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The Management of the Infertile Male: The Limitations of a Semen Analysis and
the Importance of the Clinical Assessment.
Anne M Jequier
Andrologist
PIVET Medical Centr,
166 Cambridge Street
Leederville, Western Australia 6007
Australi
Email: ajequier@bigpond.net.au
Abstract
The object of this presentation is to demonstrate the limitations of the use of a semen
analysis in the treatment of infertility in the male as well as to demonstrate the
importance of the clinical evaluation in the treatment of this problem.

Introduction

For most clinicians involved in the management of infertility, it is infertility in the male
that causes them the most problems. Firstly, much less is known about the causation of
infertility in the male than is the case in the female thus making the generation of a
clinical diagnosis so much more difficult. The second problem is that the changes that
may occur in the semen from an infertile male, gives little clue to the underlying cause of
the infertility: indeed the changes that occur are often non-specific. In this lecture, the
limitations of a semen analysis in the management of male infertility will be discussed
and the importance of a careful clinical assessment will be emphasised.

The limitations of a semen analysis and its use in the management of the infertile
male patient.

The very first person to suggest that a semen analysis was important in the evaluation of
an infertile couple appears to have been a Philadelphian surgeon by the name of Edward
Martin in the early part of the last century (cited by Jequier, 1991). By the fifties, John
MacLeod had elevated the analysis of semen to the level of a science (MacLeod 1956)
and he also stressed the importance of a semen analysis in the evaluation of all infertile
couples.

However in or around 1980, it became clear that many of the variables within a semen
analysis that would be helpful in indicating the presence of male infertility were not being
identified by many clinical pathology laboratories and that gross errors in counting sperm
were common (Jequier & Ukombe, 1983). Thus what information that could be obtained
from the performance of a semen analysis was not being sought. The British Andrology
Society then began a series of workshops to rectify this problem culminating in the
special training of laboratory personnel and the development of stringent methods of
quality assurance. Today semen analysis is carried out reasonably well and one must
now question the whole role of semen analysis in the management of male infertility.
Despite the care and the precision with which many laboratories carry out a semen
analysis today, the diagnostic value of a semen analysis is however extremely limited.
Firstly the changes that occur in the semen of men with infertility are almost always non-
specific and give the clinician very little idea of the cause of a patient’s infertility. There
are only a few causes of infertility (and globozoospermia is a good example) where the
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cause of the infertility can be determined solely from a semen analysis. In the vast
majority of patients with infertility, no clue as to the cause of the infertility can be
obtained from the examination of a sample of semen.

There are other reasons why a semen analysis is only of limited value in the
determination of infertility in the male. Over time, it has become clear that the
relationship between infertility and changes in the variables in a semen analysis is not a
simple one. Reduced sperm numbers can be found in men of known fertility (Rehan,
Sobrero & Fertig 1975) and infertility can be present among men with high sperm
numbers in their ejaculate. Pregnancy can also occur occasionally among men who only
have a few thousand sperm in their ejaculate (Thomson, Lincoln & Mortimer, 1993).
Although it is clear that the higher the sperm count, the better the pregnancy rate, only
when the sperm count is at the extremes can a semen analysis reasonably predict the
absence or the occurrence of conception.

Even sperm function tests although they may correlate better with fertility than the
variables within a semen analysis, still have problems when it comes to predicting
fertility and of course still give the clinician little idea as to the cause of the abnormal
function of the sperm and thus of the infertility itself.

It has been known for some time that the presence of pathology in the female can
influence the potential fertility of a man with a ‘normal’ sperm count. It is clear that
among women with endometriosis undergoing donor insemination, larger numbers of
sperm are needed to achieve conception than is the case among women who do not have
endometriosis (Hammond, Jordan & Sloan, 1986). Thus if the fertility of a given sperm
count can be determined by the presence or absence of a female problem, then how can
an accurate and highly reproducible sperm count possibly assist the clinician in either the
determination of the infertility or in defining its cause?

Time is also an important factor in infertility. The longer that a patient is infertile, the less
likely is that patient to conceive spontaneously (Cooke et al. 1981). However there is no
way in which one can apply quality assurance to the “trying time’ to pregnancy.

It must also be remembered that semen is not a homogeneous fluid. Indeed, the
components that make up seminal fluid do not mix until they are either in the vagina or in
the pot used to collect the semen for analysis. As sperm can be found in human cervical
mucus less than two minutes after ejaculation, this means that these sperm cannot have
been involved in the coagulation process. It is thus entirely possible that, as these sperm
have had a “head start’ on the other sperm trapped in the coagulum, it is these sperm that
are responsible for fertilisation. Thus of all the sperm that we see in a semen analysis
pot, only a few may be representative of those that achieve fertilisation. It has also been
pointed out that the semen used in a semen analysis has also been in contact with light,
with a high oxygen tension and with a reduction in temperature (Bjorndahl & Qvist
2003). Thus to use semen analyses for the assessment of fertility may not be appropriate.
It is therefore no surprise that a semen analyses correlates so poorly with fertility and it is
also clear that a even a highly reproducible semen analysis will add little to ones
understanding of male infertility and can offer almost no information as to its cause.
However, the most important question to be asked is whether the abandonment of the
generation of highly reproducible semen analyses and of quality assurance in relation to
semen analysis will lead to the poor quality investigations that we saw some 20-30 years
ago. This is indeed unlikely as the need for well-performed semen analysis in relation to



IVF is now in demand. Although highly reproducible semen analyses may still be needed
for research and in particular for toxicological studies, they are for the clinician nothing
more that screening tests and it is difficult for the clinician to understand why such
accuracy is needed in relation to this particular investigation.

The importance of diagnosis in the clinical management of infertility in the male
Infertility is a symptom, not a diagnosis. An abnormal semen analysis is itself not a
diagnosis: it is a physical sign. The changes that may be seen in the semen from infertile
men are usually entirely non-specific and with a few major exceptions (globozoospermia
is a good example), give the clinician no clue as to the cause of the male infertility.
Without a diagnosis of the cause of infertility, no measures to prevent any such problem
can be instituted nor can any rational treatment be given.

A semen analysis may indicate the presence of infertility but very rarely provides the
cause of the abnormal sperm count. For example, a reduced sperm count may be the
result of disordered ejaculation, of reduced sperm production, of a partial or unilateral
ductal obstruction or be simply due to an artefact that occurred during the collection of
the semen sample. Thus little diagnostic precision can be obtained from the examination
of a semen sample.

Why is a diagnosis so important in the management of male infertility?

One problem that faces those involved in the management of male infertility is that so
much less is known about the causes of infertility in the male than is the case in the
female. However, unless some serious attempts are made to understand the patho-
physiology underlying any reduction in sperm count in the male, this situation will
continue. The persistent emphasis on the sperm count together with the lack of attention
to the clinical aspects of male infertility is the cause of this problem. The late Professor
Dame Sheila Sherlock used to teach us that ‘you never make a diagnosis unless you think
of it first’: it is only a careful history and clinical examination that will help you to think
of many possible diagnoses.

The routine collection of sperm from the testis from an azoospermic man without a clear
pre or peri-operative diagnosis (as appears to be frequently the case in many clinics
today) and the consequent failure to diagnose conditions such as congenital absence of
the vas, could lead to the birth of a baby with cystic fibrosis — and also major medico-
legal consequences. Failure to identify micro-deletions of the Y chromosome may also
give rise to problems in the future (Kent-First et al. 1996)

Without a diagnosis, the treatment of the patient may involve the application of
unnecessary IVF. If IVF, applied in such circumstances, leads to serious morbidity or
even the death of the female partner when a correct diagnosis and the application of an
alternative form of treatment would have been successful in achieving a natural
conception, both a tragedy as well as serious medico-legal problems could have been
avoided. The fact that death is rare following IVF (Venn et al., 2001) does not mean that
IVF can be used with impunity by all infertility clinicians treating male infertility. To the
many clinicians who say that IVF/ICSI is still the only way to treat male infertility, |
would suggest that they look a bit harder — at their male patients.



Is the training in the management of male infertility adequate?

One of the major problems in the management of infertility in the male is that today, due
to the widespread use of IVF, the treatment is so frequently carried out by
Gynaecologists, many of whom have had little or no training in Urology and who
therefore have a poor understanding of the anatomy and physiology of the genital tract
and who have even less understanding of the pathology that may be seen in the lower
urinary tract. The importance of Urological experience among Gynaecologists has been
suggested in the past (Cummins & Jequier, 1997) but it is now stated that this should be a
mandatory part of the training given to infertility clinicians. A plea is made to include
basic urology as a formal part of the training of all Gynaecologists involved in the
treatment of male infertility and thus by inference by all clinicians involved in this type
of work. At the present time, it is suggested that Gynaecologists are simply taking on
work for which they have been inadequately trained.

Where are the Urologists in the management of male infertility?

In many parts of the world, with the USA being the notable exception, Urologists seem to
have abrogated almost all responsibility for the management of male infertility. Whether
this disinterest relates to the demands of prostate cancer in an aging population or it is
because the technique of IVF and ICSI that is so frequently used to treat male infertility
and is basically a gynaecological procedure is unclear. Due to the apparent lack of
interest in male infertility by the Urologists, the infertile male patient goes into to
treatment often without ever having been examined by a clinician. Frequently no
investigations other than a semen analysis have been carried out. Due to the narrow base
of training of specialists today, few Gynaecologists have had any training in Urology or
even general surgery and are thus unable to carry out many of the investigations such as
cystoscopy and vasography that are so useful in the clinical diagnosis of the cause of
infertility in men.

