed by a physi
cian and told that the study was for men who 
achieved erection but who lost it before or dur
ing entry into the vagina. No other studies were 
performed on these men. It was hypothesized 
that many of these men had the potential for 
venous leakage as based on this symptom com
plex. Thirty controls, recruited for the study, 
stated that they had no history of erectile dys
function. The patients and controls were to use 
a constriction ring (Fig. 30.4) with intercourse 
for 1 month and complete a questionnaire to 
evaluate the effect of the ring on penile 
firmness, sexual frequency, and their percep
tion about the ring. There were four categories 
for penile firmness (none, soft, firm, very firm) 
and four categories for sexual frequency (once 
a week or more, twice a month, once a month, 
none). 

Results of the questionnaires showed that 
there were 18 men who did not achieve an erec
tion, and they were dropped from the study 
because they did not use the ring. The remain
ing 49 patients were classified as improved 
whenever there was a positive change to the 

FIGURE 30.4. Cavernosography 
with a constriction ring at the base 
of the penis on a patient with pre
viously documented venous leak
age. Note compression of the 
venous drainage system. 
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next highest category for firmness or sexual fre
quency. Among the patient group, 41 of 49 
(83.7%) reported improvement in at least one 
category: 25 of 41 (61 %) noted improvement in 
the firmness of the erection and 37 of 41 
(90.2%) noted increase in the frequency of in
tercourse. There were 8 of 49 patients (16.3%) 
who were considered unchanged. Although the 
controls were capable of satisfactory erections 
before the study, 27 of 30 (90%) described im
proved quality of the erections while using the 
ring. 

Other information concerning perception of 
the rings was obtained from the questionnaires. 
Among the 41 patients who were improved 
with the use of the ring, 38 of 41 (92.7%) indi
cated that the rings led to improved sexual con
fidence, and 41 of 41 (100%) stated that they 
would recommend the ring for others. Even 
among the men who were unchanged by the use 
of the rings, 6 of 8 (75 %) stated that they would 
recommend the rings for others, and 30 of 30 
controls (100%) claimed that they would also 
recommend the ring. 

These data suggest that the use of a con
striction ring alone may benefit some men 
with erectile dysfunction, especially if there is 
a high probability of venous leakage or of 
losing erections before and during entry into 
the vagina. 
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The Erection-Like State 

When a VCD is used, it creates an "erection
like state." The penis is rigid distal to the ring, it 
swivels at its base, and it never achieves uplift 
or a 90° angle to the body. Although most pa
tients who use a VCD achieve tumescence and 
intercourse, some men who discontinue its 
use complain about the erection-like state. 
Rigiscan studies indicated that tumescence of 
the penis does not always mean rigidity?5 

In a sleep-lab setting, buckling pressures 
were measured with a tonometer to determine 
rigidity of nocturnal erections.36 When buckling 
pressures were documented between 60 and 
100mmHg, the rigidity was probably sufficient 
for vaginal penetration, and when the buckling 
pressures exceeded 100mmHg, the rigidity was 
certainly adequate. Rigiscan measurements ex
press rigidity as the percentage of increase over 
the resting value.37 A change of70% at the base 
and the tip of the penis was suggested as suffi
cient for sexual intercourse.37 

Both buckling pressures and Rigiscan moni
toring have been used to evaluate rigidity fol
lowing the application of a VCD. In one study, 
application of additional vacuum or placement 
of a second ring usually increased the buckling 
pressure to a level significant for vaginal pen
etration.ll In another investigation, Rigiscan 
monitoring was used to determine rigidity of 
the erection-like state after the initial applica
tion of the VCD and again at 6 months.32 
The rigidity was directly correlated with the 
intracavernous pressure. Among this group of 
patients, the rigidity at the base was 80% to 
90% while the intracavernous pressure was 80 
to 100mmHg. In a study of 18 men with spinal 
cord injury, Rigiscan monitoring of the VCD 
noted that the base rigidity was 57% (range 
30% to 80%),38 as compared with Rigiscan 
measurements of 77% (range 30% to 100%) 
following a papaverine injection in the same 
men. Although the rigidity with the VCD was 
less than the rigidity with papaverine, 7 of these 
18 men (39% ) elected to use a VCD to achieve 
sexual intercourse. These data suggest that the 
rigidity created by an erection-like state is usu
ally sufficient for vaginal penetration. Men who 
are displeased with the rigidity may require 
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additional instruction on the use of the device 
and ring. 

The Workup 

Most patients with erectile dysfunction use 
VCDs successfully with only minimal instruc
tion, such as a demonstration in the doctor's 
office, a video from the manufacturer, or in
struction from a company representative.9 Al
though the VCD learning curve is short and the 
complications are usually minor, it is apparent 
that the workups have varied greatly between 
clinics.1O,32,39 Analysis of these reports suggests 
that only minimal testing may be needed before 
prescribing a VCD. 

Each patient should have a baseline pulse 
volume tracing with pneumoplethysmography 
to estimate blood flow in the flaccid state. Dop
pler duplex ultrasonography is used by many 
clinics, but this system is expensive and not 
available in most urologists' offices. In contrast, 
pneumoplethysmography has proven to be a 
less expensive alternative that provides esti
mates of penile blood flow comparable to Dop
pler ultrasonography.40 

After the baseline tracing, each patient 
receives 0.5 ml intracavernous injection of 
papaverine/phentolamine mesylate (30mg/ 
10mg mixture). Another pulse volume tracing 
is repeated after 15 minutes and rigidity is 
estimated with a modified tonometer.36 Rigi
scan monitoring is used by some clinics, but it is 
expensive for routine office use. 

Following this injection, patients can be cat
egorized into three therapeutic groups: I, good 
response to penile injection; II, poor injection 
response, but completion of the erection by 
vacuum alone; and III, poor injection response 
with completion of the erection by VCD and 
constriction ring. A patient whose pulse volume 
tracings show a five- to sixfold increase in am
plitude over the baseline and the buckling pres
sure exceeds 60 to 100 mm Hg is classified as 
group I and is started on home injection 
therapy with a VCD available as an alternative 
(Fig. 30.5). A poor injection response is consid
ered group II, where pulse volume tracings 
have only a two- to fourfold increase in the 
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FIGURE 30.6. Group II patient
poor injection response, comple
tion of the erection with a VCD 
alone. (A) Penis in the flaccid 
state. (B) Pulse volume tracing in 
the flaccid state with low ampli
tude. (C) Pulse volume tracing of 
partial response to a penile injec
tion with only a three- or fourfold 
increase in amplitude. (D) Appli
cation of VCD. (E) Rigidity and 
uplift completed by vacuum alone. 
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FIGURE 30.6. Continued 

amplitude over baseline, and the buckling pres
sures are less than 60mmHg. In group II pa
tients, a VCD should be immediately placed 
and a vacuum initiated. When the erection-like 
state appears, the VCDshould be removed 
without placement of the ring. The erection will 
be completed and sustained by the vacuum 
alone (Fig. 30.6). In some patients, the VCD 
provides the .necessary stimulus to complete the 
erection, comparable to observation of an 
erotic video to complete a partial erection fol
lowing an intracavernous injection.41 However, 
in clinical practice, a VCD seems more practi
cal than the use of erotic films. Therefore, in
struction with these devices should be included 

419 

with the workup. Eventually, many of these 
group II men will be able to achieve satisfactory 
erections by the injection alone~ 

Group III is the category for patients with 
poor injection response, low amplitude on the 
pulse volume tracing, and inadequate buckling 
pressures (Fig. 30.7). A VCD alone may be 
tried on these men, but placement of the ring is 
required to complete and maintain the erec
tion. This group should be managed with a 
combination of injections and vacuum constric
tion. With gravity cavernosometry,42 men in this 
group may demonstrate possible venous leak
age because the flow rate necessary to achieve a 
rigid erection by tonometry will exceed 60 to 
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FIGURE 30.7. Group III patient-poor 
injection response. VCD and ring re
quired to complete the erection. (A) 
Penis in the flaccid state. (B) Pulse 
volume tracing of the flaccid penis 
with low amplitude. (C) Partial injec
tion response, tumescence but no ri
gidity and uplift. (D) Pulse volume 
tracing indicates partial response with 
three- to fourfold increase in ampli
tude. (E) Application of VCD. (F) 
Erection-like state completed as evi
denced by tumescence and rigidity 
with the ring at the base of the penis. 
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100ml/m following an injection of papaverine/ 
phentolamine mesylate. This limited workup is 
easy to complete and is cost-effective. Within 
two to three office visits, all patients can be 
started on a therapeutic program including 
intracavernous injections and VCD therapy. 

Patient Satisfaction 

Because the VCD has become an option 
for treatment of erectile dysfunction, it is im
portant for clinicians to have a better under
standing of patient attitudes and satisfaction 
regarding the use of these devices. Greater 
knowledge in this area will help clinicians coun
sel patients who are considering a VCD and 
help salvage some patients who intend to drop 
out when problems arise. Studies suggest that 
many men are interested in the use of a VCD as 
an alternative to injections or implants.8.10 The 
mean ages from several studies suggest that 
men who choose a VCD are between 57 to 65 
years, which is comparable to the age group of 
men who choose intracavernous injection 
therapy.3,8,10 Although in one study older men 
were reported to be less satisfied with the VCD 
than the younger patients,3 older men in a 
stable relationship are more apt to use the 
VCD. 

Overall, results from several series suggest 
that patient satisfaction with a VCD ranges be
tween 67% to 92% among patients who had 
been sexually inactive for 6 months to greater 
than 10 years before the use of the VCD, 70% 
reported improvement in their self-image, 83% 
indicated a solid relationship with their part
ners, and 95% stated that they would recom
mend the device for othersY-IO,43,44 

In more recent studies, statistical methods 
have been used to evaluate patient satisfac
tion.43 Studies show statistically significant dif
ferences in the following categories: (1) quality 
of erections and foreplay with vacuum device, 
(2) quality of erections in intercourse with the 
device, (3) frequency of intercourse attempts, 
(4) frequency of orgasm with intercourse, (5) 
sexual satisfaction, (6) quality of erections in 
foreplay without the device, and (7) quality of 
erections in intercourse without the device.45,46 
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There were no statistically significant differ
ences over 6 months for frequency of feelings of 
sexual desire or frequency of masturbation. 
These data suggest that the use of a VCD for 6 
months can significantly change sexual func
tioning. In addition, there is improvement re
garding self-esteem in the sense of romantic 
and sexual attractiveness and improvement in 
social self-confidence, but levels of depression 
and anxiety are unchanged. 

The partner's satisfaction was evaluated in 
several studies. In one report the male users 
rated the female partner's satisfaction.8 The re
sults of these questionnaires suggested that 
86% of the females were satisfied by the ap
pearance of the erection, and 87% were satis
fied by performance. However, 11 % of the men 
reported that their partners were dissatisfied by 
the coolness of the erection, the cause for dis
continuance in some cases. In another study, 18 
women who were sexual partners of VCD users 
rated their own responses, and this group 
showed statistically significant improvements in 
the level of arousal and foreplay with the de
vice, frequency of intercourse attempts, fre
quency of masturbation, frequency of orgasm 
with intercourse, and sexual satisfaction.45 

There was no statistically significant increase in 
the group with regard to frequency of feeling of 
sexual desire. Nevertheless, like their spouses, 
the female partners also reported greater satis
faction with love making. After 6 months, the 
dropout rate with VCDs ranges between 19% 
to 36%.3,8-10,43 Although this dropout rate seems 
comparable to those with intracavernous injec
tions over the same length of follow-up, the 
reasons for VCD dropouts were reported as 
inadequate rigidity, pain with the vacuum 
or constriction ring, coolness of the penis, 
ecchymosis of the penis, or lack of ejaculation 
or both. With follow-up instruction and minor 

. adjustments to the equipment, many of these 
patients may be rescued by VCD therapy. For 
example, patients may apply additional vacuum 
to increase rigidity or utilize two rings to im
prove firmness. Some dropouts simply lose in
terest or no longer have a stable relationship. 
On the positive side, some of the dropouts re
port that they regain spontaneous erections, a 
distinct advantage of VCD usage. 
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Conclusion 

During the past decade, the devices and rings 
have been improved and used on a variety of 
patients, and the one-time cost of the device is 
now relatively low compared with that of injec
tion therapy or implants. In addition, physi
ologic studies on blood flow during constriction 
suggest that complications are minimal. 
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Nitric Oxide and Other 
Neurotransmitters of the 
Corpus Cavernosum 
Nestor F. Gonzalez-Cadavid and Jacob Rajfer 

The physiology of erection comprises three dis
tinct processes acting in concert: (1) increased 
arterial inflow, (2) active cavernosal smooth
muscle relaxation, and (3) decreased venous 
outflow. Cavernosal smooth-muscle relaxation 
appears to be the key event in a normal erec
tion. Therefore, the cavernosal smooth muscle 
may be the critical site where erectile dysfunc
tion begins.1 

In a normal erection, the neural stimulation 
is transmitted to the penile tissues through 
the pelvic autonomic nerve fibers, the nervi 
erigentes. These nerves release three impor
tant neurotransmitters: (1) the sympathetic 
fibers release norepinephrine; (2) the parasym
pathetic fibers release acetylcholine; and (3) 
the nonadrenergic-noncholinergic (NANC) 
release nitric oxide (NO). 

Evidence accumulated in the past 7 years 
shows that NO is the main mediator of penile 
erection in man and in experimental animals as 
well. It is considered the most likely NANC 
neurotransmitter released as a consequence of 
sexual stimulation triggering the relaxation of 
the corporal smooth muscle. 

NO is synthesized in a variety of tissues and 
organs in a reaction where the amino acid L
arginine is converted into L-citrulline. The en
zyme catalyzing this reaction is designated as 
nitric oxide synthase (NOS) and exists as three 
different isoforms: the constitutive neuronal 
and endothelial NOS (nNOS or NOS 1, and 
eNOS or NOS 3, respectively), and the induc
ible NOS (iNOS or NOS 2). Recent reviews 
have described the multiple roles of NO in 

biologic processes,2-4 the features of NOS 
isoforms,5 the potential therapeutic appli
cations of NOS inhibitors,6 and the physio
pathologic significance of alterations of NO 
synthesis.7 Other reviews have focused on the 
specific role of NO in the regulation of vascular 
tone,8,9 neurotransmission,lO,l1 and NO as the 
primary mediator of the erectile response in 
animal models and in in vitro systems.12-15 

It is clear from the initial work carried out in 
the peripheral vascular tree, and confirmed in 
penile tissue, that NO released by NOS activa
tion stimulates guanyl cyclase in the cavernosal 
smooth muscle, increasing cyclic guanosine 
monophosphate (cGMP), and thus reducing 
intracellular Ca2+. This triggers smooth-muscle 
relaxation and blood inflow into the cavernosal 
cisternae, thereby eliciting penile erection.1 

Evidence of the Role of NO in 
Erection from In Vitro Studies 
on the Relaxation of Corpora 
Cavernosa Strips 

The first demonstration that penile erection is 
mediated by NO generated in response to 
NANC neurotransmission was published in 
1990.16 This demonstration used electrical field 
stimulation (EFS) of isolated strips of rabbit 
corpus cavernosum in the presence of both 
guanethidine (an adrenergic neuronal blocker) 
and atropine (a muscarinic receptor blocker). 
The EFS-induced relaxation of the corporal 
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smooth muscle was accompanied by an in
crease in nitrites and cGMP. Ignarro and col
leagues16 correctly inferred that this increase 
was due to NO synthesis that stimulated guanyl 
cyclase. Similarly, this outcome had previously 
been shown for vascular smooth muscle. 

The blockade of the relaxation of the penile 
strips by NOS inhibitors, e.g., NG-nitro-L-argi
nine (L-NOARG) or NG-amino-L-arginine (L
NMMA), and the stereospecific reversal of this 
blockade by excess substrate (L-arginine) 
proved that NOS activity was necessary for this 
process. Additional support was obtained from 
the inhibition of the relaxation by oxyhemoglo
bin (NO scavenger) or methylene blue (guanyl 
cyclase inhibitor), and the independence from 
the cycloxygenase pathway was indicated by 
the lack of effect of indomethacin. This experi
mental paradigm was repeated in subsequent 
studies. 

The rabbit penile strip preparation has been 
extensively used to further characterize the 
NO-dependence of corporal relaxation. EFS is 
not essential to induce this process, because L
phenylepinephrine-precontracted strips can be 
relaxed with acetylcholine. This effect can be 
abolished with L-NMMA, L-NOARG, meth
ylene blue, or atropine, as expected from 
NO released from the corporal endothelium 
by acetylcholine. A nitro donor, like sodium 
nitroprusside (SNP), directly relaxed the 
precontracted strips.17 Hypoxia or endothelial 
damage blocked the NO-dependent relaxation 
mediated by acetylcholine,18 but when EFS was 
applied, a functional endothelium was not nec
essary, thus confirming that NO may act in the 
penis both as a neurotransmitter and as a va
sodilator released from the endothelium. The 
latter is in agreement with the previous demon
stration in the vascular system7~9 that NO is the 
main active component of EDRF (endothe
lium-derived relaxing factor). 

Several groups have shown that the human 
corpora cavernosa reacts identically to the rab
bit preparation,I&-21 and it has been proposed 
that NO or a closely related substance may act 
as the NANC neurotransmitter in the human 
corpus cavern os urn smooth muscle. EFS 
evokes an atropine-resistant relaxation of 
guanethidine-treated human penile strips that 
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can be inhibited by the sodium channel blocker 
tetrodotoxin and by NO-cascade inhibitors, re
versed with L-arginine, and enhanced by a 
cGMP phosphodiesterase inhibitor. Compar
ing the relaxation of corporal cavernosal strips 
from both species,22 a positive correlation 
was found between relaxation and cGMP 
formation. 

These results support the hypothesis that en
dogenous NO is the principal mediator of pe
nile erection caused by NANC stimulation, 
triggering a cGMP-mediated signal transduc
tion mechanism. The role of the endothelium 
was ascertained by chemically removing it from 
rabbit corporal cavernosal strips, and compar
ing the response with the intact rabbit and 
human preparations.23 The relaxation due to 
acetylcholine, bradykinin, and substance P is 
endothelium-dependent and due to NO re
lease, whereas the relaxation due to papaverine 
and nitroprusside is endothelium-independent 
and that to vasoactive intestinal peptide 
(VIP) is only partially endothelium-dependent/ 
NO-mediated. The EFS of rabbit cavernous 
smooth muscle in the presence or absence of 
muscarinic receptor blockade24,25 showed that 
this receptor mediates a small fraction of the 
response. In the case of human corporal strips 
obtained from impotent patients with diabetes 
mellitus,25 the relaxant effects by acetylcholine 
or EFS appeared to be significantly less than 
in strips from men who were nondiabetic and 
impotent. 

The penile strip preparations have also been 
used to examine the modulation of the NO 
pathway, the relaxant response in relation to 
impotence risk factors, and other features, in
cluding the dose-curve relaxation effects of NO 
itself, NO donors, and a phosphodiesterase in
hibitor.26~28 Surprisingly, there was little corre
lation between the ability to release NO and 
the levels of cGMP or the relaxant efficacy. The 
active parts (ginsenosides) of a plant popularly 
used as an aphrodisiac have been shown to in
crease the acetylcholine- and EFS-induced 
relaxation in a process attenuated by NOS in
hibitors and accompanied by the increase of 
cGMP.29 

The relative contribution of NO, adrenergic, 
purinergic, and cholinergic stimulation in the 
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relaxant response to EFS has recently been 
studied with rabbit corpus cavernosum strips.30 
It was concluded that virtually all the inhibitory 
effects of EFS relaxation could be explained by 
NO release. The NO-dependent relaxation has 
also been shown in strips of canine corpus 
cavernosum,31 where neurogenic VIP and ace
tylcholine do not seem to participate in the 
regulation of penile muscle tone under the ex
perimental conditions used for the study. 

Evidence for the Role of NO 
in Erection from the Study 
of the Erectile Response in 
Animal Models 

The confirmation that NO is the mediator of 
penile erection in vivo derives from experi
ments in animal models, where the erectile re
sponse is elicited by EFS of the cavernosal 
nerve. NOS inhibitors are applied to determine 
to what extent the increase in intracavernosal 
pressure is attenuated. In some cases, the EFS 
response is compared with pharmacologi
cally elicited erection. Using this approach, 
Holmquist et ae2 showed that in the rabbit 
intrapenile administration of L-NOARG abol
ished the EFS-induced erectile response, but 
the D-isomer had no effect. This indicated that 
penile erection triggered by stimulation of the 
cavernosal nerve is as dependent on the NO 
cascade as on the in vitro relaxation of 
cavernosal strips. 

This finding was expanded in a series of pa
pers in which essentially the same approach was 
used in the rat, an animal originally proposed as 
a model for the study of penile erection by 
Q . 1 33 um an et al as a substitute for rabbits dogs 
and cats. The cumbersome measur;ment~ 
of the erectile response by video imaging 
were replaced by the recording of the 
intracavernosal pressure, as in larger animals. 
This procedure was used to demonstrate that 
another NOS inhibitor, NW-intro-L-arginine 
methyl ester (L-NAME), blocks the erectile re
sponse to EFS in a dose-dependent fashion/4 
~nd that L-arginine, but not D-arginine, par
tially prevents the erectile inhibition. The con-
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tinuous intrajugular infusion of L-NOARG fol
lowed or not by L-arginine during EFS35 repli
cated these results. 

EFS Response in the Rat Model 

The fundamental role of the NO-cGMP cas
cade was shown in the rat model by the re
?uction of the EFS response caused by 
mtracavernosal injection of methylene blue and 
by its stimulation elicited by cGMP.36 Sodium 
nitroprusside caused a similar increase that was 
~locked by methylene blue. As expected, injec
tion of a phosphodiesterase inhibitor, papaver
ine, that bypasses the NO-cGMP cascade 
elicited a corporal relaxation that was not af
fected by methylene blue. The cAMP pathway 
was shown not to contribute to the EFS re
sponse, because neither cAMP nor drugs that 
stimulate its synthesis induced an erectile re
s~onse. These drugs included VIP, prostaglan
dm El (PGE1), and calcitonin gene-related 
peptide (CGRP). In rats whose cortical-spinal 
tract was interrupted by pithing37 and nerve 
stimulation was sacral rather than cavernosal 
the NO-dependence of the erectile respons~ 
was confirmed by a dose-related inhibition by 
L-NAME, which did not affect the response to 
papaverine. 

The dose-dependent inhibition of the EFS 
response by L-NAME has been used to assess 
how impotence risk factors affect NO
depe~dent erection.38,39 The rat model of penile 
erectIOn has been extensively characterized 
recently in terms of the EFS and pharmacologic 
parameters, including the study of a putative 
NANC sympathetic control different from 
norepinephrine.4o,41 Therefore, this animal is 
perhaps the most adequate laboratory model 
to study the mechanism of NO-dependent 
erectile response and the factors that affect its 
function. 

EFS Response in the Dog 
and Cat Models 

The dog has also been used for EFS studies of 
the NO cascade. A NO donor (S-nitroso
N-acetylpenicillamine) induced a tumescence 
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comparable to the one achieved by EFS, and 
the latter was blocked by L-NOARG and re
stored by L-arginine. The response was inhib
ited by methylene blue and enhanced by a 
phosphodiesterase inhibitor, as expected.42 The 
destruction of the penile endothelium by 
intracavernosal injection of the detergent 3-
[(3-cholamic1opropyl)-dimethylammonia ]-
1 propane sulfonate (CHAPS) abolished the 
response to acetylcholine but only partially in
hibited the response to EFS. This indicates that 
the NOS contained in the cavernosal nerve 
plays a major role in penile erection and the 
endothelium is less important.43 The signifi
cance of the NO-cGMP cascade previously 
shown in the rat was also confirmed in the dog, 
because intracavernosal cGMP was much more 
efficient than cyclic adenosine monophosphate 
(cAMP) in eliciting erection. N-ethylmalimide 
(an adenylate cyclase inhibitor) could not block 
the EFS response, whereas methylene blue was 
very effective. In contrast to the results in vitro, 
atropine reduced the EFS response, suggesting 
that cholinergic neuroeffectors complement 
the NANC NO neurotransmission. In cats, L
NAME blocks the acetylcholine-elicited penile 
erection, and NO donors are effective in induc
ing it.44 

Pharmacologic Agents 

An alternative to the EFS approach, applied 
only in rats, is the use of a centrally evoked 
erection with pharmacologic agents. One 
widely used effector is apomorphine, which 
induces a dual response of erections and 
yawning.4S Both of these effects produced by 
apomorphine (subcutaneous) or oxytocin 
(intracerebroventricular) were inhibited by L
NAME or L-NMMA, given either systemically 
or centrally,46 suggesting the involvement of 
central NO in erection. The effects were 
located at the paraventricular nucleus of the 
hypothalamus by inducing an erectile re
sponse with N-methyl-D-aspartic acid (NMDA) 
and blocking with NOS inhibitors.47 The 
apomorphine-induced model of erection has 
been compared with the EFS-induced model 
and found useful for the study of psychogenic 
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erectile reflexes.48 However, because this is a 
centrally oriented approach, it is not focused on 
penile erectile physiology, and is therefore not 
adequate for studying NO involvement in the 
penis per se. 

Inhibition of NO Synthesis 

The effects of the inhibition of NO synthesis by 
giving L-NAME systemically before tests of 
copulation, ex-copula genital reflexes, or sexual 
motivation/motor activity49 seem to emphasize 
the direct role of NO in the penile erectile re
sponse over its putative participation in the 
central control of sexual behavior. Neither 
sexual motivation nor motor activity was af
fected, but copulation was clearly impaired, 
primarily by inhibiting erectile function. This 
study is the first direct proof of the role of NO 
in physiologic erection and also suggests that 
NO inhibits the sympathetic control of ejacula
tion, because L-NAME increased the number 
of seminal emissions and decreased their 
latency. 

Detection, Localization, 
and Function of NOS 
Isoforms in the Penis 

The first demonstration of the presence of an 
NOS isoform in the penile corpora cavernosa 
was obtained simultaneously in the rabbieo and 
in the rat penis.34 In both cases, NOS enzymatic 
activity was measured in the cytosol by the con
version of L-arginine into L-citrulline. It was 
shown to be Ca2+ -, reduced nicotinamide ad
enine dinucleotide phosphate (NADPH)-, and 
calmodulin-dependent, and abolished by NOS 
inhibitors. This is consistent with the presence 
of a constitutive NOS isoform. 

At least a fraction of the penile constitutive 
NOS activity in the rat is the nNOS isoform, as 
shown by immunocytochemistry using anti
bodies directed against the rat cerebellar 
nNOS.34 The nNOS protein was localized to 
penile neurons innervating the corpora caver
nos a and neuronal plexuses in the adventitial 
layer of penile arteries, as well as in the urethra. 
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A similar conclusion was reached by NADPH 
diaphorase staining of the rat major pelvic gan
glion (MPG), many axons of the cavernosal 
nerve, and terminals associated with various tis
sues of the penis.51 ,52 The NADPH diaphorase 
staining colocalizes with NOS52,53 and can be 
considered in most cases as a fair, but not abso
lute, indicator of NOS activity. 

With diaphorase staining, it was possible to 
estimate that nearly all the postganglionic neu
rons in the MPG innervating the penis are 
NADPH diaphorase-positive. However, only 
one fifth of the penile neurons were immunore
active against nNOS antibodies.54 This suggests 
that either NADPH diaphorase staining may 
occur in non-NOS-containing nerves or that in 
the penis there are substantial amounts of NOS 
isoforms that do not cross-react with nNOS 
antibodies. 

Similar conclusions regarding the predomi
nance of NADPH diaphorase-positive nerves 
in the MPG were obtained by other groups,55,56 
and NOS was found to colocalize with VIP 
nerves in the rat MPG and penis.57,58 By apply
ing retrograde axonal techniques and NOS and 
choline acetyltransferase immunochemistry,59 
the NOS-containing neuronal populations were 
located within the lumbosacral spinal cord at 
the L5 to S2 segments of the sacral parasympa
thetic nucleus. The NANC NOS fibers in the 
cavernosal nerve regenerate after unilateral 
neurotomy,60 supporting the view that unilat
eral nerve-sparing in humans may preserve 
erectile function. 

The combination of NADPH diaphorase 
staining and immunocytochemistry allowed the 
confirmation that NO is the neuronal mediator 
of penile erection in man, because NOS was 
identified in discrete neuronal locations of the 
penis, including the pelvic plexus and the cav
ernous and dorsal nerves with their termi
nals.61 ,62 NADPH diaphorase staining has been 
proposed as a diagnostic tool for neurogenic 
impotence due to cavernous nerve damage.63 

Using this technique, it was shown that NOS 
coexists in the human penis with VIP terminals 
in 40% of the cases, and to a lesser degree with 
tyrosine hydroxylase, an enzyme contained in 
catecholaminergic nerves.64,65 
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It appears that no publications report the 
immunocytochemical detection of NOS iso
forms other than nNOS in the penis from any 
species. This is surprising, considering that the 
initial idea of NO being the mediator of penile 
erection stemmed from the role of NO present 
in EDRF as modulator of vascular tone and 
that an endothelium lining is spread throughout 
the corpora cavernosa. However, there are no 
claims on the visualization of either eNOS or 
iNOS in penile sections, despite the variety of 
specific polyclonal or monoclonal antibodies 
available. 

It is clear, then, that NOS activity is detect
able in the rat penile cytosol (arginine-citrulline 
conversion assay) and in situ in nerves and 
nerve terminals of the rat and human penis 
(NADPH diaphorase). In fact, nNOS is the 
only isoform so far visualized by immunocy
tochemistry in those locations in both species. 
By applying the original L-arginine/citrulline 
procedure used for rat cerebellum,66 it was 
shown that the adult rat penis has a level of 
soluble L-NAME- and ethyleneglycotetraace
tic acid (EGTA)-sensitive NOS activity38,67 
comparable to that found in the rabbit 
penis50 and much higher than the one initially 
reported for the rat penis.34 This was confirmed 
in several studies with three different strains of 
rats.67-73 

Because the arginine/citrulline conversion 
assay does not discriminate between NOS 
isoforms, and because the immunocytochemi
cal evidence on penile NOS is restricted to 
nNOS, the question of which other NOS 
isoforms are expressed in this organ was 
addressed by use of Western blot im
munodetection. Using this assay with both 
polyclonal and monoclonal antibodies, a typical 
150- to 160-kd nNOS band39,6s-76 can be de
te'cted in the rat penis and pelvic plexus cytosol. 
The Western blot technique demonstrated the 
eNOS species in both the cytosol and the par
ticulate fractions as the expected 140-kd band, 
although only one of the monoclonal antibod
ies tested was effective.71-75 This suggests that 
eNOS is a minor fraction of the total penile 
NOS. The iNOS isoform appears not to be ex
pressed constitutively in the penis, because it is 
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visualized only erratically in the rat penis cyto
sol as the typical 130-kd band.74 It is indeed 
expressed in vitro in incubations of rat penile 
smooth muscle cells (RPSMC) and of pelvic 
plexus slices with iNOS inducers.75 

No NOS isoforms have been reported in 
Northern blot analysis of penile tissue messen
ger RNA (mRNA), with the exception ofiNOS 
mRNA in RPSMC induced in vitro.77 They are, 
however, detectable by reverse transcription! 
polymerase chain reaction assays (Magee, 
Marquez, Garban et aI., unpublished data). No 
NOS protein, mRNA, or enzyme activity data 
on human penile tissue have been published to 
date. 

In the absence of functional direct assays, it is 
impossible to determine which NOS isoform is 
really the one responsible for penile erection. 
Although the evidence suggests that nNOS is 
the one involved in the triggering of the erectile 
process, the development of the first NOS-defi
cient transgenic mouse ("gene knockout" mice) 
seems to cast doubt on this hypothesis. The 
male animals whose nNOS gene is silenced by 
targeted disruption78 are not only fertile, and 
therefore potent, but are even very sexually 
aggressive.79 

Because the eNOSso and iNOS-deficient 
mice81,82 are also potent, the reproduction of the 
knockout animals would appear to rule out all 
known NOS isoforms as major contributors to 
penile erection, contradicting the substantial 
experimental work that supports their role. 
However, two main arguments stand against 
the negative interpretation. First, it is likely that 
ancillary mechanisms may develop to compen
sate for the knockout gene, as it happens in 
most gene deficient mice when the disrupted 
gene is crucial for individual or species survival. 
In the case of the nNOS knockout, eNOS has 
been assumed to substitute for nNOS in the 
same neurons where both coexist,83,84 or, alter
natively, non-NO neurotransmitters and va
sodilators may take over.78 A second argument 
is that penile-specific variants of the known 
NOS isoforms may exist and differ in the gene 
regions used to target the disruption. Should 
this be the case, the penile specific NOS gene 
would remain operative in the currently avail
able NOS-deficient mice. 
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Impotence Risk Factors Affect 
the Regulation of Penile 
Erection and NOS Isoforms 

Hypogonadism in man is associated with impo
tence assumed to result from a loss of libido 
rather than from the impairment of the erectile 
mechanism per se. The rat model of penile 
erection has provided a different interpretation 
that may be applicable to man. 

Androgen depletion in the rat induced by 
castration for 1 week reduced the erectile 
response to EFS or to apomorphine, and 
these effects were prevented by testosterone 
(T)35,67,76,85,86 or dihydrotestosterone (DHT)67 
administration. Although the castration
induced reduction is only 50%, when it is 
combined with the androgen-blocker ftutamide 
the inhibition is nearly complete.70,71 DHT ap
pears to be the active androgen in maintaining 
erectile function, as shown by the inability of T 
in the presence of finasteride to prevent the 
castration-associated erectile dysfunction.67 

Pituitary and adrenal factors are also essen
tial. Hypophysectomy,70,71 administration of a 
gonadotropin-releasing hormone (GnRH) an
tagonist,7o,71 and adrenalectomy73 impair erec
tion to different degrees. The combination of 
castration and adrenalectomy blocks the erec
tile response completely but can be partially 
prevented by replacement androgen or corti
costeroid therapy or both.73 The erectile re
sponse in the rat probably requires a low basal 
level of androgen receptor activation, because 
androgen receptor concentration is very low 
in the adult penis.87 This would explain why 
residual amounts of serum androgens in 
castrated rats suffice to maintain half of 
the normal erection. Several constituents may 
exist in the erectile machinery with different 
degrees of androgen dependence. One is 
the bulbocavernosus and bulbospongiosus 
striated muscles that participate in the erectile 
response,67,70,71 and another is penile NOS 
itself. 

The obliteration of androgen and corticoid 
effects by androgen depletion, hypophy
sectomy, GnRH antagonist, or adrenalec
tomy considerably reduces penile NOS activity 
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TABLE 31.1. Control of penile erectile function and nitric oxide synthase 
by the gonadalladrenallpituitary/hypothalamic axis in the rat (one-week 
treatment). 

Treatment 

Castration alone 
Castration and fiutamide 
Castration and testosterone 
Castration and T and finasteride 
Castration and DHT 
Castration and estradiol 
Castration and EFS 
Hypophysectomy 
GnRH antagonist 
Adrenalectomy 
Castration and adrenalectomy (CIA) 
CIA andDHT 
CIA and hydrocortisone and aldosterone 
CIA and hydrocortisone 
CIA and aldosterone 

without significantly decreasing penile 
nNOS or eNOS content6<)-71,73 by an as yet un
identified mechanism of enzyme activity 
control (Table 31.1). However, one study 
reported a castration-induced reduction of 
penile nNOS.76 That NOS activity can be 
modulated in the penis was directly demon
strated in castrated rats by EFS of the 
cavernosal nerve, which is able by itself to 
stimulate penile NOS during the erectile re
sponse and raise the activity to levels found in 
the intact rat. This process resembles the acti
vation of NO synthesis that is thought to occur 
upon sexual stimulation.69 EFS of human penile 
corpus cavernosum and urethra in organ bath 
causes release of nitrites and nitrates derived 
from NO synthesis.62 

It is likely that NOS enzyme activation in the 
penile tissue follows the pattern observed in 
other tissues or cells, due either to the opening 
of Ca2+ channels increasing Ca2+ binding at the 
calmodulin site or to dephosphorylation of 
an inactive phosphorylated NOS.2-5,12 Alterna
tively, variations in the L-arginine substrate 
availability may also influence penile NOS 
activity. Long-term feeding of rats with L
arginine increases the EFS erectile response,88 
thus suggesting that local substrate concentra
tion may become, in certain conditions, a rate-

NOS 

EFS Response Activity Content 

t t 
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H t 
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limiting step for NOS activity. Some of these 
factors may be involved in the negative control 
of NOS activity that can be observed in in 
vitro incubations of rat penile or pelvic plexus 
slices, or in induced RPSMC. In most cases, 
NOS remains inhibited, because nitrite synthe
sis is low and does not correlate with the 
amount of active NOS protein after tissue 
homogenization.75 

An important factor in the modulation of 
penile NOS activity may be oxygen tension be
cause NOS is an oxygenase. Intracavernosal 
blood p02 in the flaccid human penis is three
to fourfold lower than that in the erect stage. 
When these conditions were reproduced in or
gan bath of human corpora cavernosa strips, 
the EFS and acetylcholine NO-mediated re
sponses (relaxation, cGMP synthesis, cytosol 
NOS activity) were inhibited by O2 depletion 
and reverted by reoxygenation.89 A subsequent 
study90 showed that severe hypoxia of the type 
developed in the veno-occlusive priapism 
causes :;in increase of penile intracellular Ca2+ 

and relaxation in rabbit corpora cavernosa 
strips, putatively due to inhibition of oxidative 
phosphorylation. Although this may apply to 
priapism, it does not address the question of the 
hypothetical NOS activation by 0 2+ during 
physiologic erection. 
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TABLE 31.2. Effect of impotence risk factors on penile erectile function 
and nitric oxide synthase in the rat long-term conditions (2-25 months). 

NOS 
EFS Penile 

Condition or Treatment Response Reflexes Activity Content 

Aging, old t 
Aging, old and T 
Aging, old and DHT 
Aging, very old H 
Diabetes Type I 
Diabetes Type II 
Passive smoking 
Passive smoking and aging, old 
Severe hypertension 

Aging 

Aging, another impotence-associated risk fac
tor, has been found in the rat modees to be 
accompanied by a decrease in erectile response 
and, in very old animals only, by a reduction 
of penile NOS activity (Table 31.2). These 
changes occur in parallel with a reduction in the 
tissue compliance to vasoactive relaxant agents, 
in both old and very old rats; in the former 
group, the normal penile NO synthesis appears 
to be insufficient to compensate for the loss of 
penile compliance. No data are available on the 
content of penile nNOS and eNOS at these 
ages. Because aged rats are hypogonadal, a 
long-term administration of T and DHT was 
tested in old rats and shown to correct the de
crease in erectile response.39 However, this oc
curs without modifying penile NOS activity or 
nNOS content. 

Diabetes 

Diabetes in man is a significant risk factor for 
erectile dysfunction. The spontaneously dia
betic animals, BB and BBZ rats, are good mod
els for diabetes type I and II, respectively. In 
both cases, hypogonadism and a severe loss of 
penile reflexes are present, but the erectile re
sponse to EFS is not affected.68.74 This suggests 
a peripheral neuropathy in the penis occurring 
without compromise of the cavernosal nerve, 
accompanied by a depletion of both penile 
nNOS content and NOS activity, but not of 
VIP,68,74 which suggests a selective loss of 
penile nerve terminals. Studies on the con-

i 
i 
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H 
H H t 
H tt t 

H t 
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tent of penile eNOS in the diabetic rats are 
in progress. However, a recent report on 
a chemically induced diabetes rat model 
(streptozotocin) claimed an increase in penile 
NOS activity.91 

Other Risk Factors 

Chronic passive smoking72 and radiation expo
sure,92 two other conditions associated with im
potence, were found in the rat model to be 
accompanied by a decrease of penile NOS ac
tivity. In the case of smoking, penile nNOS, but 
not eNOS or VIP, was reduced, suggesting a 
neuropathy similar to the one present in diabe
tes. The lack of effects on eNOS is probably 
related to the fact that the rat is refractory to 
vascular damage.93 Surprisingly, despite the de
crease in penile NOS and the severe hyperten
sion, the EFS erectile response is not reduced 
by chronic passive smoking. This lack of reduc
tion may be related to the development of 
NO-triggered (L-NAME-sensitive) ancillary 
vasodilator mechanisms in the penis during the 
long-term exposure to tobacco smoke. Severe 
hypertension impairs the erectile response in 
the spontaneously hypertensive (SHR) rat but 
moderate increase in blood pressure augments 
erectile response.94 

The reduction of penile nNOS found in dia
betes and smoking in the rat is likely to be a 
direct result of the loss of nerve terminals, but a 
downregulation of gene expression cannot be 
ruled out, despite the fact that nNOS was ini
tially considered a "constitutive" enzyme. 
Recent evidence in other systems indicates 
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that this is possible,95,96 and suggests that 
upregulation of penile nNOS may occur under 
certain conditions. Should this be the case, it 
may provide a mechanism to compensate for 
penile nerve damage by increasing NO release 
from the spared nerves. 

The experimental data accumulated on 
penile NOS in the rat model may not be 
directly applicable to the human and may 
even appear to conflict with clinical evidence 
in certain cases. It is necessary to investigate 
in men whether penile NOS is similarly affected 
by impotence risk factors, although the dif
ficulty in obtaining penile tissue for analysis 
from adequate control subjects may be an 
impediment. The measurement of NO synthe
sis through a noninvasive procedure during 
erection would be an ideal approach. Unfortu
nately, the basal level of serum nitrites is 
high enough to hide the small changes that 
may occur in nitrite concentration in the cor
poral blood during the erectile response,97 
and NO chemical sensors are not sensitive 
enough to monitor NOS activity in the penis in 
situ. 

Therapy of Erectile Dysfunction 
Based on NO and Ancillary 
Penile Neurotransmitters 

The NO-dependent cascade is the main func
tional pathway responsible for penile erection, 
and NO as the NANC neurotransmitter elicits 
this process. This conclusion is essentially based 
on the presence of the NO-relaxation mecha
nism in the human and animal corpora 
cavernosa, and particularly on the complete 
elimination of the erectile response in animals 
by NOS inhibitors. The latter blockade occurs 
in rats not only when L-NAME is given in acute 
doses but even after a long-term oral adminis
tration leading to sustained systemic hyper
tension (Moody, Rajfer, Gonzalez-Cadavid, 
unpublished data). Therefore, the release of 
NO from the penile nerve terminals must be 
a necessary condition for sexual stimulation 
to lead to cavernosal smooth-muscle relax
ation, even if this involves other ancillary 
neurotransmitters. 
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Because non-NO neurotransmitters are 
present in the corpora cavernosa, they seem to 
fulfill a physiologic function, but it is reduced 
to a reinforcement of the NO-initiated erec
tion while there is sufficient NO synthesis in 
the penis to maintain an erection. However, it 
is possible that under long-term conditions 
where NO synthesis is severely reduced, the 
ancillary neurotransmitters may start to playa 
more significant role in the development of 
compensatory mechanisms. This would include 
some of the impotence risk factors defined 
in the rat model and in the NOS knockout 
mice. 

The identity of these ancillary neurotrans
mitters cannot be ascertained with the available 
evidence, but two stand as the most likely: 
VIp9s--105 and CGRP.106-109 Considerable data 
are available on the presence of VIP and 
CGRP nerve fibers and on the measurable 
levels of these peptides in the human and the 
animal penis and on their relaxing effects on 
the corpora cavernosa both in vitro and in vivo. 
They act via the activation of the cAMP cas
cade and, at least in the case of CGRP and 
possibly VIP, may contribute to NO synthesis. 
However, their in vivo effects are partial and 
not very reproducible, and their contents in the 
penis do not correlate with erectile dysfunction. 
Their use as single vasodilators in the treatment 
of erectile dysfunction is not promising, and 
most trials have been limited to combination 
modalities with PGEl and other vasoactive 
agents.103,108,109 

Relaxants, such as endothelial kinins,l1O are 
not neurotransmitters, and the same applies 
to the complex array of vasoconstrictors 
that regulate penile vascular tone, mainly 
endothelins.111-113 Leaving aside acetylcholine, 
which triggers endothelial NO release, the 
other known penile neurotransmitters, such as 
norepinephrine,111,114 act on acadrenergic re
ceptors and control the detumescence. Al
though psychogenic impotence is probably 
associated with their hyperproduction, they are 
negative modulators of the erectile response 
not directly involved in its activation. 

Therefore, the NO cascade appears to be the 
most logical target for a new therapy aimed at 
correcting erectile dysfunction through ma
nipulation of the levels of penile neurotrans-
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mitters. Unfortunately, the approaches re
ported so far have focused mainly on the ad
ministration of NO-donors or cGMP. These are 
not novel concepts, because these drugs are 
vasoactive substances within the same category 
as the current ones in use (papaverine, PGE1, 
phentolamine). Perhaps for this reason results 
have not shown a convincing improvement 
over the existing pharmacotherapy. 

Two NO donors have been tested in humans: 
linsidomide chlorhydrate l13-116 and sodium 
nitroprusside. 119,120 The first compound (3-
morpholinosidomine hydroaldehyde (SIN-1) 
was injected intracavernously in 63 patients, 
inducing a dose-dependent erectile response, 
with 46% of the patients experiencing a 
full erection and no side effects.ll5 However, 
the overall result was not significantly better 
than with the papaverine/phentolamine mix
ture, except possibly for cost. The same 
conclusions were achieved in a larger study.116 
In one report focused on patients with venous 
leakage,117 and in another with patients with 
erectile failure due to different causes,118 SIN-1 
was not superior to PGE1. In the case of 
nitroprusside, the trial was discontinued 
because of severe hypotension and only mild 
penile tumescence.1l9 In another study, 
nitroprusside was not better than PGE1, except 
for absence of local pain and faster detumes
cence after orgasm.120 It has also been tested in 
primates,121-123 inducing a good erection with 
some systemic hypotension, and in dogs123 
and cats104 with approximately the same 
results. However, in rats it is not very effective 
and induces hypotension.123 The intra
cavernosal administration of cGMP to 15 pa
tients induced an erection in 13 of the patients 
that was shorter than with the standard vasoac
tive mixture.124 

In contrast to a conventional approach based 
on the direct administration of NO releasers or 
compounds downstream in the NO-cGMP cas
cade, the biologic modulation of the neu
rotransmission process itself may prove to be 
more physiologic and effective in the treatment 
of erectile dysfunction. The ultimate goal is to 
functionally modify the corpora cavern os a so 
that the neurotransmitters are synthesized 
physiologically during sexual stimulation rather 
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than to depend on the direct intracorporeal in
jection of vasodilators, NO/cGMP-related or 
otherwise. 

A simple alternative may be the stimulation 
of a diminished NOS activity by the administra
tion of substrate or cofactors. This approach 
would be successful only if rate limiting in the 
corpora cavernosa, which may be the case un
der certain conditions. The investigation of how 
NOS activity is modulated in the penis will re
quire biochemical and molecular biology stud
ies that may eventually result in the discovery 
of either penile-specific NOS isoforms or regu
latory factors. This is not implausible consider
ing that the NO-cascade in the penis fulfills a 
fundamental role for the maintenance of the 
species that far exceeds the significance of indi
vidual survival. This approach, combined with 
procedures for local targeting to the penis, may 
achieve the objective of activating an inhibited 
or reduced penile NOS enzyme. The same ra
tionale may be applied to the manipulation of 
non-NO penile relaxation pathways, in order to 
amplify the NO-mediated signal and counteract 
a possible loss of penile compliance in erectile 
dysfunction.38 
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32 
Pharmacotherapy of Erectile 
Dysfunction 
Martina Manning and Klaus Peter Juenemann 

In the 1970s and 1980s it was common practice 
to treat patients suffering from erectile failure 
by psycho(pharmaco-)therapy or even penile 
prosthesis implantation without conducting 
a thorough investigation to determine the 
cause of the problem. The breakthrough in 
impotence research and treatment modalities 
was achieved with the intracavernous adminis
tration of papaverine by Virag! in 1982 and 
1 year later in the pharmacologic investigations 
of erection-inducing agents carried out by 
Brindley?-4 Currently, pharmacotherapy of 
erectile dysfunction mainly implies intra
cavernous injection therapy with such vaSoac
tive agents as papaverine, phentolamine, and 
prostaglandin E j • These three substances have 
been used on a long-term basis in diagnostic 
workup and as therapeutic options for impo
tent patients. Intracavernous injection therapy 
has an overall success rate of about 65% (drug
dependent). Negative side effects are (1) pro
longed erection, (2) fibrosis of the erectile 
tissue, and (3) painful erection. The objectives 
of future impotence research are the further 
improvement of the success of intracavernous 
pharmacotherapy, easier management, and the 
elimination of any side effects. First attempts 
have been made to achieve improved adminis
tration of vasoactive drugs by transurethral 
or transdermal methods with prostaglandin or 
nitroglycerin. 
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Functional Anatomy 

The human penis (Fig. 32.1, see color insert) 
consists of the right and left corpus cavernosum 
and corpus spongiosum. During intracavernous 
pharmacotherapy, the drug is injected into one 
of the two corpora cavernosa, which are sepa
rated by an incomplete septum. Access to both 
corpora exists, and injection of an agent into 
the right corpus cavernosum synchronously in
volves the left one. The corpus spongiosum is 
situated mid-ventrally, surrounding the ure
thra, and should by no means be involved in 
intracavernous pharmacotherapy. The corpora 
cavernosa alone are responsible for penile erec
tion. These latter consist of a three-dimensional 
network of connective tissue and smooth 
muscle cells. 

The arterial contribution is ensured by the 
deep penile arteries emanating from the inter
nal pudendal arteries. The venous outflow from 
the corpora cavernosa runs through a thick 
subtunical network of veins situated at the base 
of the penis and drains into the circumflex 
veins. 

Innervation of the erectile tissue is evoked by 
both the parasympathetic cavernous nerves 
emanating from the sacral erection center (S2-
S4) and the sympathetic nerve fibers of the 
plexus hypogastricus. A number of sensory 
nerves lead from various sections of the human 
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FIGURE. 32.1. Cross-section of penis. (From Aiken P, Walz Peds., Urologie, VCH Verlagsgesellschatt; 
Weinheim, Germany, 1992.) See color plate. 

penis via the dorsal penile nerve to the sacral 
level. 

Erectile Mechanism 

The injection of a vasoactive agent into the 
corpus cavernosum triggers the erectile mecha
nism in a similar way to that initiated physi
ologically. In the flaccid state, the penile 
arteries are constricted and the smooth muscu
lature of the corporeal bodies is contracted, re
sulting in both low arterial blood inflow and 
high intracavernous resistance, and allowing 
for a free blood eflux via the subtunical veins. 

With relaxation of the deep penile arteries 
and the cavernous smooth muscle cells, the ar
terial inflow to the penis increases and the 
intracavernous resistance drops. Both the in
creased arterial inflow and the relaxation of the 
intracavernous smooth muscle cells with subse
quent filling of the lacular spaces lead to elon
gation of the penis and a proportional increase 
in circumference. Further relaxation of the 
erectile tissue and filling of the intracavernous 
spaces with blood leads to venous constriction 
by compression of the subtunical venules lo
cated between the cavernous smooth muscula
ture and the inner layer of the tunica albuginea. 

In the full, erect state, the intracavernous pres
sure rises to approximately 80 to 1l0mmHg. 
This erectile mechanism of arterial dilatation, 
cavernous relaxation, and venous constriction 
is dependent on smooth-muscle relaxation of 
the erectile tissue and can therefore be evoked 
by any vasoactive agent. 

Intracavernous 
Pharmacotherapy 

Presently, the most effective type of pharma
cotherapy is intracavernous drug administra
tion. Patients participating in an intracavernous 
pharmacologic erection protocol (PEP) inject 
a vasoactive drug that induces erectile 
smooth-muscle relaxation and subsequent 
venous constriction. Papaverine, papaverine/ 
phentolamine, and prostaglandin El are the 
most popular substances for injection into the 
cavernous body. From the early 1980s onward, 
various other drugs have been investigated, 
such as phenoxybenzamine, moxisylyte, the 
nitric oxide (NO), donor syndnone imine 
hydroaldehyde (SIN-I), vasoactive intestinal 
peptide (VIP), and calcitonin gene-related pep
tide (CGRP),5-31 but they have not yet become 
completely incorporated into clinical practice. 
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Injection is either carried out by the therapist 
or the patient learns to self-administer the in
jection. At the introduction of intracavernous 
pharmacotherapy with papaverine monosub
stance in the early 1980s, the injection was com
monly administered by the therapist, as these 
potent agents were expected to cause severe 
cardiovascular side effects. The first trials were 
carried out under careful clinical scrutiny, but 
experience has revealed that this type of side 
effect is extremely rare. 

Intracavernous injection of vasoactive agents 
in clinical practice is of great therapeutic and 
diagnostic value. An appropriate intracorpo
real evaluation can suggest the origin of erectile 
failure. Patients with psychogenic erectile dys
function or neurologic (paraplegic and quadri
plegic) patients usually develop full erectile 
rigidity after administration of a minimum dose 
of any of the agents mentioned. In contrast, 
patients with arterial failure or cavernovenous 
insufficiency (vasculogenic impotence) do not 
respond well to intracavernous injection. 

Self-Administration 

Suitable candidates are those who comply with 
autoinjection therapy and easily adjust to the 
self-administration of injections without ex
ceeding the permissible dose to avoid side 
effects. A correct injection technique is ex
tremely important. The drug should be injected 
intracorporeally into the smooth-muscle area; 
no intratunical, intraseptal, intratrabecular, or 
intraurethral injection should occur. A fresh 
injection site should be chosen each time, and 
injection should be administered only two or 
three times a week under sterile conditions. 
The ideal injection direction is from the dorso
lateral side into the proximal half of the penis. 
Some companies offer easy-to-use injection 
sets that promote self-administration. Problems 
may arise with obese patients who find it neces
sary to use a mirror in order to carry out the 
injections. 

Pharmacotesting 

Each patient is subjected to repeat pharma
cotesting to enable individual dose titration. 
This test, with one or several vasoactive agents, 
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can usually be carried out under outpatient 
conditions if no risk factors, such as cardiovas
cular decompensation or prolonged erection, 
are to be expected. In doubtful cases, the pa
tient should be hospitalized for a short period 
(3 to 6 hours). Those patients who do not com
ply with treatment conditions or who are not 
capable of self-administration should be ex
cluded. All patients must be informed of pos
sible side effects or long-term complications, 
such as prolonged erection, hematomas, and 
fibrosis-like changes. In the event of any such 
side effect, the patient is advised to seek 
prompt medical attention. Each patient must 
give signed consent to intracavernous injection 
of the drug, because only a few of these sub
stances have been licensed for this type of 
therapy. 

Different Types of Drugs 

Phenoxybenzamine 

Phenoxybenzamine was the first substance in
troduced by Brindley2-4 for intracavernous 
injection. This drug acts as an a-adrenergic 
receptor blocking agent. Initially, it was consid
ered to be as good as or even superior to papav
erine. However, prolonged priapism episodes 
of up to 44 hours and the tendency to cause 
severe fibrosis of the cavernous tissue were 
reasons enough to avoid clinical use of this 
agent. 

Papaverine 

Papaver semni'ferum is an opium alkaloid with
out any morphine-like effects. By increasing 
the intracellular cyclic adenosine monophos
phate (cAMP) concentration and concurrently 

TABLE 32.1. Reports on intracorporeal injections for 
diagnosis and therapy. 

Drug 

Pap 
Pap/Phen 
PGE1 

Pap/PhenlPGEI 

Year 

1985-1994 
1985-1994 
1987-1995 
1991-1994 

No. of No. of 
patients 

6853 
5954 
9035 
2512 

injections 

>101,139 
>111,506 
>13,778 
>11,659 

Pap, papaverine; PGEh prostaglandin E1; Phen, phentola
mine. 
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TABLE 32.2. Reported dosage. 
Drug 

Pap (mg) 
PaplPhen (mg) 
PGE1 (l1g) 
PapIPhenIPGE1 (mg/mgll1g) 

Minimum dose 

5 
1.5/0.05 

1 
1.2/0.1/0.9 

decreasing the calcium concentration, it exerts 
a myonolytic effect on smooth-muscle cells; 
relaxes all components of the penile erectile 
tissue, the deep penile artery, and the cavern
ous smooth musculature; and secondarily 
cau.ses venous constriction. 

