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Abstract

Objective—To evaluate the current literature on the impact and potential mechanisms of
varicocele repair on male fertility.

Design—Pertinent articles were identified through computer PubMed search on varicocele repair
and male infertility. References of selected articles were hand searched for additional citations.

Conclusions—Varicocele repair has been shown to reverse a spectrum of effects contributing to
men with impaired fertility. Clinical studies on the intervention have illustrated variable effects on
postoperative sperm parameters and pregnancy rates. Studies with conflicting results suffer from a
significant number of confounding variables, such variable repair technique or lack of controls.
Further studies are warranted on the role of modern microsurgical varicocelectomy given the
improvements in assisted reproductive technologies.

Introduction

Varicoceles, or abnormally dilated veins in the pampiniform plexus, have long been
associated with male infertility due to the observations that varicoceles are seen more
commonly among infertile men and have been associated with abnormalities in semen
analyses.1:2 In fact, varicoceles are the most commonly seen and correctable cause of male
factor infertility.3 Varicoceles have an incidence of 4.4-22.6% in the general population,
21-41% in men with primary infertility, and 75-81% in men with secondary infertility.4°
Suspicions that the varicocele should be considered as a possible cause or contributing factor
in male infertility have existed for centuries, but Tulloch’s report of his experience with
surgical correction and subsequent improved sperm counts and postoperative fertility
spawned significant research interest on the topic over the past 55 years.5 While most men
with varicoceles are able to father children, an abundance of evidence shows that varicoceles
are detrimental to male fertility and surgical correction offers an improvement in a couple’s
chances of obtaining a pregnancy, either spontaneously or through assisted reproductive
technologies (ART).
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Despite numerous reports of pregnancies and restored fertility, few studies exist with an
adequate experimental design to fully assess the utility of varicocele repair in the treatment
of male infertility. Furthermore, the collection of studies that have been performed are
extremely heterogeneous in the parameters of the populations studied, including initial
grading of varicocele lesion, presence of infertility, age of patients treated, and age of their
partners. This has led to extensive controversy. Based on current evidence, it is the practice
guideline of both the American Urological Association (AUA) and the American Society for
Reproductive Medicine (ASRM) that correction of a varicocele should be offered to infertile
men with palpable lesions and one or more abnormal semen parameters.”:8 However,
evidence exists that does not support this statement and has led to the conclusion of the
updated Cochrane review in 2009 that treatment of varicocele does not improve the chances
of conception when present as the only proven explanation of infertility.?

Because male factor abnormalities continue to be found in up to 50% of couples presenting
with infertilityl® and because varicocele is the most common finding,3 it would be pertinent
to review the existing literature pertaining to the correction, either operative or non-
operative, of a varicocele and its impact on fertility. The objective of this article is to
provide an overview of the indications and choices for treatment, as well as highlight points
of controversy in the literature. Furthermore, this review may help improve counseling of
patients prior to pursuing therapy as to anticipated expectations for improvements in
fertility.

Varicoceles can be diagnosed by several means, with physical exam and scrotal ultrasound
being the most utilized methods. The condition is graded at the time of initial physical exam
from 1-3 (Dubin grading system), with grade 3 being visible while the patient is standing,
grade 2 is palpable without Valsalva maneuver, and grade 1 is not able to be visualized and
only palpable with Valsalva maneuver. The term “clinical varicocele’ refers to those
detectable by physical exam, either by palpation or visual inspection. Significant inter-
examiner variability exists regarding the diagnosis of varicocele depending largely on level
of expertise. As a result, if concern for a varicocele arises in a male, a formal exam by
urologist is warranted. For those who utilize scrotal ultrasound as a diagnostic modality,
criteria for diagnosing a subclinical varicocele by scrotal ultrasound requires at least the
presence of dilated veins with diameter >3.0 mm with concomitant reversal of flow after
Valsalva.1! Hirsh et al developed an additional grading system based on Doppler ultrasound,
which correlates with increasing degrees of venous reflux, but has been lesser utilized.12
Grading of varicoceles by physical exam seems to have the greatest utility and has been
shown to correlate with impact on fertility and response to treatment.