Conclusions

There is no doubt that IVF and in particular IVF/ICSI have revolutionised the
management of infertility in the male. However, it is my contention that overall the
infertile male patient is being badly managed. Far too much attention is being given to the
semen analysis, which, for the most part, only provides information about a series of
changes that are largely non-specific and give the clinician little idea of the cause of the
infertility in an infertile male patient. Due to an inadequate or even absent clinical
assessment, these patients are at times, being propelled into complex and expensive
treatment that may be unnecessary. Better training is needed for the Gynaecologists in
this side of infertility should be encouraged and the Urologists should be encouraged to
regain an interest in the management of male infertility.
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What every clinician need to know about basic semen analysis

Lars Bjorndahl

Andrology Centre

Karolinska University Hospital and Institute
141 86 Huddinge

Sweden

E-mail: Lars.Bjorndahl@ki.se

Learning objectives

The participant should be able to explain
e interpretation of semen analysis in relation to
o the man and his clinical problem
0 the sample collection
o the laboratory service
e the importance of standardization in laboratory andrology
e the basic principles of semen analysis
O unique properties of laboratory andrology
o the importance of
= assessing sufficient numbers of sperm
= standardized temperature for motility assessment
= using improved Neubauer chambers and positive displacement pipettes for sperm
concentration assessment
= standardized staining methods and assessment criteria for morphology investigation
e the basics of Quality Control, Quality Assessment and Quality Improvement
o definitions of normal values and reference values, and related problems in semen analysis

Introduction

It may seem presumptuous to state that clinicians might benefit from knowing more about
modern laboratory andrology. However, the lesson from a large number of training courses
for laboratory staff world-wide is that the laboratories often experience a resistance from the
clinical side, when it comes to changes in techniques and in the interpretation of results.

A number of initiatives have been taken to improve the standards in laboratory andrology.
Early warning signals inspired the development of the World Health Organization’s
recommendations (WHO 1999), and further detailed laboratory manuals have also been
developed (e.g. Kvist & Bjorndahl 2002) to enhance these efforts and to establish good
laboratory practice globally. Also training courses have been developed and implemented,
using controllable methods (Bjérndahl et al 2002).

Principles of basic semen analysis

There are many factors that influence the final results of semen analysis. Some of these
factors are unique for semen analysis; others occur also in investigations of blood and other
body fluids. In contrast to a blood sample the semen sample is highly heterogeneous at
ejaculation, and — if the whole ejaculate is collected — a coagulum is formed, including the
entire ejaculate; this coagulum usually disappears within 10-15 minutes. However, the well
mixed liquefied semen containing sperm, prostatic fluid and seminal vesicular fluid in the
laboratory pot may not at all represent physiology in vivo (cf. Bjorndahl & Kvist 2003).
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It is common knowledge that the abstinence time influences the quantity of volume and
sperm. However, also the quality and quantity of sexual arousal preceding the sample
collection does influence the final composition of the ejaculate (Pund et al 2004). This is not
surprising taking into consideration that the accessory gland secretion and the sperm transport
in the male is not a continuous process but a function controlled by the autonomous nerve
system. Thus the time between ejaculations may actually be less important than the quality
and quantity of nerve activity immediately preceding the ejaculation. Still, there is a relation
between abstinence time and different parameters in semen analysis and it is thus important to
at least record the abstinence time to give a better base for the clinical interpretation of data.

Another factor that may influence the quality of the semen sample is whether the sample is
collected in the home of the patient or in a room close to the laboratory. For the patient, the
former is often easier and much less stressful, but in practical terms it is often difficult to
transport the sample to the laboratory with sufficient protection from e.g. cold shock (which
makes sperm immotile) and without considerable delay before examination can begin. Poor
motility in a sample assessed more than one hour ejaculation and perhaps after exposure to
temperatures at +15°C or below, can be due to these circumstances rather then a real
dysfunction of the man or his sperm.

A general feature in laboratory science is to decrease the influence of random factors. When
cells are counted or classified, it is essential that sufficient numbers of cells are assessed.
When low numbers of cells are assessed the likelihood of random errors to distort the results
IS much greater. For instance, when 100 cells are investigated the random error can be
estimated to +20%, while assessment of 400 cells reduces the random errors to £10%. Thus,
irrespective of the competence of the analyst, assessments of low numbers of cells allow a
substantial influence of random errors.

Techniques and equipment

Sperm motility declines after ejaculation — faster for some men and slower for other. For the
interpretation of results it is therefore important to state how long time after sample collection
the motility assessment was done. Also the temperature at which the motility assessment is
done will affect the results — in general more rapidly motile sperm at 37°C than at lower
temperatures. The reason for recommending analyses to be done at 37°C is because it is much
more difficult (and expensive) to standardize the temperature to “room temperature” (which
without control easily can vary between 18 and 28°C). Furthermore, since also the well mixed
semen sample can be very heterogeneous, the recommendation is to assess two separate
aliquots and compare the results before accepting the count.

Sperm concentration is best assessed in a chamber with known and easily controllable depth
(volume). Shallow chambers (10-20 pm deep) with removable cover slip have the
disadvantage that even minor errors in cover slip application will affect the assessed volume
considerably. Shallow chambers which are filled with capillary force do not fill uniformly,
and generally give lower values for sperm concentration. Therefore the 100 pm deep
chambers originally developed for assessment of blood cells are recommended, particularly
one type called improved Neubauer chamber, because the pattern of areas is very adequate for
sperm counting purposes. Another crucial piece of equipment for sperm counting is the
positive-displacement pipette — a pipette with a piston in the tip — to measure an exact volume
of semen to dilute for sperm concentration assessment. Ordinary air-displacement pipettes are
made for liquids with viscosity similar to that of water — the volume obtained in the pipette tip
will decrease with higher viscosity. Since the viscosity of fresh semen is very variable, but
always higher than that of water, only positive-displacement pipettes will aspirate correct
volume for fresh semen samples. Also for sperm counts there is a recommendation for



duplicate assessments, but mainly to detect and avoid errors due to poor sampling from the
diluted sperm suspension and problems with the loading of the counting chamber.

A highly controversial topic is the issue with sperm morphology assessment (cf Mortimer &
Menkveld 2001). In general there is a consensus that poor sperm morphology is a negative
sign in relation to fertility. The controversy is about the criteria used for assessment. The first
morphology assessment schemes were based on microscopic observations on sperm from
semen. Here, certain types of morphological abnormalities were defined, and sperm not
fulfilling the criteria of these abnormalities were classified as normal. It was also assumed that
head abnormalities were more important than other abnormalities, and in general sperm were
only classified as normal or abnormal with no information where abnormalities occurred.
Later the so called strict criteria (Tygerberg strict criteria) were developed. This scheme is
based on observations of sperm morphology among sperm which had passed through cervical
mucus and also on sperm which could bind to zona pellucida. In opposition to the former
scheme, the strict criteria are an attempt to define the morphology of sperm with fertilizing
ability. When assessing sperm morphology according to the “strict criteria”, sperm that do not
comply with the definition of “normal” morphology are by definition abnormal. Furthermore,
WHO recommendations (1999) are to use the strict criteria and to record possible
abnormalities in four different categories in each abnormal sperm.

Basic semen analysis techniques require light microscopy. For fresh semen analysis (motility,
concentration) phase contrast optics (20-40X objective) is essential to be able to see the sperm
at all, but for morphology and vitality assessment bright field optics (100X objective) to
enable sufficient resolution and focal depth. For sperm morphology it is necessary to stain the
sperm. What is seen in the microscope depends on slide preparation and fixation (shrinkage of
structures) and which stain is used (different organelles are stained very differently with
different techniques). The most common technique is the modified Papanicolaou staining —
modified from the technique used for cervical smears. However, if a laboratory uses the
general cytology Papanicolaou technique the sperm on their slides will be very poorly stained
and their assessments will not be consistent with those from laboratories using the proper
technique.

Sperm vitality assessment is mainly of interest when there are very few motile sperm. The
question is if the immotile sperm are dead or alive (e.g. immotile cilia syndrome). Fairly
simple methods exist where dead sperm take up certain stains, while live sperm (with intact
cell membrane) will not be stained. Unfortunately the method presently recommended by the
WHO appears to kill a proportion of the sperm (Bjérndahl et al 2004). A better method is
available in the NAFA-ESHRE Manual (Kvist & Bjorndahl, 2002) and in the next edition of
the WHO guidelines the recommended method is likely to be corrected.

Training

All laboratory staff doing basic semen analysis require proper training. The Special Interest
Group in Andrology (SIGA) of ESHRE has developed and implemented a standardized 4-day
course introducing laboratory staff as well as laboratory directors to the recommended
techniques and equipment. After such an introduction further in-house training is essential;
training that could be integrated with Internal Quality Control. The ESHRE-SIGA courses on
basic semen analysis is available in several countries or regions (mainly in the local
language), and further dissemination to other regions is on-going.
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Quality Control, Quality Assurance and Quality Improvement

The systematic structure and documentation of quality in laboratory services in clinical
settings has developed rapidly the last twenty years. Early the focus was on Quality Control
(QC) — the assessment if the services match the quality goals set for the service. Soon the
wider concept of Quality Assurance (QA) was embraced — including all measures taken by a
service in order to be able to deliver and maintain a certain level of quality in the service.
However, in a competitive world it is important not only to maintain a level, but to always
improve the performance; the meaning of Quality Improvement (QIl). QI is based on QA and

QC.