To date, reports have been published on 
more than 6850 patients with more than 
101,100 intracavernous papaverine lllJec
tions19.2o.32-35 (Table 32.1). In 1982 Virag1 suc-
cessfully injected papaverine intracavernously, 
achieving a tumescence period of up to 2 hours. 
In his pilot study, he intracavernously adminis
tered injections of 80mg papaverine to 30 pa
tients. Three years later, his number of patients 
had risen to 227 men, and full rigidity was 
achieved by 26% of these patients. The first 
report on self-injection therapy also originated 
from this group of patients; 75% who demon
strated psychogenic or neurogenic impotence 
achieved a full erection with an injection dose 
of 26 mg papaverine. Reports have been pro
vided on doses ranging from 5 to 160mg (Table 
32.2); the most common dose range was 20 to 
80mg with an average of 37.7mg.19.32-41 Review 
of the literature reveals an average success rate 
of 53.9% (Table 32.3). The lowest reported 
success rate was 14 % and the highest was 
100%.19.32.33.35-41 

The most frequent negative side effect of 
intracavernous injection therapy with papaver
ine was prolonged erection (Table 32.4). 
During the pharmacotesting period, this was 
evaluated to be 7.4% per patient and 6.6% per 
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Maximum dose Usual dose range Mean dose 

160 20-80 37.7 
80/3 7.5/0.25-45/1.5 20.7/0.8 
100 5-40 14.8 

120/4/40 8/0.2110-16/0.4/20 10.5/0.5/6.6 

injection,36,38.39 and during the therapeuti9al ad
ministration period it decreased to 5.1 % per 
patient and 0.5% per injection. Other common 
side effects, such as fibrosis-like changes within 
the erectile tissue (Table 32.5), were found 
in 6.2 % of patients undergoing papaverine 
injection. Moreover, the dropout rate for 
intracavernous papaverine injection was 31.3% 
(Table 32.6). 

Papaverine/Phentolamine 

Phentolamine evokes erection by blocking the 
a-adrenergic system and the erection-inhibiting 
effects of the sympathetic system. As it influ
ences only the vascular side of the erectile tis
sue, patients with general vascular disease do 
not benefit from phentolamine injection. There 
is a distinct dose-dependent relationship be
tween responder rate and the cause of erectile 
dysfunction. Moreover, single phentolamine 
administration does not usually induce a satis
factory erection response, regardless of the un
derlying organic disorder. Phentolamine was 
introduced by Domer et al42 in 1978, and in 
1985 Zorgniotti and Lefleur's43 successful ad
ministration of a solution of 30mg papaverine 
and 1 mg phentolamine was considered a 
breakthrough. Their success rate was 71.6% 
after injection of this mixed solution in 250 pa
tients. Patient acceptance of autoinjection was 
excellent in this group-one sixth complained 
of inadequate erection when phentolamine was 
not included in the drug solution. Padma-

TABLE 32.3. Published success rates of intracorporeal pharmacotherapy. 

Drug Average success (%) Min. success (%) Max. success (%) 

Pap 53.9 14 100 
PaplPhen 70.8 36.8 100 
PGE1 73 40 100 
PaplPhen/PGE1 75.5 60.7 90.5 
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TABLE 32.4. Number of prolonged erections. 

Pharmacotesting (%) Therapy (%) 

Drug Per patient Per injection Per patient Per injection 

Pap 7.4 6.6 5.1 0.5 
Pap/Phen 7.5 No data 7.7 0.4 
PGE1 1.3 No data 1.1 0.06 
Pap/Phen/PGE I 3.2 No data 1.8 0.1 

Nathan et al44- 47 and Sidi et a141 ,48 demonstrated 
a relationship between the responder rate 
and cause of erectile dysfunction, and in con
sequence it became possible to distinguish 
between vasculogenic and nonvasculogenic 
erectile failure. 

During the latter half of the 19S0s, the com
bination of papaverine and phentolamine be
came established as the most successful drug in 
intracavernous therapy. Reports have been 
made to date on more than 111,500 intra
cavernous injections of papaverine/phentola
mine in more than 5950 patients undergoing 
this type of therapy (Table 32.1).19,25,32,45,49,50 

The generally administered mixture and 
dosage ranges from 7.5 mg papaverine/ 
0.25 mg phentolamine up to 45 mg papaverine/ 
1.5 mg phentolamine (Table 32.2). Reports 
can be found on a minimum dose of 1.5 
mg papaverine/0.05 mg phentolamine and a 
maximum dose of SOmg papaverine/3mg 
phentolamine .19,27,35,37,45,49,50 

Full response (Table 32.3)-an erection ad
equate enough for sexual intercourse-has 
been reported in an average of 70.S% of 
casesI9,27,35,37,45,49,50 with a minimum success rate 
of 36.S %, and a maximum reported success rate 
of 100%. 

Similar to papaverine hydrochloride, the 
most prevalent side effect with the combination 
papaverine/phentolamine is the risk of pro-

TABLE 32.5. Reports on fibrosis-like changes. 

Drug Fibrosis-like changes (%) 

Pap 6.2 
Pap/Phen 6.9 
PGE1 2.7 
Pap/Phen/PGE I 2.3 

longed erections. These have been reported in 
up to 7.5% of patients during the testing period 
and in 7.7% of the patients and 0.4% per injec
tion during autoinjection therapy.45,49,50 Fibrosis 
of the corpora cavernosa has been reported in 
6.9% of patients. 

The average dropout rate with the papaver
ine/phentolamine combination (Table 32.6) 
was slightly lower at 27.5% than with papaver
ine monosubstance.41,45 

Prostaglandin E1 (POE1) 

Prostaglandin El is a prostanoid. It exerts a 
stronger relaxing effect on human erectile 
muscles than most of the other substances in 
the prostanoid group. PGE1 is rapidly inacti
vated in the human body-up to SO% in one 
single lung passage-and is excreted via the 
liver and kidneys. Prostaglandins affect various 
organs in different ways. In smooth-muscle 
cells, prostaglandin El causes modulation of 
adenyl cyclase, thus evoking an increase in 
cAMP concentration with subsequent decrease 
of free calcium concentration, which results in 
the relaxation of muscle cells. In contrast, in 
adipose tissue prostaglandins cause the inhibi
tion of cAMP. 

PGE j also affects the vascular system. Here, 
it leads to venous constriction and relaxation of 
the arterioles, thus positively influencing arte-

TABLE 32.6. Reported dropout rates. 

Drug Dropout rate (%) 

Pap 27 
Pap/Phen 27.5 
PGE, 42.3 
PaplPhen/PGEI 24.2 



32. Pharmacotherapy of Erectile Dysfunction 

rial circulation. Prostaglandin E1 was intro
duced by Ishii et al51 at the 1986 World Meeting 
on Impotence. In 1988 Stackl et al52 presented 
results from 210 patients screened for differen
tial diagnosis of vasculogenic impotence. Of the 
210 patients who were administered a test dos
age of 20 flg PGEh 143 (68.1 %) maintained an 
erection lasting 30 minutes to 7 hours (mean 2.3 
hours); the remaining 67 patients were adminis
tered a 40 flg dose, and eight of those main
tained an erection for a period of 30 minutes. 
The general dosage, prostaglandin dissolved in 
1 to 2.5 ml of normal saline, varies from 5 to 
40 flg. 19,24,32,33,36,38,39,48,49,52 

The success rate with prostaglandin injec
tions (Table 32.3) is high, at an average of 
73 %,19,24,32,33,36,38,39,48,49,52 and prolonged erections 
(Table 32.4) are rare: 1.3% in pharmacotesting 
and 1.1 % during therapy.8,31,36,38,39,49,52 Fibrosis-
like changes occur in only 2.7% 8,52 (Table 32.5). 
Side effects of prostaglandin include a burning 
sensation during injection and pain during erec
tion (Table 32.7). Painful sensations have been 
reported by 31.8% of patients undergoing 
pharmacotesting14,24,29,32,39,49 and 15% of the pa-
tients undergoing intracavernous pharmaco
therapy with prostaglandin.8,40,52 The dropout 
rate of 42.3% (Table 32.6) with prostaglandin is 
markedly higher than with the papaverine/ 
phentolamine combination, and the majority of 
these patients state that painful erections are 
the reason for their dropout.29 

Nevertheless, prostaglandin is the most 
efficient drug in use today and has become 
accepted as the preferred agent in the pharma
cotherapy of erectile dysfunction. 

Triple Drug 

The "triple drug," a mixture of papaverine, 
phentolamine, and prostaglandin, is chiefly 
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TABLE 32.7. Painful erection. 

Drug Pharmacotesting (%) Therapy (%) 

PGE1 31.8 15 
PaplPhenIPGEI 20.6 2.9 

used in the United States48 (Table 32.1). Pro
longed erections (Table 32.4) occurred in 
3.25% of patients during pharmacotesting and 
1.8% during pharmacotherapy. Fibrosis (Table 
32.5) was observed in only 2.3 %. Painful erec
tions (Table 32.7) occurred in 20.6% of patients 
during pharmacotesting and in 2.9% during 
intracavernous therapy. Published data reveal 
the lowest dropout rate (Table 32.6) of all at 
24.2%. 

Neurotransmitters 

Calcitonin gene-related peptide (CGRP) 
(Table 32.8) is a neurotransmitter not capable 
of inducing an erection on its own. But a solu
tion of 5 flg of CGRP and 20 flg of prostaglandin 
E1 is reported to evoke full rigidity suitable for 
sexual intercourse.2O,24 Initial studies show that 
in 30% of the nonresponders to intracavernous 
therapy, success was achieved with the combi
nation containing CGRP. 

Vasoactive intestinal polypeptide (VIP) is 
another physiologic neurotransmitter that 
induces tumescence but not full rigidity. In 
Denmark, a solution of 30flg VIP and 2mg 
phentolamine is commonly used. Initial reports 
are encouraging, with success in almost 100% 
of patients.lO 

Moxisylyte 

Moxisylyte is a selective blocker of (Xc 

receptors. Initial published data (Table 32.8) on 
approximately 500 patients and over 19,000 

TABLE 32.8. Alternative drugs for intracavernous pharmacotherapy. 

Substance Patients Injections Dose Success (%) Prolonged erections (%) Fibrosis (%) 

Moxisylyte (5) 509 19,348 10-30mg 70 1 1.5 
NO-donors (2) 630 No data Max.lmg 34.7 0 0 
VIPlPhen (3) 52 1,380 30 11g10.5-2mg 100 0 0 
CGRPIPGE1 >36 1-10 11g12.5-20 I1g 86 <1 No data 

CGRP, calcitonin gene-related peptide; NO, nitric oxide; VIP, vasoactive intestinal peptide. 
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injections reveal a mean success in up to 70% 
with an optimal dosage of 10 to 30mg. Pro
longed erections were experienced by only 1 % 
and fibrosis occurred in 1.5%.7,8,11,28 

NO Donors 

The NO donors linsidomine, SIN-I, and 
nitroprusside natrium were introduced in 1992. 
Initial reports demonstrate a success rate of up 
to 65%, but this has not been reproduced in 
clinical practice. Presently, the reported dosage 
is 1 mg and the success rates are below 35% 
without any reports of prolonged erections or 
fibrosis of the erectile tissue.5,6,9,12-19,21-23,25-27,2'1--31 

Drug Survey 

The most objective way of reaching a conclu
sion as to which agent is the best to use clini
cally is to compare the application of various 
drugs in the same patient via the intracorporeal 
route. Such an intraindividually assessed drug 
survey (Table 32.9) allows direct evaluation of 
the advantages and drawbacks of each sub
stance as compared with other agents. 

In the reported surveys, only prostaglandin 
demonstrated a small prolonged erection rate 
and a low rate of painful erections (average 
approximately 15% ).32-34,36,38--40,49 The triple drug 
achieved the best success rate of all. Overall, no 
substantial difference was observed in the suc
cess rates of prostaglandin and papaverine/ 
phentolamine.49 

Problems and Side Effects 

Dropout Rate 

The dropout rate during intracavernous 
pharmacotherapy is considered high, ranging 
from 24.2% to 42.3% (Table 32.6).29,41,45 This 
group consists of those patients who do not 
respond to any of the three drugs, those who 
are incapable of self-administration, and those 
who do not comply. In the prostaglandin group, 
the dropouts were usually those patients who 
experienced severe painful erections during 
pharmacotesting.8,14,24,29,32,39,4O,49,52 
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Short-Term Side Effects 

The most relevant short-term side effect that 
needs to be emphasized to each patient is pro
longed erection (Table 32.4). The exact interval 
between normal and prolonged (3 to 8 hours) 
erection has not yet been defined. From 
the clinically relevant pathophysiologic point 
of view, clear distinction must be made be
tween high-flow and low-flow priapism. The 
pathophysiologic mechanism of high-flow 
priapism is triggered by an abnormal increase 
in arterial blood inflow as well as in venous 
outflow. The p02' pC02, and pH values will 
remain almost normal, and damage to erectile 
tissue will not occur. In general, high-flow 
priapism is found during the first 6 hours of 
prolonged erection after intracavernous injec
tion with vasoactive agents. At a later stage of 
prolonged pharmacologic erection, the so
called low-flow priapism sets in with the circula
tion arrested. During this phase, pain caused by 
ischemia is experienced, and the degree of 
damage to the erectile tissue is time dependent. 
After 48 hours, the onset of fibrosis in the erec
tile tissue leads to permanent impairment of 
any future erectile function. 

All urology units should be capable of treat
ing the emergency of prolonged erection. In 
the case of high-flow priapism detected by du
plex sonography less than 6 hours after intra
cavernous injection (revealing higher arterial 
blood flow in both cavernosal arteries, normal 
blood gas analysis, and absence of pain), vaso
constrictive agents need to be injected intra
cavernously. The most popular agents (Table 
32.10) reported are metaraminol, epinephrine, 
and phenylephrine,37,45,5o each of which can 
cause severe side effects-hypertensive crisis 
and cardiac arrhythmia have been described; 
less frequently, angina pectoris, pulmonary 
edema, and cardiovascular decompensation. 
The dosages used are 0.5 to lOmg metaraminol, 
0.001 to 0.3 mg epinephrine, or 0.02 to 0.5 mg 
phenylephrine. For low-flow priapism (reduced 
arterial inflow within the cavernosal arteries as 
detected by duplex sonography later than 6 
hours after injection, acidic pH values, de
creased p02 and increased pC02 in blood gas 
analysis, and accompanied by pain), therapy 



TABLE 32.9. Drug survey: reported success rates. 

Author Year Papaverine (%) Papaverine/phentolamine (%) 

Porst 1989 31.3 60.3 
Keogh et al 1989 27 48 
Wetterauer et al 1988 50 65 
Average 36.1 57.8 

Papaverine (%) PGE1 (%) 

Kattan et al 1991 14 64 
Liu et al 1991 14.7 17.6 
Mahmoud et al 1992 63.5 81 
Porst et al 1989 31.3 72.3 
Sarsody et al 1989 60 60 
Sogari et al 1994 32.2 40.1 
Wang et al 1994 65 85 
Average 38.8 60 

PGE1 (%) Papaverine/phentolamine (%) 

Wetterauer et al 1990 86 82 
Roy et al 1990 62.5 79.2 
Floth et al 1991 60.5 79.2 
Hanani et al 1993 03.6 03.6 
Porst 1989 72.3 60.3 
Schramek et al 1991 22.2 66.7 
Waldhauser et al 1988 91.6 50 
Average 56.9 57 

Triple drug (%) Papaverine/phentolamine (%) 

Hanani et al 1993 60.7 03.6 
Schramek et al 1991 88.9 66.7 
Average 74.8 35.15 

Triple drug (%) PGE1 (%) 

Hanani et al 1993 60.7 03.6 
Schramek et al 1991 88.9 22.7 
Average 74.8 12.9 

SIN-1 (%) PGE1 (%) 

Buvat et al 1994 23 69.2 
Weiske 1994 34.6 66.7 
Wegner et al 1993 0 20 
Average 19.2 52 

Moxisylyte (%) PGE1 (%) 

Buvat et al 1994 7.7 69.2 

PapaverineIPGE1 (%) Papaverine/phentolamine (%) 

Floth et al 1991 77.5 57 

PapaverineIPGE1 (%) PGE1 (%) 

Floth el al 1991 77.5 60.5 

Papaverine/phentolamine (%) PGE/CGRP (%) 

Stief et al 1991 64.3 78.6 

PGE1 (%) PGE1/CGRP (%) 

Stief et al 1991 58.3 75 
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TABLE 32.10. Common treatment of prolonged erection. 

Reported substance Reported doses Reported side effects 

Metaraminol O.5-lOmg 

Epinephrine O.OOl-O.3mg 

Hypertensive crisis, cardiac 
arrhythmia, fluid in lung 

Hypertensive crisis, 

Phenylephrine O.02-O.5mg 
cardiac arrhythmia 

Angina pectoris, headache, 
cardiac arrhythmia 

should include aspiration of the corpus 
cavernosum of up to 500ml of blood until the 
erect penis becomes flaccid. Surgery should be 
performed only as a last resort, when the state 
of erection remains. An artificial shunt (e.g., 
Winter shunt) is made between the corpus 
cavernosum and corpus spongiosum. 

General injection risks, such as infection and 
hematoma (2% to 10%), always exist but are 
easily reduced by correct application of hygenic 
injection techniques. 

Prostaglandins can produce a painful erec
tion that does not diminish with repeated use or 
with altered injection techniques. This com
plaint is usually encountered in the initial 
pharmacotesting group, as these patients usu
ally drop out or elect not to enter intra
cavernosal pharmacologic therapy. 

Long-Term Side Effect 

The long-term side effect of intra cavernous 
pharmacotherapy is fibrosis or fibrosis-like 
changes in the erectile tissue. This is a drug- and 
injection-dependent disorder in 2.3% to 6.2% 
of affected patients.BAS.S2 After discontinuation 
of treatment, these changes usually reverse. 
The fibrotic lesions are hypothesized by some 
researchers to be related to the pH value of 2.8 
to 3.8 of the drug used. 

Combination of 
Pharmacotherapy 

Intracavernous pharmacotherapy is currently 
the most effective treatment for erectile failure, 
but its use is not limited to severe organic impo
tence. Psychogenic-impotent patients also may 
benefit from this type of treatment to initiate 

later spontaneous erections. However, in 
psychogenic- as in neurogenic-impotent pa
tients, the therapist must use minimal doses of 
the drug. These psychogenic patients should be 
subject to pharmacotesting with a dose reduc
tion of at least 50%. 

Future Research 

The future of impotence research lies in im
proving pharmacotherapy. An ideal drug that 
renders the highest success rate, allows uncom
plicated administration, and results in the low
est complication rate is yet to be identified. To 
date, prostaglandin is considered by most au
thorities to be the most effective agent. It must 
be noted, however, that data published on pa
paverine and phentolamine include long-term 
use of this combination of intracavernous injec
tion. Hence, this makes direct comparison 
between papaverine (phentolamine) and pros
taglandin more difficult, as past experience has 
demonstrated that the priapism rate decreases 
with the growing experience of the therapist. 
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Oral, Transdermal, and Transurethral 
Therapies for Erectile Dysfunction 
Paul C. Doherty 

With the advent of the first Food and Drug 
Administration (FDA)-approved drug for 
the treatment of impotence, a formulation of 
alprostadil [synthetic prostaglandin EI (PGE1)] 
for intracavernosal injection (Caverject, Phar
macia-Upjohn), the treatment of erectile dys
function has entered a new era. Although 
injection therapy is considered the standard of 
pharmacologic therapies for the induction 
of erection, many men would prefer not to 
undertake this procedure. Other less invasive 
therapies, were they readily available, would 
be far more likely to be used both because 
of the lack of aversion to these treatments 
and the lack of pain, bruising, and fibrosis 
that have been associated with intracaver
nosal injection regardless of the drug 
employed. I 

Currently, there are few alternatives for men 
seeking a solution for their erectile problems. 
Available forms of treatment include psy
chological counseling, vacuum constriction 
devices, intracavernosal injections, vascular 
surgery, or penile prostheses. Each of the treat
ment modalities suffers serious drawbacks, in
cluding lack of long-term efficacy data, high 
dropout rates, and high levels of invasiveness.2 
Oral therapies, such as yohimbine, are also rou
tinely attempted but offer little benefit.3 Clearly 
there is more than sufficient need for new 
therapies in the treatment of erectile dysfunc
tion. This is true not only on the basis of patient 
preferences but also because not all causes 
of erectile dysfunction warrant invasive 
techniques. 
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Advances in diagnosis and treatment have 
led to a total reassessment of the factors under
lying erectile dysfunction. At the time of publi
cation of the breakthrough findings of Masters 
and Johnson,4 it was believed that nearly all 
cases of impotence were psychogenic in origin. 
Currently, nearly the opposite view is held, and 
recent reviews of the field suggest that as many 
as 90% of all cases of erectile dysfunction have 
an organic basis.5 Although this viewpoint ap
pears reliable, it may be influenced by the popu
lation of patients referred to the specialists 
currently treating the majority of cases 
of erectile dysfunction.6,7 Furthermore, these 
numbers do not necessarily represent the pro
file of patients who are most likely to seek treat
ment for erectile dysfunction. For example, 
whether referring to Kinsey et al8 or to more 
recent studies,9,10 it is clear that the prevalence 
of erectile dysfunction increases with age (Fig. 
33.1). Most men with erectile dysfunction are 
over the age of 60 and represent the popUlation 
with the highest degree of organic factors as a 
cause of their disease. Yet, these men are 
among the least likely to seek treatment. In fact, 
it is men in their 40s and 50s who most often 
seek professional help in dealing with erectile 
problems.11 - 14 Moreover, these men are more 
likely to have psychogenic factors as a primary 
cause of their problems. Recent studies from 
several urology-based, multidisciplinary clinics 
suggest that primary psychogenic dysfunction 
may occur in as many as 30% to 40% of all 
patients actively seeking treatment.11,12,15-18 In 
many of these patients, invasive therapies 



33. Oral, Transdermal, and Transurethral Therapies 

CD en 
c( 50 

~ 
! - 40 Cj! 
.! c 
_CI) 
as'- 30 o.1ii 
_11. 
0'0 
C .... o 20 
00 ..... ._--.5 10 
'i: 
-;; 
i5 0 

• Melman et al 

mI Galletal 
D Schmidt 

• Carroll et al 

MMAS 

• Bennett 

- Kinsey 

50 

40 

30 

20 

10 

o 

Q: 
::J o 

c, ... 
::J CJ 
o CI) 
"'0) 
CJ<c 
CI) c 
CJ).-<C; 
~i 
CI) c 
u .2 c
CI) as 
ii'S 
>c, 
! 0 
11.11. 

453 

<20 20-29 30-39 40-49 50-59 60-69 C!:70 

'0 
~ e... 

Age Group 

FIGURE 33.1. Age distribution of erectile dysfunction 
patients versus prevalence per age group. The histo
gram (left axis) illustrates the age distribution of 
patients seeking treatment for erectile dysfunction at 
four separate treatment centers.1l- 14 The highest 
numbers of patients in each of these groups are in 
their 40s or 50s and the percentage seeking treat
ment declines rapidly for men in their 60s and be-

should be avoided except in cases of intractable 
dysfunction. 

The reasons why the vast majority of men 
with erectile dysfunction do not currently seek 
treatment are not fully known. One possibility 
is that the current cadre of men in their 60s and 
beyond are more accepting of the idea that im
potence is a natural sequela of the aging pro
cess. Clearly such attitudes will change. Baby 
boomers, the people who have lived through 
the so-called sexual revolution, will probably be 
more demanding of treatment than were the 
generations that preceded them. Other factors, 
including a decline in general health, death of a 
partner, or lack of availability of a partner, may 
also playa role.17 It is highly probable, however, 
that the single most important factor contribut
ing to the discrepancy between the prevalence 
of erectile dysfunction per age group and the 
likelihood that an individual will seek treat-

yond. In contrast, the prevalence of erectile dysfunc
tion within the age groups of 60 and above increases 
dramatically regardless of whether the data come 
from studies by Kinset (solid line) or more recent 
studies like the Massachusetts Male Aging Study 
(MMAS)9 (dotted line) or from a recent Gallup Poll 
(dashed line; Bennett10). 

ment is the lack of acceptance of the current 
treatment modalities. 

What is it, then, that patients with erectile 
dysfunction are looking for? A safe, effective, 
minimally invasive therapy that could be ad
ministered just prior to sexual activity and 
produce a rigid erection with minimal risk 
of priapism would be highly desirable. It is 
also generally believed that among the 
pharmacologic approaches, oral therapy would 
be the most widely accepted form of treatment. 
This is followed by topical therapies and injec
tions. The physical approaches also range in 
patient acceptance with level of invasiveness 
from vacuum constriction devices to vascular 
surgery and penile implants. Psychological 
counseling should be a part of nearly every 
couple's treatment regimen, as most forms of 
organic impotence are likely to involve an un
derlying psychogenic component? 



454 P.c. Doherty 

TABLE 33.l. Agents examined for ability to treat erectile dysfunction by oral administration. 

Drug Trade name Activity Site of action References 

Yohimbine Yocon a:,-Adrenergic antagonist CNS 29,31-34 
Delequamine a:,-Adrenergic antagonist CNS 41-43 
Fluparoxan a:,-Adrenergic antagonist CNS 44 
Atipamezole a:,-Adrenergic antagonist CNS 45 
Idazoxan a:,-Adrenergic antagonist CNS 49 
Phentolamine Regitine a/a:,-Adrenergic antagonist Penis 51,53,54 
Naloxone Narcan !i-Opiate antagonist CNS 35 
Naltrexone ReVia !i-Opiate antagonist CNS 60,63,64,66 
Nalmefene Revex !i-Opiate antagonist CNS 65 
Apomorphine D/D2 Dopamine agonist CNS 70,71,90 
Bromocriptine Parlodel D2 Dopamine agonist CNS 83-85 
Quinelorane DiD3 Dopamine agonist CNS 87-89 
Chlorpromazine Thorazine Dopamine receptor blocker, Both 92,93 

anticholinergic agent a l -

adrenergic antagonist, 
5-HT antagonist 

Trazodone Desyrel 5-HT reuptake inhibitor, Both 98-100 
aI-adrenergic antagonist, 
5-HT2C agonist 

Ketanserin Sufrexal 5-HT2A antagonist, Both 101,106 
acadrenergic antagonist 

Fluoxetine Prozac 5-HT reuptake inhibitor CNS 91,107,108 
Sildenafil Viagra Type V PDE inhibitor Penis 113 

(UK-92,480) 
Pentoxifylline Trental Nonspecific PDE inhibitor Penis 114,115 

PDE, phosphodiesterase. 

Oral Therapies 

The search for agents to increase desire or po
tency has occurred throughout recorded his
tory, but serious investigation has been limited 
to the latter half of this century. Newer devel
opments in oral therapies and topical ap
proaches have taken a more direct approach of 
targeting delivery of agents that act within the 
erectile bodies of the penis.19- 21 Surprisingly, 
the locus of action of most oral therapies has 
been the central nervous system (Table 33.1). 
Mechanisms include blockade of az-adrenergic 
receptors, opiate receptors, or serotonin recep
tors, and stimulation of specific subtypes of 
dopamine and serotonin receptors. 15,22 

occur primarily within the eNS. Its effects are 
mediated through blockade of presynaptic az
autoreceptors, leading to an increased release 
of norepinephrine in the brain and increased 
arousal. It has previously been used as part of 
the Afrodex formulation.23 A resurgence of in
terest in yohimbine has occurred in the past 15 
years as the result of basic and clinical research 
findings in the early 1980s demonstrating that 
yohimbine administration could improve the 
level of sexual activity of male rats24- 26 and 
increase erectile response in some men with 
impotence.27,28 

These early reports were followed by more 
extensive investigations of the effects of 
yohimbine in men with various forms of erectile 
dysfunction, In men with psychogenic dysfunc
tion, yohimbine appears to have the most ben
eficial effect.29,3o In men with more severe forms 
of erectile dysfunction, yohimbine does pro
duce subjective improvement, but in care
fully controlled, double-blind clinical trials, 
the effects of yohimbine seldom reach signifi-

a-Adrenergic Antagonists 

Yohimbine 

Yohimbine, an az-adrenergic antagonist, is 
among the agents whose action is thought to 
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cance.31,32 Occasionally, statistical significance is 
observed but in surrogate end points rather 
than in the critical outcome of the triae3,34 Sig
nificant increases in erectile response have 
been seen when yohimbine has been combined 
with other drugs, specifically naloxone35 and 
trazodone/6 but not in tests of nocturnal penile 
tumescence28 or in response to visual erotic 
stimuli.37 

Yohimbine is generally administered in 
doses of 5.4mg tid. It is taken chronically and 
effects are observed only after several weeks of 
treatment.3 It has been suggested, however, 
that yohimbine may have greater beneficial ef
fects when taken over several hours prior to 
anticipated sexual interactions.34 

Delequamine, Fluparoxan, 
and Idazoxan 

Although believed to be largely ineffective, 
yohimbine is often prescribed for men who pre
fer not to proceed to intracavernosal injection 
therapy.32 However, yohimbine treatment does 
appear to be useful in reversing various forms 
of sexual dysfunction associated with antide
pressant treatment.38,39 The relative success 
with yohimbine has led to the development of 
several more specific drugs. Delequamine, a 
highly specific and potent ~-antagonist,40 has 
been shown to have some benefit in the erectile 
response of normal young volunteers in re
sponse to erotic ideation and visual erotic 
stimuli41 as well as in erections during sleep.42 In 
contrast, in men with psychogenic erectile dys
function, little effect could be seen. In men be
low the age of 46, some response was seen to 
erotic stimuli. No beneficial effects could be 
obtained in an older group of men, however.43 

Fluparoxan, another ~-antagonist first devel
oped as an antidepressant, was found to have 
little or no effect on erectile response in studies 
similar to those conducted for delequamine. 
This drug did appear to have beneficial effects 
on the level of sexual desire.44 

Neither of these agents was routinely tested 
in animal models of erectile response. 
However, several other ~-adrenergic antago
nists, including yohimbine, idazoxan, and 
atipamezole, have been shown to induce erec-
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tions in several animal species.24-26,45 The 
mechanism of action of each of these drugs 
involves interactions with presynaptic ~

receptors in the CNS. The effect of yohimbine 
may also include interactions with serotonin re
ceptors?4,26 Other possible mechanisms include 
increases in systemic blood pressure,46 which 
might have beneficial effects on blood flow to 
the penis in some individuals, and interactions 
with post junctional ~-receptors on the smooth 
muscle in the penis.47,48 It is worth noting, how
ever, that idazoxan, a more highly specific ~
antagonist than yohimbine, has been reported 
to have little effect on erection after the first 
week when given orally in a trial lasting several 
weeks,49 and to have no effect when directly 
injected into the penis.50 

Phentolamine 

In addition to the specific ~-antagonists, it has 
also been suggested that oral or buccal formula
tions of phentolamine may be effective in treat
ing men with erectile dysfunction. The use of 
phentolamine, a compound that possesses an
tagonist activity for both the (Xc and ~
adrenergic receptor subtypes, was first shown 
by Brindlelo to have activity in inducing erec
tions after intracavernosal injection. Gwinup51 
first reported on the possible use of oral phento
lamine as a therapy for impotence. Shortly 
thereafter, Zorgniotti,52 who first proposed that 
phentolamine be used in combination with pa
paverine for intracavernosal injection, success
fully demonstrated the value of this approach in 
a small placebo-controlled trial.53 A buccal for
mulation of this compound is being developed 
by the Zonagen Corporation for use in erectile 
dysfunction. In recent reports, its efficacy was 
approximately equivalent to the previously 
reported efficacy of yohimbine.54 Buccal phen
tolamine targets pre- and post junctional (X

adrenergic receptors in the penis. Unlike 
yohimbine, it has no central effects as it does not 
easily penetrate the blood-brain barrier.55 Its 
use may be limited to men with psychogenic 
dysfunction; phentolamine when injected di
rectly into the penis has benefit to normal con
trols but has little effect in men with organic 
causes for erectile dysfunction.50,56 
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Opiate Antagonists 

Changes in levels of endogenous opiates within 
the central nervous system have been proposed 
as an underlying cause of sexual dysfunction. 
This has been suspected on the basis of the 
effects of heroin and morphine addiction on 
sexual function. During drug administration, 
addicts are known to have reduced sexual 
desire, erectile dysfunction, and ejaculatory 
incompetence; during withdrawal, spontaneous 
erections and ejaCUlation are commonly 
seen.57,58 Initial interest in the relationship be
tween opiate antagonists and erectile function 
occurred after reports of increased erections 
following naltrexone administration in a 
group of rhesus macaques during toxicologic 
testing59 as well as in a group of human volun
teers.60 Opiate antagonists also increase the 
number of erections observed after maximal 
doses of the mixed DIID2 dopamine (DA) 
receptor agonists apomorphine61 and N-n
propyl-norapomorphine.62 Charney et ae5 have 
reported that naloxone, when co administered 
with the {lz-adrenergic antagonist yohimbine, 
produces erections in male volunteers lasting 
for 2 to 4 hours. The effect was reliably elicited 
when the two drugs were given together but 
seldom observed when each was given alone. 

In contrast to the apparent lack of effect of 
naloxone on erection when administered as a 
single agent, the success of naltrexone may be 
due to its higher potency and longer duration of 
action. In one study, naltrexone (25 or 50mg/ 
day) restored erectile function in six impotent 
men.63 In another, 50mg/day of naltrexone for 
13 days in an open label study caused increased 
morning erections and frequency of intercourse 
in a group of men with idiopathic erectile dys
function.64 However, acute administration of 
nalmefene to a group of men with organic im
potence was without effect on nocturnal penile 
tumescence despite significant changes in food 
intake and serum gonadotropin levels in the 
treated individuals.65 

Rather than implying a lack of efficacy of 
opiate antagonists on erectile function in men 
with organic dysfunction, the latter results may 
indicate that patients with milder forms of erec
tile dysfunction may best benefit from this form 
of therapy. Furthermore, the results of this 
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study suggest that hormonal changes associated 
with the use of opiate antagonists may not con
tribute to the effects of these drugs on erectile 
response and that prolonged administration 
may be necessary for efficacy. A recent clinical 
study supports these ideas. In a placebo
controlled, double-blind trial of 50mg of 
naltrexone once daily, men with idiopathic 
erectile dysfunction reported significant in
creases in the frequency of morning erections.66 

No significant side effects of the treatment were 
observed, and no changes in serum hormone 
levels occurred between the placebo and 
naltrexone treated groups. Despite the increase 
in morning erections, the effects of naltrexone 
on frequency of sexual intercourse were not 
significant. More potent and selective antago
nists for the Il-opiate receptor may result in 
better efficacy; however, little work is being 
done to explore this possibility. 

Dopamine Agonists 

Since the first reports of hypersexuality in pa
tients with Parkinson's disease on L-dopa 
therapy,67 dopamine and dopamine receptor 
agonists have been thought to increase sexual 
motivation and desire. However, data from the 
past 20 years now suggest that administration 
of dopamine receptor agonists can stimulate 
erections without affecting sexual drive. 
For example, administration of apomorphine 
increases the occurrence of spontaneous erec
tions in rats,68 rhesus monkeys,69 and men.37,70,71 
Moreover, there appears to be a high degree of 
correlation in the ability of dopamine agonists 
to induce erections across these species. Thus, 
the animal models have proven useful in the 
development of tools for the diagnosis and 
treatment of erectile dysfunction.n,73 

Initial observation of erections in men after 
apomorphine treatment were made by re
searchers while studying the effects of this 
mixed D/D2 dopamine receptor agonist on en
docrine function in men with chronic alcohol
ism.74 These findings have been confirmed in 
several follow-up studies. Apomorphine when 
administered by subcutaneous injection pro
duces erections in normal men37,70,75 and in 
men with psychogenic erectile dysfunction71,76 
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without altering sexual motivation. Side effects 
include yawning, nausea, and hypotension, 
and occur with such frequency that the useful
ness of this approach has been questioned.71 
Moreover, the reliability of the response ap
pears to differ from one administration to the 
next.77 

Several other dopamine agonists have also 
been examined for their potential as erec
togenic agents. The specific D2 dopamine ago
nist, bromocriptine (Parlodel), has largely been 
used for the treatment of impotence associated 
with hyperprolactinemia.78-8o However, this 
drug has been reported to increase spontane
ous erections in rats when given acutely81 and to 
improve erectile response in both normal and 
hyperprolactinemic rats when given daily over 
a 2-week period.82 Lal and coworkers83 have 
reported successful treatment of a small group 
of men with erectile dysfunction with bromo
criptine. The men were first screened for their 
response to acute apomorphine administration. 
If this proved successful, then the men were 
placed on chronic treatment with bromo
criptine and most showed improvement in 
sexual function. The use of bromocriptine in 
nonhyperprolactinemic impotent men has been 
examined previously and showed little suc
cess.84.85 However, it is believed that the re
sponse to apomorphine may provide a method 
to screen for patients who are best able to re
spond to this form of therapy. Improvements in 
serum prolactin levels were seen in the men 
who responded well to bromocriptine.83 

Another highly potent D21D3 dopamine re
ceptor agonist, quinelorane, has also been ex
amined in various forms of sexual dysfunction 
in large-scale clinical trials. Quinelorane has 
been shown to increase levels of sexual activity 
in adult male rats86 and to increase the display 
of spontaneous erections through interactions 
with dopamine receptors within the central ner
vous system.87.88 The effects of chronic oral 
administration of quinelorane have been 
examined in men with erectile dysfunction. Al
though this approach was found to have benefit 
in women with hypoactive sexual desire, 
chronic treatment with quinelorane was not as
sociated with improved erectile response in the 
men.89 It is not clear whether the lack of a sig
nificant outcome in this trial was due to the 
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chronic dosing regimen used to reduce nausea 
associated with administration of dopamine 
agonists. 

A buccal formulation of apomorphine has 
recently been developed that appears to ad
dress many of the shortcomings associated with 
subcutaneous administration of dopamine ago
nists while still achieving the rapid increases in 
plasma drug levels that appear to be necessary 
for the erectile response. In one study, 60% to 
70% of men receiving the buccal apomorphine 
formulation were able to achieve erections 
sufficient for intercourse without debilitating 
side effects.90 This approach appears promising 
and late-stage clinical trials are now being 
performed. 

Antidepressants and Other 
Psychotropic Drugs 

Reports of priapism have been associated with 
the use of a number of psychotropic agents;91-94 
among these, trazodone (Desyrel) has been 
most frequently reported. Trazodone is an 
atypical antidepressant. The precise mecha
nism of its antidepressant activity is unclear but 
may include blockade of serotonin (5-HT) 
reuptake mechanisms or antagonism of 5-HT2A 
receptors. Some of its effects may also be attrib
utable to formation of an active metabolite, m
chlorophenylpiperazine, which is a 5-HT2c 
receptor agonist. Stimulation of 5-HT2c recep
tors increases erectile response in several ani
mal species.95-97 In addition, trazodone has 
a significant activity as an aI-adrenergic 
antagonist. 

Use of trazodone in treating erectile dysfunc
tion has appeared in several reports in the lit
erature. It has been suggested as a single oral 
agent98,99 or in combination with other drugs 
like yohimbine36 and moxisylyte. lOo Positive re
sults have been achieved with doses of 50mg 
three times daily.I01 Others have suggested effi
cacy with higher doses (up to 150mg at bed
time) with few adverse events, including 
drowsiness and sedation.21 

Priapism associated with trazodone use 
has been clearly related to its aI-adrenergic 
blocking activity.102,103 This is best illustrated 
by its ability to delay detumescence in sleep 
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lab studies.104 lts activity in treatment of erectile 
dysfunction may be due to some of its other 
activities, however. The effects of trazodone on 
penile erection appear to involve activity in 
the CNS rather than direct effects in the 
corpora cavernosa.105 This activity is probably 
not related to blockade of 5-HTzA or <11-
receptors, because ketanserin, which is an 
antagonist at both of these receptor subtypes, is 
far less effective101 and has seldom been associ
ated with priapism.106 It is far more likely 
that the effects of trazodone on erection 
involve its ability to block serotonin reup
take or to stimulate of 5-HT2c receptors. 
Fluoxetine (Prozac), another serotonin reup
take inhibitor, has been associated with pro
longed erections91,107 and return of erectile 
response in elderly men. lOS 

Phosphodiesterase Inhibitors 

Given the efficacy of papaverine by intra
cavernosal injection, the potential role of phos
phodiesterase inhibitors in treating erectile 
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dysfunction should not be underestimated. 
Phosphodiesterases are a class of intracellular 
enzymes involved in the metabolism of second 
messenger cyclic nucleotides, cyclic adenosine 
monophosphate (cAMP), and cyclic guanosine 
monophosphate (cGMP). Of the seven major 
families of phosphodiesterases, three are 
readily found in the corpora cavernosa.109-112 

These are type III, the cAMP-specific cGMP
inhibitable form; type IV, the high-affinity, 
high-specificity cAMP-specific form; and type 
V, the cGMP-specific form. Much attention has 
recently been given to the type V isoform. It is 
believed to be found in high concentrations in 
the erectile tissue of the penis relative to other 
areas of the body, and its coexistence with the 
type III isoform, the cGMP-inhibitable en
zyme, suggests the potential for interactions 
between cAMP- and cGMP-dependent pro
cesses in the penis (Fig. 33.2).109 This would 
activate a number of processes that occur in 
response to binding of these cyclic nucleotides 
to specific protein kinases, including blockade 
of Caz+ entry into the cell and increased activity 
of adenosine triphosphate (ATP)-dependent 
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FIGURE 33.2. Potential interactions between the 
guanylate and adenylate cyclase systems in the 
smooth muscle of the corpora cavernosa: action of 
type V phosphodiesterase (PDE) inhibitors. Phos
phodiesterases metabolize the activated second mes
sengers cyclic adenosine monophosphate (cAMP) 
and cyclic guanosine monophosphate into the corre-
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sponding low energy 5'-monophosphates. The coex
istence of the type III isoform (the cGMP-inhibited 
cAMP-specific PDE) with the type V isoform 
(cGMP-specific PDE) suggests the potential for a 
type V PDE inhibitor to increase the activity of both 
cGMP- and cAMP-dependent systems. 
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K+ channels. Several large pharmaceutical 
firms have recently announced their interest in 
developing such compounds for the treatment 
of erectile dysfunction. The aim of such studies 
would be to develop an oral agent that acts 
specifically in the corpora cavernosa to increase 
the likelihood of erection. 

This is a very promising approach but it may 
not be without limitations. Each of the isoforms 
of the enzyme is found in various sites through
out the body, including the vast majority of the 
cardiovascular system. Furthermore, inhibition 
of these enzymes does not initiate erection but 
rather enhances the erectile response or in
creases the duration of erection. This may 
mean that such treatment will be limited to men 
with milder (psychogenic) forms of erectile dys
function,113 as it is likely that doses necessary to 
treat men with moderate to severe dysfunction 
would be accompanied by increased side ef
fects. In addition, recent evidence suggests that 
the type 111111 and type IV109 isoforms may also 
serve as targets for the development of new 
approaches to the treatment of erectile dys
function. 

Pentoxifylline, a nonspecific phosphodi
esterase inhibitor, has been used in the treat
ment of erectile dysfunction in men with 
arterial insufficiency.114 Here the effect of the 
phosphodiesterase inhibitor appears to be on 
the fluidity of red blood cell membranes rather 
than on the vascular smooth muscle in the pe
nis. The increased blood flow that occurs can be 
sufficient to help initiate and maintain an erec
tion in men with claudication and vascular in
sufficiency.ll5 It has not found application in 
erectile dysfunction of other etiologies. 

Topical Approaches 

Transdermal Therapies 

Transdermal administration of vasoactive 
drugs has been investigated as an alternative to 
intracavernosal injection for the treatment of 
erectile dysfunction. Although intracavernosal 
injection is highly effective, it is extremely 
aversive and can be associated with patient 
dropout rates as high as 74%.116-118 To date, five 
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types of topical formulations have been investi
gated: nitroglycerin ointments, transdermal ni
troglycerin patches, minoxidil ointments and 
creams, papaverine-containing ointments, and 
alprostadil-containing ointments. 

Nitroglycerin Ointment 

Two studies from the Department of Urology 
at Queen's University in Canada demonstrate 
that although topical nitroglycerin administra
tion can increase the level of blood flow into the 
penis and in some instances cause penile en
largement (tumescence), it does so without 
producing rigid erections.119,120 When a nitro
glycerin ointment was applied to the penis and 
the patients were allowed to view erotic films, 
18 of the 26 impotent men demonstrated in
creased penile tumescence. However, the level 
of tumescence observed was on average 36% 
less than the maximum erectile response re
corded from the same impotent patients during 
two nights of nocturnal erection evaluation. 
Only three of the 26 impotent men had erec
tions superior to their maximal nocturnal erec
tile response. Doppler blood flow studies 
performed on an additional group of 20 pa
tients, using the same formulation but without 
visual erotic stimuli, showed seven men with 
increased arterial flow rates, but only three with 
increased tumescence and none with rigid erec
tions. il9 Similar results were obtained in a study 
of 140 impotent men. Again, increases in penile 
blood flow were observed, but only five of the 
140 subjects reported any change in tumes
cence or rigidity after administration of the ni
troglycerin paste.120 

Transdermal Nitroglycerin Patches 

Nitroglycerin patches were first suggested as a 
therapy for erectile dysfunction by Talley and 
Crawley.l2l This report also suggested the po
tential side effects of this treatment for both the 
patient and his partner. A recent open-label 
trial of the nitroglycerin patch in 52 impotent 
men also demonstrates the potential drawbacks 
of this treatment.122 Only a very small, statisti
cally nonsignificant proportion of men achieved 
rigid erections (4/52) and successful intercourse 
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(3/52). In contrast, all of the men reported 
headaches despite pretreatment with analge
sics. Despite the apparent lack of efficacy, 
several reports have suggested potential appli
cations of nitroglycerin patches in men with 
neurogenic (spinal cord injury) or psychogenic 
dysfunction.l23- 12S 

Minoxidil 

The results of several recently published stud
ies of topical administration of the vasodilator 
minoxidil are contradictory. Chancellor et al126 

compared topical minoxidil to intracavernosal 
papaverine injection and application of a 
vacuum constriction device. All subjects were 
spinal cord injury patients with lesions at the 
mid-thoracic region. These men were capable 
only of brief reflex erections in response to 
physical manipulation. To control for the 
possible influence of physical stimulation, 
minoxidil was applied to the glans penis using 
an aerosol spray. All patients responded to 
both intracavernosal papaverine injection and 
to a vacuum constriction device with rigid erec
tions. The response to minoxidil did not differ 
from baseline either in the objective (strain 
gauge recordings of circumference and rigidity) 
or subjective (patient and physician scoring of 
the erection) measures that were taken. Similar 
results were obtained in a study of men with 
various causes of their erectile dysfunction.127 

Only two of 21 men showed improvement with 
the 2% minoxidil solution. Cavallini128 has re
ported that topical minoxidil is better than both 
a nitroglycerin cream and placebo in increasing 
arterial blood flow rates in the penis. Strain 
gauge recordings of penile circumference and 
rigidity were also obtained. The results show a 
significant increase over placebo; however, the 
levels of rigidity reported fall well below ac
cepted values for an erection that is satisfactory 
for sexual intercourse.126 

Papaverine and Alprostadil Ointments 

Topical administration of a papaverine contain
ing ointment increased the diameter of the cav
ernous artery, but only three of the 17 patients 
reported erections of sufficient rigidity for in-
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tercourse.129 Neither significant increases in 
flow velocities nor erections were achieved, 
however. In a similar study using transdermal 
alprostadil, significant increases in both arterial 
diameter and peak systolic flow rates were ob
served.130 Two patients reported erections last
ing 3 and 12 minutes after drug administration; 
however, the remaining eight patients had no 
response. 

Transurethral Therapy 

The greatest impediment to diffusion of drug 
into the erectile bodies after topical administra
tion is not the stratified squamous epithelium of 
the skin, which can be overcome with penetra
tion enhancers; rather, it is the tunica albu
ginea, a fibrous sheath that surrounds each of 
the erectile bodies. Recently, a novel approach 
to topical delivery of drugs for erectile dysfunc
tion, transurethral drug delivery, has been de
scribed.l3l-135 Like transdermal delivery, it relies 
on local administration of a vasoactive agent to 
achieve an erectile response. It differs from 
transdermal application in that it allows trans
fer of drugs from the urethra directly to the 
corpora cavernosa. Wolfson and colleaguesl3l 
described the intraurethral administration of an 
ointment containing prostaglandin E2. Rigid 
erections were achieved by 30% of patients, 
and overall 70% showed some degree of im
provement. Intraurethral administration of 
capsaicin has also been shown to increase tu
mescence and rigidity.135 The investigators as
cribed their results to reflexive release of 
vasorelaxant neuromodulators in the corpora 
cavernosa after stimulation of capsaicin
sensitive sensory afferents in the urethra and 
did not consider the possibility of transfer of 
the pungent irritant from the urethra to the 
erectile bodies. 

A formulation of alprostadil for transure
thral delivery has been developed by VIVUS, 
Inc.132- 134 MUSE, the medicated urethral system 
for erection, consists of a small semisolid pellet 
of alprostadil in a plastic applicator. The stem 
tip of the applicator is inserted approximately 
11/4 inches (30mm) into the urethra, and the 
drug is deposited by depressing a button at the 
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opposite end. Results from several double
blind, placebo-controlled trials have shown 
transurethral delivery of alprostadil to be 
equally effective in men with moderate to se
vere erectile dysfunction associated with car
diovascular disease, diabetes, postsurgical and 
pelvic trauma, and with other organic causes 
of erectile dysfunction, such as high blood 
pressure medications and smoking.133 In an 
early dose-ranging study, 70% of patients 
achieved intercourse with at least one dose of 
intra urethral alprostadil or alprostadil plus 
prazosin.132 

The onset of erection after intraurethral ap
plication of alprostadil is similar to that ob
served with intracavernosal injection. This was 
examined in a Doppler ultrasound study that 
demonstrated that arterial flow rates and diam
eters in the cavernosal artery are the same 15 
minutes after intracavernosal injection of 10 ~g 
or transurethral delivery of 500~g of PGE1•J34 

End diastolic flows were higher 15 minutes af
ter application of intraurethral PGE1, probably 
as a result of slight differences in onset of the 
peak erectile response between direct applica
tion of the drug into the corpora cavernosa and 
uptake of the drug from the urethra. 
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Although it is not yet fully proven, preferen
tial transport of drug from the corpus 
spongiosum to the corpora cavernosa is the 
most likely explanation of the effects of 
intra urethral drug administration. The venous 
drainage of the more distal ends of the corpus 
spongiosum occurs largely through periurethral 
veins on the dorsolateral aspect of the urethra 
(Fig. 33.3). These veins also receive direct input 
from ventral portions of the corpora cavernosa 
on each side.l36 After intraurethral administra
tion, drug is taken up by the urethral mucosa 
and diffuses into the corpus spongiosum. Direct 
transport of drug from the corpus spongiosum 
to the corpora cavernosa is most likely to occur 
through the periurethral veins and their tribu
taries. Transport is then enhanced by the hemo
dynamic gradient created by increased blood 
flow and tumescence in the corpus spongiosum. 

Interconnections between the corpus spon
giosum and the corpora cavernosa have 
been described previously. In one study, 25% 
of men with veno-occlusive dysfunction dis
played the presence of radiopaque material in 
the corpus spongiosum after injection of con
trast media into the corpus cavernosum.137 Con
versely, injections of contrast materials into the 

Superficial Dorsal Vein 

Cavernous Artery 

pongiosal Artery 

Corpu 

FIGURE 33.3. Cross-section of penis demonstrating 
vascular interconnections between the corpus 
spongiosum and corpora cavernosa. Anastomoses 
and collaterals can be found between the dorsal, cav
ernous and spongiosal arteries throughout the length 
of the penis (left side of illustration). The periure-

Corpora Cavernoa 

Peri-urethral Vein 

rethra 

thral veins, besides receiving tributaries from the 
corpus spongiosum, may also receive small veins that 
drain the ventral aspects of the corpora cavernosa.136 
The latter vessels would appear to be the most likely 
route of transfer of drug from the corpus spongiosum 
to the corpora cavernosa (see text). 
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corpus spongiosum and glans led to visualiza
tion of the corpora cavernosa.138 Diffuse 
hyperemia and vascular interconnections be
tween the erectile bodies were also noted in the 
Doppler studies performed after transurethral 
alprostadil administration.134. 

Transurethral delivery of alprostadil appears 
to be a safe, easy-to-administer, minimally 
invasive therapy that, like intracavernosal in
jection, is effective in most forms of erectile 
dysfunction. Because the drug is applied and 
acts locally, there is less potential of side effects 
than with either the transdermal or oral routes, 
due to lower systemic drug levels. It is a prom
ising alternative to intracavernosal injection 
therapy. 

Summary and Conclusions 

The availability of Caverject will bring a new 
level of understanding of erectile dysfunction 
much in the same way that advances in diagno
sis and treatment in the 1980s did. This will 
include better approximations of the number of 
affected patients and the proportion of these 
men who are truly willing to engage in therapy. 
To date, only the most highly motivated indi
viduals have sought the experimental therapies 
available. Nevertheless, this drug probably will 
not reach the total population in need of 
therapy. Efforts to provide alternative ap
proaches, including many oral and topical 
therapies, have been disappointing. Future 
therapies, including transurethral drug delivery 
and oral administration of buccal apomorphine 
or specific phosphodiesterase inhibitors, appear 
more promising but await the outcome of 
the drug approval process. It appears, though, 
that several forms of approved therapies will 
soon be available to satisfy the demands of all 
the couples wishing to continue an active sex 
life. 
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34 
Psychological Aspects of Erectile 
Dysfunction 
Stanley E. Althof and Stephen B. Levine 

Traditionally, the urologist and the mental 
health specialist have referred patients to one 
another on an as-needed basis. Therapists were 
not well acquainted with the medical factors 
causing erectile dysfunction, and urologists 
overlooked psychological forces that contrib
uted to the dysfunction. Increasingly, there is a 
trend toward the establishment of multidiscipli
nary teams where urologists and mental health 
clinicians can work in tandem to address the 
complex interplay of biology and psychology.! 

Historical Perspective 

In the early 1980s, mental health clinicians con
cerned themselves with the diagnosis and treat
ment of psychogenic erectile dysfunction.2-4 

This limited role was a logical outgrowth of 
the binary model of understanding erectile 
dysfunction as either organic or psychogenic. 
When fewer options were available, the rules 
were straightforward. Patients with psycho
genic difficulties were referred for psychother
apy, those deficient in testosterone received 
hormone replacement, and those with other 
organic conditions were offered penile prosthe
ses. There was generally no second line of treat
ment for psychogenic patients who did not 
recover with psychotherapy. Similarly, if a 
prosthesis failed or the patient with an organic 
dysfunction declined the implant, no other 
forms of treatment were available. 

In the mid-1980s and early 1990s, five 
noninvasive, reversible, relatively safe treat-
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ment options were introduced: (1) self
injection therapy; (2) vacuum tumescence 
therapy; (3) transurethral treatment, (4) topical 
medications, and (5) oral medications.s-!! These 
developments compounded the decision tree, 
and the previously simple binary treatment 
algorithm was no longer viable. Although a 
third category, mixed erectile dysfunction, 
was developed to account for patients who 
failed to fit neatly into the binary model, the 
creation of this etiologic category did not 
do justice to the complexity underlying the 
etiologic and motivational aspects of erectile 
dysfunction. 

Manifestations of Psychological 
Resistance 

Follow-up studies on the new treatment alter
natives began reporting that, irrespective of the 
etiology of the dysfunction, a sizable minority, 
and in some studies, a majority, of patients 
failed to use the prescribed interventions or 
dropped out of treatment.!2,13 These reports in
troduced the urologist to the psychological con
cept of resistance: patients who were offered 
efficacious treatments mysteriously were un
able to use them. Although these studies fo
cused on efficacy, side effects, and aesthetic 
preferences, the explanations did not seem to 
do justice to the riddle of why couples could not 
use these treatments. The early manifestations 
of resistance could be seen in the time it took 
for some men to present themselves for evalua-
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tion. Typically, between 6 months and 2 years 
passed before men were seen, because they 
were embarrassed, ashamed, or denied having 
a problem. During this time, the couple's sexual 
equilibriumI4 insidiously transformed itself 
from a pleasurable weekly or biweekly phe
nomenon into a hurried and frustrating attempt 
once every couple of months. Couples became 
more emotionally distant and expressions of 
affectionate holding and touching dwindled. A 
few couples continued to make love via manual 
or oral pleasuring, but frequently couples held 
to the mantra, "If you can't get the job done, 
why start." Urologists incorrectly assumed that 
by giving men injections, vacuum pumps, or 
oral medications that the couple's sexual equi
librium could easily be transformed to the 
pre dysfunction pattern. What became clear 
ultimately was that it is often necessary to 
undo the psychological response to the dys
function before a prescribed intervention can 
be smoothly integrated into a couple's infre
quent love life. 

Another common response to erectile dys
function was the development of acquired 
rapid ejaculation. This occurred because men 
had no confidence in the reliability of their 
erection. Using a football analogy, they devel
oped a 2-minute offense, predicated on the 
strategy of hurry up and ejaculate before the 
erection is lost. And it was not uncommon for 
men to report having a significantly lowered 
sexual drive. Obviously, any combination of 
these dysfunctions made for a less than memo
rable sexual experience for the man and his 
partner. 