Pathophysiology

The etiology and pathophysiology of varicocele appears complex and multifactorial.
Evidence indicates the phenomenon is age-dependent, as the incidence in pre-pubertal boys
is extremely rare and increases to about 15% in adolescents.> Additionally, the effects of a
varicocele on semen parameters, testicular size and other indices of testicular function
progress with time as men with a varicocele older than 30 years have lower sperm
concentrations, impaired Leydig cell function and lower testosterone concentrations.2:13:14
However, significant variability exists in the effect of varicocele on male fertility.
Varicoceles have been observed in both fertile and infertile men. As a result, it seems
varicoceles may impair spermatogenesis, but with only clinical ramifications in some.
Genetic factors and toxins may also serve as potential co-factors in development and
implications of a varicocele.1>
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Most varicoceles are left sided, possibly due to anatomical configuration with a more
vertical inlet of the internal spermatic vein to the renal vein as opposed to a more oblique
inlet on the right. As a result, the hydrostatic pressure in the left venous system is higher,
while the tapering configuration on the right side may protect against venous reflux.
Defective or missing venous valves also play an important role in the pathogenesis.16 Other
anatomic variants that lead to partial compression of the venous system such the left renal
vein between the aorta and the superior mesenteric vein (“nutcracker syndrome”) or
extrinsic pressure from retroperitoneal processes on the internal spermatic vein can also
contribute to the development of a varicocele secondarily.1’

Histological studies of testicular biopsies of varicocele patients indicate varying levels of
dysfunction. Abdelrahim et al studied bilateral testicular biopsies from thirty infertile
varicocele patients taken both during varicocelectomies, and postoperativly.1® Compared to
healthy control subjects, preoperative biopsies showed reduced spermatogenesis with
maturation arrest, dead spermatogenic epithelium and an increase in the volume of Leydig
cells. After treatment, spermatogenesis improved in twenty-two of the patients, who also
showed regeneration of the epithelium. The quantity of Leydig cells was normalized in
eighteen patients. Other studies of varicocele patients have found Sertoli cell only
syndromel®, spermatogenic arrest2%, and hypo- or normo-spermatogenesis.?!

Several studies have focused on determining mechanisms of how varicocele leads to
impaired spermatogenesis and infertility. Most of these propose a mechanism of altered or
impaired testicular blood flow and include increased scrotal temperature, as well as
oxidative stress, (see Figure 1). Additionally, resulting sex hormone changes, reflux of
adrenal hormones and autoimmunity have also been cited as possible causal factors.

Normal testicular temperatures are approximately 2°C below core body temperature and
increases in scrotal temperature are associated with reductions in both sperm output and
quality. It is hypothesized that increased venous reflux caused by varicocele leads to
increased testicular temperature. This theory is supported by Naughton et al 22 who found
varicoceles are associated with measurable increases in scrotal temperatures. Additionally,
Jung et al 22 demonstrated that men with varicocele and reduced sperm quality have
significantly higher scrotal temperatures than men with normal sperm quality. Interestingly,
these studies found that treatment of varicoceles reduced testicular temperature. Not all
studies have been able to directly correlate temperature and infertility in varicocele patients.
24 Zorgniotti and MacLeod were able to show a significant difference in the average scrotal
temperatures of varicocele patients and controls, however, they also noted a considerable
amount of overlap between patients between groups.2> An explanation as to why only some
patients become infertile may be that additional temperature increasing factors are required
before the sperm quality is reduced significantly. Factors, such as sleeping posture, duration
of sedentary posture and exposure to high temperatures, are likely to increase the scrotal
temperature further.

Another possible explanation for the negative impact of a varicocele is its association with
increased production of reactive oxygen species (ROS). A growing body of literature
directly correlates increases in ROS and reduced sperm quality.2% Oxidative stress, from
increased testicular temperature, build up of ROS and other gonadotoxic factors associated
with varicoceles, may cause reduced sperm function through oxidation of fatty acids in
spermatozoa membranes or through direct DNA damage resulting in increased sperm DNA
fragmentation.2” Studies of infertile men with varicocele indicate higher levels of DNA
damage in sperm compared to fertile controls with no varicocele.28:29 Similar results were
found by Blumer et al, who also showed a decrease in sperm mitochondrial activity in men
with varicocele.30 In adolescents with bilateral varicocele, Bertolla et al. found significantly
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higher levels of DNA fragmentation compared to those patients with no varicocele.3! Levels
of such biomarkers for oxidative stress have also been found to decrease after varicocele
repair.32 Initial reports indicate this sperm DNA damage may be due to increased ROS and
reduced total antioxidant capacity (TAC) of semen in men with varicocele.33-36 A meta-
analysis by Agarwal et al confirmed that reduced TAC and increased oxidative stress may
be a component to the etiology of infertility in men with varicocele.36 Since some men show
an increase in ROS while maintaining fertility, it is possible that there is a spectrum of
damage or that there is a difference in the amount of protective antioxidant factors. One
explanation of this phenomenon could be increased venous pressure, which has been
documented in the pampiniform plexus in varicocele patients.3” The increased venous
pressure is suspected to reduce testicular blood flow and thus induce testicular hypoxia
which could lead to accumulation of toxic metabolites resulting in damage to the testicular
tissue. Studies have not yet demonstrated significant changes in testicular blood flow when
comparing varicocele patients to healthy controls; however, this may be due to imperfect
methods of measuring blood flow38, as it has not yet been possible to measure changes in
microcirculation.??