It is essential for a laboratory to run Internal Quality Control to ascertain that the results are
consistent over time and between different analysts. Participation in an External Quality
Assessment program provides a tool for the laboratory to know if its performance is
comparable with other laboratories. Collaboration in international External QA schemes is
also important for a meaningful application of scientifically evaluated method improvements;
to start assessing samples for e.g. a specific morphological feature is useless unless the
laboratory uses the same staining technique and assessment criteria as the publishing
laboratory. Thus, an absolute prerequisite for meaningful External QA and result transfers
between laboratories is that the methods used are standardized.

Normal values and reference values

In the history of clinical laboratory science the so called normal values had a central position.
The term “normal” actually refers to the “normal distribution” or “Gaussian distribution”
according to which 95% of results from healthy individuals would be within the “normal
limits” and the mathematically defined standard deviation could be used to define the 95%
interval. The problem with this concept is that also results from individuals with a certain
disorder or disease may occur within these limits — the overlap between healthy and not
healthy can be considerable. Therefore, the concept of “reference values” has been
introduced. A reference population can be a healthy population or a reference population with
a certain disorder, and the “reference range” is still supposed to contain 95% of the results
from this reference population, but it doesn’t require the normal or Gaussian distribution.

Establishing reference values for semen analysis results is linked with specific problems. In
common clinical chemistry, all tests are related to the one and only individual involved. In
infertility investigations, there are two individuals involved, but still we would like to have
indices for infertility when interpreting semen analysis results. This means that the results
from a number of men with very good semen analysis results can be classified as indicative of
poor fertility.

Another aspect that creates difficulties is the present lack of standardization of techniques and
absence of External QA. With standardized techniques and ongoing External QA both results
and reference values will be more easily transferable. The establishment of reference values
could even be done in collaboration between centres using the same techniques and verifying
the performance with External QA.

When discussing the establishment new reference values, it is also important to consider that
the reference values and quality requirements can vary with different use for the results.
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Different use of results from semen analysis

When reference values are implemented, different reference populations (as well as modified
techniques) should be used for different applications. The most common field is of course the
infertility investigation. Here the most appropriate reference ranges should help the clinician
to decide which men could benefit from further clinical investigation and which couples
might directly continue to Artificial Reproductive Treatment. In the infertility treatment
situation, other reference values would help the embryologist to choose the best treatment
option on that day. For post vasectomy samples extended examination of semen
centrifugation pellets is required in order to ensure that azoospermia actually has been
achieved. In the group of men obtaining endocrine substitution therapy due to pituitary or
hypothalamic deficiency, low but increasing sperm numbers call for other modifications of
sperm counting techniques and related QC methods.

Conclusions

For the informed clinician, it is essential that the semen analysis report does not only contain
a few odd numbers indicating the sperm concentration, proportion motile, normal and live
sperm. Information about completeness of sample collection, abstinence time, time of
collection and time when assessment began, total semen volume and total number of sperm in
the ejaculate gives the clinician a better base to evaluate the sperm concentration data.
Furthermore, information on the numbers of sperm the laboratory routinely base their
assessments on, temperature for motility analysis, staining procedures for morphology and
vitality assessments, and that Internal Quality Control and External Quality Assessment is
implemented, is also important to enable the clinician to interpret the results of semen analysis

properly.
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Should We Bother About Male Accessory Gland Infection?

G. R. Dohle, MD PhD
Department of Urology,
Erasmus MC Rotterdam

The Netherlands

Learning objectives

By the end of this chapter, readers will be able to:

- Understand the relationship between male accessory gland infection and male
infertility

- Initiate a diagnostic process for male accessory gland infection

- Initiate appropriate treatment for male accessory gland infection

Summary

Colonization of the male genital tract is probably common and usually self-limiting. The male
accessory sex glands often harbour microorganisms, like ureoplasma and chlamydia
trachomatis, which may colonize the urogenital tract without obvious signs of infection.
Occasionally, these microorganisms and other bacteria cause symptomatic urethritis, prostato-
vesiculitis and epididymitis with deterioration of the semen quality and leucocytospermia.

A history of urogenital infection occurs in 1.6- 10.3% of men attending fertility clinics.
Infection may have a detrimental effect on sperm quality by reducing forward motility and
possibly affecting the number of morphological normal spermatozoa. In addition, infections
may be the source of autoantibodies against spermatozoa, found in about 8% of the infertile
male population.Leucocytes may produce large amounts of reactive oxygen species and
cytokines, directly effecting sperm motility and fertilizing capacity.

In contrast to the situation in women, there is no clear evidence that male accessory gland
infections can result in epididymal blockage or vassal obstruction, with the exception of
genital tuberculosis. Although chlamydia trachomatis is a well-documented source of
urethritis and prostatitis, the infection does not seem to cause obstruction of the reproductive
tract in men, as it does in women. If male urogenital infection causes obstruction it is most
likely located at the level of the ejaculatory ducts. Chronic prostatitis may cause scarring of
the prostatic and ejaculatory ducts, resulting in low seminal volume and low fructose. These
men present with severe oligozoospermia or azoospermia, normal size testis and normal
gonadotrophins. Chronic epididymitis can result in progressive deterioration of semen quality
due to loss of epididymal function.

Introduction

Infections of the male urogenital tract are potentially correctable causes of male infertility
Urethritis, epididymitis and prostatitis have been mentioned as male accessory gland infection
(MAGI) by the WHO. MAGI are linked to infertility without strong proof of causality or
efficacy of their treatment (Weidner et al., 1999). The most common aetiological causes of
bacterial prostatitis are gram-negative pathogens, predominantly strains of escherichia coli.
The role of gram-positive bacteria in bacterial prostatitis is controversial. Whereas
enterococci may cause bacterial prostatitis and associated recurrent urinary tract infection, the
significance of chlamydia. trachomatis and ureoplasma urealyticum in MAGI is unclear. A
recent cross-sectional study suggests that sperm quality declines with age only in subfertile
men with MAGI (Rolf et al., 2002).
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Bacteria and infertility

There are several reasons why there is doubt about MAGI influencing male infertility:

- Most pathogenic bacteria isolated from patients with MAGI show no impact on sperm
parameters in in vitro studies. A direct effect of bacteria on spermatozoa seems unlikely.

- Semen is characterized by low bacteria counts and asymptomatic men may have positive
cultures

- No clear correlation is found with the number of leucocytes in the semen and MAGI

- Urethral contamination is usually present in semen cultures

- 80% of prostatitis patients have no bacteria in their ejaculate

- The contact time between the infectious agent and the spermatozoa is relatively short in
patients with MAGI, except for men with epididymitis.

It seems therefore unlikely that bacteria, viruses, chlamydia or mycoplasma have a direct
effect on spermatozoa and cause impaired male fertility.

In contrast to the situation in woman not much is known about the consequences of acute and
chronic chlamydial infections in men and their impact on semen quality. It is postulated that
up to 50% of men infected with chlamydia are asymptomatic and in those with symptoms, the
most common presentation is urethritis. Studies also suggest that most upper genital tract
infections in young men, including epididymitis, are often attributable to chlamydia.
Epididymitis is thought to be important because fertility might be affected due to
inflammation, obstruction and functional impairment, especially where both epididymi are
affected. As well as creating a physical blockage to the movement of sperm, chlamydia may
also cause epithelial damage that reduces spermatogenesis, induces immunological responses
that destroy or hinder sperm, and reduces the female partner’s fertility. It can be concluded
that chlamydia trachomatis is a frequent pathogen in male genital inflammation since the
microorganisms are rarely present in healthy men. There are, however, no conclusive studies
showing that men infected with chlamydia trachomatis are less fertile than uninfected men.
Male genital chlamydial infection is mainly a threat to the female genital organs.

Leucocytospermia

According to WHO classification, > 1 x 10° WBC per mL is defined as leukocytospermia.
The clinical significance of an increased concentration of white blood cells (WBC) in the
ejaculate is under debate: leucocytospermia is often found in men without obvious signs of
urogenital infection and with negative cultures. Most studies show no significant association
between white blood cell count and microorganisms in semen: in more than fifty percent of
men with leucocytospermia semen cultures showed negative. There seems to be agreement
that only an increased number of leukocytes is indicative for MAGI. Leucocytes, especially
neutrophilic granulocytes can produce large amounts of reactive oxygen species and
cytokines, which may influence sperm function. The great majority of leukocytes are
neutrophilic granulocytes and can be detected the peroxidase staining reaction.

Although most authors consider leukocytospermia a sign of inflammation, they are not
necessarily associated with bacterial or viral infections: metabolites from the urine may enter
the prostate due to reflux during voiding with insufficient pelvic floor relaxation and cause a
chemical prostatitis. Also, autoimmune diseases of the prostate may cause leucocytospermia.
No clear relation exists between leucocytospermia and conception, both natural as with ART.

Reactive oxygen species

Impairment of sperm function can be caused by the formation of an excess of reactive oxygen
species (ROS). The deleterious effect of ROS on semen quality has been documented and
reviewed (Depuydt et al., 1996). There are several reasons why spermatozoa are more
vulnerable to ROS than other cells:
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- The sperm membrane contains a high level of polyunsaturated fatty acids, which are
extremely susceptible to peroxidation. Peroxidative damage may result in a loss of membrane
functions and may lead to a reduction in fertilizing ability, motility and viability.

- In contrast to other cells, spermatozoa have a very limited system to repair damaged
structures as a consequence of their small amount of cytoplasm and an inactive, highly
condensed chromatin.