With the advent of newer treatment options, 
the role of the mental health clinician has 
evolved from assisting with diagnosis and treat
ment of psychogenic erectile dysfunction to (1) 
working through responses and resistances in 
the motivational domain, (2) rehabilitating the 
sexual equilibrium, and (3) decreasing the per
formance anxiety that interferes with couples 
resuming a regular sexual life. This expanded 
role calls for a more collaborative relationship 
between the therapist and urologist where they 
work as a team to help patients function at the 
optimal level consistent with physical and psy
chologicallimitations. 

469 

The Interactive Model 

An interactive model was developed to under
stand the complex interplay of psychological 
and medical factors. IS-I? This model captures 
the ever-changing influences of biology and 
psychological life. Regardless of the precipitat
ing causes, time brings changes in both do
mains. This model encompasses not only the 
psychological impact that the dysfunction has 
on the man and his partner's sexual equilibrium 
but also the fluctuating influence of his disease 
states. 

This interactive model enables stepwise 
treatment recommendations. For instance, a 
couple might first be referred for time-limited 
psychological counseling to help pave the way 
for a future medical intervention. The model 
also explains the failure of treatments for bio
logic problems that ignore the psychological 
contributions; for example, a sizable percent
age of men with penile prostheses never use the 
devices for intercourse. The following vignette 
illustrates how the coexistence of organic and 
psychologic factors may create a therapeutic 
impasse. 

Mr. B., a 59-year-old married man with a 3-year his
tory of insulin-dependent diabetes and medication
controlled hypertension, had been unable to achieve 
or maintain rigid erections for 18 months. Penile
brachial index (PBI), biothesiometry, and nocturnal 
penile tumescence (NPT) were abnormal. He met 
criteria for a major depressive disorder secondary 
to marital discord. Shortly after the onset of the dys
function the couple began to avoid lovemaking. 

Mr. B. was pleased to learn that a vacuum pump 
might restore his erectile capacity. He had some dif
ficulty learning how to manipulate the device but 
mastered it with the support of the urologic nurse. 

Mrs. B. would not accept that her husband's 
dysfunction was in part due to physical illness and 
medication. She believed he was dysfunctional be
cause he was neither in love with nor attracted to 
her. She demanded that he achieve an erection with
out the vacuum pump in order to prove his devotion 
to her. 

The situation was further complicated by Mr. B.'s 
alternating need to please his wife and his passive 
expressions of hostility. This couple could not inte
grate the vacuum pump into their lovemaking until 
the psychologicaUmarital conflicts lessened. 
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Contemporary Understanding of 
Psychogenic Erectile 
Dysfunction 

The fourth edition of the Diagnostic and Statis
tical Manual of the American Psychiatric 
Association18 offers the following criteria set 
for male erectile dysfunction (diagnosis no. 
302.72): 

A. Persistent or recurrent inability to attain or 
to maintain until completion of the sexual activ
ity an adequate erection. 
B. The disturbance causes marked distress or 
interpersonal difficulty. 
C. The erectile dysfunction is not better ac
counted for by another Axis I disorder and is 
not due exclusively to the direct physiologic 
effects of a substance or a general medical 
condition. 

The clinician is required to make three deter
minations: (1) lifelong dysfunction versus 
acquired, (2) generalized or situational type, 
and (3) caused by psychological or com
bined factors. Psychogenic erectile dysfunction 
comes in two forms, lifelong or acquired. This 
important distinction has implications not only 
for the modality in which the patient is to be 
treated but also for the underlying etiologic 
causes. 

There are several distinct psychotherapy pos
sibilities: individual therapy for one or both 
partners, conjoint or couples treatment, sepa
rate group psychotherapies for one or both 
partners, or a combination of the above. If the 
erectile dysfunction is lifelong-that is, there 
has never been a period in the man's life where 
he has been able to achieve or maintain good
quality erections for intercourse-individual 
therapy is generally recommended, based on 
the assumption that lifelong erectile dysfunc
tion is a developmental failure rather than an 
interpersonal problem. Individual treatment 
lends itself to the intensive exploration of early 
life events and allows understanding of and 
working through the obstacles that inhibit the 
establishing of a comfortable sexual self. Life
long impotence is often the end result of unre-
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solved gender identity, sexual orientation, or 
paraphilic conflicts. These issues are more diffi
cult to explore and resolve in couples or group 
treatment. Not only does the presence of others 
dilute the focus, but patients are often reluctant 
to share these concerns with others. 

However, when a man with lifelong dysfunc
tion has limited capacity for psychological 
reflectiveness, is markedly inarticulate, and/or 
is estranged from his emotional life, individual 
treatment is ill-advised. In these situations, 
the partner is asked to join the therapy as 
an adjunct therapist. She is often aware of 
his family events or can help the patient 
more readily talk about aspects of himself that 
might otherwise remain obscured in individual 
treatment. 

Conjoint treatment is recommended for 
patients with acquired erectile dysfunction 
but viable relationships. Acquired dysfunctions 
suggest that the patient has successfully tra
versed developmental hurdles to establish a 
comfortable sexual self. Moreover, the symp
tom is generally rooted in the present or recent 
past; it is not simply an outgrowth of early 
childhood issues. The dysfunction often repre
sents the couple's shared solution to some as
pect of their relationship. 

The exceptions to the guideline of conjoint 
treatment for acquired erectile dysfunction are 
in the case of the single man without a partner, 
the single man with an uncommitted partner, 
and the couple whose relationship has deterio
rated so much that they cannot productively 
work with one another. Obviously, the man 
without a partner will be seen in individual 
treatment. Years ago, there were some thera
pists who would have demanded that the 
patient should first become involved with a 
partner and then seek treatment. Although the 
lack of involvement in a relationship does 
present clear limitations for therapy, the pa
tient can benefit nonetheless. The stickier deci
sion is how to determine whether a single man 
has a "committed" partner. Meeting with each 
partner alone is helpful in deciding how com
mitted the partners are to one another. The 
therapist should attempt to see dysfunctional 
couples in a conjoint format first, but employ 
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more structure than usual. If this proves un
workable, one or both can be referred for indi
vidual treatment. 

Goals of Psychotherapy for 
Psychogenic Erectile 
Dysfunction 

Psychotherapy aims to restore a man's potency 
to the optimal level possible, given the limits of 
physical well-being and life circumstances. 
Treatment seeks to overcome the psychological 
barriers that preclude mutual sexual satisfac
tion. To accomplish these goals, the patient(s) 
and therapist embark on an intrapsychic 
and interpersonal journey to discover and 
demystify the meaning of the dysfunction. On 
this journey the psychosomatic symptom of 
impotence is transformed into cognitive and 
emotional experience. The therapist under
stands the patient's symptom as a metaphor 
that contains a compromised solution to one of 
life's dilemmas. 

Psychogenically impotent men often feel 
puzzled, disgraced, weakened, and frightened. 
They have lost hope and confidence, and 
wonder "Why me?" Their perceived failure is 
attributed to physical illness, psychological con
cerns, interpersonal disturbance, or religious 
retribution. Although urologists frequently 
treat psychogenic erectile dysfunction as 
though it were a single entity, mental health 
professionals understand that psychogenic 
erectile dysfunction is actually a symptom 
of some underlying enigma to be overcome 
by understanding responses to difficult life 
dilemmas, integrating previously unacknowl
edged feelings, seeking new solutions to 
old problems, increasing communication, sur
mounting the barriers to intimacy, and restor
ing sexual confidence. 

Although the enigmas vary, most cases have 
a metaphor in common; psychogenic erectile 
dysfunction is a message that tells the man's 
body not to cooperate with intercourse. The 
symptom is almost always a partial enigma to 
the man because he cannot allow himself to 
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understand how his social or psychological di
lemmas affect his potency. 

Psychogenic erectile dysfunction is usually 
generated by the resonating interaction of emo
tional forces from three time periods: the 
present (performance anxiety), the recent past 
(the life events that precede the onset of the 
symptom), and childhood (developmental vul
nerabilities from childhood and adolescent 
years). 

Performance anxiety, the factor in the 
present, serves the man as a distraction from 
other feelings he may be having about making 
love in general and about making love to his 
particular partner. The recently dysfunctional 
man typically does not appreciate the signifi
cance of the life changes from the recent 
past that preceded his problem. He is either 
unsure of or denies the emotional meaning 
of these events. He fails to realize that his 
symptom is the result of these events and 
his responses to them. He focuses on his loss 
of sexual confidence (a frequently used phrase 
for performance anxiety) as the cause of his 
problem; he remains befuddled about how he 
originally fell into its pernicious trap. The 
trap, however, diminishes the frequency of 
lovemaking. 

Part of the mystery of the psychogenic prob
lem derives from events of long ago. Inter
course acquires meanings that derive from 
experiences much earlier in life. Therapists 
tend to describe these meanings with assorted 
jargon, such as failed tasks of psychological de
velopment, impairments in sexual identity, vul
nerabilities of the self-system, oedipal issues, 
abuse, social learning difficulties, pregenital 
fixations, transference. Whatever terminology 
therapists prefer, the words refer to childhood 
processes. 

The concept of resonation of forces from 
three time spheres provides a scheme for un
derstanding generic varieties of psychogenic 
erectile dysfunction, but a scheme is only a 
skeletal outline of the process of symptom gen
eration and maintenance. The mental health 
professional's work is to add the flesh by noting 
the extent of performance anxiety, pinpointing 
the precipitating events, and defining their 
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emotional meanings. This is how therapy is 
conducted. 

Usual Precipitants of Acquired 
Psychogenic Erectile 
Dysfunction 

Because new onset erectile dysfunction arises 
under diverse social and psychological circum
stances, each case has a common component: 
the man's feelings during sexual foreplay inter
fere with arousal. The man may not recognize 
the emotional significance of the recent changes 
in his social situation or may fail to comprehend 
its relevance to his potency. The emotions asso
ciated with the impotence-triggering event soon 
are amplified by its similarities to past develop
mental experiences. Making love creates a con
frontation with his private emotional truths. 
Performance anxiety, which usually begins after 
one or two erectile failures, enables him to 
avoid focusing on the dysfunction. Men are vul
nerable to the development of this symptom to 
the degree to which they are characterized by 
the expectation that they ought to be able to 
perform sexually regardless of social circum
stances and by the inability to quickly experi
ence and understand their emotions. 

Relationship Deterioration 

The self-declaration of impotence in the face of 
alienation, mutual hostility, lack of psychologi
cal intimacy, and partner unreceptivity is a tes
timony to the man's expectation that he and his 
penis ought to be able to function under any 
conditions. Such optimism is not warranted 
even though the patient may emphasize that in 
his last marriage he was able to have inter
course even when divorcing. It is reasonable for 
the clinician to presume that such a man's im
potence involves some of the following: resent
ment, loneliness, confusion as to who is correct 
about the couple's unresolved differences, guilt 
over his role in their troubles, reaction to his 
partner's unreceptivity and anger, fear of aban
donment, and helplessness to end their down
ward spiral. 
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Divorce 

Many divorcing and divorced men are sur
prised by their unreliable erections. Initially, 
they cannot relate an erection problem to bit
terness, guilt, or uncertainty of future attach
ment. They expect their penises to operate 
autonomously. It is reasonable for the clinician 
to presume that such a man's impotence in
volves some of the following: continuing love 
for his divorced wife, fear of his rage at other 
women, doubt about his lovability, concern 
about his ability to love again, despair over his 
children's pain and alienation, wariness that a 
new partner will eventually turn into an impos
sible person as his wife did, and guilt over some 
dishonesty with new partners. 

Death of Spouse 

Most widowers are at least in their 50s. Feelings 
about resuming a sexual life with a new partner 
are influenced by many factors, such as the du
ration and quality of the marriage, the cause 
of his wife's death, and his own health. Because 
there are partners readily available to physi
cally healthy widowers, some men use dating 
as a distraction from being home alone and 
from other inevitably difficult aspects of grief. 
It is reasonable for the clinician to presume 
that the impotence of recent widowers 
involves some of the following: unresolved 
grief, guilt about impulses to have mUltiple 
partners, sense that he belongs only to his de
ceased wife, confusion about his new freedom, 
and discomfort about his children's and friends' 
reactions to his dating in general or to a specific 
woman he dates. 

Vocational Failure 

Vocational adequacy is central to the self
identity and self-esteem of most men. Voca
tional failure or threatened vocational failure 
can create feelings of despair, uncertainty, anxi
ety, unworthiness, and guilt that may be most 
apparent when he attempts to make love. "I 
don't feel worthy of her any longer," may lurk 
behind the recent impotence of a man with an 
employment problem. 
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Loss of Personal or Spousal Health 

Psychogenic potency problems are common 
after major health events, such as myocardial 
infarction, open heart surgery, stroke, and can
cer. Fear of death during sexual activity or the 
heightened awareness caused by a recent close 
call with death may be most apparent to the 
man during lovemaking. The partner's reac
tions to a man's illness and new health status 
may not be completely resolved and can create 
a subtle sexual unreceptivity that triggers erec
tile failure and performance anxiety. Con
versely, the deterioration of his partner's health 
may lead to erectile impairment because of new 
perceptions of his partner's condition. 

Conclusion 

With the advent of the newer reversible, rela
tively safe treatment alternatives for erectile 
dysfunction, the role of the mental health clini
cian has grown from diagnosing and treating 
patients with clearly psychogenic erectile dys
function to helping patients overcome resis
tances that have precluded their using new 
treatment options. In this expanded role, the 
mental health clinician works in tandem with 
the urologist to sort through the often unspo
ken, unseen resistances that develop as the con
sequence of an erectile dysfunction and may 
require interdisciplinary intervention by which 
the medical as well as the psychological factors 
that preclude satisfactory lovemaking can be 
addressed. 
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35 
Peyronie's Disease and Its 
Medical Management 
Laurance A. Levine and Lev Elterman 

Plastic induration of the penis, referred to as 
Peyronie's disease, was described in 1743 by the 
French physician Fran~ois de la Peyronie1 when 
he reported on three patients with scar tissue 
that resulted in an upward curvature of the pe
nis during erection. This fibrous inelastic scar 
involving the tunica albuginea of the corpora 
cavernosa is the distinguishing characteristic of 
this disease. The typical symptoms include a 
palpable scar (frequently referred to as a 
Peyronie's plaque), on the shaft of the penis, 
complaints of pain and abnormal curvature 
during erection, and difficulty with coitus be
cause of the deformity or diminished rigidity or 
both. This condition often leads to unsatisfac
tory sexual performance and profound psycho
logical trauma.2 

Peyronie's disease affects males primarily 
between the ages of 40 and 60.3 Prevalence of 
the disease is reported to be between 0.3% and 
1 % but may be higher because of such factors 
as limited physician reporting and patient em
barrassmentY It has been reported that pa
tients may delay seeking medical advice for up 
to 15 months.s The leading cause for seeking 
medical attention is painful erections, even 
though it is not the most consistent or common 
symptom. In men with Peyronie's disease, a 
palpable plaque occurs in 78% to 100% of the 
patients, curvature of the penis during erection 
in 52% to 100%, and pain in 70%.6--8 Although 
plaque length is usually between 1.5 cm to 2 cm, 
it may range from a few millimeters to the 
entire length of the penis shaft.s The most 
frequent plaque location is in the dorsal 
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midshaft,9-11 Because malignant degeneration 
of this condition has not been demonstrated, it 
is important to reassure men with Peyronie's 
disease of its benign nature. 

Although de la Peyronie believed the causes 
for plaque formation and subsequent curvature 
of the penis were sexual abuse and sexually 
transmitted infections, it was not until 1966 that 
SmithS performed one of the first systematic 
pathologic studies of Peyronie's disease. His 
review of 26 cases documented scar formation 
in the space between the tunica albuginea 
and cavernosal tissue. Histologically, a chronic 
perivascular infiltrate with damage to small 
blood vessels was observed. Smith proposed 
that as the disease progressed, the infiltrate be
came less cellular, deposition of collagen fibers 
occurred, and areas of perivascular scarring and 
plaque formation resulted. Smith considered 
Peyronie's disease as primarily an inflamma
tory disease, but as noted by Roddy and 
Goldstein,12 it is now believed that the inflam
matory infiltrate is the result of injury rather 
than the cause of disease. 

Physiology of Trauma 

Although the etiology of Peyronie's disease is 
unclear, the mechanical injury theory, as pro
posed by Devine et al,13 describes a mechanism 
for the initiation of a Peyronie's plaque, based 
on the observation that most plaques are lo
cated either on the dorsal or ventral surface and 
are always associated with the septum of the 
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corpora cavernosa. The tunica albuginea is 
composed of two layers, a longitudinal outer 
layer and an inner circular layer. The septal 
fibers interweave with the inner circular layer, 
and when pressure is placed on the erect penis, 
stress upon the septal fibers is transmitted to 
the tunica fibers. In a genetically predisposed 
population of men, where there may be a de
crease in fiber elasticity, the pressure may result 
in delamination or fracture of the circular fibers 
within the tunica albuginea. In men with 
Peyronie's disease, it has been demonstrated 
that there is a qualitative and quantitative re
duction of elastin production within the tunica 
albuginea.13- 15 This decrease in elasticity, which 
results in less tolerance to stress and ultimate 
injury, may be a possible predisposing factor to 
Peyronie's disease. 

Following injury, the process of wound heal
ing occurs with fibroblast proliferation and ex
tracellular matrix deposition. It is at this point 
that the balance between scar formation and 
scar remodeling is lost in the patient with 
Peyronie's disease. The scar or extracellular 
matrix formation exceeds the degradation be
cause of abnormal fibroblast activity or an al
tered remodeling process or both. Peyronie's 
disease may therefore be considered a disorder 
of wound healing, much like a hypertrophic 
scar or keloid, where the mechanical injury acts 
as the epigenetic factor activating the disease.16 

Natural History 

The pathophysiology of the clinical deformity 
associated with plaque formation in Peyronie's 
disease is based on the mechanical properties of 
the plaque and the anatomy of the tunica 
albuginea. In 1993 Gelbard17 described the 
conjoined corpora as a stack of hoop or 
ring elements that elongate during erection. 
In the normal state, these hoop-like elements 
move apart in parallel planes until the rigidity 
of a straight erect penis is achieved. In a 
patient with Peyronie's disease, the scar tissue 
restricts parallel displacement of the rings 
during erection and a bend results around the 
inelastic segment. With age, the decreasing 
elasticity of the tunica albuginea and subse-
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quent loss of extensibility will gradually lessen 
the bend because of the decreasing separation 
of the free ends of the rings, which may explain 
the gradual resolution of Peyronie's disease in 
some patients. 

In 1970 Williams and Thomas17 referred to 
the natural evolution of Peyronie's disease as a 
process of "gradual resolution." In their study, 
21 patients were followed for an average of 4 
years without any medical treatment. Six pa
tients demonstrated complete resolution of 
symptoms (29%), 10 improved so that sexual 
intercourse was possible (48%), and five re
mained unchanged (24%). Later studies 
were less optimistic and suggested that the 
natural history of Peyronie's disease remains 
unclear. 18,19 

In 1990 Gelbard et af reported on the largest 
long-term study of the natural history of 
Peyronie's disease. In this study, 97 patients 
with a duration of disease ranging from 3 
months to 8 years were characterized on the 
basis of disease duration, age, plaque size, 
penile deformity, ability to engage in coitus, 
and psychological effects. The study found 
that 40% of these patients experienced no 
change in penile curvature or sexual function 
during the observation period; the curve be
came worse in 40%; and the pain resolved in 
94%. A negative psychological effect of this 
disorder was detected in 77% of patients at 
presentation. The most important finding 
with regard to the natural history of Peyronie's 
disease was that only 13% of these patients 
experienced complete resolution, 47% re
mained with little or no change, and 40% pro
gressed with larger plaques, further penile 
deformity, or both. 

In a recent unpublished review of over 300 
men with Peyronie's disease, fewer than 10% 
had noted a functionally significant spontane
ous improvement in penile curvature. There
fore, patients with Peyronie's disease should 
not be encouraged to believe that the problem 
will resolve on its own. On the other hand, 
those men who are not sexually compromised 
by the penile deformity and are not experienc
ing painful erections can be encouraged to con
tinue sexual activity and will not require 
treatment. 
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Medical Management 

In spite of various treatment options, Peyro
nie's disease has remained a therapeutic 
dilemma for the practicing urologist. Peyronie 
advocated use of Barege spa water and mercu
rial ointments. In the 1800s iodine, arsenic, and 
camphor were used. More recently, different 
modes of energy transfer, including ortho
voltage radiation, ultrasound, shortwave 
diathermy, laser therapy, and shock wave 
lithotripsy, have been used to treat this dis
ease.20- 22 These methods have never found wide 
acceptance in the United States and are not 
recommended at this time. 

The use of oral agents for the treatment of 
Peyronie's disease began in 1948. Scott and 
Scardin023 reported on treatment of 23 patients 
with vitamin E, a tocopherol with antioxidant 
properties, but the study did not compare the 
effect of the treatment with the natural history 
of the disease. Use of vitamin E has continued 
and, over time, has become widely accepted 
because of its mild side effects and low cost, 
despite the lack of a controlled study showing 
its benefits. 

In 1959 Zarafonetis and Horrax24 studied 
potassium aminobenzoate (Potaba) as a sys
temic therapy agent. This substance is classified 
as "possibly effective" by the Food and Drug 
Administration for the treatment of Peyronie's 
disease, scleroderma, dermatomyositis, linear 
scleroderma, and pemfigus. The mechanism of 
action is not well understood. It has been sug
gested that Potaba increases utilization of 
oxygen by tissues and increases activity of 
monoamine oxidase, which decreases concen
tration of serotonin, a substance thought to be 
responsible for fibrogenesis. Based on its un
substantiated mode of action, relatively high 
cost, and side effects (including gastrointestinal 
intolerance), which often result in noncompli
ance, enthusiasm for the use of Potaba is cau
tiously guarded. 

Ralph et afs described experience with oral 
tamoxifen in 1992,zs This preliminary study 
showed encouraging results in patients with re
cently acquired (less than 4 months) Peyronie's 
disease. The regimen included 20mg of tamox
ifen twice a day for 3 months. Eighty percent of 
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patients reported an improvement in pain, 35% 
showed decrease in deformity, and 34% experi
enced plaque shrinkage. It has been suggested 
that tamoxifen facilitates the release of trans
forming growth factor-p (TGF-P) from fi
broblasts.26 TGF-p has been shown to play a 
central role in regUlating immune response, 
inflammation, and tissue repair by deactivating 
macrophages and T lymphocytes. Tamoxifen 
results in a reduced inflammatory response 
and, therefore, diminished angiogenesis and 
fibrogenesis,z7 Tamoxifen, however, is difficult 
to recommend because long-term results, 
side effects, and larger cohorts are not avail
able, yet this type of therapy is particularly 
interesting in light of better understanding of 
scar formation. 

The use of procarbazine (Natulan) has 
brought rather disappointing results. This cyto
toxic alkylating agent was commonly used for 
treatment of Hodgkin's lymphoma. In spite of 
the initial favorable reports in patients with 
Dupuytren's contractures, studies have not 
shown a benefit in men with Peyronie's disease. 
Theoretically, procarbazine should inhibit pro
liferation of rapidly dividing fibroblasts, but 
studies have suggested there is no value in the 
use of this toxic agent.28,29 

Oral colchicine therapy was recently re
ported in a noncontrolled study by Akkus et 
al.30 This agent is known to induce collagenase 
activity and decrease collagen synthesis.31- 34 

Colchicine acts in four ways: (1) it binds to 
tubulin and causes it to depolymerize and, sub
sequently, inhibits mobility and adhesion of 
leukocytes; (2) it inhibits cell mitosis by dis
rupting the spindle fibers; (3) it blocks the 
lipoxygenase pathway of arachidonic acid me
tabolism, thus diminishing chemotaxis and 
inflammatory response; and (4) it interferes 
with transcellular movement of protocollagen. 
Akkus et al recommended an initial dose of 0.6 
to 1.2mg daily during the first week of treat
ment followed by a gradual increase to 2.4 mg 
over 3 to 5 months. Although not qualified fur
ther, penile curvature was slightly improved in 
two (11 %) and markedly improved in five 
(26%) of the 19 patients. Seven of nine patients 
with painful erections reported significant re
lief. The palpable plaque disappeared in two 
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and decreased in size in 10 patients. The inves
tigators also performed ultrasound on five pa
tients and noted a decrease of approximately 
50% in plaque size. 

Based on anti-inflammatory properties, as 
well as decreased collagen synthesis by unclear 
mechanisms, steroids have been employed as 
an intralesional therapy for Peyronie's dis
ease.35,36 In 1954 Winter and Khanna37 pub
lished their results on the use of mechanically 
aided injection (Dermo-jet) of dexamethasone. 
Although a decrease was reported in both 
plaque size and pain during intercourse, no 
statistical difference was evident in comparison 
with the natural history of the disease. In 1980 
Williams and Green19 described the use of 
intralesional triamcinolone, a long-acting glu
cocorticoid with low solubility, which theoreti
cally produces maximal local action with 
minimal systemic side effects. After the initia
tion of therapy, 33% of the 45 patients noticed 
marked improvement Patients under the age 
of 50 with small, firm, discrete plaques were 
reported as more likely to respond to 
triamcinolone treatment This treatment has 
also been shown to benefit Dupuytren's 
contractures and hypertrophic scars.38,39 

Treatment of Peyronie's disease with 
intralesional steroids should be initiated with 
extreme caution because of local side effects 
and the inconsistent pattern of improvement in 
well-established curvature. Although steroids 
are known to suppress fibroblast production of 
collagen, this effect is unpredictable and may 
result in local tissue atrophy. In at least one 
unreported case, a patient developed adrenal 
insufficiency because of excessive use of ste
roid injections. In addition, steroid injections 
make surgery more complicated because of the 
difficulty in subsequent separation of tissue 
planes between Buck's fascia and the tunica 
albuginea. 

Another hormone used in the intralesional 
treatment is parathyroid hormone (PTH).40 
The rationale for using PTH in Peyronie's pa
tients is based on reports of increased produc
tion of a collagenolytic factor in bone by this 
hormone.41 It has been suggested that injection 
of PTH into the plaque may depress collagen 
synthesis and promote collagen degradation. 
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However, the use of PTH has not been further 
substantiated. 

Purified clostridial collagenase was studied in 
vitro with surgically excised Peyronie's plaques 
by Gelbard et al42 in 1982. In 1993 results of the 
only double-blind study of any type of medical 
therapy for Peyronie's disease were pub
lished.43 In this study of 49 men, a statistically 
significant improvement in plaque size was 
found following collagenase treatment as com
pared to placebo control. The patients were 
stratified according to the severity of their dis
ease, and a modified Kelami system was used 
for classification.44 Category 1 patients had a 
bend of 30° or less, or a palpable plaque of less 
than 2cm or both. Category 2 patients dis
played 30° to 60° of angulation or a palpable 
plaque between 2 and 4cm or both. Category 3 
patients had greater than 60° of penile bending 
or greater than a 4cm plaque or both. The re
searchers used vacuum chamber photography 
to document the degree of angulation. Patients 
in category 1 received 6000 units of purified 
clostridial collagenase, patients in category 2 
received 10,000 units, and patients in category 3 
received 14,000 units. The category 1 patients 
responded best to the treatment (100% noted 
some improvement), followed by category 2 
(36%) and category 3 (13%). Maximal angular 
improvement observed ranged from 15° to 
20°, which was acceptable only in category 1 
patients. In more severe cases, change in curva
ture was detectable but not clinically signifi
cant No side effects were noted by the authors. 
Currently, this mode of therapy is a promising 
option for mild-to-moderate degrees of 
Peyronie's disease and is being evaluated in an 
FDA-approved multicenter study. 

Orgotein, an anti-inflammatory metallopro
tein with pronounced superoxide dismutase ac
tivity, has been studied in Europe.45-48 The drug 
was delivered intralesionally, decreasing the 
plaque size and increasing sexual function. 
Other investigators delivered orgotein via 
ionophoresis.47 Orgotein is not available in the 
United States and was recently restricted for 
intralesional use in Germany because of a se
vere toxicity profile. 

The calcium antagonist verapamil was first 
reported as an intralesional therapy in 1994.16 
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Intralesional injection of verapamil results in 
(1) rapid resolution of pain, (2) modest im
provement of penile deformity, (3) improved 
rigidity or sexual performance in approxi
mately 75% or both, and (4) no acute or 
chronic side effects. Verapamil therapy should 
be offered early in the course of the disease to 
prevent further progression and to reduce the 
tethering of the plaque. In addition, verapamil 
intralesional therapy should be offered if penile 
pain or deformity is present at the time of initial 
examination. The rationale for use of verapamil 
comes from the experiments that demonstrated 
that exocytosis of extracellular matrix mol
ecules (including collagen, fibronectin, and gly
cosaminoglycans-the primary components of 
a Peyronie's plaque) is a calcium ion-depen
dent process.49 When fibroblasts were exposed 
to anti tubular agents and calcium antagonists in 
vitro, a change in cell shape was noted, and this 
morphogenic change resulted in an altered 
protein secretion phenotype, manifested by 
increased extracellular matrix collagenase 
secretion as well as decreased collagen and 
fibronectin synthesis and secretion.50 Similar 
changes have been seen when fibroblasts have 
been exposed in vitro to other agents, such as 
colchicine, tamoxifen, and interferon. 

Currently, 46 Peyronie's patients are partici
pating in a nonrandomized, non-placebo
controlled phase II study of verapamil. Ten mg 
of verapamil diluted to 10ml with saline is in
jected every 2 weeks for 6 months. The maxi
mum dose of lOmg was chosen because of the 
optimal response demonstrated in the previous 
study as well as the limited cardiovascular risk 
following intravenous injection of lOmg as sug
gested by pharmaceutical industry safety data. 
The mean age and disease duration were 51 
years and 17.2 months, respectively. Fifty-nine 
percent of these 46 men had unsuccessful 
prior oral therapy and 61 % had painful erec
tions. Only 26% were fully potent prior to 
therapy and 48% had erections sufficient for 
intercourse. 

To date, 27 men have completed therapy. 
Subjectively, 96% (26/27) had rapid resolution 
of pain. Penile deformity improved in 85% (23/ 
27), with improved distal rigidity in 74% (20/ 
27) and increased sexual performance in 89% 
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(24/27). Objective evaluation included pre- and 
posttreatment duplex ultrasound, which dem
onstrated a decreased curvature in 61 % (14/23) 
with a mean decrease of 22° (range 10-40°), no 
change in duplex ultrasound parameters, and 
no significant change in plaque volume. 

Topical ~-aminopropionitrile, a potent col
lagen cross-link inhibitor, has been em
ployed in patients with Peyronie's disease. 51 ~
Aminopropionitrile irreversibly binds to lysil 
oxidase, an enzyme responsible for the cross
linking of collagen fibrils, and prevents normal 
collagen fibrogenesis. A 4-week course of twice 
a day topical application brought only subjec
tive improvement in three patients. No changes 
in plaque diameter were noted by ultra
sonography or penile deformity following intra
corporal infusion. 

The potential use of interferons as intra
lesional therapy for Peyronie's disease was 
demonstrated in a 1991 study in which 
fibroblasts from Peyronie's plaques were cul
tured in the presence of interferons alpha-2B, 
beta-Serl7, and gamma.52 The rationale for in
terferon therapy originates from studies illus
trating similar fibroblast activity in Peyronie's 
plaque, keloid scars, and scleroderma.53,54 In 
these cases, fibroblasts are activated and 
produce excessive amounts of extracellular 
matrix components, including collagen, gly
cosaminoglycans, and fibronectin. In vitro stud
ies indicate that interferons normalize the 
activity of fibroblasts derived from patients 
with scleroderma and keloids.53- 55 In fibroblasts 
derived from Peyronie's plaques, the addition 
of interferons decreased the rate of prolifera
tion in a dose-dependent fashion, decreased 
the production of extracellular collagen, 
and increased the production of collagenase. 
Interferon-gamma increased the production 
of fibronectin and glycosaminoglycans. These 
in vitro results suggest the potential of 
interferons as an in vivo treatment for 
Peyronie's disease. 

Overall, therapeutic advances in Peyronie's 
disease have not resulted in a reliable cure, pri
marily because of incomplete understanding of 
the basic pathophysiology of this disease. 
Recent advances in the understanding of 
wound healing disorders may offer new thera-
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pies, such as the injection of calcium antago
nists. The responses of cultured fibroblasts to 
colchicine, vinblastine, interferons, and to the 
calcium antagonists, verapamil, and nifedipine, 
suggest that through medical therapy some 
common primary cellular metabolic events may 
be altered in Peyronie's plaques. Ultimately, a 
multimodality therapy, such as verapamil with 
collagenase, and possible oral therapy may be 
indicated as a nonoperative approach and allow 
stabilization or improvement of the Peyronie's 
deformity. In advanced cases that do not re
spond to conservative therapy, surgery may of
fer considerable relief. 
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Treatment of Peyronie's Disease 
Wayne J.G. Hellstrom and Wesley W. Bryan 

Peyronie's disease is a nonmalignant idiopathic 
disorder named in honor of the noted French 
surgeon Fran~ois Gigot de la Peyronie. The dis
ease is characterized by the formation of an 
inelastic scar or plaque located within the tu
nica albuginea of the corpora cavernosa. De
pending on the location of this fibrotic process, 
the plaque may result in dorsal, ventral, or 
lateral curvature of the penis secondary to 
shortening of the involved region of tunica 
albuginea.! Circumferential plaques may result 
in narrowing or bottlenecking of the shaft and 
resultant decreased rigidity distal to the area of 
disease? Variable degrees of penile curvature, 
decreased penile rigidity, and a palpable plaque 
are the most common presenting clinical signs 
of Peyronie's disease. Painful erections are 
commonly encountered early in this condition 
but generally resolve with time once the pro
gression of the disease has been established. 
Many men complain of difficulty with intromis
sion, which in itself can be an extremely psy
chologically damaging condition.3 

The exact etiology of this disease remains 
unknown and the pathogenesis is poorly under
stood. The majority of men with Peyronie's dis
ease are in their fifth to sixth decade of life and 
most afflicted men are of Northern European 
descent.4 This has led some researchers to 
believe there is a genetic predisposition. Re
peated microtrauma, vitamin deficiencies, and 
autoimmune vasculitides are among the other 
purported causes, but no single unified theory 
has been successfully confirmed. Peyronie's 
disease is sometimes associated with other 

fibrosing diseases, such as Dupuytren's con
tracture, tymphanosclerosis, and Ledderhose's 
disease of the plantar fascia. The natural pro
gression of Peyronie's disease is variable, with 
the active phase of the disease usually lasting 
anywhere from 6 to 18 months.4 Occasionally, 
the disease regresses spontaneously and the as
sociated symptoms resolve completely. Most 
patients, however, continue to be affected with 
symptoms and may then seek medical or surgi
cal intervention. Because this condition is not 
associated with malignant degeneration, only 
those patients who complain of erectile difficul
ties and are motivated in correction of the 
problem need to be offered therapy. There are 
several pharmaceutical alternatives, each re
ported to have varying degrees of success. Oral 
therapies include colchicine, Potaba, vitamin E, 
and tamoxifen. Most of the investigations re
ported with these agents have not been well 
controlled or blinded, hence the results are sus
pect. Furthermore, most of these studies have 
not taken into account the variable progression 
of the disease, nor the spontaneous resolution 
occurring in some individuals. 

When an interval of time or medical manage
ment or both has failed to improve function, 
surgical intervention may then be considered. 
An important caveat is that discussion of sur
gical options with both the patient and his 
partner should occur only after a thorough 
assessment of his sexual function or dysfunc
tion. The treating urologist must recognize that 
with the many surgical options, no single surgi
cal procedure is ideal. Each patient's treatment 
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should include a surgical plan individualized for 
his particular need. 

Preoperative Evaluation 

A thorough evaluation, which includes a de
tailed sexual, erectile, and psychological his
tory, is necessary and, ultimately, very helpful 
in the complete care and understanding of 
Peyronie's patients. Important information in
cludes any past penile trauma, the presence of 
impotence prior to the discovery of Peyronie's 
disease, and antecedent therapies employed. 
These and the time course of the condition 
have important implications on future surgical 
decisions. Home Polaroid photos may assist in 
assessing the degree of curvature. During the 
initial physical examination, it is helpful to 
manually extend the penis and palpate care
fully for the length, thickness, and width of any 
plaque(s).3 In-office intracorporal injection of a 
vasoactive agent, such as prostaglandin El 
(PGE1), is extremely useful to further delineate 
the clinical pathology in each case. Basic x-rays 
and xeroradiography are mentioned for histori
cal interest but are not practical in present day 
clinical practice. Ultrasound measurement of 
the plaque dimensions has been promoted, but 
the actual anatomical information obtained 
from this study is not overly beneficial in pa
tient care. Lopez and Jarro~ reported that ul
trasound examination revealed evidence of a 
Peyronie's plaque in only 39% and plaques 
were manually palpable in 94 % of patients di
agnosed with Peyronie's disease. Hence, rou
tine physical examination with palpation of 
the plaque is the optimal clinical approach for 
diagnosis. 

In contrast, for vascular evaluation of 
patients with Peyronie's, duplex Doppler 
sonography has been strongly recommended, 
especially with patients who complain of erec
tile dysfunction. Montorsi et at promote the 
use of color Doppler sonography as the most 
important diagnostic test for any Peyronie's 
disease patient who is about to undergo surgical 
correction. The existence of impotence sec
ondary to vascular irregularities caused by 

W.J.G. Hellstrom and W.W. Bryan 

Peyronie's disease is generally different from 
other vascular causes of impotence and as such 
may be approached differently. 

Several criteria have been established by 
authorities in the field with reference to 
which patients should be considered for surgi
cal intervention: 

1. Peyronie's disease should be beyond the 
acute inflammatory phase and have been 
present for a minimum of one year. (The excep
tion is the presence of a calcified plaque.) 

2. Disease activity (progression of deformity 
or sexual dysfunction, or both) should have 
been stable and unchanged for at least 3 
months. 

3. Difficulty with coitus or intromission is 
evidentY 

It has been clearly shown that surgical cor
rection alone for the resolution of pain rarely 
benefits the afflicted patient. Continuing with a 
course of conservative medical management 
for erectile pain over an extended period of 
time has better reported resultsY 

The Nesbit Procedure 

In 1965 Nesbie described a procedure to cor
rect congenital curvature of the phallus. Of 
interest, his original case reports did not docu
ment Peyronie's disease, as no evidence of 
fibrosis or plaques was noted in any of his pa
tients. The procedure, though, became widely 
used in the surgical treatment of Peyronie's dis
ease and is still popular today. 

Typically, a circumcising incision is made ap
proximately 1 cm proximal to the corona, and 
the penis is degloved to its base. An artificial 
erection is then induced, usually with an infu
sion of isotonic saline through a butterfly 
needle into one corpora cavernosum. The arti
ficial erection allows the surgeon to view the 
site of maximum concavity and estimate the 
degree of penile curvature. This point is 
marked and Buck's fascia is then incised longi
tudinally to expose the tunica albuginea. Care
ful dissection is accomplished so as not to 
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disturb the dorsal neurovascular bundle. A 
single ellipse of tunica albuginea, 0.5 to 1.0cm 
in width and half the circumference of the cor
pora, is excised at that point on the opposite 
side of that of the maximum curvature. De
pending on the degree of curvature, more 
than one ellipsoid may need to be excised to 
completely correct the deformity. Closure of 
the defect( s) is made with a nonabsorbable 
atraumatic suture. Pryor and FitzpatricklO 

recommend a no. 1 non absorbable monofila
ment synthetic suture, and the subcutaneous 
tissues and skin are reapproximated. Patients 
who are uncircumcised are advised to have a 
concurrent circumcision.7- u With the Nesbit 
procedure, it should be noted that no attempt is 
made to remove the fibrotic plaque of 
Peyronie's disease. 

As with any other penile intervention there 
are certain associated complications, including 
urethral injury, numbness of the glans and pe
nile shaft, hematoma, wound infection, urinary 
retention, and phimosis. An inevitable outcome 
of the Nesbit procedure is shortening of the 
penis, but some reports suggest that this is no 
worse than the shortening originally caused by 
the disease. Bailey et aC reported that 17 of 179 
patients who had the Nesbit operation com
mented on penile shortening, but none were 
sexually inactive secondary to this expected 
outcome. Overcorrection, a complication 
seen with a number of surgical treatments for 
Peyronie's disease, can be repaired after the 
Nesbit procedure by removing another smaller 
ellipsoid of corpora on the opposite side from 
the initial excision. Additionally, there have 
been reports that up to 30% of ellipsoid exci
sions have postoperative bleeding and anesthe
sia of the glans from nerve-vessel injuries. ll 
The Nesbit procedure has also been associated 
with scar-tissue formation within the corpora 
cavernosa, resulting in erectile dysfunction. 
The procedure also places the corpus spon
giosum in danger of injury. 12 On a positive note, 
however, Pryor and FitzpatricklO reported that 
20 of 23 patients had total correction of their 
penile deformity and resumed satisfactory coi
tus without any complications following the 
Nesbit operation.lO 

Modified Nesbit and Plication 
Procedures 
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In the mid-1980s, several modifications of the 
Nesbit procedure were introduced. Essed and 
Schroeder13 proposed a variation that did not 
excise an ellipse of tunica albuginea. Instead, 
they inserted wound hooks into Buck's fascia so 
that the penis straightened completely when 
the hooks were pulled crosswise. By this ma
neuver, the points of insertion are approxi
mated, marked with sterile ink, and opposed 
with non absorbable 3-0 sutures. Sutures are 
placed approximately 2mm apart. Tying of the 
sutures causes reeving of the penis on the side 
contralateral to the plaque.13 This procedure 
allows straightening of the penis without the 
excision of tunica albuginea. 

Similar to the Nesbit operation, plication 
procedures do cause penile shortening. Nooter 
et af4 reported that eight of 23 patients who 
underwent the above procedure for congenital 
curvature of the penis complained of penile 
shortening. None, though, experienced sexual 
difficulty. Of 33 patients with acquired penile 
curvature (30 with Peyronie's disease), 18 were 
noted with penile shortening and two who un
derwent a second plication procedure were un
able to have satisfactory intercourse because of 
the penile shortening. Another complication 
associated with the plication procedure when 
using nonabsorbable suture is that the perma
nent suture knots and sharply cut suture ends 
are palpable under the penile skin and cause 
irritation, suture granulomas, and extreme dis
comfort to the patient. ls Unfortunately, if ab
sorbable suture material is used, recurrence of 
the deformity is likely. Mufti et al8 suggest that 
this problem may be circumvented by cutting 
the knot ends as short as possible and carefully 
covering them with Buck's fascia. Overall, the 
plication-type procedure for Peyronie's disease 
has been well established and is recommended 
as a relatively simple, safe, and effective 
method to treat congenital and acquired penile 
curvature.8,11,14 

Another modification of the Nesbit proce
dure as reported by Lemberger et al16 involves 
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making a longitudinal incision on the tunica 
albuginea opposite the plaque or point of maxi
mum curvature and closing the incision trans
versely with 0 Dexon sutures. A similar incision 
and closure may be required on the other cor
pora if the direction of curvature is still not 
rectified. In the Lemberger report deformities 
in 18 of 19 patients were completely corrected, 
and 15 were able to have satisfactory coitus, 
whereas only three had been able to have 
sexual intercourse prior to this surgery. A simi
lar modification was introduced in 1973 by 
Saalfeld et al.17 Their 10 years' experience was 
reported by Sassine et al.12 This procedure con
sisted of exposing the tunica albuginea, induc
ing an artificial erection, and then making a 
longitudinal incision on the longer portion of 
the tunica albuginea. The maximum length of 
the incision was only 1 cm. If more correction 
were needed, a second or additional incisions 
would be made. By restricting the tunical inci
sions to 1 cm, this ensured that no sequestering 
of tunica would occur and that an even closure 
could be accomplished. Of the patients who 
underwent this modified corporoplasty, 95% 
reported cosmetic and functional satisfac
tion.12,15,17 Complications did occur, however, 
with this procedure, with Udall18 reporting 
penile narrowing as the major postoperative 
problem associated with the modified corporo
plasty. Yachial5 circumvented this problem by 
also using a longitudinal incision closed hori
zontally but using Allis clamps to artificially 
straighten the penis before making the incision. 
This maneuver removed much of the guess
work from the procedure. 

Mufti et al8 reported a retrospective study 
comparing outcome of correction of the three 
modified corporoplasty procedures: correction 
with the Nesbit procedure, correction by longi
tudinal incision and transverse closure of the 
corpora, and correction by corporeal plication 
alone. This report concluded that there was no 
significant difference in the success rates of 
these three approaches. They also concluded 
that there was no difference in outcome when 
using either polypropylene or polyglycolic acid 
suture material when closing or plicating. Fur
thermore, they recommended the corporeal 
plication procedure because it was simpler, less 
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time-consuming, and did not require the inci
sion or excision of tunica albuginea. 

The modified Nesbit and corporoplasty 
procedures have worked well with congenital 
curvature of the penis, yet many experts sug
gest that the curvature secondary to severe 
Peyronie's disease may be better treated 
with other approaches. Extensive Peyronie's 
plaques need plaque excision and grafting or, at 
least, incision of the large plaques to accom
plish better outcomes. 

Plaque Excision and Autologous 
Graft Replacement 

Devine and Hortonl9 have stated that the 
Nesbit operation was not adequate for the "ma
jor bend" seen in the majority of their patients. 
Devine and Horton20 first introduced their 
surgical approach for refractory cases of 
Peyronie's disease in 1974. In their procedure, 
modified as recently as 1991, an autologous der
mal graft is employed to correct the deficit cre
ated in the tunica albuginea by the excision of 
the Peyronie's plaque. As the majority of 
Peyronie's plaques are located dorsally along 
the septum of the penis, Devine and Horton's 
technique utilizes a circumcising degloving inci
sion. The dorsal vein is then excised after mobi
lizing it between the distal trifurcation and the 
suspensory ligament. Buck's fascia is then el
evated from the tunica albuginea beginning in 
the midline and directed laterally under both 
neurovascular bundles. The dissection is ex
tended proximally and distally beyond the ex
tent of the plaque. An artificial erection is then 
induced to define the axis of curvature. At this 
point, the plaque's borders are outlined and the 
plaque is excised. Careful attention is taken so 
as not to injure the erectile tissue beneath the 
fibrotic tunical plaque. A further modification 
of their original procedure is to make multiple 
small, stellate incisions at the edges of the de
fect to release any stress. 

Characteristically, the dermal graft is har
vested over the anterior superior iliac crest by 
use of a dermatome. The epidermis is shaved at 
16/1000 of an inch. The graft is incised, leaving 
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a "rim" of dermis for final closure of the graft 
site. Fat is removed simultaneously as the graft 
is excised. The dermal graft with its fat side 
facing downward is then carefully positioned 
into the defect. Fine Polydioxamone Synthetic 
(PDS) suture is used to suture the graft in place. 
Devine also suggests that interdigitating the 
dermal graft into the stellated incision allows 
for the penis to elongate and prevents a circular 
scar contracture. He also sutures the midline 
of the graft to the septum when a dorsal 
corporotomy defect has been made. A second 
artificial erection is induced to observe the 
straightening of the penis. Buck's fascia is then 
reapproximated. A small suction drain is uti
lized to prevent hematoma formation before 
the skin is reapproximated.19-21 

After the procedure, the patient is not per
mitted to have an erection for at least 2 weeks. 
Wild et af2 recommend maintenance doses of 
diazepam and amyl nitrite pearls, which are in
haled should erections occur. Between 2 and 6 
weeks, the patient and his sexual partner are 
encouraged to gently massage the erect penis so 
that the skin does not adhere to the graft. The 
Devine report refers to this as both physical 
and sexual therapy. After 6 weeks, patients are 
allowed to resume intercourse.21 

In a report of 50 patients by Wild et al,22 84% 
of the patients noted their curvature and pain 
were completely resolved with the dermal graft 
procedure; 70% reported satisfactory results. 
Hicks et al23 also reported similar results with a 
series using the dermal graft. Seventy-five per
cent of these patients reported a return to nor
mal sexual activity without residual curvature 
or pain. 

Naturally, there are problems associated 
with the dermal graft technique. Devine and 
Horton based the use of dermis on canine re
search that showed it to be the one autologous 
tissue that did not contract and scar. Their 
study was carried out for only 12 weeks. 
Bystrom and Norberg/4 though, reported that 
in a similar canine model, contraction and 
scarring occurred 16 weeks postoperatively. 
Melman and Holland25 contradicted the useful
ness of the dermal graft in the surgical treat
ment of Peyronie's disease. In their study, all of 
the patients who were treated with the dermal 
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graft procedure become impotent postopera
tively despite technically excellent surgical 
results. They suggested continual corporeal 
scarring and internal vascular damage as the 
cause. Similarly, Pryor and Fitzpatrick lO also 
reported poor results with the dermal graft. 

Postoperative impotence following the 
placement of a dermal graft has been reported 
in 12% to 100% of patients. The mechanism of 
this remains somewhat controversial. Recently, 
Dalkin and Carter26 reported on three patients 
who became impotent after undergoing dermal 
grafting for Peyronie's disease. Color Doppler 
studies revealed a venous leak in each of these 
three patients, which suggested a possible role 
for prophylactic ligation of the dorsal vein in 
patients undergoing dermal grafting. Jordan27 
recently stated that it is customary in his prac
tice to perform a complete vein dissection, exci
sion, and ligation on the pendulous portion of 
the penis to prevent the possible graft-induced 
veno-occlusive dysfunction. He noted that this 
has helped decrease the incidence of postop
erative impotence in dermal grafted patients. 

Other types of autologous grafts have been 
used to correct the defect of plaque excision. 
Some of the most recent research involves the 
use of temporalis fascia, deep dorsal vein, and 
saphenous vein as graft materials. Preliminary 
studies show encouraging results with these 
autologous tissues.28.29 Unfortunately, all au
tologous tissues do require a second surgical 
incision for harvesting. 

Plaque Excision/Incision and 
Synthetic Graft Replacement 

Because of the reported complications of der
mal grafts, a number of investigators began to 
explore the use of synthetic materials. In 1982 
Lowe et aeo reported on four patients with se
vere Peyronie's disease who had undergone 
plaque excision and insertion of a graft made of 
Dacron, an inert material used in vascular sur
gery for over 20 years. The material is readily 
available and does not require any pregraft 
preparation as with dermal and other non
synthetic graft materials. Using a method 
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similar to the ones described earlier in this 
chapter, the corporeal plaque was removed 
along with a rim of normal corporeal tissue. 
Next, the easy-to-use Dacron graft was 
trimmed to the approximate size and sutured 
into place with 4-0 nonabsorbable suture. All of 
these patients reported excellent results. One 
patient developed a wound infection, had his 
Dacron graft saved, and ultimately did well. 

Dacron grafts and other synthetic materials 
have certain advantages over autologous tis
sues. Specifically, the dermal and temporalis 
fascia grafts require a disfiguring second inci
sion, and the graft requires meticulous prepara
tion to remove fat and other connective tissues. 
With dermal grafts the fate of adnexal glands 
and hair follicles causes concern. Occasionally, 
inclusion cysts have developed after placement 
of dermal grafts.3o Dacron is extremely easy to 
manipulate and has demonstrated an ability to 
expand during the erectile state but to maintain 
good tensile strength. It is also pliable, readily 
available, and reasonably inexpensive. 

Nonetheless, it is important to mention that 
Dacron and other synthetic graft materials are 
foreign bodies, and as such they have the po
tential for infection, allergic reaction, and par
ticle shedding. There already have been reports 
of particle shedding from genitourinary devices 
manufactured of silicone.31 ,32 Notwithstanding, 
most clinical reports on cases employing 
Dacron, Dexon mesh, and Gore-Tex have been 
promising.30,33-35 

Bazeed et ae4 used Dexon mesh in dogs, 
and histologic studies performed at 6 months 
showed complete healing of the tunica albu
ginea without cavernous tissue involvement. 
Dexon mesh fibers hypothetically serve as a 
scaffold for the growing collagen fibers. Schiff
man et ae3 in a study of four patients, reported 
excellent results with Dacron grafts and all 
of the patients were potent postoperatively. 
Ganabathi et aes recently reported on 16 men 
with Peyronie's disease who had their plaques 
incised and had placement of polytetrafiuoro
ethylene (Gore-Tex) grafts. All 16 men were 
potent subsequent to the procedure and main
tained sexual relations postoperatively. 

At Tulane University Medical Center, clini
cal experience with Silastic sheeting 0.01' with 
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open Dacron mesh borders (Mentor Corp., 
Goleta, CA) has been excellent (Table 36.1). 
Men with Peyronie's disease who present to the 
Sexual Dysfunction Clinic routinely complete a 
questionnaire and undergo a full medical his
tory and examination (Fig. 36.1). This includes 
palpation of the full extent of the plaque and a 
carefully documented description of the penile 
deformity after an office injection with a vaso
active agent. If initial conservative therapy does 
not resolve the Peyronie's plaque and surgery is 
being considered, diagnostic evaluation with 
duplex Doppler is performed. Surgical alterna
tives are then considered and discussed with the 
patient and his partner. It is important to make 
sure that both patient and sexual partner have 
realistic expectations of the surgery and that it 
is emphasized that the primary goal of this sur
gery is to straighten the penis enough for the 
resumption of normal intercourse. 

If Doppler studies reveal vascular causes of 
impotence, such as arterial insufficiency or sig
nificant venous leakage or both, concurrent 
placement of a penile prosthesis is recom
mended. In some cases, penile curvature 
straightens with just the placement of a pros
thesis. In other cases, manual cracking or mold
ing of the plaque over the prosthesis allows for 
correction of the penile curvature.36 

The surgical approach is similar to that previ
ously described. A circumcision-degloving inci
sion is made for distal and midshaft plaques. A 
penoscrotal or infrapubic incision can be used 

TABLE 36.1. Surgery on Peyronie's disease at Tulane 
University Medical Center, 1988-1996. 

Procedure 

Prosthesis and Silastic patch 
(1 distal erosion of single malleable rod) 

Prosthesis only: manual fracturing of plaque 
(1 perimeatal ulceration) 
(1 10° curvature, originally 40°) 
(1 patient lost single rod) 

Excision and Silastic patch 
(15° and 20° curvature, both originally 90°) 
(1 postoperative erectile pain) 
(1 failure, 130° curve, 70° retained) 

Total 
(Mean age 55, range 29 to 71) 

No. of 
patients 

18 

10 

16 

44 
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FIGURE 36.1. Patient with typical 
Peyronie's disease, 90° curvature 
to the right. 

for more proximal plaques or when implanting 
prostheses. The more frequently occurring dor
sal plaques (62% in the Tulane University 
Medical Center study) may be excised either by 
entering Buck's fascia laterally and dissecting 
underneath the neurovascular bundles (Fig. 
36.2A, see color insert) or by removing the 
deep dorsal vein, carefully moving the 
neurovascular bundle laterally, and dissecting 
underneath the bundle along the tunical sur
face. The former approach is generally more 
versatile and is easier to perform. 

The plaque is then sharply excised, with care 
taken not to damage any of the underlying erec
tile tissue (Fig. 36.2B, see color insert). A 
Silastic patch is then fashioned slightly larger 
than the defect and sutured in a running 5-0 
proline suture with the knots placed under the 
dorsal vein complex (Figs. 36.2C, see color in
sert, and 36.3). This prevents a bothersome pal
pable suture end. If a prosthesis has not been 
implanted, an artificial erection can be created 
to confirm the desired result. Buck's fascia is 
then reapproximated to prevent hematoma for
mation, and the circumcision skin is closed with 
4-0 chromic before a taut Coban dressing is 
applied. Because the Silastic material is a for
eign body, it is critical that strict sterile tech
nique must be followed. Intravenous antibiotics 
(vancomycin and Ciprofioxin) and a Foley cath
eter are discontinued the following morning be-
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fore discharge. The light pressure dressing 
(Coban) is removed in approximately 3 days, 
and oral Ciprofioxin is continued for a week. 

In a recent review of 44 patients surgically 
treated for Peyronie's disease (mean age 55 
years, range 29 to 71), tabulated results were 
excellent. Thirty-eight percent of the patients 
had experienced erectile pain during the 
course of their disease. The mean duration 
of symptoms prior to surgery was 27 months 
(range, 6 months to 7 years). Sixty-two percent 
of patients had a dorsal plaque: 22 % were 
ventral, 11% were lateral, and 5% were 
circumferential. Twenty-five patients (60%) 
reported preoperative erectile dysfunction. 
Duplex Doppler screening revealed that 28 
men had vascular causes for their impotence: 
ten with arterial insufficiency, five with venous 
leak, and two with mixed vascular problems. 
Seventy-four percent of the overall patient 
group were unable to have sexual intercourse 
because of their disease. The majority of 
patients-many of them treated conservatively 
by outside urologists-had received some form 
of failed medical therapy for their disease, e.g., 
vitamin E, Potaba, steroids, tamoxifen, and/or 
x-ray therapy. Two patients reported penile 
fractures in their past genitourinary history. 