Imbalance in the hypothalamic-pituitary-gonadal axis and reduced testosterone levels in the
peripheral blood have been described in some varicocele patients3%and may be additional
contributors to observed diminished sperm production and quality. The theory is supported
by improvements found in sperm quality associated with a normalization of the endocrine
axis and an increase in testosterone levels after varicocelectomy.32:39 However, other studies
have also shown no difference in sex hormone levels between infertile varicocele patients
and healthy controls*® and not all studies on the subject have been able to demonstrate a link
between a post-operative increase in testosterone levels and improvement of sperm quality.
41 A problem in the cited studies is that testosterone levels are traditionally measured in
peripheral blood and testicular testosterone levels may be decreased even though serum
levels are normal. Studies examining intratesticular testosterone levels in varicocele patients
are lacking. Reduced testosterone levels could be caused by compromised synthesis
progressing over time, possibly due to Leydig cell damage. It is also possible that increased
genital heat reduces activity of testicular enzymes, which could also explain impaired
spermatogenesis in varicocele. An additional explanation for impaired spermatogenesis
includes deficient sperm maturation or increased sperm apoptosis as a result of low
testosterone.

Some have postulated reflux of catecholamines from the adrenal gland as another hypothesis
inferring such metabolites lead to vasoconstriction in the testicular vessels, thereby reducing
the testicular function; however definitive support for this theory in animals and humans is
lacking.42

Varicoceles have also been associated with possible breaches in the blood-testis barrier and
subsequent anti-sperm antibody formation. Studies have shown that infertile men have
higher levels of auto-antibodies than fertile men. However, infertile varicocele patients have
an auto-antibody level equal to infertile men without varicoceles*? and animal studies*
have shown that the blood-testis barrier is not broken by the induction of a varicocele
suggesting no correlation with auto-antibodies. Interestingly, however, some infertile men
have both a varicocele and anti-sperm auto antibodies, which could possibly result in an
additive effect in these patients.

Regardless of specific mechanisms, it seems likely that the pathophysiology of varicocele is
multifactorial and involves additional effects that interrelatedly increase the detrimental
effects on spermatogenesis. Differences in the incidence of these factors may, in part,
explain the conflicting literature relating to varicocele-associated infertility.
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Techniques of Varicocele Repair

Understanding the approach taken for varicocele repair is critical for interpretation of
relevant literature regarding subsequent improvements in endpoint parameters, as varying
treatments are used depending on severity of the varicocele and may help explain conflicting
results. A variety of operative and non-operative approaches have been advocated for
varicocele repair, including percutaneous radiological techniques (embolization or
sclerotherapy), open surgical (inguinal, subinguinal, retroperitoneal approach), laparoscopic,
and microsurgical (inguinal or subinguinal) varicocelectomy. The optimal procedure would
be one that ligates both the veins contributing to the varix at the time of repair and those that
could lead to a recurrence in the future. However, some veins clearly must be preserved so
as to allow drainage of the blood from the testis and prevent vascular engorgement.
Additionally, the procedure should also leave intact the testicular arteries, lymphatics and
vas deferens.

Unilateral or Bilateral Repair

Though varicoceles most commonly present on the left side, this swelling can occur on the
right side as well, individually or in unison. Bilateral varicocele would seemingly be more
detrimental than a unilateral defect. Several investigations have examined whether bilateral
repair is similar or superior to one-sided repair. Kondoh et al reported a small cases series of
27 men with bilateral varicoceles and 40 unilateral left-sided varicoceles and noted less
improvements in sperm density in the group with bilateral when compared to the left-sided
only group.#> Four subsequent reports all have demonstrated evidence to support the
contrary. Scherr et al prospectively studied 91 men with moderate-to-large left varicocele
and small (grade 1) right varicocele and noted significant greater improvements in motile
sperm concentrations in those with bilateral repair.*® Fujisawa et al and Libman et al both
observed significantly greater improvements in concentration and/or motility after bilateral
surgical repair.4”48 Furthermore, Libman et al and Baazeem et al noted significantly higher
spontaneous pregnancy rates in those with bilateral repair compared to unilateral repair.8:49
This evidence would support the notion that subfertility in men with abnormal semen
analyses and bilateral palpable varicoceles is the result of an additive effect of both and
would justify simultaneous repair, even if small.