- Spermatozoa are equipped with a poor defence system against ROS, as catalase is
fully absent, and glutathione peroxidase and superoxide dismutase are present in relatively
low amounts.

- Mitochondria are particularly vulnerable to oxidative stress: ROS probably influences
sperm motility through mitochondrial damage with depletion of ATP.

Since ROS produced in the prostate or seminal vesicles have only a limited exposure time to
spermatozoa they are probably not very harmful. Also seminal plasma contains large amounts
of antioxidants that prevent sperm damage. Within the epididymis, however, exposure time is
much longer and the amount of scavengers is limited.

Cytokines

Cytokines are polypeptide mediators involved in the communication network of cells of the
immune system. Various cytokines are involved in inflammation and may influence sperm
function. The prostate seems to be the main site of origin of interleukin-6 and 8 in the seminal
plasma. Although it is accepted that cytokines, especially IL-6, must play an important role in
the male accessory gland inflammatory process, elevated cytokine levels do not seem to
depend on the number of leukocytes in the ejaculate. There is still considerable lack of
knowledge about the normal values of cytokines in semen and their influence on sperm
parameters. No effect of interleukins concentration was found on progressive sperm motility
and morphology. It has been suggested that some interleukins may protect spermatozoa
against ROS, especially interleukin-8. Cytokines are mainly used for the diagnosis of MAGI.

Inflammatory-associated obstruction

Chronic infection of the prostate can result in scarring and obstruction of the ejaculatory ducts
(EDOs). Usually, these obstructions are incomplete, causing poor sperm quality with low
seminal volume (Dohle et al., 2003). This diagnosis can be suspected in men with severe
oligozoospermia or azoospermia, normal physical findings and normal serum follicle-
stimulating hormone (FSH). Other features that suggest obstruction are epididymal
congestion, enlarged seminal vesicles and cystic lesions of the epididymis and prostate.
Acquired ductal obstructions account for most of the cases of obstructive azoospermia.
Infections of the ductal system and surgery of the scrotum and the groin are the most
important causes of this type of obstructions. Ductal infections used to be caused by
ascending urinary tract infections, gonorrhoea and tuberculosis. chlamydia trachomatis has
been discussed as an infective agent, potentially causing blocks of the ductal system without
actual evidence.

Epididymal blocks are often asymmetrical and usually found in the corpus and the tail. A
history of epididymitis or urethritis is often found in these men. In men with progressive
deterioration of semen quality and in men with low semen volume signs of an EDO can be
found on trans-rectal ultrasound of the prostate. The ultrasonographic diagnosis of EDO is
based upon dilatation of seminal vesicles or abnormalities such as midline prostatic cysts and
calcifications in the region of the ejaculatory ducts. Unfortunately, not all patients with EDO
have dilated seminal vesicles and, conversely, not all patients with dilated seminal vesicles
have EDO.
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Treatment

Symptomatic improvement is often accomplished with appropriate antimicrobal treatment of
men with MAGI. Antibiotics may also effect ROS production and white blood cell count in
semen (Vicari et al, 2000). However, controversial results on the effect of antimicrobal
therapy on semen quality have been published (Purvis et al., 1995). antibiotic treatment often
only eradicates microorganisms and has no clear positive effect on inflammatory alterations
and ROS production by leucocytes. Also it will not alter functional deficits and anatomical
dysfunctions caused by the inflammation process.

Therapy is usually started with a 2-week regimen of fluoroquinolone or tetracycline in case of
chlamydia. Treatment is also effective gonococcal urethritis. Vicari (2000) found that
epididymal infections were associated with more severe semen abnormalities and higher
amounts of ROS as compared to men with urethritis and prostatitis. Only non-significant
effect of antibiotics on sperm parameters were found after 3 months of antibiotic treatment.
The effect on WBC counts and ROS production was mainly seen in men with prostatitis and
very limited in men with epididymitis. No clear effect on pregnancy rates were found. MAGI
often reoccurs due to insufficient treatment protocols.

Art and infection

Bacteriospermia is a common observation in ejaculates used for IVF: in about 35% bacteria
can be cultured. Contradictory results have been published on the influence of bacteria on the
results of IVF and ICSI. Most studies failed to demonstrate any effect on fertilization; in some
studies the number of pregnancies were reduced if the ejaculate contained significant amounts
of bacteria. The role of chlamydia infection of the semen has been investigated in several
studies and no influence could be demonstrated on the outcome of IVF. The absence of any
effect of bacteria on IVF procedures can be explained by the use of antibiotics in the culture
media used and the sperm washing procedure, which showed effective in clearing most
bacteria. Still, guidelines for ART advise first to treat MAGI before starting an IVF
procedure.

Conclusion

No clear evidence exists for the potential negative effect of MAGI on male fertility. Semen
quality can be reduced mainly by the production of ROS from leucocytes, especially in the
epididymis. Exposure time of ROS in the epididymis is long enough to cause permanent
damage to the spermatozoa and thus impair spontaneous conception rates. Some bacteria may
cause a chronic infection of the prostate and the epididymis, resulting in (partial) obstruction
of the ejaculatory ducts with low seminal volume and oligozoospermia. Treatment can
eradicate bacteria in the accessory glands, but leucocytes and ROS production may continue
to be produced and infertility will persist.
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Learning Objectives

o Testosterone is able and necessary to qualitatively initiate, maintain and re-initiate
spermatogenesis and formation of spermatozoa.

o Testosterone acts synergystically to FSH, which is also a prerequisite for
spermatogenesis.

o Under physiological circumstances, only the combination of testosterone and FSH yields
quantitatively and qualitatively normal spermatozoa.

o Testosterone acts indirectly via somatic testicular cells on spermatogenesis. These are
most likely Sertoli cells.

o The testicular effects of testosterone are thus paracrine.

o These effects are partly mediated by its metabolization products estradiol and
dihydrotestosterone.

o Testosterone and FSH cooperate during regulation of spermatogenesis but act via
different pathways.

Lecture summary

Basic features of intratesticular testosterone

Testoserone (T) production and spermatogenesis are the two primary functions of the testis in
man. Normal testicular function is dependent on the intratesticular activity of the pituitary
gonadotropins, LH and FSH. LH stimulates Leydig cells to produce T within the testis.
Intratesticular T (ITT) is an absolute prerequisite for normal spermatogenesis. FSH is also vital
for normal testicular function and is necessary for quantitatively normal spermatogenesis in man.
Specifically, FSH is thought to play an important role early in spermatogenesis during
spermatogonial maturation as well as late in the process during spermiation. The relative roles of
intratesticular androgens and FSH are not fully understood in man.

Control of the intratesticular hormonal environment is in large part regulated through negative
feedback of T at the level of the hypothalamus and the pituitary. Exogenous T has been shown to
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dramatically suppress gonadotropin release when administered at supraphysiological as well as
physiological doses. Administration of T alone has been shown to reduce sperm production in the
majority of men. Gonadotropin withdrawal has also been shown to dramatically reduce ITT,
which, in turn, decreases sperm production. However, suppression of spermatogenesis is not
uniform, and why some men are nonresponders is not clear. Possibilities include incomplete
gonadotropin suppression, particularly with regard to FSH as well as inconsistencies in ITT
suppression.

The clinical human model of hypogonadotropic hypogonadism

In male hypogonadotropic hypogonadism testosterone therapy is sufficient for maturation and
maintenance of secondary sex characteristics. For stimulation of spermatogenesis administration
of gonadotropins is necessary. If pulsatile gonadotropin-releasing hormone (GnRH) is not
indicated or desired, human chorionic gonadotropin (hCG) is used as the source of luteinizing
hormone (LH) activity to stimulate testosterone secretion by Leydig cells, whereas human
menopausal gonadotropin (hMG) is used as the source of folliclestimulating hormone (FSH).
More recently, recombinant gonadotropins have also been used clinically. Several animal studies
have investigated the relative contributions of both gonadotropins for induction and maintenance
of spermatogenesis. Therefore FSH and LH/testosterone in combination are required to maintain
spermatogenesis to full extent.

Thus, idiopathic hypogonadotropic hypogonadism (IHH) is an important disease model in the
human male. Men suffering from this disorder classically display a number of clinical symptoms
including absent pubertal development, lack of secondary sexual characteristics and infertility.
Microadenomas with functional significance (producing hormone or leading to hypopituitarism)
exclude the diagnosis of IHH. However, radiologic anomalies of the pituitary gland without
functional significance is occasionally seen in IHH as well as in a small proportion of normal
healthy adults, which is confirmed by a nearly uniform response to physiological regimens of
exogenous GnRH-replacement therapy.

A small subset of patients with this disorder presents with a partial form of GnRH deficiency as
assessed by some degree of testicular growth despite hypogonadal testosterone levels. In contrast
to most other causes of male infertility, IHH is typically curable in many patients. Indeed, long-
term GnRH therapy or gonadotropins successfully induce spermatogenesis in the majority of
these patients. However, 20-30% of IHH with the most severe form of GnRH deficiency remain
azoospermic. This latter observation has attracted the attention of many clinicians and researchers
to focus their attention on the management of IHH and the role of testosterone.

Many of the IHH patients have a testis that resembles the prepubertal testis. Precocious puberty
can be induced in immature monkeys following various hormonal regimens, and in these
experiments it was demonstrated that there was an increased proliferation of Sertoli cells
accompanied by germ cell proliferation, a process regulated by both FSH and LH, thus
testosterone.