Among the 44 patients surgically treated, 16 
patients had plaque excision and placement of 
a Silastic patch only, and 18 had an excision/ 
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FIGURE 36.2. (A) To properly expose 
the frequently occurring dorsal pla
ques, Buck's fascia is entered laterally 
and carefully dissected underneath the 
neurovascular bundle. (B) The plaque 
is sharply excised with care taken not to 
damage any of the underlying erectile 
tissue. (C) A Silastic patch is fashioned 
slightly larger than the defect and su
tured in a running 5-0 proline suture 
with knots placed under the dorsal vein 
complex. See color plate. 

FIGURE 36.3. Intraoperative view of 
Silastic patch sutured in place. 
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incision of the plaque and implantation of a 
penile prosthesis. Of the 16 patients who under
went plaque excision and placement of a 
Silas tic patch, 11 reported excellent results with 
no postoperative curvature or impotence. Two 
individuals had retained curvature of 150 

and 200 (originally both were 900 ) but were 
able to have intercouse postoperatively. 
Another patient had a SO retained curve and 
was also able to have sexual intercourse post
operatively but complained of postoperative 
erectile pain. One patient in this group was 
impotent after surgical treatment, although 
his penile curvature was resolved. Seventeen 
of the 18 (94.4%) patients who received a 
penile implant and Silastic sheeting reported 
excellent results with no postoperative impo
tence or curvature. One patient had urethral 
erosion of a single distal malleable rod but 
has subsequently had this replaced and now 
has normal function. An additional 10 men 
(not included here) consented to prosthesis, 
excision, and Silas tic patch grafting, and ob
tained adequate penile straightening by pros
thesis implantation alone. Among these 10, 
eight (80%) reported excellent results with 
no postoperative curvature or impotence. 
One had a perimeatal ulceration that had 
to be repaired, and another continued to 
have a 100 curve (originally 400 ), but both 
men were ultimately able to have intercourse 
postoperatively. 

Overall, 42 out of the study's 44 patients have 
been able to resume normal sexual relations. In 
a mean follow-up of longer than 1 year, there 
have been no infections, no sensory deficits of 
the glans penis, and no prosthesis malfunctions 
reported. When it becomes necessary to use a 
graft to repair a defect left by either excision or 
incision of a plaque, Silas tic sheeting, in our 
experience, is the most reliable, easy-to-use, 
and cost-effective material available to the 
urologist. Mentor, however, has withdrawn 
their Silastic sheeting material because of con
cerns about future litigation involving silicone. 
Fortunately, ABT Corporation (Silverdale, 
Washington) distributes a comparable product 
in sheets (8" X 6" X 0.01"). The cost is approxi
mately $30 per sheet. 
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Penile Implants and the 
Treatment of Peyronie's Disease 

It has become common practice to consider a 
penile implant for men with Peyronie's disease 
and erectile dysfunction. Penile prosthesis im
plantation sometimes straightens the curvature 
without the need for incision or excision of 
the plaque. In a study of 138 patients with 
Peyronie's disease, Wilson and Delk36 were suc
cessful in straightening the penile curvature 
simply by implanting an inflatable penile pros
thesis and manually modeling the erect penis. 
Eighty-six percent (118) of their group did not 
need further surgical correction, such as plaque 
excision. In another recent study performed by 
Eigner et al,3? 88% of their patients whose 
Peyronie's disease was treated with penile im
plantation reported normal intercourse. 

The procedure for implantation of a penile 
prosthesis and the subsequent manual model
ing or "cracking" of the penis is a relatively 
simple one. The prosthesis is placed in the usual 
fashion. If using an inflatable prosthesis, the 
surgeon closes the corporotomies and places 
the reservoir in its final position. Prior to place
ment of the pump in the scrotum, the device is 
inflated to its maximum capacity and the tubing 
between the cylinders and the pump is clamped 
with rubber-shod clamps, which allows a view 
of the erect penis and its curvature. The place
ment of the rubber-shod clamps prevents dam
age to the pump during the modeling of the 
penis, because excessive pressures may be gen
erated during penile bending and can be trans
mitted to the pump if the clamps are not in 
place. Once the device is fully inflated, the pe
nis is bent in the opposite direction of the 
curvature and held in that position for approxi
mately 90 seconds. This results in the fracturing 
of the plaque. Surgeons utilizing this procedure 
report feeling the plaque "pop" or hearing au
dible "cracking" sounds. After 90 seconds of 
pressure on the penis, tension is released, the 
penis has straightened, and more fluid should 
be pumped into the cylinders. If significant cur
vature remains, the above process can be re
peated. If penile straightening does not occur 



490 

after several attempts of manually modeling 
the penis, it may become necessary to perform 
a plaque excision or incision. If surgical plaque 
manipulation becomes necessary, extreme cau
tion must be used to prevent damage to the 
implanted device.36- 39 

This rather simplistic procedure is not per
fect for all men with Peyronie's disease. Penile 
implants should never be placed in men who 
have normal erectile function. Only patients 
who are impotent or flaccid distal to their 
Peyronie's plaque should be considered as can
didates for penile implants. Berger2 suggests 
the option of a penile implant when it is neces
sary to make a very complex repair, including a 
larger graft. He indicates, though, that the pa
tient may accept a simpler and safer shortening 
procedure. Nonetheless, a thorough workup 
with Doppler studies should be performed 
prior to considering any penile implantation. 

Many different types of prosthesis are avail
able, and most of these can be used in the treat
ment of Peyronie's disease. An exception is the 
AMS Ultrex inflatable prosthesis, which has 
been reported to have a tendency to form aneu
rysms and bulge out through the weakness cre
ated in the tunica albuginea from plaque 
excision.2 Penile implants carry the same risks 
of infection found with other foreign materials 
that are placed in the body. On top of that risk, 
manual modeling of the penis increases the risk 
of urethral and glandular injury to the penis. 
Distal urethral laceration and urethral ulcer
ation have been reported as complications of 
this procedure.36,37 Great care must be taken to 
protect the urethra and the implanted device 
while bending the penis. 

Conclusion 

There is no single, perfect surgical treatment of 
Peyronie's disease. Each surgical procedure 
presented has favorable outcomes and associ
ated complications and risks that must be 
weighed by both patient and urologist. It is im
portant that each patient with Peyronie's dis
ease be treated as an individual and, as such, his 
surgical treatment should be customized to his 
condition and desires. Realistic expectations 
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should be understood by the urologist as well as 
by the patient and his sexual partner. Today, 
many of the above surgical procedures can be 
modified or combined or both to better serve 
our patients. Careful understanding of each of 
the procedures, outcomes, and complications 
will enable the urologist to optimally treat 
Peyronie's disease. 
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37 
Total Phallic Construction and 
Penile Reconstruction 
Gerald H. Jordan, Steven M. Schlossberg, and David A. Gilbert 

The term phallus originates from the Greek 
word meaning "penis-like," or "primordial pe
nis." Thus, any manmade creation of a "penis" 
is correctly, by definition, a phallus. The repro
ductive function, combined with the need for a 
urethra, makes penile reconstruction and phal
lic construction challenging. Ideally, each 
should be done in a single stage that is reliably 
reproducible. The phallus or reconstructed 
penis should have both tactile and erogenous 
sensibility created or maintained. The organ 
must be created with a competent neourethra 
that will allow voiding while standing. In 
most patients, there are concerns about subse
quent capacity for insertion of a prosthetic stiff
ener to allow for successful intercourse. The 
phallus must be aesthetically acceptable to both 
patient and partner, and in the case of prepu
bertal phallic construction the phallus must 
grow so that it will have an acceptable adult 
size. Modern tissue transfer and reconstructive 
surgical and microsurgical techniques allow 
acp.ievement of these objectives; however, 
they have yet to be achieved in a single-stage 
procedure. 

Between 1917 and 1920, surgeons employed 
the tubed pedicle delay flap for upper extremity 
reconstruction.1- 3 This technology, however, 
was not utilized for phallic construction until 
1936.4 Initially, phallic construction was com
pleted in several stages over a period as long as 
5 months. Use of the tube-in-a-tube, pedicle 
delay technique of phallic construction in the 
transgender patient and in children with 
aphallia was reported in 1920 by Gillies.3 He 

492 

later expanded the technology into the trauma 
patients of World War II. His technique in
volved expansion of the tubed pedicle delay 
flap concept to incorporate a second inner tube 
that was meant to be either a urethra, which 
was seldom done, or a pocket to allow the inser
tion of a baculum. The abdominal pedicle tube
in-a-tube delay flap remained popular well into 
the 1970s. This technique, however, produced a 
phallus that was severely limited both function
ally and aesthetically. 

Laub et al5 and Puckett and Montie6 modi
fied the lower abdominal tubed flap technique 
by creating a phallus based on the midline 
structures of the lower abdomen and vas
cularized by an abdominal branch of the super
ficial external pudendal artery. At a second 
stage, a sensible urethra and "glans" cap are 
added. This technique provided the transition 
from the use of tubed pedicle delay flaps with a 
random blood supply to axiocutaneous, local, 
and musculocutaneous flaps based on predict
able vasculature; however, they were insensible 
and severely limited, both functionally and 
aesthetically.7,s 

In 1978 Puckett and Montie9 reported on cre
ation of a phallus from a groin flap. Initially, 
they used tubed delay technology. However, 
their description of the first microsurgical free 
tissue transfer phalloplasty introduced revolu
tionary changes. The techniques of Chang and 
Hwang,to credited with the initial use of the 
forearm flap for phallic construction, and 
Koshima et alll allowed for microcoaptation of 
the forearm cuticular nerves to recipient nerves 
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after the flap was transferred, unlike Puckett's 
procedure in which the phallus was insensible. 

This microsurgical free forearm flap has be
come the mainstay of modem phallic construc
tion (Fig. 37.1). The forearm tissues are thin, 
pliable, nonhirsute in many patients, and have a 
predictable vascular supply. The flaps can be 
tailored to the patient's needs, and the presence 
of sensory nerves in the forearm flap allows 
creation of a phallus that has both tactile pro
tective sensibility as well as erogenous sensibil
ity. A number of flap designs have been 
described, based on the forearm flap. The 
Chang flap is elevated on the radial artery of 
the nondominant forearm (Fig. 37.1A). A por
tion of the flap is incorporated as a urethral 
tube. In the Caucasian population, in whom the 
forearm tends to be thicker, there have been 
problems with ischemic stenosis of the urethral 
portion of the flap. By its very design, the ure
thral portion is far displaced on the cuticular 
vascular territory. Farrow et al12 modified the 
forearm flap design and, with their cricket bat 
design, departed from the "skin island wrap 
concept,,13 (Fig. 37.1B). In this design, the 
neourethra and shaft are both centered over 
the vascular pedicle, and the urethral tubed 
portion is essentially flipped into the shaft por
tion. The particular advantage of this design is 
the ease with which the distal portion of the 
flap, the neourethra, can be adjusted in length 
to best accommodate to the native urethra. A 
drawback of this design is that in the trans
sexual population, the phallic length can be 
somewhat limited. However, in the trauma pa
tient and in pediatric cases, the flap has pro
duced excellent results. Biemer14 described a 
further modification of the forearm flap (Fig. 
37.1C). His modification centers the skin that is 
to be used for urethral reconstruction, and the 
flap includes a portion of the radial bone that is 
carried on the vessel. The concept is that the 
bone will provide suitable rigidity for inter
course; in practice, however, the bone signifi
cantly reabsorbs. Although the Biemer design 
has the inherent advantage of centering the 
urethra into the most reliable portion of the 
flap, the shaft will have two suture lines, but 
the urethra can be extended, if necessary, and 
the glansplasty modification originally used by 

Puckett can be combined with the Biemer flap 
for an excellent cosmetic result. 

All of these modifications were based on the 
radial artery. In 1984 Louvie et all5 reported use 
of the relatively hairless ulnar forearm flap for 
reconstruction in the head and neck. The pau
city of hair on the ulnar forearm, combined 
with the longer ulnar vascular pedicle, made 
this donor site equally suitable for penile recon
struction and for phallic construction and is 
now the recommended procedure.16 

Surgical Technique 

The flap vasculature as well as the recipient 
vasculature are assessed in detail in each pa
tient. If there is any history that would suggest 
that the deep inferior epigastric artery or the 
proposed recipient vessel might not be patent, 
abdominal angiography is performed. Like
wise, any questions regarding the patency of 
the palmar arch or either of the forearm arter
ies must be clarified by either duplex Doppler 
study or nondominant forearm angiography or 
both. 

The surgery itself is performed by a team led 
by a reconstructive plastic surgeon and a recon
structive urologist. One portion of the team 
begins the dissection of the forearm flap. The 
dissection is begun deep to the brachial fascia 
and carried to the level of the ulnar 
neurovascular bundle (Fig. 37.2). The ulnar 
nerve is not disturbed. The dissection of the 
superficial plane between the two antebrachial 
layers is quickest and easiest. Most importantly, 
dissection of that plane allows for an additional 
tissue layer between the eventual donor site 
coverage and the underlying nerves and ten
dons of the ulnar forearm. The full-thickness 
skin grafts provide both better cosmetic results 
as well as better functional results (Fig. 37.3). 
The basilic and cephalic veins are carefully el
evated with the flap and are designated for use 
in the venous anastomosis, along with the ve
nae comitantes of the ulnar pedicle. The lateral 
and medial antebrachial cutaneous nerves, 
which tend to run close to the cephalic and 
basilic veins, are carefully preserved and el
evated for later coaptation to either the dorsal 
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FIGURE 37.1. Various schema of forearm flaps for phallic construction. (A) "Chinese" flap. (B) "Cricket bat" 
flap. (C) Biemer flap. 
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FIGURE 37.2. (A) Ulnar forearm flap for phallic con
struction. The midsection of the flap/urethral section 
is centered over the path of the ulnar artery. The 
shaft coverage is lateral to the de-epithelialized 

nerves of the penis or, in the case of the trans
sexual patient, to the dorsal clitoral nerves. 

Once the flap is dissected and elevated, it is 
configured into its eventual phallic shape; the 
flap remains perfused on the forearm during 
this portion of the procedure. The neourethra is 
thus created by tubing the central portion of the 

A 

B 

strips, and the glans extension shown is contiguous 
with the urethral strip. (B) The flap is elevated, leav
ing the deep lamina of superficial fascia on the fore
arm. The superficial lamina is carried with the flap. 

flap (Fig. 37.4). The outer skin paddles are then 
closed around the neourethra (Fig. 37.5), and 
the neoglans is turned over the distal shaft (Fig. 
37.6). The phallus is now ready for transfer to 
the area of the perineum. 

Meanwhile, the other portion of the team 
will have prepared the recipient site. The base 
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FIGURE 37.3. Area of donor site for full-thickness 
skin grafts used for donor site closure. 

A 

B 

FIGURE 37.4. (A) Configuration of the ulnar forearm 
flap showing the de-epithelialized areas; the urethra 
is tubed as shown. Urethral tubularization has been 

G.H. Jordan et al. 

of the penis or the clitoris has been dissected, 
the dorsal penile nerves or clitoral nerves lo
cated. The urethra has been dissected and read
ied for the spatulated anastomosis to the flap 
neourethra. In most patients, the deep inferior 
epigastric vessels will have been dissected and 
transposed to the area of the phallus and the 
saphenous vein dissected in the nondominant 
leg to allow for an additional venous anastomo
sis (Fig. 37.7). In some patients, particularly 
those with massive pelvic trauma or patients 
with exstrophy/epispadias, the deep inferior 
epigastric vessels are not reliable, requiring that 
recipient vessels be created by dissecting the 

completed; the shaft coverage islands are now being 
sutured. The glans extension has not been "flipped" 
proximally. 
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FIGURE 37.5. Shaft coverage is complete. The glans paddle extension is "flipped" proximally to achieve glans 
definition. 

saphenous vein, allowing for a saphenous inter
position vein graft between the femoral artery 
and the flap artery. The saphenous vein is the 
principal venous recipient vessel. The flap is 
next detached from the forearm and trans
ferred. Anastomosis to the vessels is quickly 
accomplished, followed by a spatulated anasto
mosis to the urethra. Nerve coaptation is per
formed last. 

In the case of the transsexual patient, a 
bipedicle flap is elevated and transposed be-

neath the phallus, not only creating bulk for a 
neoscrotum but also, and more importantly, 
providing a broad coverage over the area of the 
anastomosis. A gracilis muscle flap, from the 
nondominant leg, is usually dissected and trans
ferred to the flap base to provide additional 
coverage and vascularity in the area of the ure
thral anastomosis (Fig. 37.8). The urethra is 
stented, and the patient's urine is diverted with 
a suprapubic cystostomy tube. The flap donor 
site (Fig. 37.9) is then covered with full-

FIGURE 37.6. The appearance of the phallus as it is ready for transfer to the area of the perineum. 
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FIGURE 37.7. The various recipient vessels utilized. 
(A) The deep inferior epigastric artery and vena 
comitans is mobilized to the area of the phallus. 
Additional venous drainage is via mobilization of the 
saphenous vein, usually in the nondominant leg. (B) 
In patients in which the deep inferior epigastric ves-
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sels are found to be unreliable, a saphenous vein is 
vigorously dissected, allowing for a saphenous vein 
interposition graft between the femoral artery and 
the radial or ulnar artery in the flap. Drainage is then 
via the saphenous veins, usually dissected bilaterally. 
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FIGURE 37.8. The bipedicle flap and gracilis flap 
transposition. (A) The flap is marked at the pro
posed site of the phallus. (B) The flap is elevated; in 
the case of the transsexual patient, the midline labial 
tissues are excised. (C) Gracilis muscle is transposed 
to the area of the urethral anastomosis. The 
bipedicle flap adds bulk in the area of the scrotum 
and also allows for correct male positioning of the 
phallus. 

thickness skin grafts taken from either the in
guinal crease or the redundancy of tissue over 
the iliac crest (Fig. 37.3). 

The patient is placed on an air bed and trans
ferred to the intensive care unit for close vascu
lar monitoring, usually for 24 to 36 hours, and 
then transferred to a stepdown environment. 
Patients are kept at bed rest for approximately 
7 days before being ambulated and placed in a 
whirlpool to begin cleaning up the wounds. Pa
tients are generally discharged between 10 and 
14 days. A voiding trial with contrast is per
formed on the 25th to 28th postoperative day, 
with the suprapubic cystostomy tube removed 
shortly thereafter. Patients are then assessed at 
6 weeks, 3 months, and 6 months. At 6 months, 
flap sensibility should be developing well, al
though patients often notice sensation in the 
penis as early as 3 months postoperatively. At 6 
months, the urethra is assessed with either 
flexible endoscopy or contrast studies or both. 
If there is any question about flap sensibility, 
biothesiometry can be performed. 

Achieving predictable phallic rigidity is as 
challenging as the phallic construction itself. 
For prosthetic placement, an important factor 
is the presence of sensation that offers protec
tion in the neophallus against pressure, necro
sis, and sheer forces. Prosthetic placement 
should be considered only after the phallus re
gains sensibility and after a period of a year, at 
which point the urethral result is felt to be 
durable. 

Prosthetic implants have been incorporated 
into phallic constructions by use of various 
techniques. Wahle and Mulcahy17 reported 
wrapping the prosthesis with muscle and cover
ing the phallus with skin grafts, although there 

FIGURE 37.9. The appearance of the forearm donor after transfer of the flap. 
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is a high rate of migration and infection. In the 
1970s, Puckett and Montie9 reported on the in
sertion of a single cylinder of an inflatable pe
nile prosthesis into a phallus created from a 
groin flap. Nonetheless, complications associ
ated with the implantation of prosthetic im
plants in the phallus have led many centers to 
restrict such procedures. 

Of three different penile prostheses used 
in phalloplasty patients over the past 10 
years-the DuraPhase articulated prosthesis 
(Dacomed), the Uniflate 1000 (Surgitek), and 
the AMS-700 ex prosthesis (American Medi-
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cal Systems )-the Uniflate has been removed 
from the market. Until recent years, only a 
single cylinder was routinely placed; however, 
there is improved stability by placing two cylin
ders, and the vast majority of phallic flaps easily 
accept two cylinders. 

The prosthesis is placed into a neotunica cre
ated from Gore-Tex graft tailored and applied 
to the cylinder rod (Fig. 37.10). In patients with 
proximal corporal remnants, the Gore-Tex lead 
is anastomosed to the corporal remnant with 
Gore-Tex sutures. In the transgender patient or 
in the patient without corporal remnants, the 

FIGURE 37.10. Photo showing a 
hydraulic cylinder, encased in a 
Gore-Tex "neocorporal body." 
A 14-mm Gore-Texgraft is used 
and 3-0 Gore-Tex suture is 
used. (A) magnified and (B) 
routine views). 
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FIGURE 37.11. The proximal end of the Gore-Tex 
"neocorporal body" is fixed to the inferior pubic 
ramus. The figure shows use of a single cylinder; 
however, two cylinders can be used. Dilation of flap 
is achieved via the infra pubic transverse incision. 

base of the cylinder/rod is enclosed within the 
Gore-Tex near the tunica, and the neotunical 
sleeve is attached to the periosteum of the infe
rior ramus of the pubis, using Gore-Tex suture 
(Fig. 37.11). This provides a firm base for the 
neocorporal bodies without migration of the 
devices. 

Centers have reported common factors in 
failure, migration, erosion, and infection.ls In a 
recent review of patients between 1982 and 
1983 undergoing prosthetic placement after 
phalloplasty, four of eight patients required re
moval of the prosthesis because of infection. 19 

Subsequent identification of technical factors 
significantly improved results. In the early pa
tients, implantation had been accompanied by 
opening the flap ventrally and essentially un
folding it. This allowed for debulking, but even 
with drainage there was significant incidence of 
hematomas, seromas, and ensuing infection. 
More recently, the recommended technique is 

to use a transverse suprapubic incision and 
dilate the flap, as opposed to creating an 
incision on the phallic shaft (Fig. 37.11). Small 
suction drains are placed for 48 hours, and 
the patient is admitted to the hospital for at 
least 72 hours of broad-spectrum intravenous 
antibiotics (nafcillin or vancomycin and 
tobramycin). 

Summary 

Phallic constructive/reconstructive surgery has 
progressed significantly from its beginnings in 
Russia. Urethral construction continues to be a 
challenge; however, the incidence of strictures 
and fistulas is markedly less with the use of the 
gracilis flap and the bipedicle flap. Cosmetic 
results are now considered excellent and pros
thetic placement represents the standard of 
care for creating rigidity for intercourse, al
though that continues to be a topic of great 
debate as the search continues for a procedure 
that can utilize autogenous tissues for rigidity. 
The future of phallic construction and penile 
reconstruction depends on continued close co
operation between reconstructive urologists 
and reconstructive plastic surgeons. 
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Venous Surgery for Impotence 
Ronald W. Lewis 

Venous occlusion has been clearly established 
as a necessary phase of the erectile cycle, par
ticularly for the establishment of full rigidity. 
This veno-occlusion is dependent on the expan
sion of the intracorporeal spaces due to in
creased arterial inflow and relaxation of the 
sinus smooth muscleY More recently, in a 
study of the tunica albuginea in men with penile 
veno-occlusive disorders, disruption of the nor
mal elastic fiber arrangement has been re
ported, suggesting a causal relationship.3 

There is no general agreement that surgery 
for elimination of veins on the outer surface of 
the tunica albuginea is effective or even reason
able for male erectile dysfunction.4,5 The results 
of surgery directed at veno-occlusive disease 
are highly variable, and comparison between 
different surgical approaches is bound to pro
duce interpretation problems. 

Background 

Ebbehoj and Wagner6 are credited with the in
troduction of diagnostic dynamic cavernosog
raphy techniques in surgical correction of 
abnormal drainage of the cavernous tissue. In 
1982 Virag7 reported successful treatment in 
six impotent males with deep dorsal vein 
ligation. In the 1980s, several series were re
ported of penile venous occlusive surgery for 
impotence.8-12 

Anatomy and Physiology of the 
Venous Drainage of the Corpora 
Cavernosa 

Investigations into the hemodynamics of erec
tion in animal models have clearly established 
the importance of veno-occlusion in the erectile 
process.13 In man, following tumescence, rigid
ity is produced by the subtunical venous plexus 
being compressed by the expansion of the cor
pora cavernosa sinus tissue against the elastic, 
but firm, tunica albuginea. In addition, the lin
ear expansion of the elastic corpora cavernosa 
further decreases venous outflow by increasing 
the oblique passage of the emissary veins 
through the tunica albuginea. Venous drainage 
from the cavernous bodies can occur through 
one or a combination of three different path
ways: the superficial, intermediate, and the 
deep venous systems (Fig. 38.1). Multiple sub
cutaneous veins and some venous connections 
from the intermediate or deep system drain 
into the superficial dorsal vein, which subse
quently drains into either the right or left 
saphenous venous system via the external pu
dendal vein. The intermediate drainage system 
consists of one or two deep dorsal veins that 
receive tributaries from the retrocoronal plexus 
with subsequent drainage from the emissary 
veins along the shaft of the penis or from cir
cumflex veins, the usual route of emissary 
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FIGURE 38.1. Schematic drawing of venous drainage 
of the corpora cavernosa. The superficial system 
drains the corporus cavernosum only by tributaries 

venous drainage from the corpora cavernosa. 
The deep dorsal vein that lies beneath Buck's 
fascia in the dorsal midline of the penis eventu
ally drains into the pre prostatic (retropubic) 
plexus or the internal pudendal veins, with ulti
mate drainage into the internal iliac vein. The 
deep drainage system of the corpora cavernosa 
consists of cavernosal veins draining into the 
internal pudendal vein, often with communica
tions to the preprostatic retropubic plexus or 
crural veins draining into the internal pudendal 
veins or both. 

Pathophysiology of 
Veno-Occlusive Dysfunction 

Faulty veno-occlusive function may be associ
ated with iatrogenic damage to the tunica 
albuginea of the corpora cavernosa following 

that connect between the intermediate and superfi
cial dorsal vein. (From Lewis,23 with permission.) 

treatment of priapism when shunts are created 
between the spongiosum and the cavernosum, 
or with urethrotomy for penile strictures.6•14 

Neovascularity, resulting in abnormal veno
occlusive dysfunction, is rarely found in pa
tients with certain isolated diseases that affect 
the elastic properties of the tunica albuginea, 
such as inflammation secondary to stricture dis
ease or Peyronie's disease.13 There may be 
some congenital or rare abnormal drainage into 
the superficial drainage system.l 4-17 Runoff into 
the deep dorsal vein and cavernosal venous 
system is often found in patients with veno
occlusive dysfunction on pharmacocavernosog
raphy18.19 (Table 38.1). Crural veins, often seen 
on pharmacocavernosography, are rarely the 
only source of venous drainage, except in nor
mal patients who obtain a full rigid erection. 

The venous occlusion is very much depen
dent on relaxation of normal sinus smooth 
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TABLE 38.1. Site of venous leakage in veno-occlusive dysfunction. 

Aboseif et al17 

Site of leakage No. of patients 

Superficial system only 6 
Intermediate system only 8 
Deep system only 16 

Cavernous veins only 15 
Crural veins only 1 

Superficial and intermediate systems 11 
Intermediate and deep systems 23 
Deep dorsal vein and cavernous veins 7 
Deep dorsal vein. cavernosal veins. 

and glans/spongiosum 
Deep system and spongiosum 
All three systems 24 

Total patients 96 

* Leakage through deep dorsal vein and glans/spongiosum. 

muscle. Although it is not yet possible to diag
nose pathology of the sinus smooth muscle, it is 
very probable that patients having minimal 
functional disease of the smooth muscle would 
benefit from venous surgery. W~spes et al,20 in 
their work with the quantification of smooth 
muscle in the cavernous tissue, show some 
promise in helping sort this out. In 12 of 23 
patients responding with normal erections after 
venous surgery, all had greater than 29% 
smooth muscle cells of all the tissue cells 
present, but all nonresponders had less smooth 
muscle composition. There may be progressive 
venous sclerosis in surgically resistant veno
occlusive disorders.21 

Diagnosis of Venogenic 
Impotence 

Veno-occlusive dysfunction can be found in 
cases of primary and secondary impotence. A 
patient may describe brief rigid erections with 
an inability to maintain adequate rigidity or 
may complain of soft erections insufficient for 
penetration. Studies of nocturnal penile tumes
cence (NPT) usually show REM-associated 
erections with normal tumescence (circum
ference changes), but the rigidity of the erec
tion is deficient in degree or duration or both. 
The patient diagnosed with significant veno-

Shabsigh et al18 Fuchs et al19 

% No. of patients % No. of patients % 

6 
9 8 18 6 17 

17 9 25 
16 

12 6* 13 8 22 
24 14 30 9 25 
7 

17 37 
2 5.5 

25 2 2 5.5 

46 36 

occlusive dysfunction is unable to achieve a 
rigid erection after intracavernosal smooth
muscle relaxant injections, or he achieves a 
rapid, rigid erection and early detumescence 
within 10 to 20 minutes. Use of tobacco by a 
patient must be eliminated before consider
ation of venogenic surgery, because nicotine 
can affect normal veno-occlusive function. 

The two most accurate diagnostic tests 
for the diagnosis of veno-occlusive erectile 
dysfunction are maintenance flow rates on 
infusion cavernosometry and the plateau 
pressure on gravity cavernosometry after the 
injection of a smooth-muscle relaxing intra
cavernous agene2.23 (Table 38.2). Either a main
tenance flow rate of <15 to 20ml/min or a 
plateau pressure on gravity pharmacocaver
nosometry of >60mmHg is indicative of an 
adequate veno-occlusive mechanism.22,23 Some 
researchers consider these maintenance flow 
rates as above normal, perhaps an error in 
measurement caused by incomplete relaxation 
of intra cavernous smooth muscle during 
testing.4,24,25 

Color duplex Doppler ultrasonography of 
the deep penile arteries of the penis following 
injection of smooth-muscle relaxants, at doses 
high enough to produce maximal smooth
muscle relaxation, can also be used to rule out a 
faulty veno-occlusive mechanism.26 In the pres
ence of a normal arterial peak systolic velocity 
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TABLE 38.2. Technique of cavernosometry/caverno
sography. 

Place two 19-9auge needles into each corpus cavernosum 
(obliquely, toward patient's head), without anesthesia, 
laterally along shaft of penis under sterile conditions. 

Connect one needle for pressure measurement via a 
transducer connected to a physiologic recorder or 
monitor. 

Connect other needle to an infusion roller pump for 
infusion of heparinized saline solution (1000 units! 
lOOOml)-prewarmed to body temperature. 

Record baseline pressure. 
Infuse fluid at SOmllminute increments until full erection 

occurs (90-100mm Hg), then decrease flow to obtain 
flow rate needed to maintain erection (do not infuse 
above 300mllminute). 

Inject through needle pharmacologic agent (usually 4Smg 
of papaverine and 2.S mg of phentolamine). 

Record baseline pressure 10 minutes later. 
Obtain plateau pressure from gravity flow of saline 

without using flow pump. 
Repeat flow study obtaining flow rate to maintain 

erection (do not infuse above lS0mllminute). 
Inject 30% diatrozoate or iothalomate meglumine (60ml 

full strength or 120mISO% dilution with saline) at 
same rate as last maintenance flow rate and obtain 
cine, fluoroscopic images, or spot static x-ray images 
(AP and oblique) for cavernosography. 

of 30cmlsec or greater, if the end diastolic ve
locity is 0 or a negative value, then the veno
occlusive mechanism is considered intact?7 

Treatment of Venogenic 
Impotence 

A patient with veno-occlusive disorder will 
rarely respond to pharmacologic injection 
therapy with vasoactive agents. However, 
a combination of pharmacologic injection 
therapy with a venous constriction system or 
the use of a vacuum device may be used.28,29 

Criteria for recommending surgery for a veno
occlusive disorder consist of the following: (1) 
short-duration erections or tumescence, with 
sexual stimulation; (2) failure to maintain or 
obtain an erection, with intracavernous injec
tions on multiple trials with different agents 
with sexual stimulation; (3) normal cavernous 
arteries as evaluated by color duplex Doppler 
studies or by the second phase of dynamic infu-

R.W. Lewis 

sion cavernosometry and cavernosonography 
(DICC); (4) determination of a faulty veno
occlusive mechanism as determined by infusion 
pump or gravity cavernosometry; (5) location 
of the site of venous leakage from the corpora 
cavernosa on pharmacocavernosography; (6) 
no medical contraindication for surgery; and 
(7) complete elimination of tobacco use. After 
presentation of alternative therapeutic choices, 
it is unusual for a patient who meets all these 
criteria to agree to a procedure with a long
term success rate of only 40% to 50%. 

For deep penile vein dissection and ligation, 
the anterior scrotal peripenile incision is pre
ferred (Fig. 38.2). It is necessary to have 
complete dissection and ligation of all the 
veins demonstrated on pharmacocavernoso
nography. This procedure includes a careful 
dissection, with ligation of all emissary and cir
cumflex veins feeding into a deep dorsal vein, 
beginning approximately 1 cm from the glans, 
where the dorsal vein is made up of several 
different tributaries (Fig. 38.3). It is important 
to keep the vein dissection in the dorsal mid
line, because the nerves and arteries tend to lie 
in the immediate lateral positions. Ligate any 
communication allowing for drainage from the 
corpora cavernosa to the superficial system 
as seen on preoperative cavernosography 
(Fig. 38.4). All ligatures placed on the penile 
shaft veins should be absorbable. Inspect the 
junction of the corpora cavernosa to the spon
giosum carefully and ligate any communica
tions between the circumflex veins and the 
spongiosum veins. Take down the fundiform 
and suspensory ligaments in order to reach the 
deep venous drainage at the base of the penis 
(Fig. 38.5). If there is a question about whether 
a vessel exposed at surgery is an artery or vein, 
the use of a handheld intraoperative Doppler 
probe may b~ beneficial. Injection of indigo 
carmine intracavernously following a smooth 
muscle relaxant will help delineate veins for 
dissection (Fig. 38.6). Similarly, control phar
macocavernosometry can be used intraope
ratively to demonstrate adequate venous 
dissection (Fig. 38.7). 

Reform the suspensory ligament by fixation 
of the deep midline dorsal penis to the in
frapubic periosteum of the pubic bone. Drain 
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A 

B 

FIGURE 38.2. (A) The preferred anterior scrotal 
peripenile incision for veno-occlusive surgery. (From 
Lewis,23 with permission.) (B) The complete shaft of 

this infrapubic area with a small, round, fenes
trated suction-type drain through a separate 
stab wound into the suprapubic region. Gently 
wrap the penis with a self-adherent elastic 
dressing, and leave a urethral catheter in over
night. The drain will function as a surgical drain 
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the penis can be everted into this wound for expo
sure of the superficial veins and deep veins that are 
to be dissected. (From Lewis,z3 with permission.) 

and should be removed 1 to 2 days postopera
tively. Resumption of sexual activities usually 
begins approximately 6 weeks after surgery. 

The procedure is performed under general 
intubated or spinal anesthesia. Arrange the pa
tient in the supine position, with the legs 
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FIGURE 38.3. Dissection of the deep 
dorsal vein of the penis. For the sake 
of illustration, the Buck's fascia is 
not in place over the arteries that lie 
just laterally to the midline deep 
dorsal vein. The circumflex veins are 
ligated or divided and coagulated 
near junctional connections to the 
veins from the corpus spongiosum. 
(From Lewis,23 with permission.) 

FIGURE 38.4. On first eversion of the 
penis, the connections between the 
deep penile vein and the superficial 
penile vein are divided between liga
tures of absorbable suture. (From 
Lewis,z3 with permission.) 



38. Venous Surgery for Impotence 

FIGURE 38.5. (A) The suspensory ligament and 
fundiform ligament are taken down completely. 
Note that a 19-9auge or butterfly needle has been 
sutured into the lateral surface of the corpora 
cavernosa for injection of indigo carmine blue to 
demonstrate effluxing veins from the corporal tissue 
and also for control cavernosometry at the end of a 
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A 

B 

dissection. (From Lewis/3 with permission.) (B) Li
gation of the deep dorsal vein in the infra pubic re
gion. This is difficult to show in illustration. The bony 
pelvis has been illustrated to demonstrate that it is an 
infra pubic position. The inset shows that the dissec
tion is deep in the infrapubic region. (From Lewis,23 
with permission.) 
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slightly abducted, or in a dorsal lithotomy posi
tion. Surgical loupe magnification may be uti
lized during vein dissection, but it is not 
necessary. However, a lighted suction device is 

R.W. Lewis 

FIGURE 38.6. Injection of indigo car
mine into the corpora to demonstrate 
effluxing veins that can aid in the dissec
tion. (From Lewis/3 with permission.) 

helpful for illumination of the deep infrapubic 
region during the deep vein dissection. Any use 
of electrocoagulation along the penile shaft 
during veno-occlusive surgery should be per-

FIGURE 38.7. Controlled caverno
some try being performed after the 
vein dissection has been accom
plished to demonstrate that the 
erection can be maintained with a 
low flow rate. (From Lewis,23 with 
permission.) 
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formed with a bipolar unit to avoid possible 
transmission of the current to arteries and 
nerves along the penile shaft that could result in 
subsequent damage to these vessels. 

Crural plication is suggested by some sur
geons in addition to surgical correction of veno
occlusive dysfunction. This can be performed 
along the lateral surface of the tunica albuginea 
in the crural region of the corpora using the 
anterior scrotal incision, once the penile base 
has been dissected away from the pubis and the 
deep infrapubic region. A perineal incision also 
may be used to reach crural veins or in cases 
where a crural plication or banding is enter
tained, but this should be a secondary proce
durell and only rarely as a primary operative 
procedure for veno-occlusive dysfunction. 

Complications of veno-occlusive surgery in
clude penile edema, which is quite common but 
appears to be less so with the use of a lightly 
applied elastic dressing the first day after sur
gery and with the use of the fenestrated drain 
24 to 48 hours after the surgical approach. 
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Ecchymoses and bruising of the penile shaft 
and scrotum are not unusual or debilitating. 
Penile numbness or hypothesia, particularly of 
the glans region, can be seen in many patients. 
The penile sensation usually returns 12 to 18 
months after surgery if no major penile sensory 
nerve has been significantly injured. Scar en
trapment of the base of the penis can occur in 
approximately 20% of the patients. One of the 
facts that must be presented to the patient con
cerning penile veno-occlusive surgery is that 
there may be some penile shortening from scar 
entrapment. Moderate-to-severe scarring may 
require subsequent scar release by use of relax
ing Z-plasty or scrotal flap coverage. 

Results of Veno-Occlusive 
Surgery for Erectile Dysfunction 

Published studies that provide adequate data 
allow the impotence surgeon to make accurate 
statements about long-term results (Table 38.3). 

TABLE 38.3. Results of surgery for veno-occlusive sexual dysfunction. 

Immediate Average 
Study No. of success/later follow-up 
(years of study) patients Excellent Improved failure Failures (months) 

Lewis-Tulane Series (1981-1987)10 49 12 (24%) 12 (24%) 8 (16%) 17 (35%) 15 
Wespes et al (1982-1986)30 67a 31 (46%) 16 (24%) 20 (30%) 24 
Donatucci and Lue (1986-1988)31 100 44 (44%) 24 (24%) 32 (32%) 12-50 
Bondil et al (1981-1988)32 60 25 (42%)b 35 (58%) 22 
Lunglmayr et al (1984-1986)33 29 9 (31 %)b 10 (34.5%) To 24 
Weidner et al34 

(1985-1987) 51 28 (55%) 8 (16%)' 15 (29%)' 12 
(1988-1989) 40 24(60%) 11 (27.5%)' 5 (12.5%)' 12 

Gilbert et al (1985-1990)35 134 26 (19.4%) 47 (35.1 %) 61 (45.5%) 12.9 
Lewis-Mayo Series36 

(1987-1988) 28 7 (25%) 4 (14%) 8 (29%) 9 (32%) 48 
(1988-1989) 32 9 (28%) 13 (41 %) 5 (15.6%) 5 (15.6%) 24 

Knoll et al (1987-1989)37 41 19(46%) Unknown Unknown 22 (54%) 28 
Kropman et al (1987-1989)38 20 6 (30%) 4 (20%) 8 (40%) 2 (10%) 15 
Rossman et al (1985-1988)39 16 2 (12.5%) 2 (12.5%) 10 (62.5%) 2 (12.5%) Unknown 
Claes and Baert (1987-1989)40 72 30 (41.7%) 23 (31.9%) 19 (26.4%) >12 
Montague et al (1988-1990)41 18 11(61%) 6 (33%) 1 (6%) 24 
Freedman et al (1986-1991t2 46 11 (24%) 8 (17%) 23 (50%) 4 (9%) 31-33 
Stief et al (1989-1992t3 77 31 (40.3%)d 8 (10.4%) 38 (49.4%) 6 

aThere were 67 patient questionnaire responses to 105 letters sent. 
b Series reported as excellent or improved as a group, not in each individual category. 
'Seventeen of 39 are now able to achieve erection with pharmacologic agent injection. 
dFour of 31 when followed for extended period (18.5 months) needed pharmacotherapy to obtain an erection. 
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In summary, the long-term success rate of 50% 
to 60% is less than optimal. One can surmise 
that perhaps 20% to 25% of patients who un
dergo venous ligation surgery, and who are ini
tially unable to obtain a rigid erection with 
pharmacological erection therapy, may be con
verted to the ability to obtain erections. 

Four possible mechanisms may account for 
failure of veno-occlusive surgery. A major fault 
in some of the earlier series reported was the 
lack of diagnosis of concomitant arterial dis
ease. Newer diagnostic techniques, such as color 
duplex Doppler ultrasonography, have elimi
nated this problem to some extent. Many series 
reported failure from inadequate dissection 
of all of the draining veins seen on caver
nosography. Veno-occlusive surgery must be 
performed in a very meticulous manner, and 
only very careful, complete dissection will en
sure success. Common to all types of venous 
surgery, venous collateral circulation is prob
ably a major source of failure of veno-occlusive 
surgery and is probably a major reason for those 
patients who show an initial success but later 
fail. Perhaps the greatest reason for failure is the 
presence of moderate-to-severe sinus smooth 
muscle disease. In the presence of this sinus 
smooth muscle disease, the cavernous tissue is 
probably no longer able to fully expand, and 
venous surgery directed at runoff above the tu
nica albuginea would not improve the intra
cavernosal state under these circumstances. 

Summary 

There are few patients who are serious candi
dates for veno-occlusive surgery. The choice of 
surgery for these patients must be through a 
highly selective process. It is imperative that 
each patient be informed not only of the failure 
rates but also of the alternative treatments 
available. 
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Arterial Surgery for Erectile 
Dysfunction: Microvascular 
Arterial Bypass 
John Mulhall and Irwin Goldstein 

Erectile dysfunction is the consistent change in 
the rigidity or sustainiJ?g capability of the penile 
erection that interferes with satisfactory sexual 
intercourse. Epidemiology studies have re
vealed that 52% of men age 40 to 70 years 
have self-reported minimal (17%), moderate 
(25%), and complete (10%) forms of impo
tence.! Nonsurgical treatment options include 
psychological, endocrinologic, neurologic, and 
pharmacologic interventions. Surgical options 
consist primarily of penile prosthesis insertion 
and penile microvascular arterial bypass. Sur
gery for corporal veno-occlusive dysfunction 
remains controversial, is used in very limited 
cases, and is associated with poor long-term 
success. 

The overall goal of penile microvascular 
arterial bypass surgery for impotence is to pro
vide an alternative arterial pathway beyond 
obstructive arterial lesions in the hypogastric
cavernous arterial bed (Fig. 39.1). The specific 
objective of the surgery is to increase the 
cavernosal arterial perfusion pressure and 
blood inflow in patients with vasculogenic erec
tile dysfunction secondary to pure arterial in
sufficiency. A successful surgical result will 
yield improved erectile hemodynamics during 
sexual stimulation, that is, a more rigid (in
creased arterial perfusion pressure), and 
more spontaneous (increased arterial inflow) 
penile erection.2-4 The primary clinical motiva
tion for this form of impotence surgery is the 
desire of the impotent patient to achieve re
stored natural erectile function without the 
need for external or internal mechanical de-
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vices or for intracavernosal injections of vaso
active agents. 

Historical Perspectives 

In 1973 Michal et al5 reported penile arterial 
bypass surgery for impotence using the inferior 
epigastric artery as the neoarterial inflow 
source and the corpora cavernosa or dorsal ar
tery as the recipient vessels. In the early 1980s, 
Virag et a16•7 described the use of the deep dor
sal vein as a recipient arterialized vein graft in 
impotent men. Since then, a variety of surgical 
techniques involving artery-artery, artery-vein, 
or combinations of vascular anastomoses have 
been developed.5-24 

Erectile hemodynamics differ from those of 
other vascular organs. Arterial bypass surgery 
to the cavernosal artery is different from arte
rial bypass surgery to the coronary, renal, lower 
limb, or cerebral systems. In the penis, erectile 
function is dependent not only on arterial in
flow and perfusion but also on the development 
of adequate venous outflow resistance. The 
other systems are not dependent on the cre
ation of venous outflow resistance. 

Microvascular arterial bypass surgery 
should be restricted to those patients with 
vasculogenic impotence secondary to pure 
arterial insufficiency. There is no physiologic 
basis for improvement of corporal veno
occlusion through arterial bypass surgery. Re
cent research has revealed varying degrees of 
corporal fibrosis as the underlying pathophy-
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FIGURE 39.1. Selective internal pudendal arterio
gram demonstrating the internal pudendal artery 
(curved arrow) and its terminal branches, the dorsal 
artery (open arrow), and the cavernosal artery (long 
arrow), which is occluded following perineal trauma 

siology of corporal veno-occlusive dysfunc
tion.25 This intracavernosal pathology for 
venous leakage eliminates the possibility of sur
gically improving outflow resistance in afflicted 
patients. 

A single arterial bypass procedure is not ap
plicable to all patients with pure arteriogenic 
impotence. The objective of the arterial bypass 
surgery, to increase the cavernosal arterial per
fusion pressure and blood inflow to the erectile 
tissue, is best achieved by designing the vascu
lar reconstruction to the individual's specific 
arteriographic findings. Radiology has con
firmed the existence of arterial occlusive dis
ease within the hypogastric-cavernous arterial 
bed previously only suspected by history and 
erectile function testing and has identified the 
location of communicating arterial pathways 
from the dorsal penile to the cavernosal artery 
to justify an anastomosis of the inferior epigas-
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in this patient. There is a communicating branch 
passing from the dorsal artery to the corpus 
cavernosum (small arrow), which acts as the 
neoarterial conduit following inferior epigastric to 
dorsal artery anastomosis. 

tric artery to the dorsal penile artery.8,26-28 If the 
dorsal artery does not communicate with the 
cavernosal artery, an anastomosis could be 
made to a deep dorsal vein segment; however, 
the long-term prognosis of dorsal vein 
arterialization is not as favorable as that associ
ated with artery-artery anastomoses. 

The surgical technique should consist of 
modern endothelium-sparing vascular and mi
crovascular surgical principles similar to those 
applied for occlusive disease within other pe
ripheral vascular beds.29-38 There must not be 
any mechanical trauma to the donor or recipi
ent arteries due to twisting or excessive stretch
ing. Neither should there be any thermal 
changes due to electrocautery, exposure to cold 
irrigants, or drying from exposure to air. 
Ischemia resulting from compression or exces
sive adventitial dissection must also be avoided. 
Such arterial injuries may induce endothelial 
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dysfunction that will result in arterial occlusive 
pathology and anastomotic failure. 

Patient Selection 

Only patients with pure cavernosal artery insuf
ficiency are considered candidates for mi
crovascular arterial bypass surgery. Patients 
with concomitant veno-occlusive dysfunction 
are not considered to have a surgically treatable 
disorder. 

Clinical Criteria 

Young men with impotence secondary to blunt 
pelvic or perineal trauma without neurologic or 
endocrinologic factors are the ideal candidates 
for this surgery (Figs. 39.2 and 39.3).11,16,21,39-41 
Their history includes (1) a strong libido, (2) a 
consistent reduction in erectile rigidity during 

1. Mulhall and L Goldstein 

sexual activity, (3) increased erection rigidity 
during morning erections, (4) variable sustain
ing capability with the best maintenance of the 
rigidity during early morning erections, and (5) 
poor spontaneity of erections taking much ef
fort and excessive time to achieve the poorly 
rigid erectile response. 

Patients without a pathologic basis for 
venous leakage may provide a history of fre
quently losing their erection during prepara
tory sexual stimulation prior to or soon after 
penetration. This may be confusing to the clini
cian, as this response, generally indicative of 
venous leakage, is the result of the increased 
sympathetic nervous system response associ
ated with anxiety reSUlting from the delayed 
partially rigid erection. Such patients character
istically possess an ability to achieve a more 
rigid, longer-lasting erection upon awakening 
in the morning. It is likely that the frustration 
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MECHANISMS OF DISTAL ARTERIAL DISEASE SECONDARY TO 
PROXIMAL ARTERIAL OCCLUSION 
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FIGURE 39.3. Mechanism of the development of dis
tal arterial disease resulting from proximal arterial 
obstruction. The major factors involved are hypoxia, 

associated with the slowly developing erection 
is not appreciated with the nocturnal erection 
because the latter occurs during sleep. The in
creased ability to sustain the morning erection 
may reflect the fact that such patients have nor
mal corporal veno-occlusive function if their 
trabecular smooth muscle is completely re
laxed. Patients with pure arteriogenic impo
tence have also been labeled as having 
"failure-to-fill" or "cavernosal artery insuffi
ciency" erectile dysfunction,l1 

Patients with systemic atherosclerotic dis
eaSe or arterial occlusive disease secondary to 
atherosclerotic vascular risk factors, such as 
aging, hypertension, cigarette smoking, diabe
tes mellitus, and hypercholesterolemia, are not 
ideal candidates for microvascular arterial by
pass surgery.7,30,42-44 These patients have gener-

deregulation of growth factors and neointimal 
formation. 

alized vascular disease and commonly have as
sociated corporal veno-occlusive dysfunction 
with abnormal compliance of the erectile tissue. 
This may be secondary to an excess ratio of 
collagen to trabecular smooth muscle, dysfunc
tional endothelium, or abnormalities of the tu
nica albuginea preventing adequate elongation 
and compression of the subtunical venules de
spite complete smooth muscle relaxations.30,45 It 
is, therefore, unusual for patients with athero
sclerotic vascular risk factors to meet the strict 
selection criteria. 

Hemodynamic Criteria 

The ideal candidates for penile revasculariza
tion surgery, those that have normal corporal 
veno-occlusive function and arterial obstruc-
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tion within the hypogastric-cavernous arterial 
bed (failure-to-fill or cavernosal artery insuffi
ciency), may exhibit a long-lasting erection of 
varying rigidity quality (depending on the mag
nitude of the cavernosal artery occlusion pres
sure) following office intracavernosal injection 
testing. A positive (rigid) office intracavernosal 
injection test may exist in the presence of 
clinically significant arterial insufficiency.46 In 
a recent study, Pescatori et al46 demonstrated 
that 19% of patients with positive office 
intracavernosal injection tests and rigid erectile 
response were found to have abnormal gradi
ents between the cavernosal and the brachial 
artery systolic occlusion pressure, some even 
exceeding 80 mm Hg. 

What is the basis for abnormal cavernosal 
arterial hemodynamics and arterial occlusive 
disease in the presence of a positive injection 
test? The answer lies in the relationships among 
(1) the systemic systolic arterial blood pressure 
(peak pressure in an individual), (2) the 
cavernosal systolic arterial blood pressure (ac
tual cavernosal pressure), and (3) the threshold 
cavernosal systolic arterial blood pressure (pre
requisite cavernosal pressure to achieve a posi
tive injection test in a low-outflow state). 
Ideally, there should be no gradient between 
the systemic and cavernosal systolic arterial 
blood pressure values. The systemic systolic ar
terial blood pressure should be transferred 
without energy loss to the cavernosal artery via 
an intact hypogastric-cavernous arterial bed. 
This peak pressure should then be transferred 
to the closed outlet erectile chamber through 
relaxed helicine arterioles. If a systemic
cavernosal systolic arterial blood pressure gra
dient is identified, this reflects the presence 
of pressure energy loss, that is, arterial inflow 
occlusive disease within the hypogastric
cavernous arterial bed. As long as a threshold 
cavernosal pressure is achieved in a low
outflow state, a positive injection test will re
sult, independent of any difference between 
systemic (peak) and cavernosal (actual) systolic 
arterial blood pressure. The positive injection 
test is, at worst, a threshold erectile response, 
and it mayor may not indicate the maximum 
erection response as determined by the sys
temic pressure in an individual case. 
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Duplex ultrasonography and dynamic infu
sion pharmacocavernosometry and pharma
caverno-sography are the most reliable tests for 
examination of the hemodynamic status of the 
erectile mechanism.47 In particular, the phar
macocavernosometry procedure has the capa
bility to evaluate the arterial as well as 
the corporal veno-occlusive function at the 
same time, in addition to providing an accurate 
assessment of the completeness of vasoactive 
agent-induced smooth muscle relaxation. 

The first phase of the pharmacocaverno
sometry study records the penile volume (cir
cumference), the equilibrium intracavernosal 
pressure responses, and the time from injection 
to the intracavernosal equilibrium pressure 
following intracavernosal vasoactive agent 
administration. In a normal study (with a nor
mal systemic blood pressure of 120/80mmHg), 
the volume maximizes first (usually at 
50mmHg), the intracavernosal pressure ap
proaches the mean systemic arterial blood pres
sure (90mmHg), and the time to equilibrium 
pressure is less than 8 minutes. 

The patient must achieve a pharmacologi
cally induced erectile response similar to that in 
the privacy of his own bedroom, the so-called 
best-quality erection. Visual sexual stimulation 
or self-stimulation may be helpful for the 
patient to overcome sympathetic inhibition as
sociated with anxiety in the test setting. When 
the best-quality erection is not achieved, 
pharmacocavernosometric evidence of incom
plete smooth muscle relaxation exists, as re
vealed by observing a nonlinear relationship 
with intracavernosal pressure and flow-to
maintain or by observing a nonconstant value 
for venous outflow resistance. After the ad
ministration of a second or third dose of 
intracavernosal vasoactive agent, observation 
of a linear relationship between pressure and 
flow and constant venous outflow resistance has 
been shown to represent complete smooth 
muscle relaxation and achievement of the best
quality erection response. 

During pharmacocavernosometry, organic 
vascular pathology is suspected when the 
intracavernosal pressure response is signifi
cantly lower than the mean systemic arterial 
blood pressure under conditions of complete 
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smooth muscle relaxation. Normal veno
occlusion is consistent with flow-to-maintain 
values of 3 ml/min or less. 

Venous outflow resistance is directly related 
to the time of pressure decay and is inversely 
related to the capacitor function, that is, the 
ability to store pressure energy in the penis. 
Veno-occlusive resistance may be additionally 
assessed by recording over a period of time 
intracavernosal pressure decay from an initial 
suprasystolic pressure. The intracavernosal 
pressure decay may be recorded from a 
suprasystolic pressure of 150mmHg over a 30-
second period. Normal corporal veno-occlusive 
function has been associated with an intra
cavernosal pressure decay of less than 
45mmHg in a period of 30 seconds. 

Cavernosal artery integrity is determined 
during phase 3 of pharmacocavernosometry by 
recording cavernosal artery systolic occlusion 
pressure. The advantage of determining this 
arterial function study at this phase of the test is 
that the corporal smooth muscle relaxation 
status is known. Patients who achieve an 
equilibrium pressure approximating the mean 
systemic arterial blood pressure have been 
found to have cavernosal artery systolic occlu
sion pressures approximating the brachial ar
tery systolic occlusion pressures. Patients with 
arteriogenic impotence reveal cavernosal 
artery systolic occlusion pressures at least 
35mmHg lower than the simultaneously 
determined brachial artery systolic occlusion 
pressure. 