Additional studies have examined impact of unilateral or bilateral repair of a clinical
varicocele in the presence of a subclinical varicocele with conflicting results 99-53 However,
grade of varicocele should not dictate treatment. Therefore, in these cases, bilateral repair is
likely warranted.

Non-microsurgical Techniques for Spermatic Vein Ligation

In 1948, Palomo described the classic retroperitoneal high ligation. This technique
traditionally involves ligating the internal spermatic vein as it exits the inguinal canal and
preserves the internal spermatic artery.>* The retroperitoneal approach was one of the first
techniques developed and while still a reasonable technique, has been associated with higher
rates of recurrence and postoperative hydrocele.>® Two modifications of this technique
include the inguinal (lvanissevich) or subinguinal approaches. Both approaches involve an
incision at (subinguinal) or above (inguinal) the external inguinal ring. The subinguinal
technique has the benefit of preserving muscle layers and the inguinal canal, however, is
also more technically challenging due to the greater number of internal spermatic veins and
arteries below the external ring.%® These approaches have also been adapted to include an
operating microscope, which allows for greater preservation of other anatomic structures.
Furthermore, testicle can be delivered to ligate contributing collateral gubernacular veins.
This additional step, described to reduce the risk of recurrence, is less frequently
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incorporated due to the relatively low recurrence rate with the inguinal and subinguinal
approaches and data to support equivalent postoperative outcomes with and without
delivery.140:141 The nonmicrosurgical versions of these procedures also have relatively low
rates of other complications (e.g., hydrocele). The laparoscopic approach is very similar to
the retroperitoneal approach as far as identifying anatomic landmarks. Advantages include
higher magnification than other nonmicrosurgical open procedures.>> However, this
technique is still considered fairly invasive and can be challenging when attempting to
delineate spermatic veins and arteries.

Radiointerventional Techniques

Interventional radiologists offer occlusion procedures (embolization, sclerotherapy) as
minimally invasive outpatient options that have the advantage of venography to delineate
anatomy more clearly. While less invasive, this is the only approach that offers the potential
for failure to ligate the varix. Depending on the skill level of the team performing the
procedure, the failure rate can vary from 4-27%.%° Recurrence rates are also noted to be
higher with this approach. This approach is also useful in the scenario of recurrent
varicoceles as anatomy may be better delineated radiographically.

Microsurgical Approach

The microsurgical approach is now the preferred approach by most urologists, due to the
significant reductions noted in recurrence rates or other postoperative complications. An
operating microscope is incorporated into either the traditional inguinal or subinguinal
approach and allows for the more reliable identification and preservation of the testicular
artery or arteries, cremasteric artery or arteries, and lymphatic channels. Enhanced
visualization also aids in the identification of all possible routes of venous return

contributing to the varix, including external spermatic, cremasteric and gubernacular veins.
56,57

Complications

Hydrocele formation was previously the most common complication reported after operative
varicocele repair. With the classic nonmicrosurgical approach, the incidence rates were
approximately 7%, ranging 3-39%,°8 presumably from secondary to the ligation of
lymphatic channels of the testicle. When present, approximately half of hydroceles will
develop to a size that produce discomfort that warrants surgical hydrocelectomy. However,
with the advent of microsurgical and radiointerventional techniques, the incidence has
dramatically reduced almost eliminating this as a postoperative complication.?6:57

Recurrences after varicocele repair are the most variable complication in incidence and rates
depend largely on the technique utilized and the use of magnification. Rates can vary from
0-35%.59 Studies involving venography have demonstrated recurrences to be caused by
periarterial, parallel inguinal, midperitoneal, gubernacular and transscrotal collateral veins.>8
Again, advances in microsurgery have allowed for greater ability to visualize these
contributing vessels.

Testicular artery ligation or injury is also a common complication of nonmicrosurgical
varicocelectomy although its true incidence is unknown.89 Because of the presence of other
spermatic cord arteries, such as the vasal and cremasteric arteries, injury to the artery does
not always result in atrophy. Penn et al reported an incidence of 14% when the testicular
artery was purposefully ligated during renal transplantation.61 However, postoperative
atrophy can lead to decreases in sperm counts or azoospermia in some cases, a devastating
complication to the infertile couple with hopes surgical intervention would improve chances
of spontaneous conception.
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Comparative Studies

Numerous studies have been published evaluating the various methods of varicocele repair,
some evaluating early postoperative courses and others following up for one to two years
evaluating for complications or evidence of improved fertility. Most of these studies involve
prospective collection of data and randomization of subjects; however, few include a control
(no treatment) group.