Testicular histology in relation to testosterone action

While testicular biopsy was accepted as a diagnostic tool for the assessment of infertility in the
1970s, the evolution of assisted reproduction techniques (i.e. IVF and ICSI), has popularized the
usage of testicular biopsies during the course of treatment of infertile men. Additionally,
testicular biopsies have been used in previous studies to rule out Sertoli cell-only syndrome prior
to starting therapy in IHH men as well as to monitor the efficacy in inducing spermatogenesis.
These histological studies revealed that most IHH men had prepubertal testes. However, these
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studies included few subjects and focused mostly on seminiferous tubule diameter, basement
membrane thickness and the ratio of germ cells to Sertoli cells.

While a great deal is known about the histology of the normal adult testes, less is known about
prepubertal testes, and there is an even greater paucity of information regarding the histology of
IHH testes. The normal adult human testis is composed of seminiferous tubules resting on a
tunica propria containing a number of myoid cell layers separated from the seminiferous
epithelium by a zone of connective tissue and a basement membrane. The seminiferous
epithelium contains the nonproliferating fully mature Sertoli cells and the proliferating and
differentiating generations of germ cells, from spermatogonia to fully mature spermatozoa. The
interstitium has clusters of Leydig cells inthe angular intervals between the seminiferous tubules.
In the prepubertal testis, only immature Sertoli cells and type A spermatogoniaare present. The
prevailing view is that among the type A spermatogoniaresides a stem cell population and that
these stem cells must be stimulated directly, or indirectly via Sertoli cells, in order for
spermatogenesis to be initiated. It is well established that normal spermatogenic activity in
healthy men is due to the interaction of Sertoli cell-produced growth factors and germ cells with
the support of testosterone produced by the Leydig cells.

Male hypogonadism in after testicular sperm extraction

For men with azoospermia, retrieval of spermatozoa from the testes for assisted reproduction
using intracytoplasmic sperm injection (ICSI) offers an opportunity for fertility despite limited
sperm production. Failure to extract spermatozoa may occur in up to 57 % of TESE attempts
especially in cases of non-obstructive azoospermia. Multiple testicular biopsies can result in the
loss of significant amounts of testicular tissue and can interrupt the testicular blood supply
underneath the tunica albuginea with risks of testicular devascularization and subsequent atrophy
of the testis.

Operation-induced vascular damage can lead to a decrease of Leydig cell function causing a
decrease of serum testosterone levels: consequent androgen deficiency may have serious long-
term health consequences. A decrease in serum testosterone levels following non-microsurgical
TESE in patients with azoospermia for up to one year after the procedure was described: in
patients with non-obstructive azoospermia in whom no spermatozoa were found following a
micro-epididymal sperm aspiration and a simple testicular biopsy, de novo androgen deficiency
occurred in 16 %, indicating that, long term hormonal follow up is recommended after TESE.
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Learning Objectives

» To understand how human sperm chromatin is organized and get a brief overview of the
causes of sperm DNA breaks

» To obtain an overview of the most frequently used sperm DNA integrity testing methods,
with particular focus on the sperm chromatin structure assay (SCSA)

» To get the most recent knowledge regarding use of sperm chromatin integrity testing in
clinical practice including decision considering use of ART

Lecture summary

Introduction

Since the introduction of assisted reproduction techniques (ART) there has been a continuous
search for markers with the potential to predict a couple’s chance of obtaining a pregnancy and to
be used for improving the relatively low baby-take-home rates, which have been held stable (20-
30%) during the last two decades (Andersen et al., 2005).

Traditionally, microscopic assessment of human spermatozoa (WHO, 1999) is used to evaluate
semen quality before ART cycles. The parameters normally used as sperm concentration, motility
and morphology are, however, poorly standardized (Giwercman et al., 1999), subjective (Auger et
al., 2000), and not powerful predictors of male fertility (Bonde et al., 1998; Guzick et al., 2001),
and, therefore, better and complementary methods to predict male fertility have been searched for.

During recent years there has been an increased focus on the role of sperm chromatin integrity in
relation to fertility. Although spermatozoa with defect DNA are shown to be able to fertilize an
oocyte when they are injected directly into it (Twigg et al., 1998), normal sperm DNA integrity is
essential for normal fertilisation, embryo and foetal development as well as for a normal postnatal
health.

Recently, sperm DNA integrity tests have been recognized as an independent measure of sperm
quality that may be of better prognostic value than standard sperm parameters, both for in vivo
(Evenson et al, 1999; Spano et al., 2000) and for in vitro fertility (Larsson at al., 1999; Larson-Cook
et al., 2003; Saleh et al., 2003; Bungum et al., 2004; Gandini et al, 2004; Virro et al., 2004, Bungum
et al., submitted). Several assays have been developed to evaluate sperm DNA integrity. Currently,
the most used tests are TUNEL (terminal deoxynucleotidyl transferase-mediated dUTP nick end-
labelling) (Sailer et al., 1995) and SCSA (sperm chromatin structure assay) (Evenson et al., 1980).

21



It has also been shown that in some cases factors causing sperm DNA damage can be efficiently
treated (Greco et al., 2005).

Although 30% of patients seeking fertility treatment have high rates of sperm DNA breaks
(Bungum et al., 2004) and several sperm DNA integrity testing methods now are available, very few
fertility clinics have implemented DNA integrity testing as a routine. In order to treat infertility
more effective, the newest knowledge in the field should be used in clinical practice. SCSA can be
used in order to improve infertility diagnosis and treatment.

Sperm DNA organization and causes of sperm DNA damage

Human sperm chromatin differs from both human somatic cells and sperm cells in other mammals,
in structure and composition. During spermiogenesis histones are replaced by protamines (Poccia
1986), organized into unique supercoiled doughnuts, called toroids (Ward and Coffey 1991). In
contrast to other mammals in which sperm DNA is associated with only one protamine (P1), human
spermatozoa have two types of protamine (P1 and P2). P2 has fewer thiol groups for disulphide
bonding and this makes human sperm chromatin less stable than in other mammals (Jager 1990). In
addition, in human spermatozoa (in contrast to sperms of mouse, bull and other species) about 15%
of histones remain un-replaced by protamines that also lead to the less compact chromatin
conformation.

Due to the condensed and insoluble nature of sperm chromatin, the genetic integrity of spermatozoa
is normally well protected during the transport through the male and female reproductive tracts.
However, infertile men were shown to have higher rates of sperm DNA damage than fertile men,
characterized by both single and double DNA strand breaks (Evenson et al., 1999; Irvine et al.,
2000). So far it is known that damage may arise from four potential sources (1) deficiencies in
recombination during spermatogenesis (2) protamination disturbances; (3) abortive apoptosis and
(4) oxidative stress (Sakkas et al., 1999; Agarwal et al., 2003; Erenpreiss et al., 2006), although the
source(s) of sperm DNA damage in the male germ line have not yet been completely elucidated. It
is known that diseases, fever, cigarette smoking and advanced age can also contribute to the sperm
DNA damage (probably by inducing the oxidative stress)

Due to its significant role in both physiology and pathology of human reproduction, much focus has
been paid on oxidative stress caused by reactive oxygen species (ROS). There is a growing
evidence that seminal oxidative stress is involved in male infertility (Aitken et al. 1992; Lewis et al.
1995), and is one of the main source of sperm DNA strand breaks (Cummins et al. 1994; Twigg et
al. 1998; Donnelly et al. 1999; Irvine et al. 2000; Saleh et al. 2003; Aitken and Sawyer 2003; Aitken
et al. 2003a, 2003b). In addition, oxidative stress disturbs sperm functions, particularly motility,
through the stimulation of a lipid peroxidation cascade in the plasma membrane (Aitken and
Clarkson 1987; Aitken et al. 1998a, 1998b). Elevated ROS levels are reported in 25-80% of semen
samples from men who consult infertility clinics (Griveau and Le Lannou, 1997; Pasqualotto et al.,
2000). Leukocytes or abnormal spermatozoa present in the ejaculate are among the main sources of
ROS in semen (Aitken et al. 1992). The potentially compromised spermatozoa can also be further
damaged during their preparation for ART as repeated centrifugations are shown to cause
iatrogeneic damage to sperm chromatine structure (Aitken and Clarkson, 1988).

Assessment of sperm DNA damage

The two most commonly used tests for assessment of sperm DNA integrity are TUNEL and SCSA.
They both label single or double stranded DNA breaks (although SCSA is an indirect test for sperm
DNA breaks). Whilst TUNEL can be applied in both bright field, fluorescence microscopy, and by
using flow cytometry, the SCSA is a flow cytometric method. The clear benefit by using flow
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cytometry is the high amount of cells analyzed, 5-10 000 compared to 2-300 cells usually analyzed
in bright field and fluorescence microscopy. SCSA is currently the method that has provided the
most clear clinical cut-off levels seen in relation to predict fertility potential. Other tests for sperm
chromatin structure assessment include Comet assay (Morris et al., 2002), Acridine Orange Test
(AOT) (Tejada et al. 1984), Toluidine Blue Test (Erenpreiss et al., 2004) and the Sperm chromatin
dispersion test (Fernandez et al., 2003). All these methods are, however, designed for the
microscopic visualisation, therefore with limitations as considers numbers of cells being evaluated
as previously explained.