Pharmacocavernosography, an anatomical 
study of the venous system draining the corpo
ral bodies during erection, is performed at 
intracavernosal pressures of 90mmHg to con
firm the findings of cavernosometry and to pro
vide anatomical information of corporal 
veno-occlusive dysfunction. Normal corporal 
veno-occlusive function is associated with 
minimal or absent venous drainage. This pro
cedure is indicated for patients in whom 
the diagnosis of venous leak based on phar
macocavernosometry is equivocal (especially at 
equilibrium pressures ranging from 40 to 
60mmHg) and in those cases in which a 
radiographic localization of venous leakage is 
desired. 
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Further evaluation with selective internal pu
dendal pharmacoarteriography is indicated for 
candidates with pure arterial vasculogenic im
potence who wish to undergo microvascular pe
nile arterial bypass surgery.27 Such impotent 
patients will demonstrate on invasive hemo
dynamic testing (1) abnormal equilibrium 
intracavernosal pressure, (2) normal corporal 
veno-occlusive function, and (3) abnormal pres
sure gradients between brachial and cavernosal 
arteries systolic occlusion pressures. The ana
tomical pattern of arterial occlusive disease dur
ing subsequent pharmacoarteriography will 
direct the surgeon to select the appropriate mi
crovascular surgical procedures.22 

Arteriographic Criteria 

Arterial blood flow to the corpora cavernosa is 
usually from the right and left cavernosal arter
ies, and terminal branches of the hypogastric
cavernous arterial bed. Multiple muscular, 
corkscrew-shaped arteries, the helicine arteri
oles, branch off the cavernosal arteries and 
open directly into the lacunar spaces. Increased 
arterial blood flow to the lacunar spaces may 
be achieved by increasing the flow in the 
cavernosal arteries through their communica
tions with the proximal dorsal arteries.16 

Selective arteriography is the present 
method for obtaining the anatomical informa
tion necessary for surgical strategy making.26-28 

The pattern (Fig. 39.1) of arterial occlusive dis
ease involves bilateral occlusive lesions that 
are (1) focal in nature and proximal to the 
cavernosal artery in the internal pudendal or 
common penile artery prior to the bifurcation 
to dorsal penile and cavernosal arteries or (2) 
focal in nature in the cavernosal artery but 
proximal to an arterial communication from 
the dorsal penile artery to the cavernosal ar
tery. Patients with such lesions may be consid
ered for one or two anastomoses of the inferior 
epigastric artery to the dorsal penile artery(ies). 
The rationale for this surgical procedure is to 
increase perfusion pressure and inflow to the 
cavernosal arteries either retrograde through 
the proximal dorsal penile arteries or through 
distal dorsal penile artery branches that com
municate to the cavernosal artery. 
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Operative Technique 

The vascular principles used in microvascular 
arterial bypass surgery for impotence are simi
l~r to those vascular and microvascular prin
cIples used in arterial bypass procedures for 
occlusive disease in other vascular beds.1O,19,23,48 

Long-term bypass patency is based on four 
microvascular principles: (1) prevention of 
ischemic, mechanical, or thermal injury to the 
vascular endothelium of the donor or recipient 
vascular structures; (2) transmission of systolic 
n~oarterial inflow pressures and flow; (3) tech
mcally accurate arterial anastomoses; and (4) 
low recipient vascular outflow resistances. 

The prevention of endothelial injury is criti
cal during surgical preparation of the vessels 
for anastomoses, using technically sound "no 
touch" techniques in order to improve long
term vascular patency. The presence of healthy 
vascular endothelium is essential. The endothe
lium releases numerous endothelium-derived 
relaxing factors, which act not only as potent 
vasodilators but also as strong inhibitors of 
platelet adhesion and aggregations. 1O,19,23,48 

The integrity of the donor and recipient ves
sels prior to the anastomoses is of paramount 
concern as well, because the donor vessels 
provide transmission of the systemic blood 
pressure and the recipient vessels provide low
resistance outflow runoff. Histomorphologic 
analyses reveal that preexisting atherosclerotic 
lesions exist in over 50% of the dorsal penile 
arteries.34 Although present, such preexisting 
lesions were rarely identified in the inferior epi
gastric artery or the deep dorsal vein. Vascular 
risk factors did not per se predict the quality of 
the vessels. These data reinforce the use of the 
inferior epigastric artery as the neoarterial 
pathway and support the concept of using mul
tiple neoarterial anastomoses and not necessar
ily relying on one pathway to achieve the goals 
of increased cavernosal arterial perfusion and 
blood inflow. l1 

The goal of the microvascular arterial bypass 
procedure is to increase cavernosal arterial per
fusion pressure and inflow using the branched 
inferior epigastric artery as the donor artery 
with bilateral anastomoses to the dorsal penile 
arteries. 
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Inguinoscrotal Incision 

Prior t? the commencement of the operation, 
the patIent is placed in the supine position, and 
a Foley catheter under sterile conditions is 
placed and left to closed drainage throughout 
the,procedure. The preoperative arteriogram is 
r~vIewed, ~nd the best quality inferior epigas
tnc artery IS selected. The site of the curvilinear 
inguinoscrotal incision is usually on the con
tralateral side of the anticipated incision for the 
inferior epigastric harvest. This site avoids two 
incisions on the same side of the body and al
lows for easier transfer of the inferior epigastric 
artery. 

The inguinoscrotal skin incision is made two 
finger breadths from the base of the penis (Fig. 
39.4). The uppermost aspect of the inguinal in
cision is at a plane consistent with the ventral 
aspect of the stretched penis. The lowermost 
aspect of the incision passes to the midline scro
tal raphe. The advantages of this incision are 
that it offers excellent proximal and distal expo-

FiGURE 39.4. Incisions used for penile rev as
cularization. The incisions are placed on opposite 
sides of the body. 
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FIGURE 39.5. Ligaments of the 
penis. Preservation of the sus
pensory and fundiform liga
ments is important, as they 
contain sensory nerves for penile 
sensation and their preservation 
is necessary to maintain penile 
length. 

sure of the penile neurovascular bundle, the 
ability to preserve the fundiform and suspen
sory ligaments, and the absence of unsightly 
postoperative scars on the penile shaft or at the 
base of the penis. Use of the Scott retractor 
with its elastic hooks maximizes operative 
exposure of the penis with a minimum of 
assistance. 

Preservation of the Penile Ligaments 

The ipsilateral tunica albuginea is subsequently 
identified at the midpenile shaft. Blunt finger 
dissection along the tunica albuginea is per
formed in a distal direction deep to the sper
matic cord structures along the lateral aspect of 
the penile shaft, avoiding injury to the fundi-
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form ligament (Fig. 39.5). The penis is then 
inverted through the skin incision by carefully 
pushing the glans in fully. The penis must not 
be expanded during this maneuver. If a partial 
erection is present, intracavernosal adrenergic 
agents (lOOllg phenylephrine) should be ad
ministered. Blunt finger dissection around the 
distal penile shaft enables a plane to be estab
lished between Buck's fascia and Colles' fascia, 
and a Penrose drain is secured in this plane. 

Preparation of the Recipient 
Dorsal Arteries 

Exposure of the neurovascular bundle and, in 
particular, the right and left dorsal penile arter
ies is now performed. Isolation of the dorsal 
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penile arteries for such arterial bypass surgery 
requires limited dissection at this stage in the 
procedure; thus ischemic, mechanical, and ther
mal trauma to the dorsal penile arteries should 
be minimized. At all times during this vascular 
surgery, maximal smooth muscle relaxation is 
desired to decrease iatrogenic endothelial dam
age. The temperature of the operating room, 
the use of room temperature irrigating solution, 
and even the skin incision can induce vasocon
striction, spasm, and possible endothelial cell 
damage. Topical papaverine hydrochloride irri
gation preserves endothelial and smooth 
muscle cell morphology during dorsal artery 
preparation, and its frequent use is encouraged. 
For intraluminal irrigation, use a dilute papav
erine, heparin, and electrolytic solution. This 
solution has been demonstrated to inhibit the 
early development of myointimal proliferative 
lesions during surgical preparation. 

The right and left dorsal penile arteries are 
identified first in the mid penile shaft. Their 
course is followed proximally underneath the 
fundiform ligament, with care taken to leave 

Inferior 
epigastric 
artery 
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the fundiform ligament intact. A fenestration 
is fashioned in the fundiform ligament prox
imally, usually near the junction of the 
fundiform and suspensory ligaments at a loca
tion where the pendulous penile shaft becomes 
fixed proximally. Blunt dissection is performed 
under the proximal aspect of the fundiform 
ligament above the pubic bone toward the ex
ternal ring. This dissection enables the inferior 
epigastric artery to pass from its abdominal 10-
cation to the appropriate location in the penis 
while simultaneously preserving the fundiform 
ligament. 

Harvesting of the Inferior 
Epigastric Artery 

The inguinoscrotal incision is temporarily 
closed with staples. A unilateral transverse ab
dominal incision provides excellent operative 
exposure of the inferior epigastric artery and 
heals with a more cosmetic scar as compared 
with those observed with previously used 
paramedian skin incisions (Fig. 39.4). The start-

Inferior 
epigastric veins 

FIGURE 39.6. Inferior epigastric 
artery dissection. The artery is 
dissected carefully with its ac
companying veins en bloc to 
avoid arterial intimal damage. 
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ing point of the incision is approximately five 
eighths of the total distance from the pubic 
bone to the umbilicus and extends laterally 
along the skin lines for approximately four 
finger breadths. The rectus fascia is incised ver
tically, and the rectus muscle is reflected medi
ally. The junction between the rectus muscle 
and underlying preperitoneal fat is identified. 
The inferior epigastric artery and its two ac
companying veins are located at this anatomi
cal plane (Fig. 39.6). The Scott retractor is 
again used to maximize operative exposure. It 
is critical to harvest an inferior epigastric artery 
of appropriate length so that there will be no 
tension on any microvascular anastomosis. Ap
plication of topical papaverine is used on the 
inferior epigastric artery throughout the dissec
tion. Thermal injury is avoided by use of 
low-current microbipolar cautery set at the 
minimum level necessary for adequate coagula
tion. The vasa vasorum blood supply is pre
served by dissecting the artery en bloc with its 
surrounding veins and fat. 

The transfer route of the neoarterial inflow 
source is prepared from the abdominal per
spective prior to transacting the vessel distally 
(Fig. 39.7). (The penile transfer route has previ
ously been dissected.) The temporary scrotal 
staples are removed and the penis is reinverted. 
The internal ring is identified lateral to the ori
gin of the inferior epigastric artery in the pelvis. 
Using blunt finger dissection through the in
guinal canal, the finger is passed through the 
internal ring and through the external ring to 
the previously fashioned defect between the 
fundiform and suspensory ligaments at the base 
of the penis. A Penrose drain is passed to pro
tect the transfer route. 

The donor vascular bundle is transected dis
tally between two ligaclips and is carefully in
spected for any proximal bleeding points. A 
long, fine, right-angled vascular instrument is 
carefully passed from the fenestration between 
the fundiform and suspensory ligaments to the 
internal inguinal ring. The instrument may 
grasp the distal vascular bundle. The inferior 
epigastric vascular bundle is transferred to the 
base of the penis. It should be briskly pulsating 
and of adequate length. The origin of the infe
rior epigastric artery should be inspected for 
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FIGURE 39.7. Inferior epigastric artery transfer. 
Transfer is accomplished via the inguinal canal. Care 
is taken to avoid twisting or kinking of the artery 
upon transfer. 

kinking or twisting. If no further vascular 
bundle adjustments need be made, the abdomi
nal incision may be closed in layers. 

Microvascular Anastomoses 

A Scott retractor and the associated elastic 
hooks are used on the inguinal scrotal incision 
and the fenestration of the fundiform ligament 
to gain exposure of the proximal dorsal 
neurovascular bundle. The pulsating inferior 
epigastric artery is placed against the recipient 
dorsal penile arteries and a convenient location 
is selected for the vascular anastomoses. 
The anastomoses are created based on the 
arteriographic findings. An end-to-side anasto
mosis is best under conditions where dorsal 
penile artery communications exist to the 
cavernosal artery in both proximal and distal 
directions (Fig. 39.8). An end-to-side anasto
mosis protects arterial blood flow in the distal 
direction to the glans penis, and ligation of both 
dorsal penile arteries to perform bilateral 
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End-to-side 

proximal end-to-end anastomoses does not 
cause ischemic injury to the glans penis. 

The appropriate dorsal penile artery segment 
is freed from its attachments to the tunica 
albuginea. Vascular hemostasis of this segment 
of the dorsal penile artery may be achieved 
with either gold-plated (low pressure) aneu
rysm vascular clamps or vessel loops under 
minimal tension for the minimal of operating 
time. The only location where the adventitia 
must be carefully removed is at the site of the 
vascular anastomosis, that is, the distal end of 
the inferior epigastric artery and the selected 
region of the dorsal penile artery, in order to 

Oval arteriotomy 
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FIGURE 39.8. End-to-side anastomosis. 
The most commonly used anastomosis is 
the end-to-side variety. 

avoid causing subsequent thrombosis. If seg
ments of adventitia enter the anastomosis, pa
tency of the anastomosis will be in jeopardy, as 
adventitia activates clotting factors from the 
extrinisic clotting system. The remaining ad
ventitia should be preserved in the vessels as 
the vasa vasorum provide a nutritional role to 
the vessel wall. The preservation of the adven
titia is additionally important in terms of vessel 
innervation. 

Under microscopic control at 5 to lOx mag
nification, a 10-0 suture (single-armed, 100f-lm/ 
1490 curved needle) is placed along the longitu
dinal axis of the dorsal penile artery in a I-mm 

FIGURE 39.9. Arteriotomy. A 10-0 nylon 
suture is placed in the longitudinal axis 
of the dorsal penile artery and elevated. 
Microsurgical scissors are used to excise 
a segment of arterial wall resulting 
in an elliptical defect ready for the 
anastomosis. 
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segment in the region of the intended anasto
mosis (Fig. 39.9). After placing tension on the 
suture, an oval section of the artery wall is ex
cised with a curved microscissors, resulting in a 
1.2- to 1.5-mm horizontal arteriotomy. A plastic 
colored background material will aid in vessel 
visualization under the microscope. A tempo
rary 2F Silas tic stent is placed within the 
arteriotomy for clearer definition of the vessel 
lumen. 

An end-to-side anastomosis is performed 
between the inferior epigastric artery and the 
dorsal artery, using interrupted 10-0 nylon su
tures under the 5 to lOx magnification. The 
sutures are placed initially at each apex of the 
anastomosis and then subsequently three to 
five interrupted sutures are placed into each 
side wall. All sutures used to complete the 
anastomosis are inserted equidistant from 
each other to avoid an uneven anastomosis 
(Fig. 39.10). If a temporary vascular stent is 
used, it is removed following placement of all 
sutures; the sutures of one wall are tied, and 
the opposite side sutures are left temporarily 
untied. The use of a temporary vascular stent 
enables careful inspection of the vessel back 
wall. Following release of the temporary oc
cluding vascular clamps (or vessel loops ) on the 
dorsal penile artery, the anastomosed segment 
should reveal arterial pulsations along its 
length and retrograde in the inferior epigastric 

FIGURE 39.10. Anastomotic technique. (A) 
The end sutures of 10-0 nylon are placed 
first. (B) Each side is then anastomosed us
ing interrupted sutures. Care is taken to 
place these sutures equidistantly and to 
avoid damage to the back wall of the vessel. 
A temporary Silastic stent is used to prevent 
luminal occlusion. 
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artery. Such an observation implies a patent 
anastomosis. At this time, the inferior 
epigastric artery-plated aneurysm clamp may 
be removed. The intensity of the arterial 
pulsations in the anastomosis usually increases. 
After hemostasis has been achieved and 
correct instrument and sponge counts are 
assured, closure of the inguinoscrotal incision 
may begin in routine fashion. The Foley cath
eter is left to closed-system gravity drainage 
overnight. 

Modifications of the above-described proce
dure may be utilized. The most common alter
native arterial anastomosis is an end-to-end 
anastomosis between the inferior epigastric ar
tery and the ligated proximal end of the dorsal 
penile artery. Depending on the site of the arte
rial communication from the dorsal penile ar
tery to the cavernosal artery, the end-to-end 
anastomosis may also be anastomosed to the 
distal ligated end of the dorsal penile artery. It 
is most common to anastomose the opposite 
dorsal penile artery to the inferior epigastric 
artery. This can be done with an appropriately 
sized distal branch of the inferior epigastric ar
tery end-to-side as previously described, or an 
arteriotomy may be placed in the inferior epi
gastric artery for an end-to-side anastomosis 
to either the proximal end (most common) or 
distal end (least common) depending on the 
arteriographic findings. 
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Complications 

Following coitus, masturbation, or trauma in 
the region of the anastomosis in the first few 
postoperative weeks, mechanical disruption of 
the microvascular anastomosis and subsequent 
uncontrolled arterial hemorrhage may occur. 
Abstention from sexual activities involving the 
erect penis is recommended until 6 weeks 
postoperation. 

Other complications include penile pain and 
diminished penile sensation from injury to the 
nearby dorsal nerve. Loss of compliance of the 
suspensory and fundiform ligaments postop
eratively may lead to diminished penile length. 
Preserving the two ligaments markedly mini
mizes those complications. 

Failed arterial anastomoses and non-new
onset veno-occlusive dysfunction have been 
found to explain postoperative failure in pa
tients with normal preoperative corporal veno
occlusion. Failure of the microvascular arterial 
bypass may be due to problems of inadequate 
arterial inflow, technical errors of the microvas
cular anastomosis, or inadequate arterial run
off. Poor arterial runoff may be the result 
of preexisting vascular pathology, obstructing 
valves, or the development of vascular pathol
ogy, such as myointimal proliferative lesions 
within the recipient vessels. 

Results 

In the recent literature there has been reported 
a variable success rate following penile 
revascularization, ranging from 30% to 74% 
(Table 39.1). A problem in interpreting these 
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data is that there is no standardization of the 
definition of success following this operation. 
Success has been variably defined by question
naire, patient interview, and hemodynamic 
evaluation. Furthermore, the patient popula
tions have been heterogeneous, with varying 
numbers of patients with venogenic impotence. 
Use of dorsal vein arterialization seems to offer 
success rates inferior to procedures using pure 
arterial anastomoses. To evaluate this opera
tion as a valid management strategy, analysis of 
prospective patient outcomes is essential. Be
cause the goal of the operation is to restore 
natural, spontaneously occurring erections 
without the aid of any internal or external 
means to young men with erectile dysfunction, 
much research needs to be conducted to iden
tify the reasons why a significant number of 
men fail to respond to revascularization of the 
penis. 

Conclusion 

In patients with pure arteriogenic impotence 
who had an increased eqUilibrium pressure 
postoperatively, there is a correlation with their 
subjective improvement in erectile function. 
Patients with corporal veno-occlusive dysfunc
tion should not be considered candidates for 
microvascular arterial bypass surgery. 

Young men with pure arteriogenic impo
tence, and potentially many years of sexuality 
ahead of them, desire the natural restoration 
of their normal erectile function. To help 
them achieve this goal, marked improvements 
in diagnosis and surgical technique, founded 
on sophisticated hemodynamic testing and 

TABLE 39.1. Major penile revascularization studies. 
No. of Success Follow-up 

Author Ax Operation patients Rate (%) (months) 

DePalma (1995) A DA,DDV 23 30 36 
Vardi (1995) A,V DA,DDV 30 73 16 
Melman (1994) A,V DA,DDV 23 39 35 
Altwein (1994) A,V DA,DDV 125 38 23 
Fitch (1994) A,V DA,DDV 70 53 20 

A, arteriogenic; DA, dorsal artery anastomosis; DDV, dorsal vein arterialization; V, 
venogenic. 
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sound vascular and microvascular principles, 
have been made. Strict patient selection 
criteria and more accurate and detailed diag
nostic evaluation based on contemporary 
knowledge of erectile physiology enable more 
accurate decisions concerning hemodynamic 
integrity. 

In microvascular arterial bypass surgery, 
each case should be treated individually, ac
cording to the arteriographic findings. Because 
the goal is to increase the arterial perfusion 
pressure and blood inflow to the erectile tissue, 
the best opportunity to achieve this goal is to 
individualize the new blood inflow pathways. 
To this end, it is best to use the least invasive 
technique that will allow maximal transmission 
of systemic blood pressure to the cavernous 
bodies through the most anatomically acces
sible available pathway. 
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Penile Prosthesis Implantation: 
Pearls, Pitfalls, and Perils 
Steven K. Wilson 

Penile prosthetic implants have been available 
for a quarter century. Early in the 1970s paired 
semirigid devices and multicomponent inflat
able implants were first reported in the medical 
literature.1- 3 Initially, the malleable paired 
devices were much more popular with im
planting surgeons because of lower cost, easier 
surgical implantation, and better mechanical 
reliability. The early inflatable devices were 
plagued with recurrent mechanical breakdown 
that necessitated multiple revision opera
tions.4,5 Devices from several different compa
nies have come and gone in the marketplace. 
The devices that remain have become remark
ably dependable mechanically. In fact, some 
authorities believe the inflatable devices are 
now more mechanically reliable than the hu
man factor.6 In fact, revision surgery may be 
more likely for hematoma, infection, patient 
dissatisfaction, or physician error than for me
chanical breakdown. 

Beginning in 1990, the pendulum has swung, 
and there are now more inflatable implants 
used annually than malleable devices. This is 
a reflection of higher patient satisfaction 
with inflatable implants and physician ac
knowledgment of vastly improved mechanical 
reliability. Today the impotent male has a 
choice of several malleable and positionable 
prostheses and six inflatable ones. There are 
important advantages and disadvantages to 
each model. 

Semirigid, Malleable, and 
Positionable Prostheses 

Semirigid prostheses are manufactured in many 
countries (e.g., the United States, Germany, 
France, Hungary, Argentina, Taiwan). These 
semirigid prostheses are usually a variation of 
the original Small-Carrion model, which has 
been marketed in the United States for over 
two decades. The concept of impotence correc
tion is the same with all models. Paired rods in 
the corpora cavernosa provide mild tumes
cence and moderate rigidity to allow vaginal 
penetration. Length and girth of the penis are 
unchanged in flaccidity and in "erection." For 
this reason, concealment is sometimes a prob
lem. Although the original Small-Carrion re
quired a large inventory of sizes, the newer 
models feature bases that can be trimmed and 
have "add-on" rear tip extenders. These fea
tures are an advantage because the number of 
prostheses required to fit all patients is mark
edly decreased. Some of the prostheses are so 
adaptable that only the two diameters are re
quired to be carried in inventory. Some im
plants are quite stiff, others are so pliable that 
they are labeled "soft" (Subrini, France). Me
chanical reliability has been excellent, but ero
sion in patients with diabetes or with spinal 
cord injury has been reported in long-term 
follow-upY 
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Malleable prostheses are manufactured in 
Germany and the United States. They are an 
improvement over semirigid models because of 
better concealment. The outer material is usu
ally silicone, and malleability is provided by a 
twisted wire of a material such as silver or stain
less steel. Implantation is the same simple pro
cedure as with semirigid models. The popular 
models available include the Jonas, the AMS 
600, Mentor Malleable, and the Mentor Acu
Form. Implanting physicians perceive compar
able advantages and disadvantages to these 
models, but patients (who receive only one 
model) are fairly happy with the result from 
any of the semirigid models. The model of 
choice in most countries is usually based on 
price. Mechanical reliability has been excellent 
with all devices. Nonhydraulic implants also 
have the advantage for use in patients with ab
normalities of corporal tunica albuginea. A 
simple implantation will suffice in these pa
tients, whereas corporal reconstruction and 
possible grafting with synthetic materials may 
be necessary with inflatable models. 

A malleable device that deserves special 
mention is the Dura II by Dacomed. Intro
duced in 1992, the design of this implant fea
tures polyethylene segments strung on cable. 
The wire is under constant tension and the 
beads articulate upon it, providing superior 
malleability and improved positionability. This 
device is considerably more expensive than any 
of the above-mentioned malleable models. 
Mechanical reliability9 has been improved over 
the previous Omniphase and Duraphase. 

Implantation of Semirigid and 
Malleable Prostheses 

The surgical procedure of implantation of semi
rigid and malleable devices can be done 
through a variety of incisions. Originally, the 
perineal incision was advocated, but proximity 
to the rectum caused it to fall into disfavor. 
The infrapubic incision can be used, but is 
usually reserved for inflatable implants. Today, 
the most popular surgical approaches for 
paired rod insertion are the penoscrotal and 
subcoronal. 

Pearls, Pitfalls, and Perils 

The Penoscrotal Incision 

S.K. Wilson 

Most authorities believe this is the best all
around incision because it provides superior 
access to the proximal corpora cavemosa 
should fibrosis be encountered. It also avoids 
the possibility of dorsal nerve injury, because 
the nerves run dorsally and the incision is on 
the undersurface of the penis. Urethral injury is 
possible but correctable with this incision. The 
disadvantage of this approach is that it requires 
a very long corporotomy to manipulate the 
flexible prosthesis into the corpora. 

The Subcoronal Incision 

For routine implantation of malleable and 
positionable prostheses, use the subcoronal in
cision. It is the quickest because the surgery is 
straightforward, and the implant insertion re
quires only a small corporotomy. Minimal 
bending of the prosthesis during insertion into 
the corpora is necessary when compared with 
the penoscrotal approach. The incision is not 
recommended in patients who are uncircum
cised, as prolonged preputial edema and inci
sion sensitivity can result. Some authorities 
believe coincident circumcision with prosthesis 
insertion increases infection risk,1O although 
this has not been the case in one large series of 
implants.ll If there is a suspicion of Peyronie's 
disease or corporal fibrosis, another approach 
should be used, because crural dilatation of 
fibrotic corpora can be difficult from such a 
distal incision. Make the skin, dartos, and 
Buck's fascia incisions in a circumferential 
manner, and the corporal incisions should be at 
right angles to avoid the dorsal nerves and to 
facilitate prosthesis insertion (Fig. 40.1). 

Surgical Technique 

Dilatation of the corpora should begin with size 
10 or 11 Hegar or Brooks dilators and proceed 
to size 14. Only rarely is it not possible to dilate 
to size 14. It is not advisable to use smaller 
dilators than 10 or 11 to initiate dilatation be
cause the risk of crural rupture or urethral 
perforation is increased. In most men, the sur
geon should strive to achieve size 14 dilatation, 
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FIGURE 40.1. The circumferen
tial subcoronal incision with 
longitudinal corporotomy. 

because the 11 mm diameter prosthesis gives 
unsatisfactory tumescence after a period of 
time. Patients may complain of diminished 
quality of erection a year or so after implan
tation of the 11 mm diameter prosthesis, for 
the corpora may have stretched in a tissue
expander effect of the semirigid prosthesis 
and the erection may have become floppy. 
Similar experience has been noted with self
contained prostheses. 

Some men of small stature (e.g., Asians) may 
require a downsized diameter, and the AMS 
600M is marketed in a 9-mm diameter for this 
purpose. The implanting surgeon should re
member the function of the penis is to swell in 
tumescence, but even the small penis has con
siderable capacity for expansion. In a series of 
over 100 implants performed on Japanese, 
Thai, Korean, Chinese, Vietnamese, and Lao
tians, it was usually possible to dilate to 12mm 
and frequently to 13 or 14mm. This dilatation 
makes possible the use of size 11 to 13 mm di
ameter prostheses, although there may be diffi
culty in dilatation proximal rather than distal in 
these smaller patients, as the crura may be 
quite stenotic. 

Prosthesis Length 

While maximizing the implant's girth, the sur
geon should take care not to oversize the length 
of malleable (or inflatable) devices. A leading 
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cause of revision of malleable devices is pain 
and poor flexibility created by implantation of 
an overly long prosthesis. Undersizing the de
vice by 0.5 cm may avoid these troublesome 
problems. Patients are happier when the sur
geon concentrates on implanting a prosthesis of 
maximum girth rather than striving to implant 
the longest rod. The same caveat applies for 
inflatable implant cylinders. 

Self-Contained Inflatable 
Penile Prostheses 

This prosthesis consists of paired hydraulic 
cylinders that are implanted in a manner similar 
to the semirigids and malleables. Several 
(Surgitek Flexiflate I and II, AMS Hydroflex) 
have come and gone from the marketplace 
since the introduction of Hydroflex in 1985. 
Presently, only the Dynaflex (Fig. 40.2) by 
American Medical Systems is available com
mercially. To cycle this device, it is necessary to 
pump the end of each cylinder by squeezing the 
penis immediately proximal to the glans. Fluid 
is transferred from a small reservoir in the base 
of the cylinder to a nondistensible central com
partment. Filling of this compartment causes 
rigidity of the cylinder, which is almost as good 
as a rod. Girth enhancement is negligible. To 
deflate the prosthesis, it is necessary to flex the 
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penis for 12 seconds. After release the fluid 
flows from the central chamber to the reservoir, 
resulting in flaccidity better than with semirigid 
rods but inferior to multicomponent inflatables. 
Dynaflex prostheses come in two diameters: 
11 mrn and 13 mm. Device length is marked in 
2-cm increments from 14 to 22. Adjustment 
between the lengths is possible by the addition 
of 0.5 cm rear tip extenders that are snap-on 
silicone spheres. 

Pearls, Pitfalls, and Perils 

Self-Contained Prostheses 

Clinical research for both the Hydroflex and 
Dynaflex created enthusiasm about the concept 
of these "liquid rods" because of simple im
plantation, minimal morbidity, and mechanical 
reliability. Of 300 patients who were followed 
closely for many years, some who had been 
satisfied initially began returning with com
plaints of deteriorated erections. The implant 
that initially had excellent tumescence and 
rjgidity had become floppy. The implant 
that initially was properly sized appeared 
now to be too short for the cavernosa and 
to have inadequate girth for tumescence. 
Patient dissatisfaction, particularly prevalent 
in well-endowed males, has caused disuse of the 
11-mm device.12 

S.K. Wilson 

FIGURE 40.2. AMS Dynafiex. 

Tissue Space Expansion 

The self-contained implants have an inherent 
rigidity that causes an increase in the inter
cavernosal measurements and a widening of 
the flaccid girth. The implant acts as a tissue 
expander and the result is a floppy, nonrigid 
erection. Over 50% of the patients in the 
above-mentioned series have now received 
three-piece inflatables.12 Confirming the tissue 
expansion effect is the fascinating finding that 
the intercorporal measurements have increased 
an average of 2.7 cm, which results in a consid
erably longer replacement prosthesis. 

Replacement Prostheses 

An important point needs to be made about the 
choice of replacement prostheses for self
contained prostheses that have failed mechani
cally or have created patient dissatisfaction. 
Deflation of self-contained prostheses requires 
flexion of the cylinders. Over time, the tunica 
albuginea overlying the site of flexion appar
ently becomes weakened. Small aneurysms 
may have developed at the base of the penis 
(where flexion was performed to effect defla
tion) after replacement of self-contained pros
theses by three-piece inflatables (Fig. 40.3). 
It;is advisable to use a replacement pros
thesis with cylinder expansion controlled by a 
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FIGURE 40.3. Aneurysm development (1-2 years) 
following replacement of self-contained prosthesis 
with three-piece inflatable. (A) AMS 700 CX replace 

nondistensible fabric wrap of the cylinder, e.g., 
the AMS CX. Use of the AMS Ultrex or the 
Mentor Alpha may promote the development 
of these penile deformities because of cylinder 
lengthening in the former and tunical depen
dent expansion in the latter. 

Prepubic Recession 

Although the self-contained prosthesis is 
no longer a first-line implant, the inherent 
semirigidity of these devices may be helpful in 
the patient with prepubic recession who has 
developed a large prepubic fat pad with result
ant penile recession. The Dynaflex or the new 
Ambicor is the ideal prosthesis for such a pa
tient. After implantation, the patient is pleased 
to see his penis outside the plane of his body. 
The patient should be advised of the possibility 
of intercavernosal tissue expansion and that it 
may be necessary to substitute a three-piece 
prosthesis in the future. These individuals with 
the "hidden" penis are usually quite pleased to 
have developed enough stretching to make this 
necessary. 

Two-Piece Prostheses 

Two-piece prostheses actually consist of three 
pieces-two cylinders and one pump. There are 
two presently on the market, one from each of 
the major American manufacturers. The Men
tor Mark II prosthesis (Fig. 40.4) consists of two 
Bioflex (a polyurethane polymer) cylinders 
preconnected to a textured pump/reservoir. 
The cylinders are identical to the cylinders in 
the Mentor Alpha I, a three-piece inflatable 
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Hydroflex. (B) Mentor Alpha I replace Dynaflex. (C 
and D) AMS 700 Ultrex replace Hydroflex. 

marketed with a separate pump and reservoir. 
Mentor Corporation also manufactures breast 
prostheses, and they have incorporated some of 
this technology into the Mark II. Two features 
of this technology transfer are a port for future 
repeated transcrotal addition of fluid and a tex
tured reservoir to decrease the incidence of ex
cessive periprosthetic capsule formation that 
may have prohibited full deflation.13 The Mark 
II features cylinder lengths of 12 to 22cm in 2-
cm increments with rear tip extenders to fill in 
the gaps. There are two tubing lengths to allow 
infrapubic or the shorter penoscrotal implanta
tion. Although some have reported good re
sults with infrapubic incision,14 most Mark II 
prostheses are placed through the penoscrotal 
approach. 

Pearls, Pitfalls, and Perils 

The Mentor Mark II 

This prosthesis is available to assist surgeons 
who wish to place an inflatable prosthesis but 
who are reluctant to use a traditional three
piece because of insecurity regarding reservoir 
placement. It is useful in those patients in 
whom radiation or surgery or both may have 
obliterated the retropubic space. Unfortu
nately, many occasional implanters utilize the 
implant preferentially to avoid the dreaded 
blind reservoir placement necessary with a 
three-piece implant placed penoscrotally. The 
problems with the prosthesis revolve around 
the reservoir capacity. The reservoir holds 25 cc 
but the pump can only deliver 15 cc to the cylin
ders to achieve erection. The Bioflex cylinders 
are tunical-dependent for limiting their expan-
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sion, and 15 cc will not cause a decent erection 
over time. This necessitates percutaneous addi
tion of fluid through the scrotal-port maneuver 
fraught with danger of infection and inadver
tent reservoir rupture. 

The large hen's egg-sized pump/reservoir 
can be uncomfortable for a patient with a small 
scrotum. For this reason the implant is not rec
ommended for slightly built men and may be 
contraindicated for Asian males. The earlier 
Mentor two-piece, the Mentor GFS, had prob
lems with excessive periprosthetic capsule 
formation around the pump/reservoir13,15 that 
prevented full deflation. The Mark II has elimi
nated this complication by incorporation of a 
textured surface. 

Revisions and Replacement Prostheses 

Should revision of the Mentor two-piece be
come necessary, the surgeon should remember 

S.K. Wilson 

FIGURE 40.4. Mentor Alpha I three 
piece inflatable penile prosthesis. 

that the cylinders are the same as with the Men
tor Alpha I. The usual problems prompting re
vision are either puncture of the pump/reservoir 
or patient dissatisfaction. To convert the system 
to a three-piece inflatable implant, the cylinders 
can be left in place. Approach the prosthesis 
through the same incision of the original inser
tion. Sever the tubing leading to the cylinders. 
Make a space for the new reservoir in the retro
peritoneal space. Place a 75-cc reservoir for 
cylinder size shorter than 18cm or a lOO-cc 
reservoir for longer cylinders. Fill the reservoir 
with an appropriate amount of saline and com
pletely aspirate the cylinders. An Alpha pump 
can then be attached with three connectors, and 
a three-piece prosthesis results without the ne
cessity of reopening the corpora cavernosa. U ti
lizing the existing cylinders avoids potential risk 
of hemorrhage, dorsal nerve injury, or urethral 
damage. The Mentor Bioflex cylinders are ex
tremely reliable and rarely develop leaks.16 
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The AMS Ambicor Two-Piece 
Prosthesis 

Late in 1994, American Medical Systems intro
duced a new concept in two-piece prostheses to 
the American market. The implant had already 
been in use in other parts of the world for about 
a year. The Ambicor construction is similar to a 
Dynaflex prosthesis, but with two differences. 
Instead of having a pump at the end of each 
cylinder, there is only one tiny pump that is 
preconnected to the cylinders (Fig. 40.5). As in 
the Dynaflex, the reservoir is in the base of each 
cylinder. Deflation is accomplished identically 
as in the Dynaflex, by flexing the penis for 12 
seconds and releasing the flexion, which allows 
the fluid to flow from the central nondistensible 
space to the reservoir in the base of the pros
thesis. The Ambicor can be inserted through 
both penoscrotal and infrapubic incisions. An
other important difference from the Dynaflex is 
the availability of 15 cm diameter cylinders in 
addition to the 11 and 13 cm. 

Pearls, Pitfalls, and Perils 

Because of the newness of the prosthesis, there 
have been virtually no peer review articles that 
address patient satisfaction and mechanical re
liability, but the Ambicor's availability in 15-cm 
diameter is a positive step that should increase 

FIGURE 40.5. AMS Ambicor. 
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patient satisfaction for it over the Dynaflex. 
As stated in the section on malleable implanta
tion, the wise implant surgeon always strives for 
the maximum-girth prosthesis. The tiny pump 
is a welcome change from the Mentor Mark 
II that occupies considerable space in the 
scrotum. 

On the negative side, however, is the diffi
culty of implantation. The manufacturer's in
structions require that the tubing from cylinder 
to pump exit the corporotomy from the base of 
the cylinder. It is not permissible to run the 
tubing alongside the cylinder to a more distal 
corporotomy even though the tubing has pro
tective boots. Implantation of the Ambicor re
quires a corporotomy deep in the scrotum and 
placement of closure sutures is laborious, which 
may markedly increase the degree of difficulty 
for occasional implanters. 

Multicomponent Inflatables
The Three-Piece Prosthesis 

American Medical Systems and Mentor Corpo
ration manufacture similar devices, but with 
important distinctions among the various mod
els. All three-piece inflatables consist of paired 
cylinders, a scrotal pump, and an abdominal 
reservoir. The system can be filled with contrast 
solution or saline. Reservoir size varies from 
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50 cc to 125 cc depending on model and cylinder 
length. Cylinder length varies from 12 cm to 
22 cm, and rear tip extenders are available in all 
models to tailor cylinder length to each indi
vidual patient. These are the most expensive 
of all penile prostheses, and the cost in the 
United States is presently around $4000 to 
$4500. 

The AMS models are all named the AMS 
700. Since the early 1980s the pump and reser
voir of the AMS 700 have undergone very little 
modification. In the late 1980s kink-proof tub
ing and the "quick-connect" connectors were 
incorporated, which improved mechanical reli
ability.5 Over the years, several types of cylin
ders were used in this model, accounting for 
product designations, such as AMS 700 IPP, 
AMS 700 PPT, AMS 700 PND, and AMS 700 
PLX. Presently on the market are the AMS 700 
ex, AMS 700 eXM, AMS Ultrex, and the 
AMS 700 Ultrex Plus. The 700 ex penile pros
thesis was first implanted in May 1984 and was 
commercially introduced in May 1987. The 700 
Ultrex penile prosthesis was first implanted in 
October 1989 and commercially introduced in 
September 1990. 

The AMS 700 ex and the 
AMS 700CXM 

The ex cylinders were developed to be used in 
situations where penile tissue expansion must 
be controlled-thus the designation for "con
trolled expansion." The cylinders are of three
ply construction. Two silicone layers are 
sandwiched around a woven fabric similar to 
Dacron. Fluid is pumped into the inner silicone 
chamber, with expansion controlled from 
12mm to 18mm by the fabric wrap. The outer 
layer of silicone prevents tissue ingrowth into 
the fabric layer. A smaller version of this cylin
der is also produced as the eXM (controlled 
expansion, modified). These cylinders have 
smaller bases and smaller inflatable cylinders. 
The base of the eXM measures lOmm versus 
12 mm for the standard size ex. The inflatable 
portion of this three-ply cylinder expands from 
9.5 to 14mm upon inflation. The AMS 700 
eXM also features a smaller pump and a 50-cc 
reservoir. 

S.K. Wilson 

The ex cylinders have been proven per
formers since 1987, but with time and wear a 
device failure may eventually occur. American 
Medical Systems conducted a multicenter study 
at the request of the Food and Drug Adminis
tration (FDA) to determine device survival. 
Based on over 500 medical records, the report 
noted that "82 % of men implanted with the 700 
ex were free from revision or replacement sur
gery for five years from the original implant 
date" (data on file with FD A and reproduced in 
AMS pamphlet "How Long ean I Expect My 
Penile Prosthesis To Last?"). 

Pearls, Pitfalls, and Perils 

The CX Cylinders 

If you were trapped on another planet and re
stricted to only one prosthesis cylinder, the 
AMS 700 ex would be the one to choose. Its 
expansion, although controlled, is adequate for 
all but the most well-endowed patients. In 
flaccidity, the silicone cylinders provide the best 
concealability of all prostheses. Most impor
tantly, the cylinders are ideal for patients hav
ing had previous penile surgery and previous 
implants, as chances for aneurysm formation 
are significantly decreased.17 The Mentor Al
pha I has advantages in previously unoperated 
patients, but the ex is the most versatile for use 
in all types of patients. 

Revisions of AMS 700 CX 

The AMS 700 ex and eXM have been associ
ated with a very high degree of patient satisfac
tion. However, when the prosthesis has failed, 
contrast medium filling the prosthesis at the 
time of implantation has not helped diagnose 
the cause of failure, for radiography has re
vealed that the contrast had leaked out and had 
been absorbed by the body. Prepping with nor
mal saline is far easier and more effective. 

When the prosthesis has lost fluid and has 
become nonoperational, the usual culprit is tub
ing shear by the old suture tie connectors. Prod
uct literature from the manufacturer continues 
to advise suture tie connectors in all revisions. 
This may be a mistake, as the new "quick con
nect" connectors are much safer for revisions. If 
mechanical failure develops in newer prosthe-
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ses implanted with "quick connect" connectors, 
the culprit is usually cylinder leak, but it may 
be cylinder wall wear or breakage of the cylin
der-input tubing juncture. The second most 
common problem of newer 700s has been 
crease-fold wear of the reservoir wall (Fig. 40.6). 
The pump itself is virtually free of problems. 

Replacement of ex 
Revision operations should be done through the 
old incision with the electrosurgical unit. Cut 
down upon the pump and trace out the tubing. 
Disconnect the reservoir connection and attach 
a syringe with saline. Pump until the leak is 
detected. If the implant inflates in a normal 
fashion, attach the syringe to the reservoir and 
fill. Reservoir leaks are the size of a pinpoint and 
may not be detectable. If the cause of the leak is 
in doubt, remove the entire prosthesis. Nothing 
is as disappointing to the patient as for the sur
geon to presume the prosthesis has been fixed 
and then to discover that the prosthesis deflates. 
As a rule of thumb, AMS 700 prostheses over 3 
years old should be totally explanted and re
placed with a new multi component prosthesis. 
Silicone surfaces of the cylinders and reservoir 
continue to wear, and single component re
placement risks the possibility of another revi
sion all too soon. During revisions involving 
cylinders, make certain to remove the fabric 
"boots," which cover the cylinder input tubing 
where it inserts into the corpora. Because of 
tissue ingrowth, this can be difficult. Addition
ally, make certain to remove all rear tip extend
ers. These are easily extracted by irrigating the 
proximal corpora with antibiotic irrigant and 
then placing a Yankov suction tip into the 
corpora. One final point: Never replace a three
piece prosthesis with a two-piece or a self
contained one. The patient has known the finest 
erection and the best flaccidity achievable by 
artificial means. He will be very unhappy with 
the poorer tumescence and less concealability 
available from these compromised prostheses. 

Pearls, Pitfalls, and Perils 

The AMS 700 eXM 

This downsized version of the traditional 700 
prosthesis was developed for the Asian market, 
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where it has found widespread acceptance. The 
smaller diameter cylinder (Fig. 40.7) is particu
larly useful in the proximal corpus cavernosum. 
It is only necessary to dilate the proximal cor
pora to 10 or 11 mm, whereas the standard size 
CX requires dilatation to 12 or 13 mm. It is 
important to stress that the tubing must exit the 
corporotomy at the base of the cylinder rather 
than run along the cylinder for a distance and 
exit in a more distal corporotomy. The narrow 
proximal corpora found in Asian men will com
promise deflation if the tubing is run alongside 
the cylinder. Many Asian implanters prefer to 
use the standard CX pump, because the tiny 
CXM pump is hard to grasp and has a smaller 
stroke volume. 

Western implanters have also found the 
CXM invaluable in patients with corporal 
fibrosis. Corporal fibrosis occurs in patients 
with previously infected implants and in pa
tients with priapism. The spongy erectile tissue 
is replaced by dense fibrosis, which makes dila
tation difficult if not impossible. In these pa
tients, it is sometimes necessary to resect large 
blocks of corporal tissue to make a space in 
which the implant can lie. The smaller size of 
the CXM is very useful, because the remaining 
corporal tissue can usually be closed over the 
smaller implant, whereas it would be necessary 
to use grafting with a synthetic material to 
cover a standard-size implant.17,18 

The AMS 700 Ultrex 
and Ultrex Plus 

The Ultrex cylinder is a modification of the 
three-ply CX cylinder. The middle fabric layer 
has been changed to allow some length expan
sion while controlling girth. The Ultrex cylinder 
is the only lengthening cylinder commercially 
available. The cylinders are sized from 12 to 
21 cm in 3-cm increments and rear tip extenders 
are supplied for length adjustment. The pump 
is identical to the AMS 700 CX. The reservoir is 
larger and rated at 100-cc fill. The AMS 700 
Ultrex Plus is the newest modification of the 
700 line. This model features a prefilled pump 
that has been preconnected to pre filled cylin
ders. Only the reservoir requires filling and 
only one connection need be made. Two tubing 
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FIGURE 40.7. AMS 700 ex and 
downsized AMS 700 eXM. 

lengths are available, with the shorter length 
intended for penoscrotal implantation and the 
longer length for infrapubic insertion. AMS re
cently published Ultrex survival data collected 
for the FDA from multiple centers. In analyz
ing the medical records of 155 patients im
planted between August 1990 and December 
1991, they noted almost 90% of the patients 
free from revision or replacement surgery for 2 
years following implantation. 

Pearls, Pitfalls, and Perils 

The AMS 700 Ultrex 

From clinical research to the final commercial 
product, the manufacturer steadfastly refused 
to claim that the lengthening cylinders would 
lengthen the erect penis. Nevertheless, clini
cians and patients alike fervently hoped penile 
lengthening would occur. The first studies pu
blished were meant to document length enhan
cement but were disappointing in that the erect 
penis did not lengthen from its preoperative 
length.19 Some clinicians believed the Ultrex 
cylinder advantageous because of lengthening 
the flaccid penis during inflation;20 uncontrolled 
lengthening of the cylinder necessitated a much 
higher revision rate than with either AMS 700 
ex or Mentor Alpha I. Some centers have 
stopped using this prosthesis cylinder. 
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The S-Shaped Deformity 

Highly motivated patients sometimes inflate 
their prosthesis to the maximum for long peri
ods in order to try to achieve greater length. 
Increase in length of penis does not occur, but 
the cylinders lengthen at the expense of the 
corpora, curling up within the erectile body like 
a snake. This S-shaped deformity severely de
teriorates the erection rigidity, is unsightly, and 
sometimes is so deformed that intercourse is 
difficult (Fig. 40.8). The S-shaped deformity 
has occurred more often in patients who in
flated their prostheses for long periods, had 
Peyronie's disease, or in patients whose tunica 
had been compromised by previous self
contained or rod implantation.21 In these cases, 
it is recommended that the Ultrex prosthesis be 
removed and a ex or Mentor Alpha prosthesis 
be substituted. The Ultrex S experience has 
caused some clinicians to determine in a differ
ent fashion the size of cylinder to be inserted. 
Since the days of Dr. F. Brantley Scott, Jr., the 
inventor of the inflatable penile prosthesis, the 
recommended method of cylinder sizing had 
been to measure the intercorporal length 
with a Furlow inserter and to implant the cylin
der size corresponding to the measurement. 
Montague22 now recommends downsizing the 
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S.K. Wilson 

FIGURE 40.8. Examples of the S-shaped deformity in AMS 700 Ultrex. 

Ultrex cylinder 3 cm from the traditional 
method of measuring the size of prosthesis to 
be implanted. Utilizing this unique (to the 
Ultrex) method of cylinder sizing, the develop
ment of the S deformity may be minimized. 
However, an alternative is to cease implanta
tion of this device, preferring the dependability 
of the AMS 700 ex or the better erection rigid
ity of the Mentor Alpha 1. 

Excessive Periprosthetic 
Capsule Formation 

All implanted materials stimulate fibrous cap
sule formation in the human body. The smooth, 
spherical silicone reservoir of the AMS 700 is 
occasionally surrounded by such a tight capsule 
that full deflation is not possible. The patient 
complains that his penis is always half erect. 
Additional deflation may be accomplished by 
forceful squeezing of the penis while deflating, 
but the cylinders promptly refill. This excessive 
capsule formation can be prevented by maxi-

mizing deflation daily for 3 months following 
implantation. Requesting that the patient 
deflate the prosthesis several times each day 
promotes maximum reservoir capacity and, 
therefore, a larger capsule space. When the 
space problem is presented to the clinician, it is, 
of course, too late for preventive medicine. 
However, not all patients desire correction. 
Some men enjoy the fullness. IS 

Capsule Contraction Correction 

The repair is simple; it is not necessary to resect 
the excessive capsule. Merely make a small 
scrotal incision, locate the connector between 
pump and reservoir, and disconnect. Place your 
hand suprapubically and then overdistend the 
reservoir with up to twice the rated capacity. 
Although audible evidence ("pop") of capsule 
splitting frequently occurs with AMS spherical 
reservoirs, it seldom happens with the Mentor 
cylindrical reservoir. Palpable rupture always is 
evident during revision of both prostheses. Re-
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establish normal reservoir capacity and recon
nect the system. If the patient postoperatively 
maximizes deflation several times daily for 3 
months, the problem will not recur. This solu
tion is also effective with Mentor three-piece 
prostheses, but the cylindrical, textured Bioflex 
reservoir is significantly less prone to capsule 
contraction (2 % ).15 

The Mentor Alpha I Prosthesis 

Mentor Corporation began manufacturing a 
three-piece prosthesis in 1983. The design was 
similar to the original Scott concept featuring 
paired cylinders, a scrotal pump, and an ab
dominal reservoir. From inception, the cylin
ders and reservoir were constructed of Bioflex, 
a polyurethane polymer. This material has 
proven to have remarkable longevity. Patients 
with sets of cylinders and reservoirs that have 
been in place almost a decade have reported no 
leaks. Mentor's first model was called the Men
tor IPP (inflatable penile prosthesis). It was 
plagued by tubing shear at the junction of the 
metal connector. Its current model, Mentor 
Alpha I, has been commercially available since 
1990 and features only one (new design) "Tru
lock" connector between pump and reservoir 
(Fig. 40.9). Freedom from revision or replace
ment surgery has been immensely improved 
over the old models by the very dependable 

FIGURE 40.9. Mentor Alpha I. 
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"Tru-Iock" connector. A recent report indi
cated 15-month device survival at over 95%.16 

The Mentor Alpha I penile prosthesis is 
available in cylinder lengths from 12 to 22 cm 
in 2-cm increments. Unlike the AMS 700 CX 
or Ultrex, cylinder diameter of the larger 
prostheses is incrementally wider than the 
smaller ones. Rear tip extenders of 1 to 3 cm are 
provided for length adjustment. The Bioflex 
cylinders are preconnected to a silicone 
pump. Two tubing lengths are available, with 
the shorter length designed for penoscrotal 
incisions and the longer length meant for 
infrapubic insertion. The cylindrical Bioflex 
reservoir has a textured surface. Reservoirs are 
available in 60-, 75-, 100-, and 125-cc capacities. 

In April 1996 Mentor introduced a new pros
thesis, the Mentor Alpha NB. This prosthesis 
was intended for placement in patients in 
whom the Alpha I cylinders were judged to be 
too large. The cylinders are made of Bioflex, 
as is the Mentor Alpha I, but the cylinder 
width is 2mm narrower in each size than the 
standard-sized prosthesis. Most importantly, 
the base is considerably narrower than the 
standard-size Mentor Alpha I, thus the designa
tion NB for narrow base. To place a Mentor 
Alpha NB in the proximal corpora requires 
dilatation to only size 10 Hegar dilators, since 
the prosthesis with rear tips in place measures 
only 9mm in diameter. This Mentor Alpha NB 
will be a very useful prosthesis for placements 
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in patients with stenotic corpora secondary 
to corporal fibrosis because of this narrow-base 
feature. It should also give better girth ex
pansion than the CXM cylinder since the 
expansion of the Bioflex is limited only by 
the tunica albuginea rather than by a fabric 
wrap, such as with the CXM cylinder. 

The Mentor Alpha I 

One of the favorite sayings of the late Dr. Scott 
was a reflection of what he most liked in life: 
"faster horses, older whiskey, and younger 
women." Dr. Scott paraphrased this into a 
description of the ideal inflatable prosthesis: 
"larger cylinders, fewer connectors, and a 
smaller pump." At the present time, the 
Mentor Alpha I comes closest to the ideal of 
all prostheses available. Only one connection 
is needed, and the small spherical pump is 
very concealable. The Bioflex cylinders are 
not restricted in girth expansion by a fabric 
wrap (as in the AMS CX and Ultrex), and 
the longer cylinders have a larger diameter 
than do the shorter cylinders. The cylinder 
configuration permits full expansion until re
stricted by corporal tissue. This usually ensures 
the best axial rigidity of any prosthesis. One 
disadvantage of Bioflex, when compared with 
AMS cylinder construction, is that folds of 
this polyurethane polymer are more apparent 
than with silicone in the flaccid penis. This may 
lead to patient complaints about palpable "dog 
ears." The problem can be overcome by en
couraging the patient to carry a bit more fluid in 
his prosthesis and thereby smooth the material 
crease. 

Presently, the Mentor Alpha I is a favored 
prosthesis for routine implantation in previ
ously unoperated patients. The Alpha's 
axial rigidity in erection seems SUbjectively 
better than other prostheses, and it is par
ticularly useful in a broad penis. Mechanical 
reliability is acceptable, and Bioflex cylinder 
longevity is better than the silicone.23 Teach
ing the patient to operate the device is very 
easy and requires less time than with any 
other self-contained, two-piece, or three-piece 
prosthesis. 

S.K. Wilson 

Pearls, Pitfalls and Perils 

The prosthesis should be used with caution 
in reimplantations and patients with tunical 
weakening from previous penile surgery. The 
tunical dependent expansion of this powerful 
cylinder can cause corporotomy rupture and 
aneurysms in these complicated cases (Fig. 
40.3). 

Although the prosthesis has acceptable over
all reliability, there may be infrequent but re
current problems in prostheses implanted via 
the penoscrotal approach. Tubing fracture with 
subsequent fluid leak can occur at the junction 
of the cylinder tubing and the pump. The out
side tubing seems more susceptible, but it has 
also been seen in the inside tubing. The manu
facturer has made two separate modifications 
to reinforce this area (Fig. 40.10), and the prob
lem has decreased markedly. In analyzing a 
series of over 1000 Alpha implantations, the 
revision rate for this problem has been 7% 
overall and has become much less frequent in 
the reinforced models.5 It is noteworthy that 
a large series of 647 Alphas implanted 
infrapubically had less than 2 % incidence of 
this problem?4 Virtually no other mechanical 
problems requiring reoperation developed in 
either series. Patient satisfaction has been as 
high as 98.4 %.24 

Revision of Mentor Alpha I 

Present policy on revision of the Mentor Alpha 
I takes cognizance of the remarkable durability 
of the Bioflex cylinders and reservoir. The 
problem necessitating revision is invariably 
the tubing fracture outlined above. Unlike with 
the AMS 700, it is only necessary to cut down 
on the pump through a scrotal incision with the 
electrosurgical unit. Trace out the tubing until 
the reservoir connector is located. Sever all 
three tubings distal to the fracture and remove 
the pump. Using the cut tubing, aspirate cylin
ders and reservoir of residual fluid, then purge 
the system with antibiotic irrigant. After copi
ous irrigation of all components, refill the reser
voir and attach a new reinforced pump with 
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FIGURE 40.10. Mentor Alpha 
I common mechanical prob
lem: tubing fracture at pump 
platform. 

three connectors. This revision is quick and 
easy on both patient and surgeon and does not 
risk repeat revision, because of the durability of 
the rest of the components. 

Implantation of Three-Piece 
Inflatables 

Urologists worldwide seem more familiar with 
the infrapubic incision and perceive that im
plantation via this approach is easier than the 
penoscrotal incision. The penoscrotal incision 
is, however, actually quicker and easier for the 
surgeon and associated with less morbidity for 
the patient. It is particularly recommended for 
obese patients. Most importantly, the peno
scrotal approach minimizes most of the compli
cations of penile implant surgery and avoids the 
dreaded dorsal nerve injury-the only compli
cation of implant surgery for which there is no 
cure. 

Scott, the inventor of the three-piece inflat
able, also developed the penoscrotal approach. 
He believed the penoscrotal incision lent itself 
better to outpatient surgery because of less pa
tient discomfort. He was fond of saying that 
penoscrotal implantation was optimum be
cause the incision was made in the natural scar 
(scrotal raphe), and the result was completely 
invisible. 
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Both implant manufacturers report that 80% 
of three-piece inflatables are placed through 
infrapubic incisions. Surgical familiarity with 
the infrapubic anatomy and fear of the blind 
reservoir placement are the usual explanations 
for infrapubic incision preference. However, if 
the surgical procedure is done properly, im
plantation can be accomplished in less than 1 
hour. 