Reports of operative experiences have noted longer operative times with microsurgical
approach in comparison to open and laparoscopic approaches with the exception of one
retrospective study.52-65 Published reports of early postoperative courses document only
small differences;5%:66 however one study did note higher rates of postoperative
complications (epididymitis, prolonged pain) when comparing laparoscopy with
sclerotherapy.56 Furthermore, microsurgery has also been noted to have higher rates of
preserving the testicular artery® and the lowest rates of recurrence and hydrocele formation.
62-65, 67,68 Empyolization and sclerotherapy, while having slightly higher risk of recurrence,
have very little to no risk of hydrocele formation.67:69

Improvements in semen parameters have been the main outcome of most studies focusing on
men with infertility for at least 12 months as the target population. Yavetz et al noted the
greatest overall improvement in measures of sperm quality with subinguinal approach in
comparison to transinguinal approach and embolization (significant improvements in
concentration, motility and morphology by six months).”0 Sayfan et al also noted a more
measurable improvement in postoperative sperm counts in open approaches as opposed to
embolization.”! Barbalias et al published a trial comparing all three nonmicrosurgical
techniques with embolization and reported improvements in sperm concentration for all four
groups, but significant increases in motility for only the inguinal and subinguinal
approaches.5” Cayan et al, in a large prospective study of 468 infertile men, compared
microsurgical approach with high ligation and also noted greater increases in motility with
microsurgery.58 Three recent randomized trials comparing open, laparoscopic and
microsurgical methods reported improvements in concentration, motility, and/or
morphology in comparison to preoperative evaluations, but did not demonstrate significant
differences between techniques based on sperm parameters alone.53-65

Regarding pregnancy rates, Cayan et al reported higher rates with microsurgical approach
compared to high ligation.®8 Al-Kandari et al and Al-Said et al both published randomized
controlled trials comparing microsurgical to open and laparoscopic approaches were not able
to reproduce this observation, but also did not have as great of power based on size of study
population to truly show contradictory evidence.64:65 While these comparative studies
provide a significant amount of information on postoperative expectations, it is still difficult
to make direct comparisons due to the heterogeneity of study design, follow-up and
published statistics without a more standardized method.

Meta-analyses

Given the results of the Cochrane review in 2009 being contrary to the consensus statement
by both ASRM and AUA, possibly due to poor patient inclusion criteria, two meta-analyses
were recently published in 2009 to provide further insight. Cayan et al specifically evaluated
rates of postoperative complications and spontaneous pregnancies and excluded studies
involving subclinical varicoceles. After pooling the data from 4473 men undergoing repair
by various techniques, pregnancy rates were compared and significant differences were
noted depending on the technique. The highest rates were seen with the microsurgical
technique, followed by non-microsurgical approaches (see Table 1).72 This method was also
noted to have the least documented recurrences, postoperative hydroceles, or other
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complications. Agarwal et al conducted a meta-analysis that included both randomized
controlled trials and observational studies in attempts to evaluate the data with more focused
attention on men with documented infertility, abnormal semen analysis and clinical
varicoceles. While accepting their study was subject to bias from the variability of semen
data in sequential analyses, the authors highlight the significant number of data that
document a direct positive relationship between improvements in semen parameters over
time and varicocele repair. Agarwal illustrate significant improvements in concentration,

motility and morphology in studies evaluating high ligation and microsurgery (see Table 2).
73

Varicocele Repair and Effect on Semen Analysis Profile

Varicoceles have classically been described to induce a “stress pattern” that affects several
parameters measurable on semen analyses simultaneously. Most studies focus on
abnormalities in concentration, motility and/or morphology. Each of these parameters
individually has been examined for relative post-operative improvements after surgery, but
also as independent prognostic factors of whether varicocele repair is a successful treatment
strategy for male subfertility.