Sperm chromatin structure assay (SCSA)

SCSA, first introduced by Evenson in 1980 is based on use of acridine orange, to evaluate the ratio
of single- to double-stranded DNA following acid treatment causing denaturation of double
stranded DNA in case of impairment of sperm chromatin structure (including DNA strand breaks
and/or improper protamination). After short acid treatment, normal chromatin remains double
stranded, abnormal - denaturates. Sperm chromatin damage is quantified by flow cytrometic
measurements of the metachromatic shift from green (native, double-stranded DNA) to red
(denatured, single-stranded DNA) fluorescence and displayed as red vs. green fluorescence
intensity cytogram patterns (Fig. 1). The extent of DNA denaturation is expressed as DNA
fragmentation Index (DFI) (cells outside the main population), which is the ratio of red to total
fluorescence intensity, i.e. the level of denatured DNA over the total DNA. Additionally, the
fraction of high DNA stainable (HDS) cells is expressed, which are thought to represent immature
spermatozoa with incomplete chromatin condensation.

Figure 1. Histo- and cytogram visualizing the results following SCSA. Results are expressed as
DNA fragmentation index (DFI) and HDS (High DNA stainability).
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Sperm DNA damage and ART

Intrauterine insemination (1UI)

DFI can be used as an independent predictor of fertility in couples undergoing IUI (Bungum et al.,
2004; Bungum et al., submitted) (Fig. 2). It has been shown that the chance of obtaining a
pregnancy by IUI is extremely low when the proportion of sperm cells with DNA damage exceeds
30 % by means of SCSA (Saleh et al., 2003; Bungum et al., 2004; Bungum et al., submitted). Also
by using TUNEL assay it has been demonstrated that when using semen samples with > 12 %
sperm DNA fragmentation no pregnancies occur (Duran et al., 2002).

Figure 2. Odds ratio of IUI for biochemical pregnancy is significantly lower in the group with DFI
> 30% than in those with DFI < 30%.
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In vitro fertilization (IVF) and Intracytoplasmic sperm injection (ICSI)

The outcome of IVF and ICSI seen in relation to sperm DNA damage have been shown to be more
controversial. Although some studies have reported that fertilisation rates (Lopes et al., 1998;
Hammadeh et al., 1998), embryo quality (Tomlinson et al., 2001) and development (Seli et al.,
2004) were negative correlated to DNA damage, others have not been able to show the same
(Bungum et al., 2004; Bungum et al. submitted).

In regard to pregnancy and birth the first reports claimed that a sperm DNA fragmentation index
(DFI) threshold of 27%, detected by SCSA, was necessary to obtain a successful pregnancy in IVF
and ICSI (Larsson et al., 2000; Larsson-Cook et al., 2003). However, later these results could not be
repeated by the same authors (Virro et al., 2004) or by the other research groups (Bungum et al.,
2004; Gandini et al., 2004; Check et al., 2005; Bungum et al., submitted), demonstrating that
successful pregnancies in IVF/ICSI cycles can even be obtained using semen samples with a high
proportion of DNA damage. In the paper from 2004 (Bungum et al., 2004) we demonstrated that
significantly higher clinical pregnancy rates (52.9 % vs. 22.2 %) and delivery rates (47.1 % Vvs.
22.2 %) were seen after ICSI compared with IVF when semen samples with high levels of sperm
DNA damage were used. In this study, when DFI exceeded 27% the odds ratio for a positive
reproductive outcome after ICSI compared with standard IVF was 8 for biochemical pregnancy, 4
for clinical pregnancy and 3 for delivery. This data is in agreement with an extended dataset of 1000
ART couples (Bungum et al., submitted) and other reports showing that sperm DNA damage is
more predictive in IVF than in ICSI (Hammadeh et al., 2001; Host et al., 2000; Larsson-Cook et al.,
2003).
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Sperm DNA damage and early pregnancy loss

Convincing data on early pregnancy loss following ART as a possible consequence of sperm DNA
damage is lacking. While some studies indicate a trend in increased human spontaneous abortions
when the DFI is >30% (Evenson et al., 1999; Carrell et al., 2003; Virro et al., 2004; Check et al.,
2005) others have not been able to find the same risk of pregnancy loss (Bungum et al., submitted).

Sperm chromatin integrity testing used in clinical practice

Existing data points to a role of sperm DNA damage assessment in the routine infertility
investigation (Agarwal and Allamaneni, 2005). Sperm DNA integrity testing can provide
complementary information to the traditional sperm parameters on the quality of the spermatozoa.
Some cases of unexplained or idiopathic infertility, when a traditional semen analysis falls into
normal range and no evident female reproductive system pathologies can be explained by
impairment of sperm DNA integrity. In addition, ICSI is the most efficient method to achieve
pregnancy if DFI exceeds the level of 30%, despite the other sperm parameters (Bungum et al.,
2004; Bungum et al., submitted). However, high DFI levels should be confirmed by a second test
because there is a high (37%) chance to have DFI<30% in the second test in these cases due to the
DFI variability over the time (Erenpreiss et al., in press).

Antibiotics and antioxidant therapy

Apart from being a parameter that can be used for selection of the most proper ART technique,
sperm DNA integrity assessment might help in disclosing some potentially treatable conditions.
Male genital tract infection and inflammation have been associated to 8-35% of male infertility
cases. Among the main sources of ROS in semen are leukocytes or abnormal spermatozoa present
in the ejaculate (Aitken et al. 1992), which in turn can induce DNA strand breaks (Sakkas et al.,
1999). Bacterial seminal infection can be treated with antibiotics, shown to improve sperm
parameters by increasing antioxidant activity (Omu et al., 1998).

Antioxidant therapy has shown to be promising in decreasing sperm DNA fragmentation. After
supplementation with an antioxidant, male factor patients significantly decreased their % DFI
(Greco et al., 2005). Further studies, however, are needed in order to investigate whether
antioxidant supplementation in men with high DFI can play a role in infertility treatment.

Summary

It is now evident that DNA damage influences the fertility outcome for natural conception and after
ART procedures. DNA damage was reported to be associated with poor fertilization, impaired
implantation and pregnancy rates, and an increased incidence of abortions. The precise nature of
DNA breaks present in human spermatozoa, and origin of this damage is currently unknown.

Several techniques can be used to detect sperm DNA damage including TUNEL, Comet, and SCSA
assays. SCSA currently is the only method that has provided the clearest clinically applicable cut-
off levels. Our study (Bungum et al., submitted), based on about 1000 ART-cycles allows us to
define SCSA as a valuable diagnostic tool in selecting the most appropriate procedure for an
infertile couple undergoing ART. We therefore suggest that all men seeking infertility work-up and
treatment should be tested with SCSA as a supplement to the standard semen analysis. In the future,
some of the causes of sperm DNA integrity impairment may become treatable, and the use of ART
in such subjects may become unnecessary.
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Introduction

Cancer in children and adults can be cured by surgery, chemo-, or radiotherapy in a high percentage
of cases, improving significantly survival rates and increasing disease-free intervals. Therefore,
long-term effects of tumor therapies must be taken under consideration when treating these patients.
Oncological treatments cause gonadal dysfunction, including infertility, hypogonadism and sexual
problems. Their negative effects depend on the therapeutic modalities, the substances and the doses
and can be irreversible. Thus, emerges the importance of offering the opportunity to preserve
progenity in oncological patients by cryopreservation of their sperm and also to prevent or treat
promptly other andrological problems that they may develop.

Cancer, treatments and andrological problems
Fertility and sperm banking

The commonest malignancies within the reproductive age range are testicular cancer, Hodgkin’s
lymphoma and leukemia. Modern cancer therapies can achieve high cure rates. However, these
treatments are aggressive and can impair gonadal function, especially at a time when family
planning has not started or is not yet finished. Other side effects that may have a high impact on
quality of life of these patients are androgen deficiency and sexual problems. Chemotherapy and
radiotherapy adversely affect spermatogenesis. The extent of impairment cannot be predicted and
testicular function recovery depends on therapeutic intervention itself, the doses administered, and
the individual susceptibility of the patient. Indeed in some cases these patients following treating
may become azoospermic. From the other hand, retroperitoneal lymphadenectony accompanying
orchidectomy in particular cases of testicular tumors can cause retrograde ejaculation.
Cryopreservation of semen represents a preventive therapeutic option in patients with malignancies
in order to preserve their fertilizing capability. In fact, in case of non recovery of their reproductive
function they can attempt fathering their own genetic children thanks to their frozen sperm samples
and assisted reproduction technology (ART). Several years ago, given the poor recovery of
cryopreserved gametes and the possibilities that intrauterine insemination (IUI) offered, perceiving
paternity remained difficult. Today with the in vitro fertilization (IVF) and the intracytoplasmic
sperm injection (ICSI), even the poorest samples in terms of concentration and motility can be used
with acceptable rates of success. Patients should thus be offered the opportunity for sperm banking
before treatment if their clinical condition permits.

In fact, various authors have reported a decline in semen quality before therapy for testicular cancer
and Hodgkin’s disease. In testicular cancer, it has been suggested that this impairment is related to
the direct effect of tumour and the production of BhCG by some cancer histotypes, and in
Hodgkin’s disease to the presence of constitutional symptoms accompanying the disease (fever,
weight loss, etc.) (Morrish et al., 1990; Viviani et al., 1991; Fossa et al., 2000; Botchan et al., 1997

29



a,b; Petersen et al., 1998; Tal et al., 2000; Rueffer et al., 2001). It is also necessary to take into
account the general stress associated with tumoral illness (Meirow and Schenker, 1995).

We performed a study with the aim to examine the quality of semen in patients affected by
testicular cancer (after orchidectomy) or Hodgkin’s disease, in both cases before treatment (chemo-
or radiotherapy). We evaluated 342 patients affected by TC (n=232) or HD (n=110) who
cryobanked sperm before initiating chemo or radiotherapy. All TC patients were evaluated 1 month
after orchidectomy. Semen samples were collected by masturbation into sterile plastic jars, after 2-7
days of abstinence, were allowed to liquefy for 60 minutes at 37°C and were then evaluated
according to the World Health organization (WHO, 1992, 1999). Variables taken into consideration
were: ejaculate volume (ml), sperm concentration (n x 10°), total sperm count (n x 10°), forward
motility (%) and morphology (% of atypical forms).