Pearls, Pitfalls, and Perils 

The Penoscrotal Incision 

The most common infecting organism is the 
opportunistic staphylococci, e.g., Staphylococ
cus epidermidis. For this reason, give a single 
dose of vancomycin 500mg IV 1 hour pre
operatively. For gram-negative coverage, give a 
single dose of gentamicin 80mg intravenously. 
The patient is placed supine, prepped for 10 
minutes, and draped. A Foley catheter is in
serted to facilitate urethral identification. The 
Lone Star Medical Products metal retractor 
(Scott retractor) is placed with the small end 
surrounding the scrotum and the large end uti
lized to place the penis on stretch by inserting a 
hook in the dorsal aspect of the urethral me
atus. (It is notable that in the sixth edition of 
Campbell's Urology, the Scott retractor is erro
neously used upside down!) The most impor
tant aspect of the retractor is a piece of 
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FIGURE 40.11. Proper placement of Lone Star Medi
cal Products (Scott) retractor. Arrows show hook in 
urethral meatus and polyethylene tubing stretched 
across middle of retractor to elevate penis. 

polyethylene tubing (cut off some IV tubing) 
passed from 3 to 9 o'clock on the retractor. This 
facilitates exposure of the corpora by elevating 
the base of the penis (Fig. 40.11). Avoid the 
plastic Scott retractor. It is too light and conse
quently moves too much during the surgery. 

A 3-cm incision is made in the scrotal raphe 
immediately below the penoscrotal junction. 
This skin with incision is then moved up on the 
penis, and the retractor hooks are placed at 1, 5, 
7, and 11 o'clock, making certain the hooks 
hold the incision over the proximal penis-not 
over the upper scrotum. Finally, two more 
hooks are placed at 9 and 3 o'clock (Fig. 40.12). 
If the retractor and hooks are properly placed, 
the urethra is immediately evident, because it 
contains a Foley catheter. The urethra is dis
placed laterally with finger or forceps, and dis
section through the tissue overlying the corpora 
cavernosa is accomplished by spreading with 
the Metzenbaum scissors. As each layer of 
overlying tissue is spread, the hooks on that 
side are lifted and replaced to take the tissue 
laterally. When the glistening white corporal 
body is identified, stay sutures are placed, and a 
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#15 knife blade is used to make a 2- to 3-cm 
corporotomy. The corporotomy should be ex
tended proximal enough so that the tubing will 
exit in the scrotum and not be palpable on the 
penis. The AMS 700, Mentor Alpha I, or Men
tor Mark II can be placed with tubing inside the 
corpora, running alongside the cylinder until 
it exits at the corporotomy. Implantation of 
the AMS Ambicor will require extending the 
corporotomy deeper in the scrotum until the 
tubing exits at the base of the cylinder. 

Corporal Dilation 

Dilate the corpora with Hegar or Brooks dila
tors. Do not begin dilatation with a dilator less 
than size 10 or 11. Smaller dilators are too sharp 
and are a risk to urethral perforation. The 
Brooks dilators (Mentor Corp.) are safer than 
Hegar dilators because their bullet configura
tion and offset bayonet handle help prevent 
urethral injury. Proximally the dilators should 
be advanced until the insertion of the crus on 
bone is felt. Dilatation should be as large as 

FIGURE 40.12. Correct placement of hooks to facili
tate corporal dissection. 
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possible. Routine dilatation may be to size 14. 
As mentioned above, dilatation to at least size 
12 is necessary for insertion of any of the two
or three-piece prostheses except the AMS 700 
CXM and the Mentor Alpha NB. 

Measurements 

After dilatation is complete on both sides, the 
Dilamez inserter or the Furlow inserter is used 
to measure the total intracorporal length. If 
measurements are not within 1 cm of each 
other, something is wrong, and it will be neces
sary to redilate both sides. A prosthesis of 1 
to 3 cm less than the patient's measurement 
should be requested from the circulating nurse. 
The surgeon will then create the patient's exact 
measurement by the addition of rear tip ex
tenders. The prosthesis measurement plus rear 
tip extender size should exactly match the 
intracorporal measurement of the patient with 
his penis mildly stretched by the inserter, if us
ing Mentor Alpha I, Mentor Mark II, AMS 700 
CX, or AMS Ambicor. If there is a question 
about the measurement, place a smaller rather 
than a longer length. In all models of prosthesis 
placement, it is always better to err on the short 
side rather than the long. As mentioned above, 
the lengthening design of the Ultrex cylinders 
makes it mandatory to downsize this prosthesis 
2 to 3cm. 

The corporal incisions are closed with 00 
Vicryl. Copious amounts of antibiotic irrigant 
should be used throughout the procedure. The 
most common infecting organisms are common 
skin bacteria that contaminate the prosthesis 
through airborne spread or direct contact 
with the patient's skin. These can be mechani
cally removed with vigorous irrigation, either 
with a sterilized plant mister or an asepto 
syringe. 

Reservoir Insertion 

The insertion of the reservoir through the 
penoscrotal incision is what most surgeons 
dread. This maneuver should not be frighten
ing, because with a decompressed bladder, 
there is really no harm that can occur. The 
operator should pass his finger alongside the 
penis, medial to the spermatic cord up on to the 
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pubic bone, until the pubic tubercle is felt. Im
mediately over the tubercle, the external in
guinal ring can be palpated. The maneuver is 
similar to examining a patient for the possibility 
of hernia. An infant-sized Deaver retractor is 
used to hook the external inguinal ring, and 
traction is applied forcefully cephalad. The pu
bic tubercle is the caudad landmark of the exter
nal inguinal ring. If the maneuver is properly 
done, there is nothing between the surgeon and 
the space of Retzius except transversalis fascia 
(the floor of the inguinal canal and the strength 
layer of the abdomen). This transversalis fascia 
is a tough structure and cannot be finger
dissected. It will be necessary to forcefully 
pierce it with a sharp clamp or a Metzenbaum 
scissors (Fig. 40.13). The operating surgeon 
must feel a "give," and the piercing instrument 
can be advanced 6 to 8cm. Then the instrument 
is spread until the finger and the Deaver can be 
inserted through the fascia. Feeling the back of 
the pubic ramus, the surgeon then palpates 
the bladder, feeling the Foley balloon with the 
tip of a finger, and inserts the reservoir into this 
space. 

Reservoir Insertion in Patients with 
Previous Pelvic Surgery 

It should be noted that the transversalis fascia is 
thickened in patients with previous radical 
retropubic prostatectomy and is quite difficult 
to pierce. Once through the transversalis fascia, 
the space of Retzius is usually not obliterated. 
Previous hernia repair does not contraindicate 
this method of reservoir insertion, but finding 
the external ring may be impossible, and the 
surgeon may have to pierce the hernia repair. 
Previous aorta-femoral bypass surgery or radi
cal cystectomy can obliterate the space of 
Retzius, but the operator can usually develop a 
space by careful finger dissection. Rarely is it 
necessary to make a separate incision for reser
voir insertion (Fig. 40.14). 

Reservoir Fill and Cycling 
the Prosthesis 

Fill the reservoir to capacity with saline and 
make the appropriate connections. It is not nec-
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FIGURE 40.13. Reservoir placement via penoscrotal 
incision. (A) The infant-sized Deaver retractor is 
hooked in the external inguinal ring and traction 
applied cephalad. The pubic tubercle is used as 
caudad reference point and the transversalis fascia is 
pierced with Metzenbaum scissors. (B) Note how 
deep the scissors are advanced. 
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essary to waste time trying to remove all the air 
from the system because it all dissipates within 
6 months. A little air is actually good, because it 
creates an audible turbulence across the pump, 
making patient instruction easier. Cycle the 
prosthesis by pumping to the absolute maxi
mum because this is an excellent opportunity to 
properly seat the cylinders and break down 
fibrotic areas while the patient is anesthetized. 
This is the time to ensure a straight erection. 
Many times, mild curvature will now be noted 
that was unsuspected preoperatively. This 
curvature can be "modeled,,,25 resulting in a 
straightened erection. 

A voidance of Scrotal Hematoma 

After cycling the prosthesis, create a space for 
the pump by finger dissection of the scrotal sep
tum. The pump should lie in a dependent posi
tion of the scrotum between the testicles. It 
should not be pexed or sutured down in any 
way. If the pump lies free between the testicles, 
it can be manipulated by the patient if future 
malposition should occur. Scrotal hematoma
the most common complication of penoscrotal 
implantation-can be virtually eliminated by 
draining with a small silicone drain and par
tially inflating the prosthesis for 12 to 24 hours. 
Most scrotal hematomas originate from corpo
ral bleeding, not from a scrotal blood vessel; 
thus, the need for inflation and drainage. The 
patient is discharged the same day or the next 
morning, with 5 days of high-dose ciprofloxacin 
or ofloxacin. 

After the Implantation 

1. Patients should be warned that both AMS 
and Mentor three-piece inflatables will autoin
flate for the first 3 months. Spontaneous cylin
der inflation occurs until the reservoir is 
surrounded by capsule formation. It is impor
tant to maximize deflation during this crucial 
period in order to encourage maximum capsu
lar space. Cylinder capsules can be stretched by 
forceful inflation, but there is no way to stretch 
a reservoir capsule once formed. If achieving 
full deflation becomes a problem, it can be eas-
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FIGURE 40.14. Reservoir placed 
through penoscrotal incision in 
patient who had previous pelvic 
exteneration. 

ily corrected by the method outlined earlier in 
this chapter. 

2. The patient should also be warned that his 
erection may not be as long as a natural erec
tion, because the head of the penis does not 
swell with an implant. 

3. Although achievement of orgasm is 
unrelated to prosthesis implantation, some pa
tients will complain of difficulty reaching or
gasm for months following the implant. This 
can be overcome by encouraging the patient 
to spend more time in foreplay and perhaps 
to enjoy a relaxing glass of wine prior to 
lovemaking. 

4. Pain lasting more than 45 days suggests 
subclinical opportunistic staph infection, which 
may be treated with 2 days of IV vancomycin 
and 30 days of timethoprim/sulfa and/or 
rifampin.ll 

Conclusion 

Penile prosthetic implantation can be consid
ered a safe, relatively minor surgical procedure. 
Although the vacuum device and injection 
erection are considered first-line treatments, 
prosthesis implantation can be a satisfactory 
alternative. Device reliability and patient satis
faction combine to make penile prosthesis im
plantation a popular therapy. The best penile 
prosthesis will stimulate flaccidity and natural 
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erection to an excellent degree and lend itself 
nicely to the spontaneity of lovemaking. 
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The Complex Penile Prosthesis 
John J. Mulcahy 

Penile prosthesis placement has remained a 
predictable and reliable treatment for erectile 
dysfunction for over two decades. Despite ad
vances in prosthetic design and the use of more 
durable materials, mechanical problems with 
these devices may occur. In addition, weakness 
in the wall of the erectile bodies, the deposition 
of scar tissue in the penis, problems with blood 
supply, and the entrance of bacteria into the 
wound at the time of implant surgery have con
tributed to a suboptimal result in certain pa
tients. Fortunately, as experience has been 
gained, the incidence of complications has de-

. creased and the management of problems has 
become more timely and more gratifying. 

Eighty percent of patients are happy with the 
outcome of prosthesis surgery.1 In those 20% of 
patients who are disappointed with the out
come, decrease in size of the penis is by far the 
most common reason. When prosthesis cylin
ders are placed, a rim of scar tissue or 
neocapsule develops around the cylinders as 
the body's reaction to injury. When the tunica 
albuginea, the elastic covering of the erectile 
bodies, fills with blood, the scar tissue does not 
expand. In addition, scar tissue may contract 
with time, and when the prosthesis cylinders 
are inflated, they will be restrained by a 
nonstretchable wall. If scar tissue is already 
present, as in Peyronie's disease, postpriapism, 
or following injury to the penis, a further reduc
tion in the size of the penis may be expected. 
Scar tissue may also account for asymmetry of 
the cylinder heads and for some bulging that 
may be apparent as cylinders are inflated. 

Some degree of pain is to be expected follow
ing prosthesis placement, and this may be more 
intense in some patients, especially diabetics, 
where a neuropathy may be present. This pain 
is usually more prolonged than in procedures of 
similar magnitude and may last up to a month. 
Ejaculation is usually not affected by the place
ment of a prosthesis. A few patients may note 
after prosthesis placement a decrease in sensi
tivity of the penis during sexual activity. In 
these patients, cutaneous sensation is intact, 
and the sensitivity will frequently improve with 
time over a period of months. This is more 
likely due to changes in the nerve endings than 
from damage to nerves during the surgical 
procedure. Why this phenomenon occurs is 
unknown. 

The repair rate with most models of implants 
is in the range of 5% to 10% within the first 5 
years. Beyond that time period, statistics are 
not available, and there is marked variability 
among the types of prostheses. 

Two key elements guiding a patient in selec
tion of the type of prosthesis to be inserted are 
manual dexterity and penile size. Although im
plants are becoming easier to manipulate, some 
require a modest degree of strength and skill. 
This consideration is important in patients who 
have advanced arthritis, Parkinson's disease, 
multiple sclerosis, quadriplegia, or who are be
yond the mid-70s in age. The recommendation 
of a semirigid rod-type device that requires 
little or no manual dexterity would be more 
appropriate for patients in these categories. For 
the very wide or long penis, a three-piece inflat-
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able device tends to give the best rigidity. The 
degree of support provided by the cylinders 
during intercourse depends on the appropriate 
fit of cylinders in the corporal body with expan
sion. If the cylinders completely fill the erectile 
bodies-like a finger in a glove or an inner tube 
in a bicycle tire-very good support is achieved. 
If there is room for the prosthesis to shift dur
ing inflation in the erectile body, less optimal 
support will be the result. In addition, with a 
very large penis, the unitary inflatable or two
piece devices may not give as good flaccidity, as 
the reservoir capacity is relatively small and less 
fluid can shift into that cavity. A key to sizing 
the proper width when selecting cylinders from 
two or three width sizes is to place two Hegar 
dilators of the anticipated width into both cor
poral bodies and then try to touch the thumb to 
the index finger between the dilators. If wide 
separation of the dilators is found, a loose fit of 
the cylinders will be expected. If there is slight 
separation of the dilators as the thumb touches 
the index finger, an optimal fit of that size cylin
ders can be anticipated. If the dilators will not 
move under these circumstances, there will be a 
relatively snug fit. In choosing the appropriate 
cylinder length for hydraulic cylinders, use 
the same length as the total corporal length 
measured with the measuring devices. With 
the nonhydraulic rod-type cylinders, inserting 
a cylinder tem shorter than the measured 
total corporal length will achieve better 
bendability and offer less chance of painful 
pressure at the end of the penis during opera
tion of the device. 

Scarred Corporal Bodies 

The presence of scar tissue in the corporal 
body, or in the tunica albuginea that covers it, 
will present a challenging situation during the 
dilation process for placement of prosthesis cyl
inders, particularly when there has been re
moval of a previous implant, trauma to the 
penis, postpriapism, corporal infection, a 
pharmacologic erection program, or Peyronie's 
disease. 

In the majority of these circumstances, some 
spongy erectile tissue will remain somewhere in 
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the corporal bodies. The key to selecting a site 
for corporotomy is to determine where this 
spongy tissue is located. If an implant has been 
previously placed and then removed because of 
an infection through a penoscrotal approach, 
that area will be scarred and a second attempt 
at dilating the corporal bodies through this ap
proach would be very difficult. An infrapubic 
approach in these circumstances would be a 
better place to start dilation. Upon opening the 
corporal bodies, spongy tissue will be encoun
tered and the dilation can be accomplished 
more easily. A midcorporal incision will allow 
dilation more easily, both proximally and dis
tally, as opposed to a subcoronal incision, 
which will permit total dilation in only one di
rection. A Foley catheter placed in the urethra 
before beginning dilation will provide a re
minder as to its location during the dilation 
process. 

Begin the dilation with the points of the 
Metzenbaum scissors pointed away from the 
urethra. If resistance is encountered, mild-to
moderate pressure against the resistance will 
often traverse the scarred area. If great resis
tance to the passage of the dilating instrument 
is encountered, make a second incision distally 
in the region of the glans and dilate backward 
toward the area of severe scarring. Degloving 
the foreskin to expose an area of severe scar
ring and incising into it under direct vision may 
also prove helpful. Dilate proximally somewhat 
more aggressively, because the danger of ure
thral injury in this location is remote. However, 
take care that aggressive dilation does not re
sult in a proximal perforation. 

Once a channel has been opened throughout 
the length of the corporal body, sequentially 
larger Hegar dilators can be passed to broaden 
the caliber of the cavity. Larger dilators will 
meet with increasing snugness as they are 
passed in situations of extensive corporal scar 
tissue. The Otis urethrotome, once used exten
sively for treating urethral strictures, may prove 
helpful in this situation. The blade of the 
urethrotome, opened away from the urethra, 
may be passed either proximally or distally. 
Make an incision, and then pass the Hegar dila
tors once more to ensure that the caliber of the 
corporal body is adequate. If resistance is still 
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met to passage of larger dilators, a second or 
third cut may be made with the urethrotome. 
When cutting a second or third time, rotate the 
blade 15° or 20° from the previous cut so that 
the tunica or scar tissue is thinned out rather 
than completely incised. If a cut is made 
through the tunica, closure with sutures will be 
necessary, but rotating the urethrotome blade 
will avoid this. The Rossello cavernotome 
(Majorica, Spain), an instrument that re
sembles a circular wood rasp, has also been of 
value in increasing the caliber of scarred corpo
ral bodies. It is passed with a twisting motion to 
make multiple small cuts into the scarred 
area. In situations where the majority of the 
corporal body has been replaced with scar 
tissue, such as in postpriapism, excising much 
of the scar with sharp dissection will aid in 
providing an appropriate cavity for cylinder 
placement. 

In some circumstances, placing a single 
cylinder may give adequate rigidity to the penis 
for intercourse. This, however, tends to give an 
asymmetric appearance to the erection, and 
tilting of the glans to one side or the other may 
occur. Smaller cylinders, such as the AMS 700 
CXM (American Medical Systems, Minneapo
lis, MN) or Alpha 1 Narrow Base (Mentor 
Urology, Inc. Santa Barbara, CA), can be 

FIGURE 41.1. Cup fashioned from 
synthetic material (polytetrafluo
roethylene) and secured around 
proximal portion of an inflatable 
cylinder. The wing of synthetic ma
terial is to be secured to the perios
teum of the ischeopubic ramus. 
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placed by dilating the cavity to only lO-mm di
ameter. These will give equal rigidity to that 
provided by larger cylinders when extensive 
scar tissue is present, as they will completely fill 
the width of the corporal bodies when ex
panded. If the cylinders can be placed but the 
edges of the tunica albuginea cannot be ap
proximated over the cylinders, synthetic mate
rial can be substituted for the tunica albuginea 
of the corpora cavernosa. Polytetrafiuoroe
thylene or Dacron, scraps from vascular surgi
cal procedures are useful for this purpose. 
Fashion a small piece of graft material to cover 
the defect in the wall of the erectile bodies, and 
sew in place by using interrupted or running 
nonabsorbable soft suture. It is advisable to 
create an adequate cavity for the cylinders 
rather than to rely on the use of vascular graft 
material, for this material tends to be bulky 
within the penis and introduces another foreign 
body to an already complex procedure. If the 
proximal corporal bodies are totally scarred 
and it is impossible to gain access to this area 
through intracorporal dilation, a proximal crus 
may be rebuilt by fashioning a synthetic cup of 
graft material, placing it around the proximal 
portion of the cylinder, securing the cup to the 
periosteum of the ischeopubic ramus with per
manent soft sutures (Fig. 41.1). 
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Crural Crossover 

Crural crossover occurs when both proximal 
tips or both distal tips are present in the same 
corporal body. During dilation, the tips of 
the dilating scissors should be kept pointing 
dorsolaterally to avoid urethral entry or septal 
perforation. Despite good attention to tech
nique, perforation of the septum between the 
two corporal bodies may occur in up to 25% of 
procedures and may present in a variety of 
ways. If cylinders are asymmetrically placed, 
the penis may take on a lopsided appearance. 
Alternatively, the tip of one cylinder may be 
palpable more proximally than that of its mate, 
and it may be difficult to inflate the cylinders. 
Similarly, the insertion of the second cylinder 
may be difficult, whereas the dilation might 
have proceeded relatively easily. It is better to 
attend to this problem at the time of surgery 
when it is easily corrected rather than to have 
the patient bring it to the attention of the phy
sician during a postoperative visit. When a 
crossover is suspected, remove both cylinders. 
Place a Hegar dilator in one of the corporal 
bodies and place the cylinder in the opposite 
corporal body by the standard technique. Then 
remove the Hegar dilator from the first corpo
ral body, and place a cylinder in that corporal 
body. It may be found that originally the sec
ond corporal body had never been adequately 
dilated. 

Perforation 

Perforation of the corporal body may occur 
proximally or distally at the time of dilation. It 
occurs more commonly in the proximal loca
tion and may be due to misdirected dilation, 
overaggressive dilation, or weakening of the 
tunica albuginea. The site of proximal perfora
tion is usually inaccessible surgically from the 
incisions conventionally used for prosthesis 
placement. Repositioning the patient and prep
ping this area for direct surgical repair will be 
difficult and may predispose to infection. If the 
perforation was made with a size 8 Hegar dila
tor, go directly to an 11 or 12. A cylinder may 
safely be seated under these circumstances. If a 
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9 Hegar or larger perforates proximally, place a 
cup fashioned of synthetic material around the 
proximal crus as a rear tip extender. 2 The sides 
of the cup material can then be secured to the 
tunica albuginea of the corpus cavernosum at a 
convenient location so that the tip of the cylin
der is located equal to its mate in the distal 
corporal body. This technique is applicable to 
rods or unitary inflatable-type prostheses, but it 
is not necessary when using cylinders with input 
tubes, as the polytetrafluoroethylene sleeve 
surrounding the input tube may be secured to 
the tunica albuginea of the corpus cavernosum 
with a permanent stitch and, with time, the per
foration will heal by scar formation. If such a 
defect is left open, the rod or unitary inflatable 
device would shift forward and backward as the 
patient manipulated his penis. This would cre
ate a ramrod effect, and erosion into the distal 
penis or buttocks would be inevitable. 

A distal perforation may occur through the 
crus below the glans or into the urethra. In the 
former situation, open the foreskin and repair 
the defect primarily. Distal urethral perfora
tions are usually into the fossa navicularis. Sur
gical access is difficult or impossible without 
filleting the penis. With such distal perforation, 
the appropriate maneuver is not to place a cyl
inder on that side but to return in 2 months or 
longer for cylinder reinsertion. A Foley cath
eter should be left in for about 3 days, which 
allows the perforation site to heal. If a cylinder 
has already been placed on the opposite side, 
leave it in place in order to maintain the length 
of the penis. 

Cylinder Selection 

Three-piece inflatable prosthesis cylinders 
come in two types, those that expand only later
ally and those that expand both laterally and 
distally. AMS markets the CX cylinders as the 
former type and the Ultrex cylinders as the lat
ter variety. Mentor Corporation (Goleta, CA) 
distributes the Alpha I cylinders, which expand 
laterally, and has completed a clinical trial on 
the Excel cylinders, which expand both later
ally and distally. The distally expanding cylin
ders may accommodate any shortcoming in 
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cylinder sizing, and it has been said that they 
may slightly lengthen the erect penis? The 
sheath of scar tissue that will form around these 
cylinders while in the deflated state will limit 
their expansion, so that any increase in length 
or girth achieved by either of these cylinders is 
not excessive. 

Experience with cylinders that expand in 
both length and girth has been good, but when 
used in situations where scar tissue is present 
in the penis, they have tended to exaggerate 

FIGURE 41.2. (A) Curved erection 
using inflatable cylinders that ex
pand in both length and girth. (B) 
The same patient after cylinders 
were changed to the type that ex
pand only in girth. 
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curvature.4 These cylinders fill all parts of 
the corporal body and tend to push against 
the distal end of the cavity. As the corporal 
body is tethered by the scar, this excessive 
pressure distally tends to exaggerate the curve. 
The cylinders that expand laterally only do 
not push against the distal end of the cavity 
but allow it to shift over the end of the 
cylinder. The cylinders themselves have good 
intrinsic rigidity and when inflated they tend 
to straighten the penis (Fig. 41.2). In cases 

.. --------~~----------~ A 

B 
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of Peyronie's disease or other situations of 
injury to the penis, as in removal of a pros
thesis associated with infection, excessive 
scar tissue may be present in the corporal 
bodies. 

Despite using malleable cylinders or appro
priate hydraulic cylinders, curvature of the 
erection may still be present. In this situation 
two approaches may be used to straighten the 
penis adequately, but only if the curvature is 
deemed to be unsuitable for intercourse. Minor 
curves of 200 or less will usually straighten with 
modest pressure against the penis during pen
etration. With the erection in full rigidity and 
the tubes to the cylinders clamped to avoid ex
cessive back pressure, the penis may be bent 
(molded) by excessive pressure to the side op
posite the curve.5 A cracking sensation will be 
noted as the scarred area is fractured. This pro
cedure may adequately straighten the penis, 
which should be maintained in the semierect 
position for about 6 weeks postoperatively to 
allow this scarred area to heal in the straight 
position. 

Another technique that may be helpful is to 
keep the penis pointed away from the scar dur
ing the healing process for the first 6 weeks 
postoperatively. As scar tissue will be laid down 
from the corporotomy incisions, this will some
times afford a modest degree of straightening 
to the curved penis. For prominent curves that 
will not respond to molding, take elliptical 
tucks or wedges from the convex surface of the 
curve to slightly shorten this area or balance the 
tethering caused by the original scar and close 
the defect securely with absorbable suture.6 

Polydioxone synthetic (PDS) or Maxon is rec
ommended for this as well as for the 
corporotomy closure. This technique was de
scribed by Nesbie for congenital ventral 
curvature, but it tends to slightly shorten 
the erection. Another approach is to incise the 
concave surface of the scar directly over 
the area of tethering, and substitute a graft of 
synthetic material to close the tunical defect 
and prevent prosthesis herniation. Before 
performing a Nesbit-type procedure or incision 
of scar with graft interposition, elevate the 
dorsal neurovascular bundle or the corpus 
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spongiosm to prevent injury to either of these 
structures. 

Autoinfiation 

Spontaneous inflation of three-piece hydraulic 
devices has been noted with activity, such as 
bending, lifting, or walking. Increased intra
abdominal pressure is transmitted to the reser
voir balloon that then pushes a small amount 
of fluid into the cylinders. If only mild in 
degree, advise the patients to deflate the 
device completely during episodes of urination. 
However, in some cases, this inflation may 
be embarrassing. The manufacturers attempted 
to eliminate this problem either by placing a 
lockout mechanism on the pump or by increas
ing the tension in the spring in the deflation 
mechanism, but both of these solutions resulted 
in a pump that was difficult for patients to 
operate. To minimize the degree of this 
autoinflation, ensure that the cavity in which 
the reservoir is placed is adequate and has mini
mal surrounding pressure. This is particularly 
important in patients who have had previous 
pelvic surgery where scar tissue has replaced 
the fatty envelope usually surrounding the 
bladder. If such a cavity cannot be found, the 
reservoir may be placed in an alternate loca
tion, intraperitoneally or in the epigastric area. 
There should be no pressure in the reservoir 
pushing fluid into the filling syringe before the 
balloon tubing is connected to the pump tubing. 
Putting about 5 cc less volume than the maxi
mum intended for the particular balloon will 
ensure that overfilling of the system will not 
occur with mild osmotic shifts during overhy
dration or dehydration. If the patient does not 
deflate the device frequently during daily ac
tivities, the cylinders will stay in the semierect 
position for extended periods of time and the 
reservoir will be in the less expanded state. 
Under these circumstances, a fibrotic capsule 
will form around the reservoir and prevent 
complete expansion. This will make complete 
deflation impossible and will contribute to the 
autoinflation phenomenon by adding pressure 
around the outside of the reservoir. 
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Aneurysms of the Corporal 
Body and Cylinders 

The prototype inflatable prosthesis was con
structed with a single layer of silicone, which 
eventually would adapt or mold to the interior 
of the corporal bodies. With increasing pressure 
from inflation and deflation of the device 
through daily use, weaknesses in the tunica 
albuginea of the corpora cavernosa developed. 
The cylinder aneurysms that formed in these 
locations exaggerated these areas of weakness 
by allowing the pressure of the cylinder to be 
transmitted to them. Unsightly bulges occurred, 
most commonly at the base of the penis (pear 
deformity or pyramid deformity). These prob
lems were not seen as commonly with the Men
tor-type device made of Bioflex (polyurethane) 
and more resistant to this internal pressure. 

In the mid-1980s American Medical Systems 
introduced a triple-layered cylinder with a 
middle layer of Dacron-Lycra to allow expan
sion without aneurysm formation. In rare cases, 
the polyurethane does weaken, the Dacron
Lycra covering of the triple layered cylinders 
may separate, and an aneurysm from either 
type of cylinder is still possible. More com-

FIGURE 41.3. Mobile glans with 
rod heads extending through dis
tal tunica albuginea palpable in 
subcutaneous tissue under 
foreskin. 
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monly, the wall of the tunica albuginea may 
weaken in certain locations from the increased 
pressure that occurs over time from the re
peated inflation of the cylinders. A cylinder 
may completely fill out in these areas, and mild 
protuberance of the corporal body may be the 
result. These bulges, usually not unsightly or 
dysfunctional for intercourse but distasteful to 
some patients, may easily be attended to by 
exposing the tunica albuginea over the area of 
bulge and resecting a small portion of tunica in 
this location. Close the defect with an absorb
able suture, and upon reinflation the tunica 
should appear flat. 

Erosion 

The cylinder heads may wear distally through 
the tunica albuginea into the subcutaneous tis
sues over a period of time, especially with in
creased pressure exerted in this area (Fig. 41.3). 
The rod heads may become palpable very close 
to the surface underneath the foreskin, or the 
ends of the rods may be very close to the tip of 
the glans penis (Fig. 41.4). Another indication 
of this occurrence is asymmetry of the cylinder 
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heads, with one head becoming more distally 
placed than the other. This situation is readily 
managed by exposing the area of erosion, open
ing the corporal body, and recessing the cylin
der in the shaft or removing the cylinder from 
the shaft of the penis. Tough tunical tissue is 
then closed distally with nonabsorbable soft 
suture, and the cylinder is then allowed to 
reexpand or the rods replaced if a malleable 
prosthesis was used. This technique of distal 
corporoplasty is also useful if scar tissue inter
feres with complete distal filling of the corporal 
bodies by the cylinder heads or if the cylinder 
heads are not aligned evenly. 

A more difficult problem to manage is 
erosion of the cylinders into the urethra, usu
ally into the fossa navicularis. This is not an 
uncommon complication of long-term indwel
ling catheterization or of patients on inter
mittent catheterization.8 It more commonly 
occurs with the rod-type prosthesis with firm 
distal tips and constant distal pressure. If pa
tients with prostheses need these forms of 
catheterization, perineal urethrostomy is rec
ommended. If this is impossible or unaccept
able, then a very small catheter and adequate 
lubrication should be used during the 
catheterization process. 

Others at risk for erosion into the urethra are 
patients with diminished sensitivity (such as 
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FIGURE 41.4. Tip of cylinder pro
truding toward skin of glans penis. 

patients with spinal cord injury) who do not 
appreciate that excessive pressure may be oc
curring at the ends of the prosthesis. In these 
patients, use a hydraulic prosthesis, which is 
soft most of the time and does not exert as 
much pressure distally. Patients who have 
had high doses of pelvic irradiation, have been 
on long-term cortisone therapy, or are having 
repeated treatments for urethral stricture dis
ease are also at increased risk for this occur
rence. If a previous erosion of a prosthesis 
cylinder into the urethra has occurred and a 
new prosthesis has been placed, this group of 
patients would be at greater risk for re-erosion 
because of the weakened tissue in this area. 
Symptoms that a distal erosion may have oc
curred include pain and erythema over the dis
tal portion of the penis or pus appearing at the 
urethral meatus. This problem may be diag
nosed readily by spreading the urethral meatus 
and observing the prosthesis tips in the fossa 
navicularis or by performing urethroscopy to 
visualize this. 

When an erosion has occurred, remove the 
cylinder on that side. During the surgical proce
dure, cavernoscopy with a flexible cystoscope 
or palpation along the shaft of the penis with 
the operating finger will determine whether 
there is a communication with the cylinder on 
the opposite side. If this cylinder is communi-
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cating with the erosive process, it should be 
removed and reinserted after 6 months. If the 
cylinder on the opposite side is not involved, it 
should be left in place to maintain length of the 
penis. If a multicomponent prosthesis with in
put tubing is involved in the erosive process, 
expose the input tube by a proximal incision, 
amputate the input tube as it enters the cylin
der, and remove the eroded cylinder via the 
opening in the urethral meatus. If the erosion 
has been of short duration and is detected 
shortly after its occurrence, cap the tubing lead
ing from the removed cylinder to the pump 
with an orthopedic screw or stainless steel 
mushroom plug. 

Infectious organisms present at the site of 
erosion may migrate up the shaft of the cylinder 
to the remainder of the prosthesis. If the ero
sion has been present for a long duration or if 
there is any question about infection in the re
mainder of the multicomponent device, the 
device should be removed and a salvage proce
dure performed (vide infra). Leave the cylinder 
on the opposite side, so as to maintain length. If 
both cylinders are removed and the penis is 
allowed to heal, with reinsertion at a later date, 
a 5-cm-shorter erection can be expected. The 
cylinder should not be reinserted in the side in 
which an erosion has occurred until the tissue at 
the site of erosion has been allowed to heal. 
Proximal erosions of the cylinders into the but
tocks region are rare but have been observed in 
cases where a decubitus ulcer has occurred. 
Cylinders exposed under these circumstances 
should be removed. If a partial erosion has 
occurred, but the cylinders are not exposed, 
a cup fashioned from synthetic vascular 
graft material may be used to fix the cylinders 
in proper position. A visceral erosion in which 
the balloon reservoir erodes into the bowel or 
into the bladder is a rare occurrence, and the 
predisposing factor has been tension on the 
tubing leading from the reservoir or a small 
reservoir cavity that exerts pressure on the 
balloon, pushing it into the viscus (pressure 
erosion).9 The treatment under these circum
stances is to resect the bowel segment or close 
the bladder and reposition the reservoir bal
loon without tension on the tubing in an ad
equate cavity. If there is any question of 
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infection being present under these circum
stances, such as with a urinary tract infection or 
erosion into the colon, a decision should be 
made regarding removal or salvage of the re
mainder of the device. 

Glans Bowing 

Excessive tilting of the glans (floppy glans or 
hypermobile glans) is seen more commonly 
when there is distal scarring in the cylinder 
cavities. This may occur in situations of 
Peyronie's disease or reinsertion of cylinders 
into a penis after removal of a previous implant 
following infection. When the cylinders are in
flated or placed in position, the distal tunica 
albuginea does not extend adequately into the 
glans to give support to the structure. When a 
patient attempts to penetrate for intercourse, 
the glans bends and makes proper insertion of 
the penis difficult or painful. If this is noticed at 
the time of prosthesis insertion and appears 
mild in degree, then resist the temptation to fix 
it at that time. With healing time, the glans may 
become more securely attached to the corporal 
bodies before further intercourse is attempted. 
If, however, it is obvious that there is a major 
problem with bowing of the glans, correct 
it simultaneously with placement of the pros
thesis cylinders. Make a circumcising or hemi
circumcising incision and use sharp dissection 
to develop the plane between the glans and the 
distal portion of the tunica albuginea of the 
corpora cavernosa. Place a nonabsorbable soft 
suture through the glans substance and through 
the tunica albuginea adjacent to the cylinder 
head. When all sutures to be placed are in posi
tion, securely tie the sutures dorsally, ventrally, 
or laterally, wherever the glans needs to be se
cured over the cylinder heads.lO Dorsal fixation 
for ventral bowing is performed by placing 
a suture on either side of the dorsal neuro
vascular bundle as described. Ventral fixation 
performed for dorsal bowing (less common) 
requires suture placement on either side of the 
corpus spongiosum. In cases of lateral fixation, 
only one suture is usually needed. For the very 
mobile glans, four-quadrant fixation is recom
mended. 
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The floppy glans may be due to use of pros
thesis cylinders that are too short for the di
mensions of the corporal body (Fig. 41.5). To 
determine which is the problem, lift the ends of 
the corporal body off the ends of the cylinder 
head while the cylinder is inflated. If this is 
readily done with apparent space left in the 
corporal body, add rear tip extenders to the 
cylinder or place longer cylinders. 
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FIGURE 41.5. Bending of distal pe
nis due to inadequate support. 
Prosthesis rods incompletely fill 
the length of the corporal bodies. 

Excessive Bleeding 

In situations of excessive bleeding postopera
tively, the question arises as to when the 
wound should be explored. An arterial bleeder 
will usually become manifest by swelling, 
ecchymosis, and a tensing of the tissues in
volved (Fig. 41.6). If there is venous oozing, 
perhaps from the site of the input tube entrance 

FIGURE 41.6. Tense, swollen, 
ecchymotic penis 7 hours after 
surgery. A small bleeding artery 
was ligated at wound exploration. 
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into the corporal body, pressure on the subcu
taneous tissue will result in swelling with 
ecchymosis of a relatively soft appearance. In 
situations of arterial bleeding, the wound 
should be explored and hemostasis secured ap
propriately. If the wound remains soft, with 
swelling and ecchymosis, conservative mea
sures, such as ice packs and perineal pressure 
dressings, may be applied. Care should be 
taken not to place pressure dressings on the 
shaft of the penis, because blood flows to the 
glans in only one direction. Inflating the pros
thesis to a modest degree so as not to interfere 
with urination may also be helpful. 

More appropriate, however, is careful atten
tion to hemostasis prior to wound closure. Ar
eas prone to bleeding are the sites where the 
input tube exits from the corporal body. These 
should be inspected thoroughly prior to clo
sure. If the reservoir is placed through a scrotal 
approach via the inguinal canal, the spermatic 
cord vessels are also suspects as sites of bleed
ing. The inferior epigastric artery courses un
derneath the rectus muscle and may be injured 
during reservoir placement if dissection is per
formed through the rectus muscle rather than 
between the rectus muscles. 

It is rare to have excessive bleeding from the 
corporal bodies, but this may be seen in very 
young patients with nerve injuries or in 
psychogenically impotent patients who have 
selected prosthesis implantation. If excessive 
bleeding is occurring during cylinder place
ment, move rapidly through the surgical proce
dure to place the cylinders and close the 
corporotomy as soon as possible. 

Repair of Mechanical Problems 

If a unitary hydraulic device or rod-type penile 
prosthesis becomes defective, both cylinders 
need to be replaced. If a two-piece hydraulic 
device develops a mechanical problem, replace 
the entire device, as both cylinders and pump 
are part of one continuous system without con
nectors. If a three-piece inflatable device devel
ops a mechanical problem after 5 to 6 years 
from the time of installation, replace all parts, 
because any parts left behind have a diminished 
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life expectancy. If only a brief period of time 
has elapsed since the date of installation, con
sider replacing the involved components as 
needed and leave any parts that seem to be 
functioning well. 

Isolate the connections to the various parts 
and observe for tubing fractures, particularly 
where excessive angulation of the tubing is 
present as it joins to the connector. If fracture is 
observed, bypass it by connecting intact parts of 
the tubing. 

Test the entire system with an ohmmeter, for 
more than one part may be defective. The ohm
meter makes use of the fact that both filling 
solutions and body fluids conduct a current. 
Place a metal needle on the tubing leading to 
the part to be tested, fill the part completely 
with the filling solution, apply one limb of the 
ohmmeter to the needle, and place the other 
limb on a retractor in the wound. If there is 
current conduction indicated by positive deflec
tion of the needle on the ohmmeter dial, this 
indicates conduction of electrolytes through a 
defective cover on the part and the part must be 
replaced. Another method of detecting a defect 
in that particular component is pressure testing. 
Fill the particular part with fluid and look for 
the appearance of fluid in the wound or de
creased volume when the filling solution is aspi
rated from the part. A recent report indicates 
that ohmmeter testing may not be completely 
reliable in detecting leaks, possibly because 
of air traps in the tUbing. ll When in doubt 
about the integrity of any components of the 
system, replace at the time of the reparative 
procedure. 

Infection 

Infection associated with placement of penile 
prosthesis can be a catastrophic event. Fortu
nately, the incidence of this occurrence is 
rare-about 1 % to 3% in most series.12- 14 Cer
tain procedures are recommended prior to in
serting the implant to ensure that the possibility 
of infection remains remote. Skin lesions, such 
as comedomes or subaceous cysts, in the area of 
the surgical field should be eradicated. During 
the implant procedure, with manipulation of 
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the penis and scrotum, these areas may inad- indwelling suprapubic tubes or a neurogenic 
vertently be compressed and thereby seed the bladder may have infections that are difficult to 
wound with pathogenic organisms. Difficulty in eradicate. Begin prophylactic antibacterials a 
retracting the foreskin should be corrected by few days prior to the procedure in such high 
circumcision as a separate procedure. risk cases. In addition, when entry into the ure-

The genital area should be thoroughly tbra is more likely, such as in cases of excessive 
cleansed with strong soap in the days prior to corporal scarring, preoperative urethral wash
the surgery. Shave the pubic hair in the operat- ing with dilute povidone iodine solution is 
ing room just prior to the procedure, then advisable. 
scrub, paint, and spray the skin thoroughly with Despite the best precautions, infection of 
a strong antiseptic solution, such as povidone the prosthesis may develop. Erythema, fever, 
iodine. Most urologists believe that use of pro- pain worsening over parts of the prosthesis, 
phylactic antibiotics in association with pros- fluctuance in the region of prosthesis parts, or 
thesis placement offers added protection fixation of parts to the scrotal wall suggest the 
against environmental pathogens.15 Such anti- presence of an infection. Exposure of any parts 
biotics should be started about 1 hour prior to of the prosthesis to the outside environment 
the incision to allow good tissue levels at the should be treated as an infected situation. Puru
time of the procedure and continued for up lent drainage from a portion of the wound may 
to 48 hours postoperatively. No benefit is represent a superficial infection, i.e., a stitch 
achieved by longer use, as the wound will have abscess; but if compression of part of the pros
sealed by this time. thesis, such as cylinders or pump, results in an 

The organism most commonly isolated from increase in purulent drainage, conclude that the 
wound infections associated with penile pros- . purulent process is in contact with the prosthe
theses has been coagUlase-negative staphylo- sis and it should be treated accordingly. When 
coccus (Staphylococcus epidermidis). Coliform infection of a prosthesis is confirmed or is 
organisms, Pseudomonas, Klebsiella, Serratia, highly suspect, exploration of the wound is ap
Proteus, and other gram negatives have been propriate. The presence of purulent material or 
seen, as well as anaerobes and fungi. slimy exudate around the implant indicates the 
Vancomycin 500mg every 6 hours and presence of infection. Take aerobic and anaero
gentamicin 80mg every 8 hours are the most bic cultures, and if doubt exists, a Gram stain of 
effective combination to use prophylactically the tissue fluid can be done to immediately as
against such organisms. Some infectious dis- certain the presence of organisms. 
ease experts, however, have seen no indication If an infection is found, two approaches can 
for using prophylactic antibacterials during un- be taken. The prosthesis can be removed, the 
complicated prosthesis placement because the wound cleansed, drains placed, and the infec
skin is thoroughly cleansed prior to the proce- tious process allowed to heal. After 6 months, 
dure, and a sterile device is implanted under an attempt to replace the prosthesis may be 
conditions that should exclude bacteria from considered if the patient so wishes. Another 
the wound. approach is to remove the entire prosthesis and 

There has been no controlled study that all foreign parts and suture material, thor
shows a lower incidence of infection using pro- oughly cleanse the wound, and reinsert a new 
phylactic antibacterials as opposed to not using prosthesis at the same sitting, a technique 
these medications. Washing the wound fre- termed a salvage or rescue procedure. These 
quently during the procedure with a sterile so- alternatives should be thoroughly discussed 
lution with or without antibiotics added will with the patient prior to the exploratory proce
certainly aid in eliminating pathogens that may dure in order that his wishes may be followed. 
have migrated into the sterile field. A sterile The advantages of salvage are that it maintains 
urine at the time of prosthesis placement is a the length of the penis, for the most part, and 
desirable feature, although this may be difficult permits an easier insertion of cylinders at the 
in certain instances because patients with time of the surgery as opposed to 6 months 
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later, at which time shortening of the penis can 
be expected. 

The solutions used in the salvage protocol 
include saline to which has been added kana
mycin and bacitracin, half-strength hydrogen 
peroxide, and half-strength povidone iodine. 
The wound is pressure washed with a Water Pik 
(Simpulse) using 1 g of vancomycin and 80mg 
of gentamicin in the 5-liter irrigating fluid bag. 
A third series of irrigations is performed using 
the first series of solutions in reverse order, i.e., 
half-strength povidone iodine, half-strength hy
drogen peroxide, and saline containing the anti
biotics kanamycin and bacitracin. The success 
of salvage using this protocol in our series has 
been 88%, i.e., 14 of 16 cases successfully sal
vaged (5 to 48 months' follow-up). In two cases 
of unsuccessful salvage, the contaminating or
ganisms were methicillin-resistant Staphylococ
cus aureus and Pseudomonas aeruginosa. Fifty 
percent of the patients who underwent this 
salvage procedure had been diagnosed with 
diabetes mellitus. Fishman et ae6 successfully 
salvaged infected penile implants in 84 % of 44 
patients (average follow-up 4 years). Furlow et 
al17 saved 16 of 22 cases (73%) of pump erosion 
by a combination of removing all or part of the 
prosthesis, cleansing the wound, and reinsert
ing the device. Teloken et aIlS used corporal 
irrigations of rifamycin for 3 days before rein
serting a new prosthesis after an infected device 

FIGURE 41.7. Necrosis of the cen
tral glans associated with a ure
thral injury during prosthesis 
placement. The peripheral glans 
is nourished by blood from the 
foreskin. 
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had been removed. Uniform success in this se
ries was achieved. Salvage is not indicated in 
cases of urethral erosion, necrotizing infections, 
or in patients who are very toxic, such as diabet
ics in ketoacidosis associated with a prosthesis 
infection. 

If the device is removed for a later reinser
tion of a new prosthesis, Jackson Pratt drains 
are placed in the corporal bodies and other 
cavities in contact with the infectious process.19 

Instill 10mm of the vancomycin-gentamicin 
antibiotic solution into the drains every 
8 hours, with the drainage tubing left clamped 
for 20 minutes. The suction grenade is then 
applied to the drains and the drains are re
moved in about 5 days. By that time, culture 
reports will have documented that the organ
isms present at that time are sensitive to the 
antibiotics used. 

Penile Necrosis 

Necrosis occurs when the blood supply to the 
glans or the corpus canvernosum is compro
mised, with resulting death of tissue (Fig. 41.7). 
This may be seen not only with severe vascular 
disease but also when vascular disease is not 
obvious.20 Use linear, rather than circumferen
tial, incisions on the penis, avoid compression 
dressings and indwelling urethral catheters, and 
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do not attempt extensive penile straightening 
procedures, corporoplasty, or glans fixation in 
high-risk patients. When necrosis is present, 
remove the prosthesis and prescribe antibiotics 
to cover any concomitant infection. Hyperbaric 
oxygen has not been found useful, because it 
does not reconstitute blood supply to the 
ischemic area. Heat applications and vasodila
tor medications may be of some benefit. When 
demarcation of necrotic tissue occurs, perform 
debridement and save all viable tissue for fu
ture reconstruction. Extensive loss of tissue 
does not occur in many instances and rebuild
ing portions of the phallus may be warranted. 
However, it may not be advisable to reinsert 
another prosthesis in such a patient. 

Conclusion 

Attending carefully to details during prosthesis 
surgery, avoiding factors that could lead to the 
development of complications, and informing 
the patient of exactly what a prosthesis does 
will help to minimize unfortunate results and 
unrealistic expectations. 
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Management of Patients with 
Gender Dysphoria 
Alexandru E. Benet and Arnold Melman 

Gender dysphoria refers to dissatisfaction with 
one's own anatomical gender and the desire to 
possess the secondary sexual characteristics 
of the opposite sex.! Persons- who express this 
desire are called transsexuals and represent 
the extreme of the spectrum of subjective 
dissatisfaction with assigned anatomy and 
societally sanctioned gender roles. The term 
transsexual is used to refer to both pre- and 
postoperative men and women who perceive 
their identity as incongruous with the anatomi
cal reality and actively seek to resolve the con
flict through sex-reassignment surgery. Once 
surgery is completed, however, and the new 
sexual identity is achieved, male or female is the 
preferred term. 

The inner sense of being a female "trapped in 
a male body" coincident with male chromo
somes, male sex organs, and laboratory findings 
makes it extremely difficult to diagnose and 
identify gender dysphoria at a very early age. 
Starting in childhood and intensifying through 
the years, this inner sense may cause the pa
tients to suffer extreme pain, misunderstand
ing, and conflict as to gender identity. Degrees 
of gender dysphoria vary and only persons 
with the most intense form actually seek sex
reassignment surgery. 

The evolving changes in societal attitudes 
toward human sexuality as well as today's 
public media have been accompanied by an 
increased awareness and concern regarding 
patients with gender dysphoria, leading to in
creased motivation in research and treatment. 

Historical Notes 

Conditions of gender dysphoria (transsexual
ism) and instances of autocastration and genital 
mutilation, as the result of a person's intense 
desire to change his or her sex, have been noted 
in historical, cultural, anthropological, and lit
erary references to sexual transformation and 
surgery throughout history.z-7 Translating the 
desire for sex-reassignment surgery into a real
ity, however, required the advances of modern 
surgical technology and hormonal procedures. 
Although Abraham8 reported in 1931 on the 
first sex-reassignment surgery of two male 
transvestites, according to Hoyer9 it was not 
until publication of Lilly Elbe's autobiography 
that sex-reassignment surgery became a popu
lar and practical solution for the transsexual's 
dilemma. 

In the United States, the diagnosis and 
treatment of transsexual patients began with 
the work of the endocrinologist Dr. Harry 
Benjamin,lO,ll and the beginning of serious re
search in the field was initiated with the publi
cation of Benjamin's classic follow-up study!2 of 
postoperative transsexuals. He classified post
surgical patients into three categories: unsatis
factory, good, and satisfactory. Based on this 
classification, of 73 men and 20 women who 
underwent surgery, 85% of the men (N = 62) 
and 95% of the women (N = 19) showed 
satisfactory outcomes. Since the sensationalism 
of the Christine Jorgenson13 case, large num
bers of patients have requested information 
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regarding sex change, and the number of pa
tients going on to request reassignment surgery 
increases every year.14,15 

On November 21,1966, Johns Hopkins Hos
pital announced its formation of a gender iden
tity clinic, probably the first such clinic in the 
world. Many enthusiastic supporters were re
sponsible for its establishment, but the main 
impetus for its creation came from Benjamin,12 
who inspired the concept that was so ably car
ried out under John Money's imaginative and 
creative guidance.16 At the same time, Robert 
Stoller I? and colleagues at the University of 
California at Los Angeles began evaluating 
transsexuals. His clinic did not have a surgical 
team, so patients were referred to surgeons 
who were willing to perform surgical sex
reassignment. Hastings18 at the University of 
Minnesota began his program around the same 
time as the one at Johns Hopkins, but he chose 
to operate initially on only a limited number of 
males because his main interest was in the long
term follow-up of operated cases. 

In 1968 Pauly19 reviewed the world literature 
on 121 cases and concluded that transsexuals 
who underwent sex-reassignment surgery were 
10 times more likely to have a satisfactory out
come, in terms of social and emotional status, 
than transsexuals who did not. 

Throughout the 1970s, increasing numbers 
of patients sought sex-reassignment surgery. 
Money and Ehrharde6 investigated 17 men and 
seven woman and compared each patient's 
preoperative and postoperative adjustment 
along five dimensions: capacity for a lasting re
lationship with a partner, adjustment to work, 
criminality, mental state, and the patient's sub
jective opinion of the result. The results were 
very encouraging, as overall satisfaction was 
noted by 23 of 24 patients. 

At Northwestern Medical Center, Arieffo 
studied 14 men and 4 women for 5 years after 
surgery. The group included three blacks and 
one Asian. Nine patients (50%) demonstrated 
better social adjustment; two patients (11 %) 
had better vocational adjustment; five (28%) 
improved their relationships by getting mar
ried; and overall conditions worsened for 
two patients (11 %). Hastings and Markland21 
reported on 25 men who received sex-
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reassignment surgery at the University of Min
nesota. Using a college grading system (A, B, 
C, and D), they rated patient outcomes on 
sexual, economic, and social variables. Twelve 
patients experienced multiple orgasms; 13 pa
tients were marginally self-supportive; 8 were 
on welfare; and 10 patients were married, in
cluding 6 who had remained with their original 
spouses. Laub and Fisk22 reported on 74 pa
tients (50 men and 24 women) who underwent 
sex-reassignment surgery. 

Throughout the mid-1970s, treatment for 
intense gender dysphoria was made up of 
hormone treatments and sex-reassignment 
surgery, with no requirements for psycho
therapy or diagnostic evaluation and with little 
preparation of patients for the absence of ex
pected benefits, for risks, side effects, and limi
tations,z3,24 The availability of surgery before 
rational criteria were developed for the com
prehensive care of patients motivated members 
of the Harry Benjamin International Gender 
Dysphoria Association to pioneer the Stan
dards of Care, a document outlining minimum 
standards for evaluation and treatment of pa
tients with gender dysphoria.25 

By 1980, in the United States alone, an esti
mated 1000 patients had undergone sex
reassignment surgery.25 

Epidemiology 

As of mid-1978, approximately 40 centers in the 
Western Hemisphere offered surgical sex reas
signment to persons having a multiplicity of 
behavioral diagnoses applied under a multiplic
ity of criteria.24,26,2? 

The incidence of male-to-female transsexua
lism was estimated in 1983 to be 1 in 37,000 in 
biologic males.28 Estimates are available about 
those who seek surgical or psychiatric attention 
for gender problems, but these are likely to be 
an underestimation because many individuals 
with the milder forms of gender identity disor
ders do not seek medical attention. The inci
dence may be influenced by the social attitudes 
in certain countries. In the Netherlands, which 
has a benevolent climate for transsexuals, 
the incidence is reported to be 1 in 11,900.29 
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Data from a central registry of all patients 
seeking sex-reassignment surgery in Sweden30 

have suggested an incidence of 1 in 37,000 
males and 0.17 cases per 100,000 persons over 
age 15. Although most sex reassignments are 
done in countries of the Western world, the 
Eastern world also has persons with gender 
dysphoria. Transsexualism occurs in almost all 
ethnic groups, including Chinese, Malays, and 
Indians.31 

Etiology 

The cause of gender dysphoria is unclear. Dur
ing the past 20 years, scientific investigations 
have been made exploring genetic links,32.33 
hormonal effects,34,35 family dynamics,34 and 
psychoanalytic observations.37 In the majority 
of cases, gender dysphoria occurs early in 
childhood during the gender-identity differen
tiation period. Retrospective studies of trans
sexuals38-48 have shown a high incidence of 
childhood cross-gender behavior. Follow-up 
studies of children with gender dysphoria have 
found a high incidence of manifestations con
tinued into adulthood, with a higher incidence 
of homosexual or bisexual behavior and fanta
sies than in a control group.41,42 Additional fac
tors that have been suggested are parents' 
indifference to or encouragement of opposite
sex behavior; regular cross-dressing as a young 
boy by a female; lack of male playmates during 
a boy's first years of socialization; excessive 
maternal protection, with inhibition of rough
and-tumble play; and absence of or rejection by 
an older male early in life.43 

Differential Diagnosis of 
Transsexualism 

The differential diagnosis of gender dysphoria 
includes both physical and psychiatric con
siderations.44 At one time, transsexualism 
seemed a relatively straightforward diagnosis 
if it was based on Stoller's45 definition that 
transsexualism is the belief held by biologically 
normal individuals that they are members of 
the opposite sex. It was then thought that gen
der identity was irrevocably fixed by the age of 
3 years.46 In 1980 the Diagnostic and Statistical 
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Manual of Mental Disorders, third edition,47 in
cluded a somewhat heterogeneous listing of 
clinical conditions called discrete psychiatric 
syndromes that occur in both adults and chil
dren. With this recognition came more detailed 
guidelines that have helped to discriminate 
among the fine shades of disorders along the 
spectrum of gender disturbances. Criteria for a 
diagnosis of transsexualism,48 the most severe 
form of gender dysphoria, are (1) persistent 
discomfort and sense of inappropriateness 
about one's assigned sex having reached pu
berty; and (2) persistent preoccupation for 2 or 
more years with getting rid of one's primary 
and secondary sex characteristics and acquiring 
the opposite sex characteristics. 