Asthenospermia

Approximately 19% of subfertile men with a clinical varicocele will present with isolated
abnormalities in sperm motility.”* In attempts to examine varicocele repair as an
intervention for men with varicocele-associated asthenospermia, Boman et al reported a
retrospective review of 118 infertile men who met these criteria including 69 who underwent
microsurgical varicocelectomy and 49 who chose not to undergo repair. Varicocele repair
resulted in significant increases in total motile sperm count (30 million/ejaculate compared
to 39 million, p <0.05) and spontaneous pregnancy (65% compared to 32%, p<0.01).
Interestingly, those who did not undergo repair were more likely to utilize IVF/ICSI (32%
compared to 11%, p<0.05) and no differences in pregnancy rates following assisted
reproduction (IUl, IVF, and ICSI) were noted.”* Similarly, Schatte et al prospectively
examined 61 subfertile men with clinical varicoceles who underwent microsurgical inguinal
varicocelectomy and followed postoperatively for increases in sperm parameters. The study
included men with normal sperm concentrations and noted a significant increase in motility
(39% preoperatively to 45% postoperatively, p = 0.008).7® This observation supports
Schlesinger’s conclusions from his analysis of twelve previous studies. While only five of
the studies showed statistically significant improvements in motility, he concluded that
varicocelectomy is associated with improvements in motility.”®

Teratozoospermia

Several authors have published retrospective data looking at post-operative improvements in
sperm morphology as well as teratozoospermia as primary indication for repair. Vazquez-
Levin et al published the first report of improvements in terms of Kruger morphology in
postoperative semen analyses after microsurgical varicocelectomy. Of the 33 men they
studied, 13 had oligozoospermia, 31 had asthenospermia and 29 had teratozoospermia
(based on morphology less than 14% strict normal forms). The authors noted significant
improvements in concentration and morphology. Twelve of the 26 (46%) with morphology
ranging 4-14% noted significant improvements to normal values by three months
postoperatively. The three patients with severe teratozoospermia (less than 4% normal
forms) also showed improvements.”’ Seftel et al and Kibar et al subsequently published
studies also examining postoperative improvements in morphology and observed mixed
results.”8:79 Seftel et al reviewed 30 infertile men with teratozoospermia who underwent
microsurgical varicocelectomy and noted improvements in concentration and motility, but
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not in morphology.’8 Kibar et al, however, reviewed 90 men with infertility and
teratozoospermia and stratified results based on concentration (less than 5 million/mL, 5-20
million/mL, greater than 20 million/mL) and noted improvements in morphology for the
whole group, but significant improvements in all sperm parameters in the oligospermic
(5-20 million/mL) group.”®

Results from studies examining men with teratozoospermia but otherwise normal sperm
counts are also conflicting. Okeke et al published a retrospective analysis of 167 men with
infertility and bilateral varicoceles who underwent high ligation and stratified them
according to concentration.8% Postoperative semen analyses for the whole cohort showed
improvements in concentration and motility, but not in morphology. After stratification, men
with normal sperm counts had no significant improvements in sperm parameters and 21%
(10/46) became oligospermic afterwards.80 A separate report of subfertile men with isolated
teratozoospermia and clinical varicocele by Cakan et al showed significant improvement in
all sperm parameters and spontaneous pregnancy rate of 18% (5/29) after subinguinal repair
in comparison to those who decided against surgery who had no improvements in semen
analysis and no pregnancies (0/23) in the follow up period (12 months).8! These results only
further underline the need for controlled studies that have less confounding variables that
may influence the significance of the data.

Oligozoospermia

A multitude of studies have been published illustrating the improvement of sperm counts
after varicocele repair. By 1994, Schlesinger identified 16 studies involving 1077 treated
patients. Twelve of the 16 studies showed statistically significant improvements in sperm
concentration postoperatively.”® The majority of these studies, however, included a varying
fraction of men with normal sperm concentrations. Data from early observational trials have
shown an effect of preoperative sperm concentration as a determining factor on chances of
improving sperm parameters and pregnancy. Dubin and Amelar noted lesser percentage of
improved semen quality in those with sperm concentration < 10 million/mL.82 Subsequent
studies from Matkov et al, Kamal et al, and Fujisawa et al published evidence to support that
men with severe oligozoospermia (less than 5 million/mL) are less likely to see
improvements in semen parameters.83-85 Kamal et al were also able to display a direct
relationship between preoperative sperm count and postoperative pregnancy rates, most
significantly that men with severe oligozoospermia have much lower chance of spontaneous
pregnancy (8% compared to 61% in those with greater than 5 million/mL).84

Studies that examined men with low sperm counts in the less severe range show greater
postoperative improvements. Madgar et al restricted their prospective study to men with
concentration 5-20 million/mL, limiting the number of confounding variables and were able
to demonstrate a significant improvement in sperm concentration, motility and morphology
(by six months postoperatively) and higher pregnancy rates than the control group, as
previously later discussed (see section on Clinical Varicocele).8> Baazeem et al noted
similar improvements in semen parameters in their recent review of 360 patients with
concentrations ranging 1-20 million/mL.4°