The two groups of patients (TC/HD) were further subdivided by total sperm count, as an index of
sperm testicular production, into two subgroups: A: < 40x 10°/ ejaculate; B:>40x 10° for evaluate
and compare the quality of spermatogenesis.

In our TC patient group, after orchidectomy and before therapy, even after exclusion of the 10
patient showing azoospermia or cryptozoospermia, the mean of the semen parameters remained in
the normal range and there was no deterioration of spermatogenesis as a consequence of disease
progression.

In the HD patients group, after exclusion of the four patients with azoospermia or
cryptozoospermia, we found that on average they showed both quantitatively and qualitatively
normal spermatogenesis, with only 19.8% having a total sperm count <40x10° / ejaculate. As
regards TC, patients with <40x10° / ejaculate represented the 35.5%. This may be explained by the
fact that these patients, all young, were studied for semen quality very quickly after diagnosis and
before the start of chemotherapy. In conclusion the semen quality observed in our TC and HD
patient groups seems better than results reported in current literature ( Gandini et al.,2003).

Low testosterone in adulthood

Treatment with chemotherapy and radiotherapy if particularly aggressive can result in raised LH
and low testosterone levels. Thus, hypogonadism can occur requiring testosterone supplementation.
Adult patients may complain of decreased libido, erectile dysfunction, and low energy. These
patients tend to be less interested in sex and have less sexual activity.

In addition to effects on sexuality, men with low testosterone have evidence of more general
impairment in quality of life concerning the physical, role, cognitive and social functioning. Low
testosterone is also associated with osteoporosis, a marked increase in dyspnoea and lesser increases
in complaint of pain, sleep disturbance, constipation and nausea. Moreover, patients with
deficiency of this hormone have higher body mass index (BMI) and higher systolic and diastolic
blood pressure, resulting in a higher cardiac risk.

Patients with mild androgen deficiency or androgen deficiency of recent onset may not note a
decrease in facial or body hair growth, since relatively low levels of androgens are required to
maintain sexual hair growth. With low-standing hypogonadism, the growth of facial hair will
diminish, and the frequency of shaving may also decrease. Moreover, fine wrinkles may appear in
the corners of the mouth and eyes.

Pubertal boys

A group which requires special attention are pubertal boys. Spermatogenesis is already occurring to
some extent in the testes of boys at very early stages of pubertal development. For this reason, as
previously said, cryopreservation of spermatozoa is feasible and recommended before the juvenile
patients receive chemotherapy or radiotherapy. This preventive option has great importance since
these boys may preserve their future fertility possibilities.
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Ethical aspects are extremely important when gametes of young boys are being frozen.
Cryopreservation of spermatozoa is applied in clinical practice, but there is no guarantee of
restoring fertility, and that has to be explained to the family and to the adolescent patients. A young
child cannot give his consent for the procedure and the procedure has to be carried out after parental
consent. These boys also understand the importance of this preventive action and give their consent.
Fertility is not the only crucial issue concerning young patients. Antitumoral therapies can within
this age range too affect androgen production. Testosterone deficiency developing during puberty
leads to poor secondary sexual development and eunuchoid skeletal proportions. The penis fails to
enlarge, the testes remain small, and the scrotum does not develop the marked rugae characteristic
of this period. The voice remains high-pitched and the muscle mass does not develop fully,
resulting in less than normal strength and endurance. The lack of appropriate stimulation of sexual
hair growth results in sparse axillary and pubic hair and absent or rare facial, chest, upper
abdominal, and back hair. Although the androgen-mediated pubertal growth spurt will fail to take
place, the epiphysial plates of the long bones will continue to grow under the influence of insulin-
like growth factor-I and other growth factors. Thus, the long bones of the upper and lower
extremities will grow out of proportion to the axial skeleton leading to eunuchoid habitus.

Genetic risks of using cryopreserved spermatozoa

There is much concern about whether an increased genetic risk exists for the offspring of patients
suffering from malignancies and treated by chemo- or radiotherapy. First of all, there is the risk
arising from the malignant disease itself and the following possibly mutagenic chemo- and
radiotherapy. In addition, there is a potential risk of genetically determined disease in the offspring
when using assisted fertilization techniques with cryopreserved spermatozoa.

As regards chemo- or radiotherapy there is evidence that these treatments are able to cause
structural chromosomal anomalies in spermatozoa of oncological patients. In consequence their
born children might have increased rate of anomalies. In order to prevent this event, the physician
should suggest patients not to have children before a period of at least 6 months up to 2 years after
the chemo- or radiotherapy has ended. From the other hand, there seems to be no increased genetic
risk or increased risk for malformation that could result from the underlying oncological disease or
the applied assisted fertilization technique with cryopreserved spermatozoa.

Conclusions

The good results obtained in the management of various tumors, such as testicular cancer, give
doctors the aim not only to cure the oncological disease but also to consider carefully the long-term
health of cured patients and tailor treatments to the level of risk posed by the individual tumor
presentation in order to minimize gonadal damage. First of all, physicians and oncology specialists
must recommend patients to cryopreserve their sperm before starting toxic therapies that can impair
gonadal function. Counseling of patients in respect to fertility issues takes place at a point of time
when the physical and psychological integrity of the patient is disturbed. Moreover, there is need
for discussion of ethical questions arising from the fact that sperm banking and thus preservation of
progenitive ability are set up for patients that may die. Especially in juvenile patients this becomes
even harder, but these boys fully cooperate. In case of death cryodepots are destroyed as is
contractually defined, but the use of semen samples of incurably ill patients remains a hard issue to
face for the physician, the patient and the patient’s partner. Notwithstanding, cryopreservation may
contribute to the patient’s personal stability in an acute and oppressive situation.

Another aspect involves the possibility that patients treated for tumors develop hormonal
dysfunction and subsequent andrological problems. This can have a significant impact on the
quality of life and contribute to other health problems. For this reason screening for hormonal
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deficiencies should be considered as a routine part of patient management and in case of problems it
is andrologists’ task to assist patients.
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Learning objectives

The aims of this lecture are:

1) to discuss sexual dysfunction due to infertility and its treatment, by presenting data on the use of
type-V phosphodiesterase inhibitors in male infertile patients undergoing infertile couple management
procedures,

2) to discuss the relationship between sexual dysfunction and infertility,

3) to discuss the treatment of stress-induced infertility,

4) to discuss the relationship between stress and fertility.

5) to give ART specialists the necessary ‘know how’ regarding erectile and male sexual dysfunction.

Lecture summary

Involuntary childlessness is considered to be a chronic stressor for couples suffering from infertility.
Stress itself may interfere with spermatogenesis and fertility rate. The long period of diagnostic and
treatment procedures may also have a negative impact on the sex life of the infertile couple. These
associations will be brought into the light in order to give ART specialists the necessary ‘know how’
regarding erectile and male sexual dysfunction.

With the assumption that infertility itself, semen collection (for analysis, IUIl or IVF programs) and
targeted intercourse for the post-coital test are all stressful * 2, we designed a pilot, uncontrolled study
to evaluate differences in patient compliance during seminal harvesting by masturbation or sexual
intercourse with the administration or non- of Sildenafil citrate.
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1. Sexual dysfunction due to infertility and its treatment, by presenting data on the use of type-V
phosphodiesterase inhibitors in male infertile patients undergoing infertile couple management
procedure

In an open-label experimental design, we studied men, without sexual dysfunction, who were
undergoing semen collection for intrauterine artificial insemination (IUI), and couples, undergoing
planned intercourse for a post coital test (PCT) to study sperm cervical mucus interaction in cases of
couple infertility. Semen parameters were: normozoospermia, associated oligo-asthenozoospermia
(sperm concentration: <20 x 10°mL; motility: <50%) or oligo-astheno-teratozoospermia (OAT,
atypical forms >70%). All patients underwent the same procedure (semen collection for IUI or
programmed intercourse before PCT) with and without the administration of Sildenafil (50 mg p.o., 1
hour before the procedure repetition) with an interim period of 2 weeks to one month between the two
analyses. Each patient thus acted as his own control. No therapies were used in either partner in the
interim period. Base sexual performance was evaluated by I|IEF multidimensional scale * and results
were evaluated by both patient log (in which were recorded the presence of sexual stimulation, erection
quality, success of sexual intercourse, and a global-efficacy question: “did the treatment improve your
sexual capacity during semen collection or sexual intercourse?”), and a modified IIEF questionnaire
exploring sexual response and the patient’s agreement to the therapy (ACUTE IIEF-15) % The
questions were referred to sexual intercourse during PCT or to masturbation during 1Ul. All questions
were preceded by the phrase: ““during infertility treatment...””, followed by questions similar to those
of IIEF

2. Sexual dysfunction and infertility

In our infertility clinic, which analyses semen from 4-5,000 patients a year, we observe subjects who
experience great difficulty or complete inability to ejaculate when a semen sample is required. All these
patients declare themselves as without erectile problems in normal conditions. Furthermore, erectile
disturbances are frequently described both in programmed intercourse during hormone-induced
ovulation and when semen collection is required for use in an assisted reproduction program.
Physician, patient, and partner all agree that this is due to the stress of the unnatural request for erection
on demand. This kind of erectile dysfunction can significantly interfere with the success of such
techniques.