For the vast majority of patients with gender 
dysphoria, the results of physical examination 
and laboratory studies are normal with no 
known organic pathology associated with or 
responsible for the cross-gender symptoms.49 

The differential diagnosis of patients with gen
der dysphoric conditions is difficult due to the 
high prevalence of character pathology50 and 
the fact that almost all patients will attempt to 
convince their evaluator that they are true 
transsexuals and as such require hormonal and 
surgical sex reassignment.51 

Patient Evaluation Method
Male-to-Female Transsexuals 

It is suggested that patients must be 21 years 
old or older to be considered for sex
reassignment surgery. Patients may be seen by 
either the surgeon (a urologist) or a psychiatrist 
for an initial evaluation that includes complete 
history, physical examination, and laboratory 
studies of (1) plasma cortisol and triiodo
thyronine (T3) and thyroxine (T4) uptake, and 
(2) testosterone and estradiol blood levels. 
In some cases, additional tests, such as liver
function tests, may be indicated if there is a 
history of alcoholism or drug abuse, or if the 
patient has been on estrogen therapy. Patients 
must be informed of the risks and benefits of 
the surgical procedure and estrogen therapy. 
If patients have a clean bill of health (and 
venereal diseases and endocrine disorders have 
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been ruled out), appointments are made with 
the various specialists. Each patient must un
dergo psychotherapy for 1 year with a psychia
trist and a subsequent interview with an 
additional independent psychiatrist to rule 
out major psychiatric disorders other than 
transsexualism and to establish that the patient 
has truly experienced persistent long-standing 
discomfort in the male gender role and believes 
that he is a female. A prerequisite requirement 
is that the patient must have experienced 2 
years of cross-dressing and 1 year of supportive 
psychological counseling before the operative 
stage of the transformation is undertaken. 
(There is some controversy about whether 
those with very masculine physical traits, such 
as extreme height, extreme muscularity, or 
coarse features, should be considered for sur
gery because some surgeons have found these 
qualities may foreshadow a poor psychological 
adjustment after surgery; others, however, have 
not found them to make any difference.) 

If diagnosed as transsexual, each patient 
is encouraged to go out into society and to 
live and function in the cross-gender role. 
Money46 calls this the "real-life experiment." 
The length of time patients should live in 
the cross-gender role prior to undergoing sur
gical sex-reassignment and whether hormone 
therapy is indicated are dependent on the psy
chiatrists' decision. Patients are encouraged to 
establish their cross-gender identity and to find 
employment in a compatible role. Some pa
tients may be fortunate enough to obtain em
ployment in their chosen gender role without 
having to change their previous occupation, 
for example, hairdresser, salesperson, picture 
framer, etc. 

The major problem for the biologic male in 
"passing" is the ability to pass convincingly as 
a woman. A small minority pass exceedingly 
well as very attractive females (some well 
enough to work as fashion models), but more 
transvestite males, in an attempt to look femi
nine, wear obvious wigs and heavy pancake 
makeup to cover their beard, and the result is 
usually a very nonfeminine appearance. Al
though some clinics run "charm schools" to 
give direction and advice on how to appear 
more feminine, each patient has to learn by 
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trial and error how best to present himself 
when cross-dressed. Patients should be encour
aged to allow their own hair to grow, however 
thin and fine it may be. Natural hair is prefer
able to wigs that are obviously artificial and 
draw attention to other indicators of masculin
ity, such as large hands, thick wrists or neck, 
and square shoulders. They should also be en
couraged not to wear a lot of jewelry, which 
only attracts attention to their hands and wrists, 
and to try more flattering colors and a simple 
style of dress that makes them less noticeable. 
Almost all biologic males will have to undergo 
electrolysis of the beard. Some extremely hir
sute individuals must also shave or wax their 
arms, legs, chest, and even back in some excep
tional cases. 

Hormone Therapy 

Once the patient has successfully established 
the chosen gender role and has lived and func
tioned in society in that role for a minimum 
period of 1 year, hormone therapy may be con
sidered. The first important factor is to ensure 
that the patient understands the changes that 
will result from hormone therapy as well as the 
risks involved and the possible complications 
that could occur. To safeguard both patient and 
clinician, the patient is asked to sign an in
formed consent that outlines the effects of hor
mone therapy together with the possible 
complications that could occur. 

Method of Administration 
of Hormones 

A survey of 39 centers in the United States and 
foreign countries found neither conformity nor 
standardization among the clinics surveyed in 
terms of the different hormonal preparations 
used.52 In some clinics, estrogen was prescribed 
in excessively large doses, greater than is neces
sary for physiologic replacement.52 Large doses 
of estrogen tend to increase the risk of compli
cations. In a study of 38 noncastrate, male-to
female transsexuals who were hormonally and 
physically normal prior to therapy, hormonal 
levels were measured before or during therapy 
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or at both times using various forms and dos
ages of hormones. Ethinyl estradiol proved su
perior to conjugated estrogen in suppression of 
testosterone and gonadotropins, but both were 
equal in effecting breast growth. The changes in 
physical and hormonal characteristics were the 
same for 0.1 mg daily and 0.5 mg daily of ethinyl 
estradiol.49 

All patients should first be referred to an 
endocrinologist for radioimmunoassay of their 
hormonal levels prior to commencing treat
ment. Thereafter, they are similarly assessed at 
3- and 6-month intervals, followed by annual 
checkups as long as they remain on medication. 
It is important that patients understand they 
must continue with hormone therapy for the 
rest of their lives; otherwise, all signs of 
feminization will disappear within 1 to 6 
months. Under the guidance of the endocri
nologist, 0.1 mg to 0.5 mg of ethinyl estradiol 
is administered, one tablet daily. Following 
sex-reassignment surgery, the dosage of ethinyl 
estradiol is decreased to 0.05mg daily. In the 
biologic male, estrogen therapy will result in 
a redistribution of body fat around the hips, 
shoulders, and neck, together with a slight 
decrease in the growth of facial and body 
hair with some redistribution in the female 
contour. In addition, the hairline will stop 
receding. Mild-to-moderate enlargement of the 
breasts (gynecomastia) will develop. There 
will be a decrease in sexual drive, so that the 
patient may have difficulty in maintaining 
penile erections and may have decreased 
orgasmic potential. The sexual pattern varies 
considerably. Some patients claim they are 
still able to masturbate or to have a sexual rela
tionship without any erectile or ejaculatory dif
ficulties. Without exception, all patients express 
a feeling of well-being and contentment not ex
perienced previously, and they are delighted 
with the feminizing effects and the change in 
their physical appearance. 

The increased risk of thromboembolic disor
ders due to estrogen therapy is of greater con
cern in the older biologic male patient who is 
overweight or who has a family history of dia
betes mellitus.53 This group of men runs a 
greater risk of coronary or cerebral thrombosis 
or both. Some reports claim that carcinoma of 
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the breast may develop in male-to-female 
transsexuals who have been taking estrogens 
over many years.54 This risk must be kept in 
perspective, as 1 % of all cases of cancer of the 
breast occur in men. Unfortunately, some men 
increase their chance of adverse side effects 
from hormone treatment by taking unnecessar
ily large doses of estrogens in the mistaken 
belief that this will enhance their feminine 
appearance. However, the body metabolizes 
the amount of estrogen it requires and excretes 
the excess. Ingestion of excessive hormones 
does not enhance femininization, but in
creases---considerably-the complications of 
such therapy. It is particularly important that 
patients be checked annually by an endocri
nologist. Liver-function tests are recommended 
if the physician suspects too much "self
medication" with estrogen. 

Operative Techniques 

The aim of the surgical procedure is to create a 
vagina that resembles that of a natural-looking 
female sex organ that will also enable the pa
tient to have intercourse. McIndoe55 described 
the first such surgical technique used not for sex 
reassignment but to treat aplasia vaginae in 
women suffering from the Mayer-Rokitansky
KUster-Houser syndrome. In this technique, 
the vagina is lined with a split-thickness skin 
graft. Later techniques used to create a vagina 
involve the use of penile skin flaps pedicled 
on the perineum56 or the abdomen,57,58 or the 
use of penile and scrotal skin/5 the recto
sigmoid26 or other parts of the intestine,59,60 
perineal skin flaps, and free-full thickness pe
nile skin grafts.61 The most current methods for 
constructing vaginas are most frequently ab
dominally pedicled penile skin or less fre
quently a combination of penile and scrotal 
skin. The use of rectosigmoid or other parts of 
the intestine is reserved for cases of failure of 
the primary construction.36 

To further improve patients' satisfaction as 
well as appearance, Malloy et a162 have used 
the glans to form a substitute of the uterine 
cervix. Rubin63 has used the glans to form a 
clitoris with the pedicle based on the corpus 
spongiosum. 
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Surgical Procedure 

The surgical procedure is made up of two main 
stages, the creation of the neovaginal space and 
the creation of the neovaginal lining, the 
vaginoplasty. 

Preoperative Treatment 

Estrogen therapy is discontinued 1 month prior 
to the operation because of the thrombogenic
promoting properties of estrogen and the need 
to minimize postoperative tissue swelling. Be
fore the operation, urologic abnormalities must 
be ruled out by use of urine analysis; blood 
tests, including blood counts; measurement of 
electrolytes; and renal and liver functions tests. 
Cystoscopy is performed if the patient has void
ing difficulties. Prior to surgery the bowel is 
prepared with oral prophylactic broad
spectrum antibiotics. 

Creation of the Neovaginal Space 

The surgical procedure is performed under 
general anesthesia, with the patient in the 
exaggerated lithotomy position. The technique 
is identical to Y oung's64 approach for radical 
perineal prostatectomy. The Belt65 approach 
beneath the circular rectal sphincter cannot 
be used for this operation. A vertical midline 
incision is made from the midscrotum to the 
perineum. The central tendon of the perineum 
is cut, and the transverse perineal muscles 
identified and preserved. After division of 
the levator ani and rectourethralis muscles, 
a curved Lowsley retractor is inserted into the 
bladder and by manipulating the retractor 
the prostate gland is pushed into view. The 
dissection is advanced on Denonvilliers' 
fascia, creating a cavity between the rectum, 
prostate, and bladder to the peritoneal reflec
tion. The cavity is inspected for length and 
width, bleeding is controlled, and a lap pad 
is placed in the cavity. To maximize the 
width, the muscle fibers are transected with 
electric cautery down to the level of the pelvic 
wall. 
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Vaginoplasty 

Three methods of vaginoplasty are commonly 
employed: (1) the penile inversion technique, 
in which only a penile skin tube is used to form 
the lining of the vagina; (2) penile and scrotal 
skin inversion in which a combination of scrotal 
and penile skin are sewn together and inverted 
into the neovaginal cavity so that the anterior 
vagina is formed by the penile skin and the 
posterior is formed by the scrotal flap; and 
(3) colon interposition, which is used if the 
above two methods fail because of stenosis or 
shrinkage.61 

Penile Inversion Technique 

A circular incision is made around the coronal 
sulcus, and tubular dissection of the penile skin 
superficial to Buck's fascia is performed. The 
denuded penis is retracted from the surround
ing skin into the perineal incision. For those 
patients undergoing clitoroplasty, the dorsal 
neurovascular bundle (consisting of the deep 
dorsal vein, the paired dorsal arteries, and 
nerves) is identified between the tunica 
albuginea and Buck's fascia. Two longitudinal 
incisions are made lateral to the dorsal nerves 
to free the neurovascular bundle. The dissec
tion is done from the glans penis and the pubic 
symphysis. The deep dorsal vein is not ligated. 
Great care is taken not to injure the origin of 
the dorsal arteries. The dissection should be 
done with magnification. The sensate glans can 
be trimmed to form the neoclitoris with its in
tact neurovascular bundle. The corpus spon
giosum is dissected from the tunica albuginea 
distal to the bulbous urethra, and the urethra is 
clamped and divided at that point. The proxi
mal corpus spongiosum is dissected to the 
paired crura and separated from it. The corpora 
are dissected proximally along the ischiopubic 
rami to their origin, which is clamped with a 
Kocher clamp and divided. The open end is 
sutured with a running 2-0 chromic catgut. The 
abdominal skin is mobilized to allow caudad 
mobilization of the penile skin so that the origin 
of the penile tube is positioned more easily over 
the neovaginal opening. The lower abdominal 
skin is temporarily sutured to the periosteum of 
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the pubic symphysis with #2 nylon suture. A 60-
ml syringe is inserted into the inverted penis 
and all of the subcutaneous tissue removed 
from it so that the tube is converted into a 
full-thickness skin graft. That process allows 
the tube to stretch and fill and stick to the 
neovagina. Two small incisions are made in the 
middorsal portion of the penile skin tube to 
allow for the passage of the urethra and the 
neoclitoris. The urethra and the neoclitoris are 
pulled through the two openings. The penile 
skin is inverted and pushed into the previously 
created cavity. The urethra is spatulated and 
sutured to the penile skin with 4-0 polyglycolic 
sutures. The glans penis is trimmed to resemble 
a clitoris and sutured to the same opening. 
The neurovascular bundle is left under the in
verted penile skin. The scrotal skin is used to 
create the labia majora. The excess scrotal skin 
is elevated with towel clips and trimmed to cre
ate the labia. A stent is placed in the vagina and 
left there for 7 days. Either a Mentor Corpora
tion silicone vaginal stent is used or a sterile 
surgical glove packed with vaginal gauze and 
tied at the end. The glove is safe to use until the 
skin take occurs. After 7 days, the glove is re
moved, and the more convenient vaginal stent 
is inserted. 

Penile and Scrotal Skin Inversion 

This method is used less frequently because the 
disadvantage of hair-bearing scrotal skin at the 
base of the vagina outweighs several advan
tages of increased vaginal depth obtained, be
cause the combined scrotal-penile flap can be 
made longer than the penile flap alone.35 This 
method also gives some patients more caudad 
introitus, which more closely approximates the 
position in the human female. The penis and 
scrotum are incised longitudinally along the 
midline. The remainder of the surgery is the 
same as the penile inversion method, except 
that the penile skin is not devascularized. The 
inverted skin flaps are immobilized for 7 days. 
Postoperatively, the patient must keep the 
neovagina patent by dilating it with stents. If 
these are not inserted correctly, the vaginal cav
ity will close. 
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Colon Interposition 

In cases where one of the above two methods 
fails because of stenosis or shrinkage, a piece of 
sigmoid colon can be used to augment the va
gina. A 15 to 20cm long segment of sigmoid 
colon is isolated; its blood supply is reduced to 
one artery and vein. The distal end is closed, 
and the proximal end is kept open and brought 
down to the peritoneal fold. From the stenosed 
vagina, a tunnel is dissected up to the perito
neal fold. The peritoneum is incised so the iso
lated sigmoid segment can be brought down to 
be anastomosed to the vaginal epithelium. This 
manipulation is necessary because the sigmoid 
artery is short and does not allow free move
ment of the sigmoidal segment. To achieve 
the lowest anastomosis of the sigmoid segment 
to the vaginal opening, the end-to-end anas
tomotic (EEA) bowel stapler can be used. 
Sigmoid segments do not narrow, but fibrous 
constriction can occur at the sigmoidocuta
neous junction if enough tension is placed 
on the anastomosis so that ischemic fibrosis 
occurs. 

The Patient with a Small Phallus 

The alternatives for the male with the small 
phallus for whom the eventual overall vaginal 
depth would prevent satisfactory coitus are the 
penoscrotal technique, primary skin grafting, 
or tissue expansion of the penile skin prior to 
surgery. 

Skin grafting has several major disadvan
tages. The donor skin must be fairly thick, 
about 2011000 of an inch, and the donor site 
either the buttocks or the thighs. Even well
healed donor sites leave unsightly scars, and for 
a population that is very concerned with ap
pearance the result is not generally satisfactory. 
The sheets of skin graft are inverted and su
tured to one another and to the end of the 
inverted penile skin tube. The tube is then in
serted into the neovagina, and the vaginal stent 
is used to create opposition to the pelvic 
sidewall. The latter step is done blindly, and 
proper placement of the grafted tube cannot be 
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FIGURE 42.1. Patient with penile subcutaneous tissue 
expander. 

assured. Granat058 has suggested as a primary 
procedure the use of tissue expansion as a 
means of bypassing the need for either skin 
grafts or sigmoid grafts. In patients with mar
ginal or small phalluses, the patient first under
goes insertion of a rectangular tissue expander 
under Buck's fascia along the entire length of 
the phallus. The skin is stretched over a 6- to 8-
week period and the result is a non-hair-bear
ing surface of sufficient size to fill the entire 
neovagina (Fig. 42.1). 

Clitoroplasty 

Early methods for constructing a neoclitoris 
used nonpedicled parts of the corpus caver
nosum or corpus spongiosum to create a bud at 
the upper part of the introitus, but the more 
recent techniques use a pedicled part of the 
glans penis, which creates a sensate and erectile 
clitoris. Although the earlier methods are 
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simpler to perform, they produce a less dra
matically sensate clitoris. In 1980 Meyer and 
Kesselring66 described their experience using a 
small bud of corpus cavernosum covered by 
penile skin. To use the glans penis, the dorsal 
vessels and nerves supplying the glans are care
fully dissected free. The neurovascular bundle 
is placed subcutaneously in a wide curve in or
der to avoid kinking. The glans is trimmed and 
brought through a slit in the neovaginal skin, 
a couple of centimeters anterior to the urethral 
meatus. The distal part of the corpus spon
giosum can be exposed through the superior 
aspect of the introitus to resemble a clitoris. In 
a series of 28 patients who had a clitoroplasty, 6 
had a pedicled part of the glans penis as de
scribed by Rubin63 and later modified by Hage 
et al,67 and one had a clitoris created from the 
distal part of the corpus spongiosum. 

Crownplasty 

The technique of penile inversion results in the 
cephalad neolabia as laterally divergent struc
tures. In patients with large labia, obesity, or a 
profusion of pubic hair, the result may be both 
cosmetically and functionally satisfactory to the 
patient. In those thinner or more exacting pa
tients, the appearance is such that a crown or 
M-plasty is done to correct the problem ap
proximately 6 months after the primary sur
gery. In those patients, an M-shaped incision is 
made in the upper labia and the penile skin, 
thus drawing the labia together into normal 
anatomic position. 

Postoperative Complications 

The most common complaint in transsexual 
surgery is lack of vaginal depth. This can occur 
if the patient has not inserted the stent to an 
adequate depth to keep the vagina patent 
throughout its entire length, if the tube graft 
does not fully survive, or if the length of the 
penis was too short to begin with. Hence, ex
plaining to the patient the need for the constant 
use of the stent is very important, particularly if 
the individual is not having regular dilatation of 
the vagina by coitus.68 Misplacement of the ure
thra during its transposition, so that the meatus 
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is sutured in such a position whereby the pa
tient cannot micturate while seated, is also 
fairly common. However, both problems (lack 
of depth to the vaginal barrel and urethral mis
placement) are relatively simple to correct with 
a minor surgical procedure. Stenosis of the ure
thral meatus may occur occasionally. More seri
ous complications are a recto vaginal fistula or a 
deep-seated infection of the abdominal muscles 
or of the perineum or both. Unfortunately, 
concomitant with complications, contracture of 
the neovagina may also occur and require 
further surgical intervention.59,69 The most com
mon complication of male-to-female sexual
reassignment surgery is dyspareunia resulting 
from a combination of a small male pelvis, a 
small vagina (usually due to inadequate dila
tion or small penis size), and retained erectile 
tissue.7o Patients return frequently for cosmetic 
vulvar procedures in order to perfect the ap
pearance of their external genitalia.71 

Sexual satisfaction following surgical sex
reassignment varies widely, not only depending 
on the success of the surgical reassignment 
technique but also on the psychological stabil
ity of the patient. Some male-to-female trans
sexuals claim that they are orgasmic, some even 
claim multiple orgasms, whereas others report 
little, if any, sexual arousal, but state that the 
ability to "contain" a man's penis is sufficient 
gratification in itself. Some patients who do ex
perience orgasm claim that the sensations they 
experience postsurgically are different from 
their previous orgasmic sensations. Instead of 
an intense propUlsive sensation situated at the 
tip of the penis, there is now a more generalized 
"warm" feeling, a total body sensation building 
up gradually to a climax that resolves more 
slowly. Some patients report ejaculating a small 
amount of fluid during coitus. 

Follow-up on Operated Male
to-Female Transsexuals 

In a series studied, between May 1980 and De
cember 1994, 47 patients underwent sex
reassignment surgery at Montefiore Medical 
Center. All the patients had been cross-living as 
females for at least 12 months. They all had 
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received estrogen and progesterone for 6 to 12 
months for a sufficient period of time for breast 
development to occur within normal female 
sizes and for atrophy of the testes and the pros
tate. All patients were at least 21 years of age at 
the time of surgery. Three were married, six 
divorced, and one widowed. The remaining 37 
were single. Prior to surgery, all had a complete 
and thorough evaluation and had undergone 1 
to 2 years or at least 15 sessions of preparation 
in psychotherapy sessions with psychothera
pists who specialized in the field of gender 
dysphoria. Thus, all patients received some 
emotional and mental preparation to facilitate 
the postsurgical process of adjustment. 

A questionnaire (Table 42.1) was developed 
for the purpose of collecting reliable and infor
mative postsurgery data from this population, 
in order to investigate several very important 
issues: (1) the kind and degree of personal sat
isfaction obtained from the surgery; (2) the 
evaluation of emotional and psychological 
problems experienced by living in society as 
females; (3) the evaluation of self-perception as 
females living among genetic females in society, 
and the development of interpersonal and 
sexual relationships with the opposite sex; 
(4) how the outcome of the surgery impacted 
on perceptions of the overall quality of life; 
(5) the level of adjustment required or experi
enced in places of employment; and (6) the 
degree of importance given to gynecological 
and physical examinations and medical follow
up procedures. 

Among those patients who were contacted, 
28 of the 47 responded willingly and reported 
high satisfaction in their perceptions of the 
quality of their lives. Eleven of the 27 who re
sponded were also interviewed on a one-to-one 
basis to gather more complete data and to 
verify, validate, and expand some of the detalis 
provided in their written responses. To maxi
mize accuracy in patients' responses, the per
sonal follow-up interviews were conducted by a 
physician who was not involved in the original 
decision for surgery or with the surgery itself. 
The information obtained by the interviews 
with 11 patients was far superior to that con
tained in the written responses (Tables 42.2 and 
42.3). 
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TABLE 42.1. Questionnaire on results of surgery for gender dysphoria. 
1) When did you have genital surgery? ____________________ _ 

2) What physical problems have you had as a result of the surgery? 

3) What emotional problems have you had as a result of the surgery? 

4) Have you been able to follow your surgeon's instructions regarding dilation? 

5) Frequency of dilator use (daily frequency/hours) 
First four months after surgery: ______________________ _ 
Four months later: __________________________ _ 

The last four months of the first year: ____________________ _ 

6) Have you had a genital examination after your genital surgery? _____________ _ 

7) Have you been given open-ended prescriptions for hormonal therapy? ___________ _ 

8) Job history after surgery (please circle one of the following) 
a) Stable, completely self-supporting b) Mostly self-supporting 
c) Mostly unemployed d) Always unemployed 

9) Does your present job satisfy you? 

10) Did you have any suicide thoughts or gestures before or after the surgery? 

11) Drugs after surgery (please circle one or more of the following): 
a) No use of drugs 
b) Occasional use (marijuana, alcohol, tranquilizers) 
c) Occasional use of (sleeping pills, amphetamines, cocaine, LSD, crack) 
d) Regular drug use 

12) Do you feel that life is easier and more comfortable for you after the surgery? 

13) Do you think that the surgery solved your emotional problems? 

14) Have you noticed any physical or emotional change in your behavior or attitude to others after the surgery? 

15) Are you currently living with: a) Spouse 
d) Roommate 

b) Male lover 
e) No partners 

c) Female lover 
f) Parents 

g) Your children Other _______________ _ 

16) If you become emotionally involved with a partner, do you tell that person about your transsexual past? 

17) Sexual partner preference: 
a) Only males b) Bisexual, mostly males c) Bisexual, mainly females 
d) Only females e) No sexual partner 

18) Describe your love relationship after the surgery (select one): 
a) Long and stable c) Usually short-lasting relationship 
b) Recent stable relationship d) Short-lasting relationship with multiple partners 

19) Have friends or family members been: 
a) Very supportive b) Moderately supportive c) Notsupportive 

How has this affected you? 
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TABLE 42.1. Continued 

20) Have you been sexually active since the surgery? ______________________ _ 

21) Is sexual intercourse satisfactory and pleasurable? ______________________ _ 

22) Sexual satisfaction (orgasm): 
a) Consistently orgasmic b) Usually orgasmic 
c) Infrequently orgasmic d) Never orgasmic 

23) Do you find any change in your ability to have orgasm after the surgery? 

24) How important is it to have orgasm? 
a) Very important b) Somewhat important c) Not important 

25) Do you experience pain during sexual intercourse? 
a) Always b) Often c) Infrequently d) Never 

26) Do you need to use lubricants for intercourse? 
a) Always b) Often c) Infrequently d) Never 

27) If after the surgery you don't have sexual intercourse, what are the reasons? 
(please circle one or more of the following): 

a) No suitable partner found e) Vaginal stenosis 
b) Too painful f) Not adequate cosmetic result 
c) Fear to damage the surgical results g) Other _______________ _ 

d) No desire 

28) How soon after the surgery have you had sexual intercourse? 

29) Surgical decision (please circle one): 
a) No doubts about the surgery 
b) Occasional doubt about surgery, but no doubts about being a woman 
c) Occasional doubt about surgery and about being a woman 
d) Frequent doubts 

30) What do you think about the cosmetic result of the surgery? 
a) Excellent b) Very good c) Fair d) Poor 

31) How important is the cosmetic result? 
a) Extremely important b) Very important 
c) Somewhat important d) Not important 

32) Do you regret that you had the surgery? 

33) Can you describe how changing your gender through surgery affected the overall quality of your life? 

34) How do you perceive the woman's role in the world: 
a) Passive b) Victim c) To be taken care of 

Conclusion 

Assessment of outcome studies over the past 
three decades reflects the serious obstacles in 
measuring the effectiveness of genital surgery. 
These include lack of long-term follow-up, in
adequate patient samples, limited available 
data,72 and no large-scale controlled studies.3.73 

d) Equal partnership 

Although few postoperative patients have ex
pressed regret over having had surgery,70,74 it 
should be noted that a small percentage of sur
geries have produced negative results.75 Sui
cides in postoperative sex-change patients are 
infrequent (0.8% to 2.1%, according to re
ported follow-up data). A recent 30-year re
view of sex-reassignment surgery outcomes by 
Pfafflin and Junge76 indicated that regrets ex-
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TABLE 42.2. Demographic data. 
First 

ID Age 
Marital 
status 

gender 
dysphoric 
thought 

(Age) 

Cross
dressing 

(Age) 

Hormonal 
therapy 

(Years) 

Previous 
cosmetic 
surgery 

Orchiectomy 
prior to 
surgery Education Religion Occupation 

Follow-up 

(years) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

31 
59 
42 
38 

32 
32 
32 
42 
30 

49 
41 
33 
39 
60 
51 

34 
33 
31 
38 

24 
41 
33 
37 

Divorced 

Divorced 

Single 
Single 
Single 

Single 
Single 
Divorced 
Single 

Divorced 
Divorced 
Single 
Single 
Divorced 
Widowed 

Single 

Single 
Married 
Divorced 

Single 
Single 
Single 
Single 

24 37 Divorced 
25 47 Single 
26 35 Single 

27 37 Single 
28 27 Single 

8 
9 

6 
8 

11 

8 
5 
6 
6 

6 
6 
6 

14 
5 
8 

8 
10 
6 

6 
6 
6 
6 

9 
7 

6 
8 

29 
40 
20 
31 
17 
31 
20 
40 
23 

41 
35 
18 
29 
57 
44 

30 
24 
19 
36 

16 
37 
26 
36 

33 
33 
34 

36 
22 

2 
16 
19 
7 

15 

15 
2 
7 

10 
7 

15 
10 
3 
7 

3 
10 
11 
2 

7 
o 
8 
2 

2 
2 
4 

2 
2 

No 
Yes 

Yes 
Yes 

No 
No 
No 
No 
Yes 

No 
No 
Yes 
No 
Yes 
Yes 

Yes 

Yes 
No 
No 

No 
No 
No 
No 

Yes 
No 
Yes 

Yes 
Yes 

pressed by less than 1 % of female-to-male pa
tients and 1 % to 1.5% of male-to-female pa
tients could be attributed to poor differential 
diagnosis, failure to carry out the true-life test, 
or, more recently, to lack of adequate and 
proper patient care.77 One of the most signifi
cant outcomes of this study is the recognition 
that none of the patients felt any regret whatso
ever for having had the surgery or any dissatis
faction with its cosmetic results. However, 
many of them expressed great dissatisfaction 
and disappointment in how they subsequently 
lived their lives. Many realized that although 
they had entered a hospital with a male organ 
and had left feeling very pleased with their fe
male genitalia, it takes considerable work and 
energy beyond surgery or hormone treatments 

No 
No 

No 
Yes 

Yes 
Yes 
Yes 
No 
No 

No 
No 
No 
No 
No 
No 

No 
No 
No 
No 

No 
Yes 
No 
No 

No 
No 
No 

No 
No 

High school Catholic 
Dental doctor Jewish 

Elementary Catholic 
Elementary Catholic 
High School Buddhist 
College Jewish 

College Baptist 
College Catholic 
College Anglo-Saxon 

Protestant 
Elementary Protestant 
College Catholic 
Elementary Catholic 
Elementary Protestant 
High school Buddhist 
PhD Catholic 

College 
Elementary 
College 
PhD 

College 
Elementary 
College 
High school 

Catholic 
Catholic 
Catholic 
Anglo-Saxon 

Protestant 
Catholic 
Catholic 
Jewish 
Greek 

Orthodox 

Bank clerk 
Dentist 

Unemployed 
Unemployed 
Unemployed 

Paralegal 
Clerk 
Nurse 
Computer 

programmer 
Superintendent 
Chemist 
Hair stylist 
Therapist aid 
Financier 
College 

mathematics 
professor 

Clerk 
Unemployed 

Clerk 
Biology 

researcher 
Manager 
Bartender 
Manager 
Saleswoman 

High school 
High school 
High school 

Protestant Policewoman 

College 
College 

Jewish Nurse 
Anglo-Saxon Electronic 

Protestant technician 

Catholic Teacher 
Catholic Teacher 

3.3 
1.0 

2.2 
7.8 
5.7 

14.5 
6.1 
4.0 
9.9 

4.2 
3.4 
3.7 
9.0 
1.0 
0.8 

6.7 
1.5 
6.0 
0.6 

6.3 
6.1 
3.0 
4.1 

0.6 

0.6 
1.0 

2.0 
0.6 

to be able to live their lives as females, even 
in the most mundane and everyday fashion. 
Operated male-to-female transsexual patients 
should be urged to engage in some type of post
operative psychotherapy to relieve some or 
most of the disappointments inevitable with 
such a dramatic lifestyle change. The possible 
benefits of such postoperative psychotherapy 
(group or individual) would be to help these 
most unusual and remarkable people to live the 
life they were surely intended to live, as pro
foundly and roundly as possible with the female 
identity. Society raised them to live as men, to 
accommodate to their genetic selves. The trans
sexual process must teach them how to claim 
their true inner gender identity and more of 
their really female selves. 
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TABLE 42.3. Surgical outcome and complications. 

Importance of 
orgasm for sexual Potential Sexual Intravaginal Other sexual Intercourse Surgical 

complications NO. satisfaction for orgasm partners intercourse outlets frequency Clitoroplasty 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Very important Yes Males only 

Somewhat Yes, Females 
important infrequently 

Very important No Males only 

Not important Yes, Males only 
important infrequently 

Very important Yes Males only 

Very important No Males only 

Somewhat Yes Males only 
important 

Very important Yes 

Somewhat Yes, 
important 

Not important 

infrequently 

Yes 

Very important Yes 

Very important Yes 

Somewhat Yes 
important 

No 

Males only 

Males only 

Females 

Males only 

Bisexual 

Males only 

Males only Not important 

Very important No Males only 

Somewhat 
important 

Somewhat 
important 

Yes, Males only 
infrequently 

Yes Males only 

Very important Yes 

Somewhat No 
important 

Not important Yes 

Males only 

Males only 

Males only 

Somewhat Yes, Females 
important infrequently 

Very important Yes, Males only 
infrequently 

Very important Yes Males only 

Bisexual Somewhat Yes, 
important 

Very important 

Somewhat 
important 

Very important 

infrequently 

No Males only 

Yes Bisexual 

Yes Bisexual 

Very important Yes Males only 

N/A, not answered. 
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Facts and Controversies on the 
Application of Penile Tumescence 
and Rigidity: Recording for 
Erectile Dysfunction 
Jeremy P.W. Heaton and Alvaro Morales 

In the 1960s, Fisher et all and Karacan et af 
independently developed a systematic ap
proach to assess nocturnal penile tumescence 
and rigidity (NPTR) as measurements to use in 
studying penile erection in sleep. This was the 
first objective measurement of penile erection 
with the specific goal of assessing sexual func
tion. In many ways, it opened the field to the 
possibility of scientific study of human sexual
ity. Measuring erectile capability has since been 
used in other applications, such as comparing 
the efficacy of therapies for erectile dysfunction 
(drugs or surgery), the effects of disease and 
drugs, and assessing the parameters of erectile 
function. With NPTR measurements it is now 
possible to improve the understanding of the 
fundamental mechanisms of penile rigidity and 
the physical properties of the flaccid and erect 
penis. 

Nocturnal Penile Tumescence 
and Rigidity 

Historical Perspective 

Lue,3 in his World Book of Impotence, quoted 
Leonardo da Vinci's perceptive writings on the 
significance of sleep erections: " 'The penis does 
not obey the order of its master, who tries to 
erect or shrink it at will, whereas instead the 
penis erects freely while its own master is 

asleep. The penis must be said to have its own 
mind, by any stretch of the imagination.'" The 
recognition that erections that occur during 
sleep could be used as a component of the 
diagnosis of sexual dysfunction came in the 
mid-20th century.4 Early measurements of noc
turnal penile tumescence (NPT) were made to 
study dreams and psychological factors.2 From 
this point, psychologists and others have devel
oped a substantial body of literature studying 
sleep and erections, which was thoroughly re
viewed up to 1980 by Wasserman et a1.5 Subse
quent reviews by Kessler6 and Karacan7 have 
added to the picture. Urologists looking at 
erectile dysfunction as a primary end point 
for sleep erection measurement are relative 
latecomers but have made greater use of its 
significance. 

Available Methods for 
Recording NPT 

On average, normal men have more than three 
erections per night, each of duration greater 
than 10 minutes. Measurement of these phe
nomena at first sight appears to be a simple 
matter. However, penile tumescence presents a 
classical problem of clinical measurement-the 
more detailed the measurement, the more the 
measured variable is changed by the process of 
measurement. Any report of this normal hu
man penile response should be qualified by the 
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conditions of observation and measurement 
(age of subject, home or laboratory setting, 
strain gauge or RigiScan measurement device, 
etc.). The recognition that rigidity, and not 
merely a change in circumference, is an impor
tant aspect of the measurement has brought a 
further refinement in the equipment available 
and in corresponding issues of interpretation 
and norms. 

There has been a wide variety of devices 
used to record NPTR. Common to all devices 
used at home is the disadvantage of needing 
to be set up by the patient and of being 
subjected to conditions out of clinical context. 
Balancing this is the benefit of the absence 
of "white-coat" anxiety, that is, anxiety pro
voked by the presence of medical personnel.s 
On the other hand, any measuring technique 
not including true measures of sleep (elec
troencephalogram, electro-oculogram, and 
electromyogram) risks missing aberrations in 
sleep itself (e.g., disturbances of rapid eye 
movement [REM] sleep). This is considered by 
many researchers to be a major drawback 
of the simpler methods of NPTR recording. 
Rigidity measurements are only fully compa
rable with measurements made by use of simi
lar protocols. 

Among the methodologies employed for 
NPTR recording are the following: 

... ; ........... ; . 
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Observation by the Partner 

This method is impractical, subjective, and dif
ficult to quantify. 

Postage Stamps 

A simple ring of postage stamps (Fig. 43.1) is 
wrapped around the subject's penis before he 
goes to sleep. If the ring of stamps is found to be 
broken on awakening, the observer assumes 
that either an erection occurred or movement 
or bending or some other unknown factor 
snapped the stamps.9 This method is unreliable 
and can be misleading.lO 

Sliding Bands 

This variation on the stamp principle substi
tutes a paper band that will slide open and re
main at its greatest circumference. Thus, only 
the greatest circumference attained is recorded, 
but without information about how often or 
how long an erection occurred, this was found 
to be unsuitable for diagnostic purpoSes. l1 

Strain Gauges 

The single paper ring can be replaced by a num
ber of parallel bands of known and increasing 
strength. Tumescence first breaks one band 
under tension, then the next band as it comes 

• • f ............. : .... .. 

'" • f· • . .. ............... :' ......... .. 
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. : .................... : ............ .. 
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FIGURE 43.1. Photograph of a 
sheet of NPT stamps is mainly of 
historical interest, but illustrates 
what is meant when this method 
of recording is referred to. 
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FIGURE 43.2. Photograph of a 
Dacomed Snap-Gauge in place 
and demonstrates how easily it 
could become displaced. 

under tension, and the bands fracture sequen
tially up to a band that has sufficient strength to 
resist the expansion of the penis. This gives a 
crude estimate of rigidity during the best erec
tion. This simple method, intended for home 
use without sleep measurement, is subject to 
artifact from movement or sabotage and is now 
regarded as of limited reliability.12 Snap Gauges 
(Dacomed Corp., Minneapolis, MN) exemplify 
this approach (Fig. 43.2). 

Mercury Strain Gauge 

This is the first method devised that permits 
continuous monitoring, and it is still regarded 
as the standard. The apparatus consists of a 
rubber tube filled with mercury connected as 
part of an electrical circuit. The gauge is placed 
around the penis. The resistance of the gauge 
increases as it is stretched and lengthened, mea
suring the dimensional change as a change in 
electrical property. Although the strain gauge 
itself can be made accurate far beyond the limi
tations of clinical interpretation, it can be dis
turbed by movement, and the elastic force 
applied circumferentially around the penis 
changes the initial circumference and thereby 
biases the percentage change readings, convey
ing nothing intrinsically about rigidity or about 
sleep.13 

RigiScan (Dacomed Corp., 
Minneapolis, MN) 
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This is the first device to offer automation, por
table recording, tumescence, and rigidity re
cording (Fig. 43.3). The fundamentals were 
reported in the mid-1980s, and although the 
technology has evolved, the principles remain 
unchanged.14 There are many reports based on 
this technology (40% of the more than 50 pa
pers on NPT in the past 5 years). The patient 
can use the RigiScan at home, and the data can 
be examined as a downloaded computer file. A 
recent paper by Munoz et al15 provides an 
excellent summary of the workings of the 
RigiScan and a description of its flaws. Despite 
some unexpected variability between devices, it 
represents the best off-the-shelf technique cur
rently available. As with other techniques, it 
can be combined with measures of sleep and 
adapts well to real time recording in an office or 
laboratory. 

ART-lOOO (Surgitek) 

This device was targeted to provide informa
tion similar to the RigiScan but requires fastidi
ous use of the sensing elements because of their 
size and method of fixation. 16,17 The technical 
problems resulted in only slight acceptance of 
the ART-WOO, and it is no longer available. 
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Penile Plethysmograph 

Lavoisier et ae8 published data on the use of 
this device that relies for its signal on the pres
sure change in a sphygmomanometer-type cuff 
that transmits intracorporal pressure to a mi-
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FIGURE 43.3. (A) A tracing of a normal night of 
spontaneous erections as recorded by a RigiScan 
device. Time scale units in hours. (B) A full night of 
NPTR recording using the RigiScan demonstrating 
the absence of significant erectile activity. Note the 
two peaks of rigidity that could give an erroneous 
impression of the maximal response. Time scale 
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crocomputer or to a portable recording device. 
The correlation with intracorporal pressure, 
the essential driving force for rigidity, was good 
and the measurement was noninvasive and con
tinuous. However, no commercial device using 
this principle has been made available. 
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units in hours. (C) The use of the RigiScan in 
recording penile response during a provocative ses
sion demonstrating an erection of significant dura
tion in response to an oral erectogenic agent 
(apomorphine) and audiovisual erotic stimulation. 
Time scale is 1 hour. 
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FIGURE 43.3 Continued 
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Rigidity, not size (girth and length), permits 
intromission. Rigidity of the penis is a function 
of the internal fluid pressure, the arrangement 
and properties of structural elements, and over
all dimensions. A thick, short penis will be 
more resistant to classic column-type buckling 
tests than will a long, thin penis with the same 
internal pressure and structure. The penis is not 
composed of homogeneous material. Its physi
cal properties vary with the axis of measure
ment and the time factors during measurement 
(e.g., fast or slow bending). Goldstein19 recently 
emphasized the importance of understanding 
the mechanical properties of tissues of the 
penis. 

With the intrinsic complexity of analyzing 
the penis as a structure and the novelty of these 
concepts, it is not surprising to find some 
methodologic and interpretational inconsisten
cies in the definition of rigidity. The penis can 
be assessed as a problem in mechanical engi
neering, modeled as a perfect column governed 
by classic buckling force equations or as an 
issue of human engineering-measuring in hu
mans the force it takes on average to achieve 
penetration with an average penis into a nor
mal, well-lubricated vagina of a receptive part
ner.20-22 Rigidity can be measured as axial 
rigidity or as buckling force, whereby there is a 
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measured and increasing force applied to the 
penis until buckling occurs.16 The RigiScan 
measures radial rigidity exclusively. 

There is a continuing debate about the reli
ability of the methods of measurement. There 
is agreement that rigidities under 60% as mea
sured by RigiScan, under optimal conditions of 
sleep and normality of other factors, indicate 
the presence of organic disease and inability for 
normal sexual intercourse, but there is incom
plete agreement as to the meaning of higher 
rigidity values or variations in conditions,z3-25 

Just as there are issues of repeatability with 
the RigiScan as an instrument,15.26 so are there 
issues with observer and patient variation in 
measures of buckling strength. In fact, there is 
said to be significant instability of NPTR in a 
given individual such that it may give an impre
cise indication of awake erectile capacity,z7 
However, some longer term studies have found 
good reproducibility of RigiScan recording.22 

Criteria for reading RigiScan results have 
been published, but there are limitations.15,28-3o 

A recent article by Licht et a13] provides two 
helpful clarifications: the base measurements 
are more accurate than tip measurements, and 
use of 70% rigidity as the cutoff point overesti
mates erectile dysfunction. However, the stud
ies that led to these modifications were done in 
organically impotent men and therefore may 
not apply to all patients. 
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It has been widely advocated that two nights 
of study are required as a minimum although 
three nights would be preferable. There are 
other reports that suggest that a single night can 
be used reliably, with pharmacologic manipula
tion to ensure that REM sleep occurS.23 In the 
home or in laboratories without considerable 
experience, the incidence of night-to-night 
variation and first night effect are probably best 
addressed by obtaining recordings on a mini
mum of two nights. 

Sleep Measurement Issues 

NPTR with polysomnographic recording 
(NPT-PSGR) provides the most complete 
methodology for NPT recording. This cannot 
be done outside a sleep laboratory because its 
complexity involves measures of sleep and 
breathing in addition to measures of tumes
cence and rigidity. Complete protocols should 
involve simultaneous recordings of penile 
physiologic measures, electroencephalogram 
(Is there sleep?), electro-oculogram (Is there 
REM?), electromyogram (Are there move
ment disturbances?), nasal airflow (Is there dis
ordered breathing?), and oxygen saturation (Is 
there hypoxemia?). In addition, studies may 
include trained observer assessment of rigidity, 
buckling pressure determinations, photographs 
of the erection, and more. It is important for 
the user of NPTR outside the laboratory to be 
familiar with factors that can significantly influ
ence the NPTR. To avoid influencing the sleep 
and the erections any more than needed, these 
multidimensional assessments should be con
ducted by experienced laboratories. 

Specific Findings in NPTR 

Puberty and Aging 

The characteristics of NPTR change with the 
onset of puberty. Indeed, NPTR measurements 
may predict puberty when combined with a 
knowledge of endocrine status, although this 
has little clinical relevance?2 Toward the other 
end of the scale in healthy aging men, changes 
in NPT have been documented and found to be 
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related to bioavailable testosterone,33 but 
Schiavi et al34 documented a decline in circum
ference and rate of increase of circumference in 
men over 55 years of age. Because sleep pat
terns change with age, measurement is more 
complex. However, the sleep parameters of 
normal men and men with erectile dysfunction 
in the same age group were found not to differ. 
This suggests that the changes in NPT are not 
related to age-based sleep changes.35 

Sleep 

Measures of NPTR correlate well with episodes 
of REM sleep.i,2 The changes in NPTR that can 
be seen from night to night are those that corre
late most closely with REM sleep.36 In contrast, 
a dissociation between REM sleep and NPTR 
has been documented during on-off treatment 
cycles with a short -acting monoamine oxidase 
inhibitor (type A).37 

Depression 

There is wide appreciation of the fact that af
fective disorders may have a significant impact 
on erectile function. A recent examination of 
the link between depression and NPTR demon
strated significant disturbances in tumescence 
and rigidity in males with clinically significant 
depression.38 Interestingly, severe endogenous 
depression did not correlate with the finding of 
greatest change in NPTR. The same group of 
investigators has found that the NPT changes 
may persist into periods of remission from de
pression and may not correlate with other mea
surements of sexual function. In the men 
studied, it was believed that the NPT changes 
may have been a part of the depressive trait 
rather than a simple consequence of active de
pression?9 However, other investigators have 
found a variable response to depression and 
recovery, in some subjects with subtle changes 
in NPTR, but in others it was much more pro
nounced.4O As a group, the depressed men did 
not differ from controls, and there were no dis
tinguishing NPTR features, possibly because of 
a lack of stratification. The intensity of changes 
in waking affect appear to correlate with the 
changes in NPTR, only some of which can be 
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accounted for by changes in REM sleep.41 It is 
evident that there is need for further study of 
the effect of depression on erectile function 
during sleep. 

Testosterone Status 

As with other indicators of sexual function, 
NPTR is markedly affected by hormonal status. 
Treatment of hypogonadal men with testoster
one elevates testosterone levels within hours, 
and NPTR increases from low or nonexistent to 
values indistinguishable from normal men over 
6 to 12 months.42 The same response is seen in 
men with hypopituitarism treated with tes
tosterone or gonadotropin.43,44 This relationship 
is not seen when the serum testosterone is only 
slightly depressed45 -there is no clear change of 
NPT as long as the testosterone levels are 
within the normal range. The decline of NPTR 
measures in hypogonadal men is one aspect 
where a distinction is evident between the con
trol of erections in NPT and in audiovisual 
erotic stimulation; hypogonadal men continue 
to respond to audiovisual erotic stimulation-a 
finding reconfirmed recently.46 

Antiandrogens and 5a-Reductase 
Inhibitors 

The currently accepted hypothesis that signifi
cant changes in serum testosterone will dimin
ish NPTR measures has been shown to hold for 
treatment with cyproterone acetate.47 A recent 
study with the nonsteroidal antiandrogen 
biclutamide (Casodex) showed that NPTR 
measures did not decline with this treatment 
and that serum testosterone increased as ex
pected.48 Finasteride, a type 2 Sa-reductase in
hibitor, has been shown not to suppress NPT 
consistently, although the authors did not rule 
out a role for dihydrotestosterone in NPTR on 
this evidence alone.49 The determining sex hor
mones for sexual function are not fully defined 
beyond the significance of large changes in tes
tosterone, the ambiguity of the importance of 
small abnormalities in testosterone, and the 
possibility that dihydrotestosterone and other 
androgens have roles that are currently incom
pletely understood. 
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Disease 

Although NPTR is depressed in diabetic men 
with impotence, NPTR is also abnormal, to the 
point of meeting some criteria for organicity, in 
over 70% of diabetic men with normal sexual 
function.50 Because another study, in contrast, 
has shown that at least some of the decrease in 
NPTR may be due to respiratory changes asso
ciated with sleep in persons with diabetes, the 
issue of the cause of NPTR abnormalities in 
such individuals is unclear.51 It is evident, there
fore, that an abnormal NPTR recording in a 
diabetic cannot be taken as prima facie evi
dence that the patient has organic erectile 
dysfunction. 

NPTR is not a useful discriminant in multiple 
sclerosis, and normal values may be seen in 
severely compromised men.52 In sickle cell dis
ease and after heart transplantation, NPTR 
brings no new special information to the etio
logic diagnosis of erectile dysfunction.53,54 

Smoking and Alcohol 

Smoking has been studied for its effects on 
NPTR. Rigidity is adversely affected by chronic 
smoking in a roughly proportional manner, and 
heavy smokers experienced the shortest time of 
erection and detumesced the fastest.55 Alcohol 
taken in intoxicating levels, in a single case 
multinight study, decreased a number of NPTR 
parameters. The study, however, also suggested 
caution about overextrapolating from NPT 
studies, particularly those studies involving 
drugs to stimulate sexual function.56 

Interpretation of NPTR 

It is clear that no branch of medicine has the 
exclusive gift of analysis and insight as far as the 
study and interpretation of sleep phenomena 
are concerned. The literature does, however, 
point to some biases. Urologists are more likely 
to use the RigiScan, psychologists and psychia
trists are more likely to measure sleep, and it 
has been said that respirologists seldom look 
below the belt! The role of NPTR recording as 
the only objective marker for psychogenicity is 
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undeniable, and as such it carries enormous 
appeal and legal weight of questionable scien
tific justification. Several recent discussions 
specifically dwell on interpretation, although 
interpretation comes from understanding con
tinually advancing details.31,57-60 There has been 
successful use of the RigiScan in family practice 
oriented to erectile dysfunction,61,62 and it is 
clear that access to the technique is now more 
widespread than ever. NPTR recording will 
never diminish the understanding of the causes 
of erectile dysfunction in an individual, but it 
may present a challenge in integrating it into 
the scheme of patient assessment.63 

The analysis of RigiScan data can be stan
dardized better than strain-gauge NPTR
PSGR data because of the essential constraints 
of the latter method. Even so, there is a vast 
amount of information in a night's record, and 
the discussion of tip versus base, tumescence 
versus rigidity, onset, and detumescence rates 
can go on for a long time without resolution.64 

New analysis algorithms using area-under-the
curve calculations, tumescence activity units 
(TAU) and rigidity activity units (RAU),65,66 
may help to standardize reporting, although in
dependent ratification is needed to fully vali
date the approach. 

NPTR and the Diagnosis of 
Psychogenic Erectile 
Dysfunction 

Can NPTR alone distinguish psychogenicity 
from organicity? This question, which may 
have seemed reasonable 10 years ago, now 
seems a little faded if not outright naive. Sachs67 

has provided the most comprehensive review of 
this dichotomy while suggesting a new tax
onomy. A simple and reasonable view of the 
situation may be found in the concept that even 
the most abstruse feelings have biologic sub
strates at some point and so even the most 
"psychogenic" erectile dysfunction may have 
an organic component, as exemplified by the 
evolution of the understanding of schizophre
nia. Steers68 has articulated and expanded on 
this line of reasoning ("With regard to sexual 
dysfunction, the useful designations of psy
chogenic or organic impotence have been in 
some respects misleading since psychogenic 

J.P.W. Heaton and A. Morales 

impotence is due to neurogenic mechanisms"), 
and other authors continue to add more clinical 
perspectives.69 Patients in the late twentieth 
century are unable to benefit fully from such 
concepts because no matter what label is at
tached to the psychogenic end of the spectrum 
of etiologies, there is little in the way of effec
tive etiology-specific therapy. For practical pur
poses, the pure psychogenic dysfunction has 
positive NPTR and sexual history, but no or
ganic factors, and treatment should be offered 
with oral agents (e.g., antidepressants) before 
invasive approaches are even considered. 

When no organicity is found and NPTR is 
normal (base rigidity >55% ),31 at the very least 
this indicates integrity of the erectile mecha
nisms of the penis. The natural corollary of this 
premise is that treatment should be directed at 
the systems known to be dysfunctional and 
cause the minimum damage possible to tissue 
shown to be competent, i.e., the corpora 
cavernosa. 

How does NPTR complement other tests? 
As pharmacologic intracavernous injection 
(lCI) testing gained popularity, efforts were 
made to evaluate tests as alternatives. The 
laboratory effect of anxietf8 and the resulting 
enhanced inhibition make correlations be
tween NPTR and ICI difficult.70 Duplex ultra
sound has been found to add little to the 
first-rank diagnostic assignment.71 A detailed 
assessment of a similar issue revealed that 
when a positive NPTR and other positive 
psychogenic evidence coexisted, the results of 
duplex ultrasound wen~ unreliable,21 possibly 
due to anxiety factors in these men. The other 
side of the issue can be seen in one report 
where NPTR data, showing brief episodes of 
high rigidity, may be used to support a diagno
sis of veno-occlusive dysfunction.72 In brief, 
sexual history, and tests such as response to 
intracavernous vasoactive agents, NPTR, and 
audiovisual erotic stimulation (AVES), have 
been used to place patients in the traditional 
diagnostic boxes of organic, psychogenic, or 
uncertain. These provide complementary but 
different information about patients.73 

Does NPTR share the same neural pathways 
as a sexual erection or an AVES-stimulated 
erection? Probably not, as the discrepancy be
tween AVES and NPTR in hypogonadal men is 
one example of a measurable difference. How
ever, the tools presently used to dissect the 
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pathways are very blunt, so the issue carries 
little clinical relevance at this time. 

Similar Uses for the 
Measurement Technology
Diurnal Penile Tumescence 
and Rigidity 

NPTR is expensive to perform and intrusive on 
patient time. REM sleep can occur during 
morning naps and, when it does, erections can 
occur (diurnal penile tumescence and rigidity 
[DPTR]) and be measured using familiar mea
sures of erectile function.74 As many as 75% of 
patients or normal men exhibiting positive 
NPTR have demonstrated positive DPTR.75,76 
It has been recommended that impotent pa
tients scheduled to undergo NPTR reduce 
sleep time the night before their study. Of in
terest, successful NPTR studies have been con
ducted in patients during morning naps.77 

Alternative Uses for the 
Measurement Technology
Response to Therapy 

The RigiScan was devised originally with the 
capability of real-time evaluation, and this 
functionality is intrinsically available with 
strain-gauge systems. Use in this situation sets 
on one side the issues of clinical meaning for 
NPTR but substitutes all the problems of labo
ratory effect already mentioned. Whatever 
technology is used and however the issues of 
anxiety are handled, the instruments will objec
tively record what happens to the penis. This 
makes it an ideal instrument for drug evalua
tion both at home at nighC8 and during daytime 
laboratory sessions.79 

In the laboratory, the measurements can be 
directly interpreted from the recording device 
or evaluated later. Some global scoring strate
gies, such as the RigiScan number, that simplify 
the multiple parameters have been published 
for awake session use. These appear to have 
utility but need further validation.so 
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The use of penile tumescence and rigidity 
(PTR) to document8l and compare drug effects 
has great potential. Whenever it is used, there 
will be issues of anxiety, and protocols that in
corporate treatment that modifies the inhibi
tory factors will have intrinsic advantages over 
protocols that simply introduce vasodilators. It 
is critical to control the conditions of the test, 
because comparisons between studies, al
though literally accurate in terms of percent of 
rigidity, may not really express the difference 
between agents. There are published norms for 
ICI using RigiScan82 and excellent comparative 
studies showing objective superiority of pros
taglandin El (PGEl) and papaverine alone for 
ICI.83 

The concept of complete smooth muscle re
laxation, or peak effect, is very important if 
qualitative comparisons of efficacy are to be 
made. Peak effect can be achieved through fun
damentally different approaches: repeat injec
tion,84 masturbation,85 A YES, vibration, simply 
leaving the patient alone, or having him go 
home. Much of the uncertainty about the ef
fects of anxiety and inhibition would be im
proved by the development of validated tools 
for measurement. 

Audiovisual Erotic 
Stimulation (AVES) 

During laboratory or office assessment, AVES 
can be introduced to produce or amplify an 
erectile response while there is some sort of 
erectile monitoring. AVES is much easier now 
through the use of video and CD-ROM tech
nology. AVES has been thought to decrease 
central nervous system inhibitory factors and it 
certainly diverts attention from the laboratory 
setting. It is additive with penile vibratory 
stimulation,86,87 masturbation, ICI, and pharma
cologic manipulation.80 Habituation to erotic 
material has been documented,88 which sup
ports the belief that response to viewing of 
erotic material can be significantly affected by 
cultural and societal factors.89 

A YES has been demonstrated to be one 
strategy that optimizes or improves the re
sponse to ICI during PTR recording.90-92 
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However, this test remains largely invalidated, 
is difficult to standardize, and requires further 
study.89 

AVES has been used to document objective 
changes in disease states before erectile dys
function is apparent, as in patients with diabe
tes and no documented neuropathy who show 
abnormal responses to AVES when compared 
with controls.93 AVES has already been men
tioned as contrasting with NPTR with respect 
to the response rates of hypogonadal men.46 As 
many as 25% of castrated men will show a posi
tive response to A VES.94 Affect95 and age96 also 
can be shown to produce changes in AVES, 
underscoring that this study parallels NPTR 
closely even if it does not fully overlap. 