Severe oligozoospermia/nonobstructive azoospermia

Historically, varicocele repair has been as a primary treatment strategy of male infertility
with the goal of improving spontaneous pregnancy rates. Severe oligozoospermia (SO) and
nonobstructive azoospermia (NOA) are both conditions that significantly reduce a couple’s
chances at spontaneous pregnancy. Early reports of varicocele repair demonstrate the
potential, in some, to induce spermatogenesis and regain the potential for otherwise
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unassisted fertility.5 Additionally, the introduction of IVF and ICSI has allowed for further
research on the role of varicocele repair as an adjunct to ART.

Approximately 4-13% of men with a palpable varicocele will present with azoospermia or
severe oligoasthenospermia. Matthews et al first published a study looking specifically at
this population of men. The authors prospectively evaluated patients after microsurgical
varicocelectomy and followed for improvements in semen parameters as well as
pregnancies. The majority of the cohort was observed to have return of matile sperm to the
ejaculate postoperatively, 55% (12/22) of azoospermic men and 69% (35/51) of those with
severe oligoasthenospermia. Mean total motile sperm count increased from 0.08 +/— 0.02 x
106 to 7.2 +/— 2.3 x 106 illustrating the potential for men to conceive a subsequent
spontaneous pregnancy. Twenty-four (31%) conceived pregnancies, fifteen of which were
unassisted.8” Additionally, testicular atrophy on initial exam had no prognostic value. A
subsequent study by Kim et al noted return of motile sperm as well, but no spontaneous
pregnancies.1®

Several other small cohort studies have reported varying experiences with varicocele repair
in men with SO or NOA.. Rates at which motile sperm are noted in post-operative ejaculates
range from 21-69%.19:87-95 Additionally, rates of subsequent spontaneous pregnancy range
from 5.3-19%. 19:87,88,90-95 Alternatively, some authors examined number of motile sperm
as an indirect measure of whether varicocele repair served to help avoid ICSI or TESE.
Kadioglu et al noted in their study 21% maintained total motile sperm counts greater than 5
million (possibly avoiding 1VF).88 Additionally, Schlegel et al noted 10% demonstrated at
least enough motile sperm in the ejaculate to avoid testicular aspiration when pursuing ICSI.
89 A limitation of these studies is the lack of a control group, as a previous study showed up
to 35% of patients labeled as having NOA may have spermatozoa in the ejaculate,
demonstrating the possibility of some low level variability in sperm production without
intervention.%

Investigators have also looked at diagnosis on testicular biopsy (hypospermatogenesis,
maturation arrest, Sertoli cell only) to identify which patients would be most likely to
benefit. Based on the studies by Kim et al, Kadioglu et al, Esteves et al, and Lee et al, those
with hypospermatogenesis and maturation arrest at later stages are more likely to see return
of motile sperm and pregnancies postoperatively.19:88:90,92 pasqualotto et al and Lee et al
showed that patients are at risk for relapse to azoospermia in the follow-up period and
recommend cryopreservation of post-operative samples containing motile sperm.91:92 Other
variables investigated such as grade of varicocele, FSH level, testicular volume and
laterality have not been associated statistically significant prognostic relationships.

Sperm DNA Damage

Though not a routine parameter measured in a standard semen analysis, sperm DNA
integrity and the impact of varicocele and its treatment on sperm DNA damage is a growing
area of interest, especially as more convenient methods of assessing sperm DNA integrity
become available. Conflicting results exist regarding the impact of varicocelectomy on
restoring two indirect markers of DNA integrity, total antioxidant capacity (TAC) and
reactive oxygen species (ROS) levels. Mancini et al found no absolute change in semen
TAC following surgical repair of varicocele.9” However, Mostafa et al showed that
varicocelectomy can improve semen TAC and reduce ROS.%8 Differences in findings may
result from variances in grade of varicocele, as this can impact amount of ROS,% surgical
approach, as well as choice of measurement to assess TAC. With the advent of new
laboratory assessment tools to aid in selection of higher quality sperm with less DNA
fragmentation for use with 1CSI1190-102jt will be interesting to see if varicocelectomy will be
required in the future for specific patients, depending on subsequent treatment plans.
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Classification of Varicocele and Effect of Repair on Fertility

Subclinical Varicocele

A subclinical varicocele is diagnosed when a non-palpable reflux or dilation in the internal
spermatic vein is observed by radiological imaging study, most commonly by scrotal
Doppler ultrasonography, but also venography or thermography. Attention to nomenclature
is important in interpreting conclusions of studies reporting success or lack thereof after
varicocele repair. Critics of varicocele repair as a treatment of male infertility often cite
studies that included heterogeneous collection of men with subclinical and clinical
varicoceles. Several investigators have thus questioned the impact of treating subclinical
lesions and it continues to be a topic of clinical research.