In our group of sexually potent subjects, sexual dysfunctions were frequently present during diagnostic
procedures in the absence of Sildenafil, as demonstrated by the ACUTE IIEF-15 and patient log. Total
erectile dysfunction was found in 7 subjects during masturbation for semen collection before IUI and in
5 during coitus for PCT. Partial impotence, with ejaculation during tumescence or incomplete erection,
was reported by 11 IUI patients during masturbation and 3 PCT patients during sexual intercourse. It
should be noted that the higher prevalence of transitory erectile dysfunction with respect to common
clinical experience is probably due to the particular attention paid to sexual symptoms during this
study.

After Sildenafil treatment, no important adverse events were reported. All patients answered the global-
efficacy question positively and reported improved erectile capacity (mean without Sildenafil: 1.9+0.9
vs. with Sildenafil: 2.5£1.1, p<0.05). No changes were observed in responses to questions on petting
(2.2£0.0 vs. 2.2+0.1), ejaculation difficulties (1.9£0.2 vs. 2.1+0.4, p=0.1), or orgasm (2.0+0.0 vs.
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2.0+0.0). Significant improvements were found after Sildenafil therapy in responses to questions on the
ability to obtain a full erection (mean: 1.8+0.4 vs. 2.1+0.6, p<0.05), confidence in obtaining and
maintaining an erection (1.8+0.4 vs. 2.4+0.4, p<0.001), and, interestingly, sexual desire (mean: 1.9+0.4
vs. 2.4+0.6, p<0.05). The increase in sexual desire may possibly be due to the temporary increase in
testosterone levels after sexual activity * > ®, although such an increase has previously been found in
chronic but not acute treatments. The possibility of inducing a psychological addiction was ruled out at
the 6-month follow-up, when none of the patients reported chronic or sporadic Sildenafil re-use.

Infertility may be due to sexual problems of the female (loss of libido, vaginismus, with or without
heavy dyspareunia) or male (erectile dysfunction, loss of libido and ejaculation disorders). These
symptoms may account for more than 5% of all infertility ’. Conversely, infertility itself can induce
sexual problems. The psychological response of men to perceived infertility can be substantial (Table
1), and may result in sexual dysfunction ®. In fact, there is a strong link between a man’s perceptions of
his own masculinity and virility and his ability to impregnate women. The stress induced by the
intrusive nature of fertility diagnosis and therapy has been shown to result in a high frequency of
several sexual dysfunctions: loss of libido, premature or retarded ejaculation, erectile dysfunction and
reduced sexual activity °. A third of couples undergoing infertility diagnosis and therapy report that
their sexual relationship was negatively affected by their treatment *°. In particular, male fears of lost
potency due to infertility may be exacerbated by and during scheduled sexual intercourse **: in 10% of
patients libido is diminished by such regimentation *2.

3. Treatment of stress-induced infertility

Stress can be considered as both an event (a distressing external circumstance) and a response (the
disturbance of internal homeostasis). A reduction in fertility is a common strategic response to negative
environmental stressors in mammals and lower animals *°. The negative relationship between various
stress conditions and female fertility has been broadly described. In particular, psychological stress
(high levels of depression or anxiety) is related to a lower pregnancy rate and a lower in vitro
fertilization (IVF) success rate '*. In fact, differences in stress conditions may significantly influence
the outcome of IVF and intracytoplasmic sperm injection (ICSI) procedures. In a recent retrospective
study on 207 subjects, women who became pregnant during IVF/ICSI showed lower levels of
depression than those who did not *°. This is a vicious circle: stressed couples are less fertile, while
infertile couples give higher scores on depression and anxiety scales *® ',

The rheological seminal parameters of the males undergoing semen collection for Ul showed no
changes between samples taken before and after Sildenafil administration. An increase was observed in
sperm concentration (p=0.1) and total number of spermatozoa ejaculated (p=0.1); due to the low
number of observations, these increases were not statistically significant. A similar, not statistically
significant decrease in non-linear progressive motile sperm (p=0.4) was observed, while a significant
increase was observed in linear progressive motility (p=0.005). Atypical forms and white cell numbers
were unchanged. The effect of Sildenafil treatment in the 12 couples undergoing PCT was evident and
also statistically significant . In fact, Sildenafil administration before the second PCT attempt
significantly increased the number of spermatozoa observed by microscope field (250x) in the cervical
mucus (p<0.05) as well as the total number of spermatozoa with linear progressive motility (p<0.05). It
is worth noting that two pregnancies were obtained in this group after Sildenafil administration.

Our findings cannot be explained by a direct effect of Sildenafil on seminal production: a recent study
vs. placebo demonstrated that the drug (100 mg) did not have in vivo effects on sperm physiology or
seminal parameters in normal males *°. Furthermore, another type V phosphodiesterase inhibitor,
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Tadalafil, administered chronically to 421 men with or without impotence at doses of 10 and 20 mg for
6 months, had no adverse effects on spermatogenesis or reproductive hormones *°. As we did not
measure testosterone levels before and after Sildenafil, we cannot correlate these results to androgens,
but in any case there is unlikely to be a correlation.

Our hypothesis is that Sildenafil is able to reduce stress levels, thus inducing a more complete
ejaculation and a subsequent increased number of good quality spermatozoa in the semen. The
importance of the effect of stress was also demonstrated when comparing masturbation in the presence
or absence of visual sexual stimulation, the presence of which resulted in recovery of spermatozoa of
greater fertilizing potential in both normo- and cryptozoospermic men °. In a study of 500 males
involved in an IVF program, 8% showed a decrease in sperm count, motility, and fertility indices
between the pretreatment sample and the sample subsequently obtained for fertilization %*. The use of
Sildenafil was proposed in cases of extremely difficult semen collection in IVF programs %.

4. Stress and fertility

There have been many psychological and psychoanalytical theories attempting to explain stress-
induced male infertility, which may cause a man to become defensive against the feeling of
dependency that accompanies attempts at procreation 2. However, the effect of stress on human semen
quality is less clear than with female fertility. It may act directly on the seminiferous epithelium 2
orindirectly by depressing testosterone production and/or increasing prolactin levels ?*. Other Authors
have found that stressful conditions (workplace, family, and others) may adversely affect semen quality
25 26 27 '1eading in some cases to transitory azoospermia or oligozoospermia. Semen specimens from
men experiencing chronic or acute stress may show defects in sperm morphology and vitality and a
greater frequency of morphological defects when compared with non-stressed men. However, other
Authors have reported that stress has no effect on male reproductive functions 2. These discrepancies
may be explained by differences in evaluation of seminal parameters and particularly by the definition
and experimental standardization of stressful conditions. This has been demonstrated by Fenster et al.,
who found that stress at work and other life events was not related to differences in semen quality,
while the recent death of a close family member was associated with a reduction in straight-line
velocity and percentage of linear progressive motile sperm and, marginally, with a morphometric
change in the sperm head *. These findings suggest that the fecundity of men experiencing a major
stressful event might be temporarily diminished.

A particular form of stress is that of infertile couples and subjects undergoing assisted reproductive
technologies. In these conditions, a detrimental effect of stress on sperm count, motility, and
morphology has been observed by Harrison et al. ?* and denied by others *°. We previously
demonstrated a relationship between alexithymia, extroversion, neuroticism, psychoticism, coping style
towards stressors, and seminal parameters in 132 males on their first seminal fluid examination .
Difficulties in feeling or expressing emotions may exert a negative effect on seminal parameters.

5. The ART specialists and the necessary ‘know how’ regarding erectile and male sexual
dysfunction

Infertility has a profound impact on both marital and individual psychological functioning®. The
heterogeneity of psychological responses characterizes infertile couples *. Women and men may
respond differently to the stress of infertility and some gender-dependent differences have been
demonstrated. For women, pregnancy and motherhood are developmental milestones, highly
emphasized in almost all cultures. For this reason female infertility is frequently a heavy stressor. In the
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Stressful Life Events Scale, from a list of 87 items, infertility is ranked as one of the most negative
stressful situations — akin to the death of one’s child or spouse **, normally thought to be the most
stressful life experience *. As men become more involved in infertility diagnosis and treatment, they
too experience the psychological stress associated with infertility, even though they may suppress
feelings concerning infertility better than women *°, demonstrating a lower response in various indices
of emotional disturbance *’. However, men experience greater distress when the cause of fertility
failure is a male factor *. In fact, a diagnosis of male infertility may be more stressful for both partners
than a diagnosis of infertility related to the female partner *. Infertile men have lower self-esteem,
higher anxiety and show more somatic symptoms than fertile subjects *° **

Although infertility can be a stressor per se, its treatment can also be distressing. Wright and colleagues
conclude in their literature review that infertile patients are on average more psychosocially distressed
during their evaluation or treatment for infertility than control subjects **. The ESHRE monograph on
Guidelines for counseling in infertility recently suggested that great attention should be paid to the
psychological aspects of infertile couples, and especially of infertile men *.

The impact of the diagnosis and subsequent treatment of infertility, in addition to the social pressure to
become parents experienced by many infertile couples may have a marked effect upon their
psychological functioning. This can lead to sexual disturbances, which may be cured with a short-
acting, type V phosphodiesterase inhibitor such as Sildenafil.

Finally, on the ground of the above-mentioned considerations the ART specialist must be bale to able
to handle the possible male sexual dysfunctions that can be cause or effects of infertility and its
treatment. At least the IIEF inventory should be always considered in the diagnosis as well as in the
follow-up of the infertile patient *.
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