Vibration Stimulation 

Penile vibration using oscillating devices has 
been used as another means of enhancing erec
tile response,97 and the enhancement can be 
monitored by RigiScan or strain-gauge tech
nology. This has been shown to improve 
submaximal erections after ICI98 and A VES.99 

Indications for Monitoring PTR 
in the Investigation of Erectile 
Dysfunction 

Indications for monitoring PTR are as follows: 

A suspected "psychogenic" etiology 
A suspected sleep disorder 
An obscure etiology 
A male unresponsive to treatment 
Planned invasive treatment (major vascular or 

implant surgery) 
A legally sensitive case 
Measurement and comparison of drug effects. 

NPTR can bring surprises and add informa
tion that may have been overlooked by a very 
comprehensive interview and assessment pro
cess. A 28-year-old man was recently seen for a 
second opinion at the clinic run by the Human 
Sexuality Group at Queen's University. He had 
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undergone full assessment, including dynam
ic cavernosometry, had received unsuccessful 
venous leak surgery, had been reassessed, 
and had undergone repeat venous surgery. A 
full dynamic cavernosometry reinvestigation 
revealed what appeared to be a continuing 
venous leak. He was asked to do NPTR with a 
RigiScan in his hotel room. On one night, the 
RigiScan demonstrated erections of adequate 
duration with over 55% rigidity, and on the 
other night he did not sleep at all. A debriefing 
revealed that he had a previously undisclosed 
chronic problem with unsatisfactory sleep and 
waking feeling tired. He was sent for full sleep 
analysis and dissuaded from further active 
management of his erectile problems until his 
sleep issues were resolved. Similarly a man was 
referred to the Cleveland Clinic after several 
procedures for venous incompetence. NPTR 
demonstrated the man to have normal erec
tions and further assessment disclosed his prob
lem to be premature ejaculation. Treatment of 
his ejaculatory difficulties restored him to full 
sexual functioning (Montague DK, personal 
communication, 1994). 

Conclusion 

Objective measures of penile tumescence and 
rigidity are important because there is so much 
about sexual and erectile function that can not 
be easily quantified. We are only just entering 
an era where validated instruments (question
naires) are available to characterize erectile 
and sexual function. These can be compared 
with existing objective data (e.g., NPTR data) 
and will enhance the meaning and reproducibil
ity of the evaluation of individuals and new 
therapies. Interventional techniques, such as 
cavernosometry or even color duplex scanning, 
may induce significant artifacts because of the 
measurements themselves. Although measure
ments of rigidity are not without their own 
problems, as already discussed, they provide 
useful quantitative evidence of penile status 
that has a vital place in the study of erectile 
function. 

It is still intuitively reasonable to identify that 
the basic penile mechanisms of erection are in-
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tact in a man who has had NPTR recording that 
is within normal limits. However, it is overly 
simplistic to say that normal NPTR in a setting 
of complaints of erectile dysfunction define a 
clean diagnostic group that can be labeled 
"psychogenic." Men with nocturnal erections 
but poor sexual erections may have significant 
endothelial or respiratory disease, for instance. 
They may also have the significant problems of 
anxiety, depression, or partner dissatisfaction 
that are more traditionally associated with 
normal NPTR and erectile dysfunction. NPTR 
measurements, therefore, will not often draw 
clean diagnostic distinctions but will add mate
rially to the understanding of the erectile status 
of individuals. In addition, the technology de
veloped to serve the need for NPTR measure
ments will continue to provide useful objective 
data during this period of rapid expansion in 
therapeutic intervention. 
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causes of, 341 
diagnosis of, 340-341 
and erectile capability, 342 
and erectile responsivity, 342 
and external genitalia, 342-343 
and growth hormoneslinsulin-

like growth factor-I, 343 
and libido, 342 
and lipids, 344 
and muscle weakness, 343, 344 
and skin/hair, 342 
and vascular endothelium/ 

smooth muscle, 344-345 
Androgen insensitivity 

syndrome, 150-151 
chromosomal patterns, 

150-151 
types of conditions, 150-151 

Androgen replacement 
age 14 to 18,345 
age 19 to 50, 346 
age 50 and over, 346-347 
benefits/risks of, 345-347 
dosage, 347 
guidelines for therapy, 350 
oral preparations, 347-348 
parenteral preparations, 

348-349 
preparations under 

development, 349 

process of, 169 
testosterone pellets, 349 
transdermal preparations, 348 

Androgens 
genetic impairments affecting, 

150 
and growth of prostate, 14 
receptors and binding, 19 

Anejaculation, 220-222 
idiopathic, 220 
neurological causes, 221 
and peripheral neuropathy, 

221 
and retroperitoneal lymph 

node dissection, 221 
and spinal cord injury, 220-221 

Antiandrogens, and nocturnal 
penile tumescence (NPT) 
test findings, 585 

Antibiotics, added to semen 
specimen, 59 

Antibodies. See Antisperm 
antibodies; Immunologic 
infertility 

Antidepressants, for erectile 
dysfunction, 457-458 

Antiestrogens, infertility 
treatment with, 170-171 

Anti-miillerian hormone 
(AMH), and embryonic 
male development, 
144-145 

Antisperm antibodies, 93 
and cryptorchidism, 314 
and testicular torsion, 325, 

328-329 
Apomorphine, for erectile 

dysfunction, 456-457 

593 



594 

ART-WOO (Surgitek), 581 
Arterial disease, mechanisms in, 

516 
Arterial surgery. See 

Microvascular arterial 
bypass 

Arteriography, evaluation for 
microvascular arterial 
bypass, 519 

Assisted reproductive 
technologies, 35-36, 95 

birth defect rates, 270-271 
cost factors, 272 
fertilization barriers, 259-260 
gamete intrafallopian tube 

transfer (GIFT), 
35-36 

historical view, 258-259 
indications for, 268-269 
intracytoplasmic sperm 

injection (ICSI), 36, 
263-267 

intrauterine insemination 
(lUI), 35, 260-261 

results of, 267-268 
risk factors, 271-272 
round spermatid nuclear 

injection (ROSNI), 36 
semen collection for, 54-60 
semen processing, 60-64 
sperm cryopreservation 

methods, 67-71 
sperm stimulation methods, 

64-67 
subzonal insemination, 263 
success factors, determination 

of,269-270 
and testis cancer, 279-280 
in vitro fertilization (IVF), 

261-262 
in vitro fertilization-embryo 

transfer (IVF-ET), 35 
zona pellucida drilling/partial 

zona dissection, 262-263 
Audiovisual erotic stimulation 

(AVES), 587-588 
Autologous graft replacement, 

for Peyronie's disease, 
484--485 

Azoospermia, 30-31 
and ejaculatory duct 

obstruction, 182-183 
examination for, 30-31 
obstructive. See Epididymal 

obstruction 

and testicular biopsy, 174 
XY azoospermia male, factors 

in, 145 
Azoospermia factor, and Y 

chromosome, 145 

B 
Bacterial infections, and 

infertility, 284-285 
Barry shunt, 406 
Basal body temperature (BBT), 

ovulation assessment, 95 
Basic fibroblast growth factor 

(bFGF),lO 
Biochemical testing, semen 

analysis, 47-48 
Biopsy, cavernosal biopsy, 

396-397 
See also Testicular biopsy 

Birth defects, and assisted 
reproductive technologies, 
270-271 

Bladder, sperm retrieval from, 
222-223 

Bone, and androgen deficiency, 
343 

Bromocriptine, for erectile 
dysfunction, 90, 457 

Buried penis 
characteristics of, 364 
surgical treatment, 364-365 

Buserelin, for crytorchidism, 317 

C 
Cadmium, and infertility, 295 
Caffeine 

and infertility, 295 
for sperm stimulation, 65-66 

Calcitonin gene-related peptide, 
for erectile dysfunction, 
445 

Cancer patients, semen quality, 
56 

See also Testis cancer 
Capacitation 

and female reproductive 
system, 87 

of spermatozoa, 46 
Cavernosal biopsy, 396-397 

procedure in, 396-397 
purpose of, 396 

Cervical mucus 
and female infertility, 93 
and sperm motility, 86 

Cervix, anatomy of, 84-85 

Index 

Chemotherapy, and infertility, 
278-279,296 

Chlamydia trachomatis 
and infertility, 284, 286 
treatment of, 288 

Chromosomes. See Genetics; Sex 
chromosome disorders 

Cigarette smoking 
and infertility, 25, 89, 295 
and nocturnal penile 

tumescence (NPT) test 
findings, 585 

and penile nitric oxide activity, 
432--433 

Clitoroplasty, 570 
Clomiphene citrate 

male infertility treatment, 170 
ovulation induction, 90, 95 

Clomipramine, for premature 
ejaculation, 357-360 

Clostridial collagenase, for 
Peyronie's disease, 477 

Coculture, for sperm stimulation, 
67 

Colchicine, for Peyronie's 
disease, 476--477 

Cold, sperm damage, 60 
Color duplex Doppler 

ultrasound 
arterial adequacy, detection of, 

381-383 
erection hemodynamics, 374-

375 
examination procedure, 376-

381 
instrumentation, 375-376 
low flowlhigh flow 

characteristics, 384, 386, 
388 

penile anatomy, 369 
penile inflow, 369-370, 381-383 
penile outflow, 370-374, 384 
Peyronie's disease, staging of, 

388-392 
for presbyrectia, 384 
for priapism, 384, 386, 388 
for venogenic impotence, 

505-506 
veno-occlusive adequacy, 

detection of, 384 
Column separation, sperm 

processing, 62 
Complete androgen insufficiency 

syndrome (CAIS), 150, 
151 
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Computed tomography (CT), in 
reproductive imaging, 110 

Computer-aided sperm analysis 
(CASA) systems, 40, 41, 
42,43-44 

preparation of specimens for, 
42 

Condom use, and immunologic 
infertility, 134 

Congenital bilateral absence of 
vas deferens (CBAVD), 
153-154 

chromosomal patterns, 
153-154 

physical signs, 153 
Congenital unilateral absence of 

vas deferens (CUAVD), 
154 

detection of genetic mutation, 
154 

Contamination, of semen 
specimens, 58-59 

Contralateral fixation, testicular 
torsion, 330-331 

Creatine kinase (CK) 
measurement, in semen 
analysis, 48 

Crownplasty, 570 
Crural crossover, and penile 

implants, 552 
Cryostraws, for sperm storage, 

70-71 
Cryptorchidism 

autoimmunization theory, 314 
clinical classification, 309 
conditions related to, 307 
early intervention, effects of, 

316 
elevated testicular temperature 

in, 313-314 
and epididymal abnormalities, 

315 
and germinal epithelium, 

311-312 
hormonal treatment, 316-317 
incidence of, 307 
and infertility, 308, 309-310 
laparoscopy in, 317-318 
and Leydig cell function, 

312-313 
medical management of, 

318-319 
orchiopexy in, 318 
secondary type, 315-316 
and Sertoli cell function, 312 

sperm nuclear content, 312 
and subfertility, 310-311 
and testis cancer, 277-278 
in utero events, 307-309 

Curvature of penis. See 
Peyronie's disease 

Cyclic adenosine monophosphate 
(cAMP) 

for erectile dysfunction, 458 
production/function of, 18-19 
for sperm stimulation, 65 

Cyclic guanosine monophosphate 
(cGMP), for erectile 
dysfunction, 458 

Cyclosporine, and infertility, 
297 

Cytomegalovirus (CMV), 286 
and semen donation, 56-57 

D 
Danazol,93 
Datta shunt, 405 
DDT, and infertility, 295 
Dead sperm removal. See Semen 

processing 
Delequamine, for erectile 

dysfunction, 455 
Denys-Drash syndrome, 144 
2-deoxyadenosine, for sperm 

stimulation, 67 
Depression 

and nocturnal penile 
tumescence (NPT) test 
findings, 584-585 

and psychogenic impotence, 
472-473 

Dextram column, for 
immunologic infertility, 
136 

Diabetes 
and anejaculation, 221 
penile nitric oxide depletion, 

432 
Dihydrotestosterone (DHT), 

production of, 19 
Direct intraperitoneal 

insemination (DIPI), 87 
Diurnal penile tumescence and 

rigidity (DPTR), 587 
DNA flow cytometry 

normal testicular tissue, 
179-180 

quantification of 
spermatogenesis, 177 

DNA stability assay, 301-302 
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Dopamine agonists, for erectile 
dysfunction, 90, 456-457 

Doppler ultrasound. See Color 
duplex Doppler 
ultrasound 

Doxycycline, 93 

E 
Ebbehoj shunt, 405 
Ejaculation, normal reflex, 

219-220 
Ejaculation induction 

electroejaculation (EEJ), 
225-226 

ineffective treatments, 223 
penile vibratory stimulation 

(PVS),223-225 
sperm quality in, 226-227 

Ejaculatory duct obstruction, 
184-185, 190-199 

clinical signs, 190-191 
imaging studies, 121-124 
laboratory values/physical 

findings, 191 
pathophysiology, 190 
signs of, 184-185 
surgical treatment, 195-199 
ultrasound for, 191-195 
vasography for, 182-187 

Ejaculatory dysfunction, 31-32 
anejaculation, 220-222 
etiology of, 31-32 
evaluation of, 222-223 
examination for, 31, 222 
idiopathic anejaculation, 220 
premature ejaculation, 220 
psychogenic, 222 
retrograde ejaculation, 220 
See also Ejaculation induction 

Electroejaculation (EEJ), 225-
226 

complications of, 226 
procedure in, 226 
and sperm quality, 226-227 

Embryo 
implantation of, 87-88 
penis, development of, 362 
reproductive development of, 

143-144,293-294 
sex determination of, 143 

Endocrine infertility, 26, 34-35 
testing for, 34-35 

Endocrine therapy, 166-171 
androgen replacement, 169, 

345-350 
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antiestrogens, 170--171 
corticosteroids, 171 
of crytorchidism, 316-317 
GnRH therapy, 170 
gonadotropins, 169-170 
of hypogonadotrophic 

hypogonadism, 167-169 
. in sex-reassignment, 566-567 

Endometriosis, 91-93 
incidence of, 91 
pathogenesis of, 91 
stages of, 92 
symptoms of, 92-93 
treatment of, 93 

Environmental/occupational 
toxins, and infertility, 294 

Enzyme-linked immunosorbent 
assay, sperm antibody 
test, 132 

Ephedrine, for ejaculatory 
dysfunction, 222 

Epididymal cysts, imaging 
studies, 117 

Epididymal obstruction, 246-254 
alloplastic spermatocele for, 

254 
causes of, 246-248 
vasoepididymostomy, 248--254 

Epididymis, 10, 11-12 
abnormalities and 

cryptorchidism, 315 
anatomy of, 10, 244 
common site of obstruction, 

182 
examination in infertility 

workup, 27 
functions of, 11 
imaging studies, 114 
physiology of, 11-12, 244 

Epididymitis, diagnosis of, 288 
Epinephrine, for priapism, 404 
Erectile dysfunction 

impotence,335-339 
intracavernous injection, 

441-448 
microvascular arterial bypass, 

514--526 
nitric oxide/penile 

neurotransmitter based
therapy, 433-434 

oral drug therapy, 454--459 
psychogenic impotence, 

468-473 
topical drug therapy, 459-460 
transurethral therapy, 460--462 

vacuum constriction devices, 
409-422 

venogenicimpotence, 503-512 
Erection 

and age, 384 
factors in, 15-17,374--375,425, 

441 
hemodynamics, 374--375 
and nitric oxide, 17 
and venous drainage, 503-504 

Estrogens, conversion from 
testosterone, 19 

Estrogen therapy, in sex
reassignment, 566-567 

Examination gloves, toxicity to 
sperm, 59-60 

F 
Fallopian tube dysfunction 

assessment of, 95 
and ovulation dysfunction, 91 

Fallopian tubes, anatomy of, 85 
Female infertility 

causes of, 88 
cervical mucus, 93 
endometriosis, 91-93 
epidemiology, 89 
fallopian tube dysfunction, 91 
hyperprolactinemia, 90 
hypothyroidism, 90 
and infections, 93 
luteal phase defect, 90--91 
ovulation dysfunction, 89-91 
polycystic ovarian syndrome, 

90 
treatment options, 95-96 
uterine abnormalities, 91 

Female infertility workup 
history of patient, 89 
hysterosalpingogram (HSG), 

91,95 
hysteroscopy, 95 
hysterosonography, 91, 95 
laboratory tests, 93-94 
laparoscopy, 91, 95 
ovulation assessment, 94--95 
physical examination, 89 
postcoital test, 93 

Female reproductive system 
and capacitation, 87 
cervix, 84--85 
fallopian tubes, 85 
fertilization of egg, 87 
hypothalamic-pituitary axis, 

83-84 

Index 

implantation of embryo, 87-88 
menstrual cycle, 85-86 
ovary, 84 
sperm transport in, 86-87 
uterine. corpus, 85 
uterus, 84 
vagina, 84 

Fertilization, of ovum, 87 
Fibrin glue, in vasovasostomy, 

234--235 
5-a-reductase deficiency, 152 

chromosomal patterns, 152 
signs of, 152 

Fixation method, testicular 
torsion, 331 

Fluoxetine, for erectile 
dysfunction, 458 

for premature ejaculation, 360 
Fluparoxan, for erectile 

dysfunction, 455 
Follicle-stimulating hormone 

(FSH) 
genetic mutations effecting, 

149 
as infertility treatment, 

169-170 
levels and infertility, 35 
and menstrual cycle, 85, 86 
production/function in female, 

84 
production/function in male, 

17 
and Sertoli cell function, 10 
and spermatogenesis, 9 
and testicular torsion, 324 

Follicular phase, menstrual cycle, 
85 

Free radicals, and infertility, 
298--299 

Freezing sperm. See Sperm 
cryopreservation methods 

Fungal infections 
and infertility, 287 
treatment of, 289 

G 
Gamete intrafallopian tube 

transfer (GIFT), 35-36, 87 
Gender dysphoria 

causes of, 565 
clitoroplasty, 570 
crownplasty, 570 
diagnosis of transexualism, 565 
epidemiology, 564--565 
historical view, 563-564 
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hormone administration, 
566-567 

neovaginal space, making of, 
568 

operative method for patient 
with small phallus, 
569-570 

patient evaluation method, 
565-566 

postoperative complications, 
571 

postsurgical data on, 571-575 
sexual satisfaction, 

postsurgery,571 
vaginoplasty, methods of, 

568-569 
Genetic counseling, pre-assisted 

reproductive assessment, 
271 

Genetics 
reproductive development of 

embryo, 143-144 
sex of embryo, determination 

of,143 
Y chromosome and 

azoospermia factor, 
145-146 

See also Sex chromosome 
disorders 

Genetic screening, for sperm 
donors, 55-56 

Germ cell development, and 
Sertoli cell, 9 

Germinal aplasia, detection 
with testicular biopsy, 
181-182 

Gliding testis, 309, 317 
treatment of, 317 

Gonadotoxins, 32 
aging, 300 
and agricultural chemicals, 

293,295 
alcohol, 295 
anabolic steroids, 296 
assessment of cytotoxic effects, 

300-302 
chemotherapy, 296 
cigarette smoking, 295 
environmental/occupational 

toxins, 294 
fertility preservation, 32 
heavy metals, 294-295 
hyperthermia, 298 
infections, 298 
and infertility, 25 

marijuana/cocaine/heroin! 
methadone, 296 

oxidative stress, 298-299 
pharmacological agents, 297 
radiation therapy, 296-297 
risk factors, 292-293 
types of, 25 

Gonadotropin-releasing 
hormone (GnRH) 

as infertility treatment, 168, 
169, 170 

production!function of, 17, 
83-84 

Gonadotropin-releasing 
hormone agonist 

and infertility, 297 
ovulation induction, 95 

Gonadotropins, infertility 
treatment with, 169-170 

Gonorrhea, and infertility, 284 
Goulding shunt, 405 
Gradient centrifugation, 63-64 

Percoll gradient separation, 63 
Grayhack shunt, 406 
Gynecomastia, hormonal 

assessment in, 35 

H 
Hair, and androgen deficiency, 

342 
Hashmat-Waterhouse shunt, 405 
Heat, and infertility, 26 
Heavy metals, and infertility, 

294-295 
Hematospermia, imaging studies, 

125 
Hemizona assay (HZA), 47 
Herpes simplex virus (HSV), 

286 
History of patient 

female patient, 89 
impotence assessment, 

336-337 
male patient, 22-26 

Hormone treatment. See 
Endocrine therapy 

Human chorionic gonadotropin 
(heG) 

crytorchidism treatment, 316 
as infertility treatment, 168-

169 
tumors and production of, 277 

Human follicle-stimulating 
hormone (hFSH), 
ovulation induction, 95 
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Human immunodeficiency virus 
(HIV),286 

Human leukocyte antigen 
(HLA), and immunologic 
infertility, 130 

Human menopausal 
gonadotrophin (hMG) 

male infertility treatment, 
168-169,319 

ovulation induction, 95 
Hydrocele, imaging studies, 117, 

118 
Hyperactivated motility, analysis 

for, 46 
Hyperprolactinemia 

and infertility, 35 
and ovulation dysfunction, 90 
treatment of, 90 

Hyperthermia, and infertility, 
298 

Hypogonadism 
causes of, 341 
hormonal assessment in, 35 
primary and secondary, 35 
signs of, 27 
See also Androgen deficiency 

Hypogonadotrophic 
hypogonadism 

and anabolic steroid use, 296 
endocrine treatment of, 167-

169 
Hypoosmotic swelling (HOS) 

test, 45 
H ypospermatogenesis, detection 

with testicular biopsy, 181 
Hypothalamic-pituitary axis 

anatomy of, 83 
hormone production, 83-84 

Hypothalamic-pituitary-testicular 
axis, 17-19 

hormone action, mechanism 
of,17-19 

physiological aspects, 17 
Hypothyroidism 

and ovulation dysfunction, 90 
treatment of, 90 

Hysterosalpingogram (HSG), 91, 
95 

Hysteroscopy, 95 
Hysterosonography, 91, 95 

I 
Idazoxan, for erectile 

dysfunction, 455 
Idiopathic anejaculation, 220 
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manifestations of, 220 
refractory type, 220 

Idiopathic infertility, 35-36 
assisted reproductive 

technologies for, 35-36 
Imaging. See Reproductive 

imaging 
Immotile cilia syndrome, 36 

testing for, 36 
Immunoabsorption methods, for 

immunologic infertility, 
136 

Immunobead processing, for 
immunologic infertility, 
136 

Immunobead test, sperm 
antibodies test, 33, 
130--131 

Immunologic infertility 
antisperm antibodies, causes 

of,130 
enzyme-linked immunosorbent 

assay, 132 
immunobead test, 130--131 
indirect immunofluorescence, 

131-132 
mechanisms of, 132-134 
physiological mechanisms in, 

129 
radiolabeled antiglobulin 

assay, 132 
sperm agglutination tests, 131 
sperm antibodies test, 33 
sperm autoimmunity, factors 

in, 128-130 
sperm immobilization test, 131 
and testis cancer, 277 
treatment of, 134-137 

Implantation of embryo, process 
of,87-88 

Implants. See Penile implants 
Impotence 

history of patient, 336-337 
laboratory assessment, 338 
nocturnal penile tumescence 

(NPT) test, 337 
physical examination, 337 
pre-assessment activities, 335-

336 
prostaglandin injection, 338-

339 
risk factors in, 336 
sex therapy, 337-338 
treatment approaches, 338-339 
vacuum device for, 338 

yohimbine for, 338 
See also Erectile dysfunction 

Indirect immunofluorescence, 
sperm antibodies test, 
131-132 

Infection and infertility, 33-34, 
298 

bacterial infections, 284-286 
epididymitis, 288 
and female infertility, 93 
fungal infections, 287 
and immunologic infertility, 

130 
prostatitis, 285, 287-288 
sexually transmitted disease, 

34,284,287 
signs of, 33 
testing for, 33-34 
testing in sperm donors, 56-57 
treatment of, 288-289 
urethritis, 287 
viral infections, 286 

Infertility workup. See Female 
infertility workup; Male 
infertility workup 

Inhibin 
production/function of, 17 
and spermatogenesis, 9, 10 

Injection treatment. See 
Intracavernous injection 

Interferons, for Peyronie's 
disease, 477 

Intracavernous injection, 
441-448 

calcitonin gene-related 
peptide, 445 

dropout rate, 446 
future view for, 448 
moxisylyte, 445-446 
nitric oxide donors, 446 
papaverine, 442-443 
papaverine/phentolamine, 444 
pharmacotesting, 442 
phenoxybenzamine, 442 
prostaglandins, 444-445 
and psychogenic impotence, 

448 
self-administration, 442 
side-effects, 446, 448 
triple drug, 445 
vasoactive intestinal 

polypeptide, 445 
Intracytoplasmic sperm injection 

(ICSI), 36, 263-267 
and birth defects, 270--271 

Index 

cost factors, 272 
fertilization rates, 265, 266, 

267,268,269 
for immunologic infertility, 

137 
indications for, 264, 269 
intracytoplasmic injection, 

266-267 
oocyte activation, 266-267 
oocyte injury, 265 
oocyte processing, 265 
ovarian stimulation/oocyte 

retrieval, 264 
results of, 268 
risk factors, 271-272 
sperm immobilization, 265-266 
sperm processing, 264 
sperm retrieval in, 264 
success factors, 263, 269-270 

Intrauterine insemination (lUI), 
35,260--261 

candidates for, 260 
for immunologic infertility, 136 
procedure in, 260 
success factors, 260--261 

In vitro fertilization (IVF), 
261-262 

candidates for, 261, 269 
fertilization rates, 261-262, 268 
for immunologic infertility, 

136-137 
procedure in, 261 

In vitro fertilization-embryo 
transfer (IVF-ET), 35 

and antisperm antibodies, 133 

K 
Kallikren, for sperm stimulation, 

67 
Kallmann's syndrome, 148-149 

acquired causes, 167 
chromosomal patterns, 149 
signs of, 148-149 
treatment of, 168-169 

Kartagener's syndrome, 25, 36, 
85 

Kennedy's disease, 150, 151-152 
chromosomal patterns, 152 
signs of, 152 

Ketoconazole, and infertility, 297 
Kilinc shunt, 405 
Klinefelter's syndrome, 24-25, 

146-147,166 
and Leydig cell hyperplasia, 

182 
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L 

physical signs, 146 
and reproduction, 147 

Laboratory, toxicity of labware/ 
media, 59- 60 

Laparoscopy, 91,95 
in cryptorchidism, 317-318 

Laser welding, in vasovasostomy, 
234 

Lead, and infertility, 294 
Lectin peanut agglutinin agent, 

in sperm processing, 62 
Leukocytes in semen 

and fertility, 103-104 
leukocyte composition in 

ejaculate, 100-101 
and seminal plasma, 104-105 
site/cause of infiltration, 

101-103 
and sperm function in vitro, 

105-107 
and vasectomy, 102 

Leydig cell 
and cryptorchidism, 312-313 
fetal development of, 293 
and testicular torsion, 330 

varicocele and function of, 
204-205 

Leydig cell agenesis, 149 
Libido, and androgen deficiency, 

342 
Linsidomide clorhydrate, nitric 

oxide release, 434, 446 
Lipids, and androgen deficiency, 

344 
Lubricants 

and sperm motility, 26 
toxicity to sperm, 60 

Luteal phase, menstrual cycle, 86 
Luteal phase defect 

and ovulation dysfunction, 
90-91 

treatment of, 91 
Luteinizing hormone (LH) 

and androgen deficiency, 
340-341 

genetic mutations affecting, 
149 

levels and infertility, 34-35 
measurement in ovulation 

assessment, 95 
and menstrual cycle, 85-86 
production/function in female, 

84 

production/function in male, 
17 

and testicular torsion, 324 
Luteinizing hormone releasing 

hormone (LHRH), 
crytorchidism treatment, 
316-317 

M 
Macrosurgical vasovasostomy, 

235,241 
Magnetic isolation, for 

immunologic infertility, 
136 

Magnetic resonance imaging 
(MRI) 

pituitary gland, 110-111 
prostate, 119, 120-121 
in reproductive imaging, 110 
scrotum, 111 
seminal vesicles, 125 

Makler chamber, 41 
Male gamete micromanipulation 

anatomical barriers to 
fertilization, 259-260 

candidates for, 260 
development of, 258-259 
See also Assisted reproductive 

technologies 
Male infertility 

azoospermia, 30-31 
diagnostic categories for, 166 
differential diagnosis, 24 
ejaculatory dysfunction, 31-32 
endocrine infertility, 34-35 
gonadotoxins, 32 
idiopathic infertility, 35-36 
immotile cilia syndrome, 36 
incidence of, 22 
infection, 33-34 
semen viscosity, increased, 36 
sperm antibodies, 32-33 
varicocele, 32 

Male infertility workup 
history of patient, 22-26 
physical examination, 27-29 
semen analysis, 29 

Male reproductive system 
embryonic development, 

143-145 
epididymis, 10, 11-12 
hypothalamic-pituitary

testicular axis, 17-19 
penis, 14-17 
prostate, 12-14 

seminal vesicles, 12, 14 
testicle, 1-10 
vas deferens, 10-11 
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Male Turner syndrome. See 
Noonan syndrome 

Marijuana, and infertility, 25, 296 
Maturation arrest, detection with 

testicular biopsy, 180-181 
Medications, and infertility, 26 
Meiotic division, in 

spermatogenesis, 5-6 
Menstrual cycle, 85-86 

follicular phase, 85 
luteal phase, 86 
menstrual phase, 86 
ovulatory phase, 85-86 

Mentor Alpha I implant, 
541-543 

Mentor Mark II implant, 
533-534 

Mercury, and infertility, 294 
Methylxanthines, for sperm 

stimulation, 65-66 
Microcell chamber, 41 
Microlithiasis, imaging studies, 

119 
Micropenis 

characteristics of, 364 
surgical treatment, 364-365 

Microsurgical vasovasostomy, 
235-237,241 

Microvascular arterial bypass, 
514-526 

arteriographic criteria, 519 
candidates for surgery, 

516-519 
clinical criteria, 516-517 
complications of, 526 
hemodynamic criteria, 517-519 
historical view, 514-516 
outcome of, 526 
surgical procedure, 520-525 

Minoxidil, for erectile 
dysfunction, 460 

Mixed antiglobulin reaction 
(MAR), sperm antibody 
test, 33 

Mixed gonadal dysgenesis 
(MGD),147 

chromosomal patterns, 147 
signs of, 147 

Moxisylyte, for erectile 
dysfunction, 445-446 

MUllerian-inhibiting substance 
(MIS) 
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and spermatogenesis, 9, 312 
and testicle development, 308 

Muscle weakness, and androgen 
deficiency, 343 

Mycobacterial infections 
and infertility, 287 
treatment of, 289 

Mycoplasma hominis, and female 
infertility, 93, 286 

Myotonic dystrophy, 158 
chromosomal patterns, 158 
signs of, 158 

N 
Needle biopsy of testis, 175-177 

procedure in, 176-177 
Nesbit procedure 

modified Nesbit, 483-484 
for Peyronie's disease, 482-484 

Neurotransmitters, for erectile 
dysfunction, 445 

Nitric oxide (NO), and infertility, 
298 

Nitric oxide (NO) and erection, 
17,425-434 

and aging, 432 
animal studies, 427-428 
and cigarette smoking, 

432-433 
and diabetes, 432 
NO releasing drugs, 433-434 
NOS activity, regulation of, 

430-431 
NOS isoforms in penis, 

428-430 
therapeutic implications, 

433-434 
in vitro studies, 425-427 

Nitroglycerine ointment, for 
erectile dysfunction, 459 

Nitroglycerine patches, for 
erectile dysfunction, 
459-460 

Nitroprusside natrium, nitric 
oxide release, 446 

Nocturnal penile tumescence 
(NPT) test, 337 

alternatives to, 587-588 
ART-1000(Surgitek), 581 
factors affecting measures, 

584-585 
historical view, 579 
interpretation of, 585-586 
mercury strain gauge method, 

581 

penile plethysmograph, 582 
postage stamp method, 580 
rigidity issues, 583-584 
RigiScan, 581, 583, 586, 587 
sleep measurement issues, 

584 
sliding bands method, 580 
strain gauges method, 

580--581 
and venogenic impotence, 505 

Noonan syndrome, 157-158 
chromosomal patterns, 158 
signs of, 157 

Nuclear magnetic resonance 
(NMR), in reproductive 
imaging, 110 

Nutcracker effect, 3 
Nutrition, and semen quality, 56 

o 
Obstruction 

detection with testicular 
biopsy, 180 

ejaculatory duct obstruction, 
190--199 

epididymal obstruction, 
246-254 

imaging studies, 121-124 
most common locations for, 

182 
vas deferens obstruction, 

254-255 
Odelowo shunt, 406 
Open testicular biopsy, 175 

procedure in, 175 
Opiate antagonists, for erectile 

dysfunction, 456 
Oral drug therapy, 454-459 

a-adrenergic antagonists, 
454-455 

antidepressants, 457-458 
delequamine, 455 
dopamine agonists, 456-457 
fluparoxan, 455 
idazoxan, 455 
opiate antagonists, 456 
phentolamine, 455 
phosphodiesterase inhibitors, 

458-459 
yohimbine, 454-455 

Orchiopexy 
in cryptorchidism, 318 
in testicular torsion, 331 

Orgotein, for Peyronie's disease, 
477 

Index 

Ovarian hyperstimulation 
syndrome (OHSS), and 
intracytoplasmic sperm 
injection (ICSI), 271-272 

Ovary, anatomy of, 84 
Ovulation 

assessment methods, 94-95 
dysfunction, causes of, 89-91 
induction drugs, 95 
ovulatory phase, menstrual 

cycle, 85-86 
Ovum, fertilization of, 87 
Oxidative stress, and infertility, 

298-299 

p 

Papaverine, for erectile 
dysfunction, 442-443 

Papaverine ointment, for erectile 
dysfunction, 460 

Papaverine/phentolamine, for 
erectile dysfunction, 444 

Paracrine factors, in 
spermatogenesis, 9-10 

Parathyroid hormone, for 
Peyronie's disease, 477 

Paroxetine, for premature 
ejaculation, 360 

Partial androgen effect (PAIS), 
150, 151 

Penile blood flow study, methods 
of,368-369 

See also Color duplex Doppler 
ultrasound 

Penile constructive/ 
reconstructive surgery 

forearm flap dissection, 
493-495 

historical view, 492-493 
postoperative assessment, 

499 
prosthetic implants, 499-501 
surgical method, 493-501 
for transsexual patient, 

497-499 
Penile implant complications 

aneurysm, 555 
autoinflation, 554 
crural crossover, 552 
defect detection, 559 
erosion, management of, 

555-557 
glans bowing, 557-558 
infection, 559-561 
penile necrosis, 561-562 
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perforation of corporal body, 
552 

postoperative bleeding, 558-
559 

Penile implants 
Ambicor implant, 535 
AMS 700 ex implant, 

536---c539 
AMS 700 eXM implant, 537 
AMS 700 Ultrex/Ultrex 

implants, 539-541 
cylinder selection, 552-554 
length of, 531 
malleable implants, 530-531 
Mentor Alpha I implant, 

541-543 
Mentor Mark II implant, 

533-534 
for Peyronie's disease, 489-490 
postsurgical period, 547, 549 
replacement prostheses, 

532-533 
scarred corporal bodies, 

dealing with, 550-551 
self-contained inflatable 

implants, 531-533 
semirigid implants, 529-531 
three-piece inflatables, 

543-547 
three-piece prosthesis, 535-543 
two-piece prostheses, 533-535 

Penile innervation, 397-399 
factors in, 397-399, 402-403 

Penile plethysmograph, 582 
Penile tumescene monitoring 

audiovisual erotic stimulation 
(A YES), 587-588 

diurnal penile tumescence and 
rigidity (DPTR), 587 

indications for, 588 
nocturnal penile tumescence 

(NPT) test, 579-586 
vibration stimulation, 588 

Penile vibratory stimulation 
(PVS),223-225 

complications of, 224 
ejaculation rates in, 224, 225 
procedure in, 223 

. and sperm quality, 226-227 
Penis, 14-17 

anatomy of, 14-16, 362-363, 
369,401-403,440-441 

augmentation surgery, 364-365 
buried penis, 364 
embryonic development, 362 

erection, factors in, 15-17, 
374-375 

examination in infertility 
workup, 27-28 

inflow in, 369-370 
measurement for size, 363-364 
micropenis, 364 
outflow in, 370-374 
penile innervation, factors in, 

397-399,402-403,440-441 
physiology of, 16-17 
venous drainage, 503-504 
webbed penis, 364 

Pentoxifylline 
for erectile dysfunction, 459 
for sperm stimulation, 66---c67 

Percoll gradients, for 
immunologic infertility, 
136 

Percoll gradient separation, 63 
Performance anxiety, 471 
Persistent miillerian duct 

syndrome (PMDS), 155 
chromosomal patterns, 155 
signs of, 155 

Peyronie's disease, 474-479 
causation, 481 
color duplex Doppler 

ultrasound, staging of, 
388-392 

mechanical injury theory, 
474-475 

medical management of, 
476-479 

natural history of, 475 
penile implants for, 489-490 

Peyronie's disease surgical 
treatment, 482-489 

autologous graft replacement, 
484-485 

modified Nesbit, 483-484 
Nesbit procedure, 482-484 
plaque excision, 484-489 
plication procedures, 483-484 
preoperative evaluation, 482 
synthetic graft replacement, 

485-489 
Phalloplasty 

cautions about, 365-366 
indications for, 365 
technique in, 365 

Pharmacocavernosometry, 
evaluation for 
microvascular arterial 
bypass, 518-519 
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Phenoxybenzamine, for erectile 
dysfunction, 442 

Phentolamine, for erectile 
dysfunction, 455 

Phenylephrine, for priapism, 404, 
405 

Phenylpropanolamine, for 
ejaculatory dysfunction, 
222 

Phosphodiesterase inhibitors, 
for erectile dysfunction, 
458-459 

Physical examination 
female patient, 89 
male patient, 27-29 

Pituitary gland, imaging of, 
110-111 

Plaque excision, for Peyronie's 
disease, 484-489 

Plication procedures, for 
Peyronie's disease, 
483-484 

Polycyclic aromatic 
hydrocarbons (PARs), 
and infertility, 294-295 

Polycystic ovarian syndrome 
and ovulatory dysfunction, 90 
treatment of, 90 

Postcoital test 
elements of, 46 
time factors, 93 

Potassium aminobenzoate 
(POTABA), for 
Peyronie's disease, 476 

Prader-Willi syndrome, 149 
Premature ejaculation, 220, 

356---c360 
cause of, 220 
clomipramine for, 357-360 
diagnostic criteria for, 356 
paroxetinelfiuoxetine for, 360 
psychotherapy/behavioral 

approaches, 356 
sertraline for, 360 
urologic history for, 357 

Presbyrectia, color duplex 
Doppler ultrasound for, 
384 

Priapism, 401-407 
age and incidence, 401 
causes of, 384, 386, 388, 402 
color duplex Doppler 

ultrasound for, 384, 386, 
388 

diagnosis of, 403 
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medical treatment of, 403-405 
nature of, 384, 401 
pathophysiology, 403 
postoperative care, 406-407 
primary/secondary, 401 
and sickle cell disease, 404 
surgical treatment, 405-406 
treatment complications, 407 

Primary ciliary dyskinesia 
(PCD), 155-156 

chromosomal patterns, 
155-156 

signs of, 155 
Procarbazine, for Peyronie's 

disease, 476 
Prostaglandins, for erectile 

dysfunction, 338--339, 
444-445,446 

Prostate, 12-14 
anatomy of, 12-14 
androgens, effects of, 14 
cystic structures in, 192 
factors secreted by, 14 
imaging of, 119-121 
physiologyof,14 

Prostatitis 
diagnosis of, 287-288 
and infertility, 285, 287-288 
nonbacterial type, 288 
treatment of, 288--289 

Prostodynia, diagnosis of, 288 
Proteolytic enzymes, for 

immunologic infertility, 136 
Psychogenic impotence, 468-473 

DSM diagnostic criteria, 470 
ejaculatory dysfunction, 222 
interaction of emotional forces 

in, 471 
interactive model, 469 
and intracavernous injection, 

448 
manifestations of, 468-469 
psychological resistance to 

treatment, 468-469 
psychotherapy approaches, 

470-471 
stress conditions related to, 

472-473 
Psychotherapy 

for premature ejaculation, 356 
for psychogenic impotence, 

470-471 
Puberty, timing and infertility, 

24-25,35 

Q 
Quackles shunt, 405 
Quinelorane, for erectile 

dysfunction, 457 

R 
Radiation therapy, and 

infertility, 278, 296--297 
Radiographic balloon occlusion, 

varicocele, 212 
Radiolabeled antiglobulin test 

(RAT), sperm antibodies 
test, 33, 132 

Reproductive imaging 
ejaculatory apparatus, 121, 125 
methods used, 110 
pituitary gland, 110--111 
prostate, 119-121 
scrotum, 112-114 
seminal vesicles, 121, 124-125 
testicle, 114-119 

Reproductive organs 
development in embryo, 

143-145 
See also Female reproductive 

system; Male reproductive 
system 

Retinitis pigmentosa (RP), 
156--157 

genetic patterns, 156--157 
Retrograde ejaculation, 25, 220 

causes of, 191 
drug treatment, 222 

Retroperitoneal lymph node 
dissection (RPLND) 

and anejaculation, 221 
and fertility, 279 

RigiScan, 581,583,586,587 
Rise/swim-up method, 62, 105 
Round cells, evaluation of, 42 
Round spermatid nuclear 

injection (ROSNI), 36, 
166 

S 
Scrotum 

imaging of, 112-114 
scrotal skin, and androgen 

deficiency, 342 
Self-migration, 62 

disadvantage of, 62 
migration to hyaluronate 

medium, 62 
rise/swim-up method, 62 

Index 

Semen analysis 
for acrosomal integrity/ 

function, 45 
biochemical testing, 47-48 
clinical categories in, 44 
computer-aided sperm analysis 

(CASA) systems, 40, 41, 
42,43-44 

creatine kinase (CK) 
measurement, 48 

for ejaculatory dysfunction, 
222 

hemizona assay (HZA), 47 
for hyperactivated motility, 46 
hypoosmotic swelling (HOS) 

test, 45 
in infertility workup, 29 
interpretation of parameters, 

43-44 
normal values, 29 
number required, 39 
objective measurements, 40 
for plasma membrane 

integrity, 45 
postcoital test, 46 
round cells, evaluation of, 42 
semen specimen collection, 

39-40 
for sperm agglutination, 41 
sperm-cervical mucus 

interaction, 46 
for sperm concentration, 41 
for sperm morphology, 

41-42 
for sperm motility, 40-41 
sperm penetration assays 

(SPA), 45, 46-47 
sperm-zona-pellucida 

interaction, 47 
and viscosity of semen, 40 

Semen collection, 54-60 
abstinence period, 57 
age of donor, 55 
cold shock damage, 60 
collection of semen samples, 

54-55 
genetic factors, 55-56 
health/nutrition of donor, 56 
infectious disease screening, 

56--57 
and microbial contamination, 

58--59 
seminal plasma effects, 57-58 
and sperm aging in vitro, 57 
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and toxicity of labware/media, 
59--60 

ultraviolet light damage, 60 
Semen processing, 60--64 

gradient centrifugation, 63-64 
and oxidative stress, 105 
self-migration, 62 
solid-phase adhesion, 62 
sperm dilution/washing, 60--61 
swim-up procedure, 62, 105-

107 
Semen viscosity, increased, 36 
Seminal plasma 

functions of, 104, 105 
and leukocytes in semen, 

104-105 
toxicity to semen, 57-58 

Seminal vesicles, 12, 14 
anatomy of, 12 
imaging of, 121, 124-125 
physiology of, 14 

Seminiferous tubule 
anatomy of, 3-4 
fetal development of, 293 
germ cell development, 9 
Sertoli cell, 3-4, 9-10 

Sertoli cell, 3-4, 9-10 
and abnormal spematogenesis, 

10 
anatomy of, 3-4 
and cryptorchidism, 312 
fetal development of, 293 
and germ cell development, 9 
and testicular torsion, 330 

Sertoli-cell-only syndrome, 
detection with testicular 
biopsy, 181-182 

Sertraline, for premature 
ejaculation, 360 

Sex chromosome disorders 
androgen biosynthesis errors, 

150 
androgen insensitivity 

syndrome, 150-151 
and assisted reproductive 

technologies, 270-271 
congenital bilateral absence of 

vas deferens (CBA VD), 
153-154 

congenital unilateral absence 
of vas deferens 
(CUA VD), 154 

and cryptorchid men, 312 
5-a-reductase deficiency, 152 

FSHlLHlgene disorders, 149 
Kallmann's syndrome, 148-

149 
Kennedy's disease, 151:-152 
Klinefelter's syndrome, 

146-147 
mixed gonadal dysgenesis 

(MGD),147 
myotonic dystrophy, 158 
Noonan syndrome, 157-158 
persistent mtillerian duct 

syndrome (PMDS), 155 
primary ciliary dyskinesia 

(PCD), 155-156 
retinitis pigmentosa (RP), 

156-157 
Usher's syndrome, 157 
XX male syndrome, 147 
XY azoospermia male, 145 
XYY male syndrome, 147 
Young's syndrome, 154-155 

Sex chromosomes, sex 
determination of embryo, 
143 

Sex therapy, impotence, 337-338 
Sexually transmitted disease 

and infertility, 34, 284, 287 
and semen donation, 56-57 

Shunts, for priapism, 405-406 
Sickle cell disease, and priapism, 

404 
Sodium nitroprusside, nitric 

oxide release, 434 
Solid-phase adhesion, 62 

column separation, 62 
lectin peanut agglutinin agent, 

use of, 62 
Sperm 

structural features of, 8 
transport in female 

reproductive system, 
86-87 

Sperm agglutination, analysis of, 
41 

Sperm agglutination tests, sperm 
antibodies test, 131 

Sperm antibodies, 32-33 
causes of, 32 
examination for, 32-33 

Spermatocele, alloplastic, 254 
Spermatogenesis, 4-10 

hormonal requirements, 9, 
17-19 

paracrine interactions, 9-10 

process of, 4-7, 293-294 
spermiogenesis, 7 
in vitro study of, 300-301 
in vivo study of, 300-310 

603 

Sperm banking, testis cancer 
patients, 280 

Sperm-cervical mucus 
interaction, analysis of, 46 

Sperm chromatin structure assay 
(SCSA),301 

Sperm concentration, analysis of, 
41 

Sperm count, abnormal, 43 
Sperm cryopreservation 

methods, 67-71 
damage during freezing, 68--69 
fecundability with 

cyropreserved sperm, 69 
methods of, 69-71 
packaging methods, 70-71 
sperm cyrosurvival measures, 

68--69 
thawing sperm, 71 

Sperm dilution/washing, 60--61 
centrifugation, 61 
damage in, 61 
method of, 61 

Sperm immobilization test, 
sperm antibodies test, 131 

Sperm morphology 
abnormalities of, 42 
analysis of, 41-42 
standards for, 41-42 

Sperm motility 
analysis of, 40-41 
lower limit for, 44 

Sperm nuclear integrity 
assessment, types of tests, 
301-302 

Sperm penetration assays (SPA), 
45,46-47 

Sperm plasma membrane, 
analysis of, 45 

Sperm stimulation methods, 
64--67 

caffeine, 65-56 
coculture, 67 
2-deoxyadenosine, 67 
end points as measures, 64--65 
intracellular cAMP for, 65 
kallikren, 67 
methylxanthines, 65--66 
pentoxifylline, 66--67 

Sperm viability, analysis of, 45 
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Sperm-zona-pellucida 
interaction, analysis of, 47 

Spinal cord injury, and 
anejaculation, 220-221 

Stents, in vasovasostomy, 
233-234 

Steroids 
for immunologic infertility, 

134-135,171 
for Peyronie's disease, 477 

Substance abuse, and infertility, 
295-296 

Subzonal insemination, 263 
fertilization rates, 263 
procedure in, 263 

Swim-up method, advantages of, 
105 

Syndnone imine hydroaldehyde 
(SIN-l), nitric oxide 
release, 441, 446 

Synthetic graft replacement, 
for Peyronie's disease, 
485-489 

Systemic disease, and infertility, 
29 

T 
Tamoxifen 

male infertility treatment, 170 
for Peyronie's disease, 476 

Testicle, 1-10 
anatomy of, 1-3 
cancer of. See Testis cancer 
epididymis, 10 
examination in infertility 

workup, 27 
fetal development of, 

293-294 
functions of, 3 
imaging of, 114-119 
normal tissue characteristics, 

178-179 
seminiferous tubule, 3-4 
spematogenesis, 4-10 
vas deferens, 10-11 

Testicular atrophy 
and testicular torsion, 324 
and varicocele, 203 

Testicular biopsy 
germinal aplasia, detection of, 

181-182 
hypospermatogenesis, 

detection of, 181 
indications for, 174-175 
interpretation of, 177-178 

maturation arrest, detection 
of, 180-181 

needle biopsy, 175-177 
obstruction, detection of, 180 
open testicular biopsy, 175 
tubular and peritubular 

sclerosis, detection of, 
182 

Testicular cysts, imaging studies, 
117 

Testicular feminization, 151 
Testicular masses, imaging 

studies, 115, 117 
Testicular temperature, and 

cryptorchidism, 
313-314 

Testicular torsion, 323-331 
animal studies, 325-328 
antisperm antibodies in, 325, 

328-329 
contralateral fixation, 330-331 
delayed presentation of, 330 
fixation method, 331 
histological exam for, 324-324 
imaging of, 323 
imaging studies, 115 
and immunologic infertility, 

130 
incidence of, 323 
Leydig cell function, 330 
and reperfusion injury, 327, 

328,329-330 
and Sertoli cell, 330 
spermatogenesis, effects on, 

326-330 
and subfertility, 324 
and testicular atrophy, 324 

Testicular trauma, and 
immunologic infertility, 
130 

Testis cancer 
anejaculation following 

treatment, 221 
artificial reproductive methods 

following treatment, 
279-280 

chemotherapy and fertility, 
278-279 

pretreatment subfertility, 
276-277 

radiation therapy and fertility, 
278 

retroperitoneal lymph node 
dissection (RPLND) and 
fertility, 279 

and sperm banking, 280 
survival factors, 276 

Index 

testicular conditions related to, 
277-278 

Testolactone, male infertility 
treatment, 170, 171 

Testosterone 
as infertility treatment, 169 
and nocturnal penile 

tumescence (NPT) test 
findings, 585 

production/function of, 17 
as prohormone, 19 
and spermatogenesis, 9 
suppression of, 17 

Topical drug therapy, 459-460 
alprostadil ointment, 460 
minoxidil, 460 
nitroglycerine ointment, 459 
nitroglycerine patches, 

459-460 
papaverine ointment, 460 

Transsexual patient, and penile 
reconstructive surgery, 
497-499 

See also Gender dysphoria 
Transrectal ultrasound (TRUS) 

prostate, 119-120 
seminal vesicles, 121 
uses for male infertility, 

189-190 
Transurethral therapy, 460-462 

alprostadil, 460-462 
Trazodone, for erectile 

dysfunction, 457-458 
Triamcinolone, for Peyronie's 

disease, 477 
Trichomonas vaginalis, 287 
Tricyclic antidepressants, for 

ejaculatory dysfunction, 
222 

Triple drug, for erectile 
dysfunction, 445, 446 

Tubular and peri tubular 
sclerosis, detection with 
testicular biopsy, 182 

Tubule fertility index (TFI), 310 

U 
Ultrasound 

for ejaculatory duct 
obstruction, 191-195 

in reproductive imaging, 110 
scrotum, 111-114 
for varicocele, 206 
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See also Color duplex Doppler 
ultrasound 

Ultraviolet light, sperm damage, 
60 

Undescended testicles. See 
Cryptorchidism 

Ureaplasma urealyticum 
and female infertility, 93, 286 
treatment of, 288 

Urethritis, diagnosis of, 287 
Usher's syndrome, 157 

genetic patterns, 157 
Uterine abnormalities 

assessment of, 95 
and ovulation dysfunction, 91 

Uterine corpus, anatomy of, 85 
Uterus, anatomy of, 84 

V 
Vacuum constriction devices, 

338,409-422 
arterial studies related to, 

411-414 
cylinder of, 409 
erection-like state from, 416 
indications for use, 338, 

410-411 
patient satisfaction, 422 
patient workup for, 416, 419, 

422 
pump of, 410 
ring of, 410 
venous studies related to, 

414-415 
Vagina, anatomy of, 84 
Varicocele, 32 

animal studies of, 202 
diagnosis of, 205-206 
etiology, 201-202 
examination in infertility 

workup, 28-29 
human studies of, 202-203 
imaging of, 115, 116, 206 
and immunologic infertility, 

130 
incidence of, 201 
Leydig cell function, 204-205 
physical examination, 114, 

205 
radiographic balloon/coil 

occlusion of spermatic 
veins, 212 

recurrence after repair, 
212-213 

semen characteristics, 205 

sperm function, 205 
and testicular atrophy, 203 
testis histology related to, 

203-204 
treatment outcome, 213 
varicocelectomy for, 206-213 

Varicocelectomy, 206-213, 208 
complications of, 212-213 
inguinal method, 207 
laparoscopic method, 207 
outcome of, 213 
process of, 208-211 
retroperitoneal repair, 207 
sublinguinal method, 207-208 

Vas deferens, 10-11 
anatomy of, 10-11 
congenital bilateral absence of 

vas deferens (CBA VD), 
153-154 

congenital unilateral absence 
of vas deferens 
(CUA VD), 154 

Vas deferens obstruction, 
254-255 

causes of, 254 
evaluation of, 254 
vasovasostomy, 254 

Vasectomy 
and immunologic infertility, 

130 
and leukocytes in semen, 102 
reversal of. See 

Vasovasostomy 
testicular effects, 239-240 

Vasoactive intestinal polypeptide 
(VIP), for erectile 
dysfunction, 445 

Vasoepididymostomy, 248-254 
anesthesia, 248 
end-to-end microsurgical 

vasoepididymal 
anastomosis, 249-252 

end-to-side microsurgical 
vasoepididymostomy, 
252-253 

preoperative preparation, 248 
results of, 253 
sperm aspiration! 

cryopreservation, 255 
surgical methods, 248-249 
versus vasovasostomy, 

230-232 
Vasography, 182-187 

complications of, 185, 187 
effectiveness of, 185 

605 

indications for, 182-183 
technique in, 183-184 

Vasovasostomy 
anesthesia in, 232 
factors related to results, 

238-241 
fibrin glue in, 234-235 
incision placement, 232-233 
laser welding in, 234 
macrosurgery versus 

microsurgery, 241 
macrosurgical anastomosis in, 

235 
microsurgical anastomosis in, 

235-237 
postoperative care, 237-238 
presurgical considerations, 

230-232 
repeat procedures, 241 
and sperm granuloma at 

vasectomy site, 241 
and sperm quality in vas fluid, 

241 
stents, use of, 233-234 
surgical precautions, 233 
vas deferens obstruction, 254 

Venogenic impotence, 503-512 
diagnosis of, 505-506 
pathophysiology of, 504-505 
surgical treatment, 506-511 
treatment outcome, 511-512 

Verapamil, for Peyronie's 
disease, 477-478 

Viral infections 
and infertility, 286 
treatment of, 289 

Vitamin E, for Peyronie's 
disease, 476 

W 
Webbed penis 

characteristics of, 364 
surgical treatment, 364-365 

Winter shunt, 405 
Woman's history, in infertility 

workup, 23-24 

x 
XX male syndrome, 147 

chromosomal patterns, 147 
XY azoospermic male, 145 

chromosomal patterns, 145 
XYY male syndrome, 147 

chromosomal pattern, 147 
signs of, 147 
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y 
Y chromosome 

and azoospermia factor, 145 
and sex differentiation, 143 

Yohimbine, 338, 454-455 
actions of, 454 

administration of, 454 
Young's syndrome, 25,154-155 

chromosomal patterns, 
154-155 

differential diagnosis, 154 

Index 

Z 
Zona pellucida drilling/partial 

zona dissection, 262-263 
fertilization rates, 263, 267 
procedure in, 262-263 
results of, 267-268 
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