Several studies in the mid-1980s and early 1990s looked at intervening in populations
diagnosed with a subclinical varicocele and compared results with those diagnosed with
clinical varicoceles. Marsman et al and Combhaire et al performed retrospective analyses of
patients who underwent embolization as treatment. Marsman et al noted significant
improvements in postoperative sperm quality (density, motility and morphology).103
Additionally, Combhaire et al noted similar postoperative pregnancy rates when compared to
men with a clinical (or palpable) varicocele.104 Similar post-operative improvements in
semen parameters105:196and pregnancy rates196 were noted in studies comparing men with
subclinical and clinical varicoceles after surgical repair. These studies seemed to agree with
previous observational findings of Dubin and Amelar in their series of 111 men who
underwent varicocele repair, that size of varicocele did not determine the likelihood for
improvement after intervention.107

Three subsequent prospective randomized controlled trials examining varicocele repair for
subclinical varicoceles showed modest post-operative improvements. Yamamoto et al
randomized 85 infertile men with subclinical varicocele to either high ligation or
observation and followed for one year postoperatively. In comparison to the control group,
those who underwent ligation had significant improvements in sperm density and total
motile counts; however, no significant difference was noted in pregnancy rates.1%8 Unal et al
randomized 42 infertile men with isolated left subclinical varicocele to either high ligation
or clomiphene and similarly noted improvements in certain sperm parameters (sperm density
and motility), but no significant difference in pregnancy rates.19° Grasso et al, in their
randomized controlled trial of 68 infertile men with abnormal semen analysis and
ultrasound-detected left varicocele (Hirsh classification), observed no differences when
comparing post-operative semen analyses or pregnancy rates between the group who
underwent high ligation (Palomo technique) versus observation for 12 months.119:12 Thys,
conclusive evidence in favor of repair of subclinical lesions is lacking.

Clinical Varicocele

An abundance of studies have been published on clinical varicocele and despite some with
large numbers and some with adequate control groups, the debate continues on whether or
not treatment of varicocele offers a true improvement in fertility. Of all the studies on the
topic, several inherently carry more weight due to better study design. The emphasis of this
review is to focus on the articles that minimize confounding variables.

No Benefit—Nilsson et al published the first randomized controlled trial on varicocele
repair in 1979. Ninety-six men with infertility and visible varicoceles were randomized to
Palomo high ligation or no treatment. Men were followed at 6 month intervals and assessed
with semen analyses and whether or not pregnancy occurred. No difference between pre-
and postoperative semen analyses were noted when comparing treatment group to the
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control group, nor was a difference in pregnancy rates detected.111 Critics of this study cite
that the authors had a suboptimal study population as a significant proportion of men with
normal semen analyses were included in the study. Furthermore, pre and postoperative
semen analyses are reported as only “before” and “after” and not stratified based on
postoperative month at which the sperm sample was obtained. Similar concerns regarding
the selected study population have been voiced regarding the study performed by Breznik et
al.112 Breznik et al presented a prospective study of 96 infertile men randomized to either no
treatment or treatment by various methods (surgical, sclerotherapy, or embolization) which
again included a significant proportion with either normal preoperative semen analysis or
subclinical varicocele. No significant differences in semen parameters or pregnancy rates
were noted between treatment and control groups.112 An additional critique of this study
would be the heterogeneous nature of the intervention assigning the treatment group to three
various and not equal methods of repair, thus introducing another extraneous variable.
Krause et al provides the most recent evidence of no benefit in their multi-center
randomized controlled trial of 65 infertile men who were randomized to sclerotherapy or no
treatment. No significant difference was noted in rates of spontaneous conception at 12
months; however, the study suffered from poor recruitment and poor follow-up. From the
initial report of the intention to treat analysis, 34 patients were lost to follow-up and
assumed that no conception occurred.113

Based on the results of these studies and the modest evidence from others, the Cochrane
systematic review on varicocele repair calculated an odds ratio of postoperative spontaneous
pregnancy as 1.10 (95% CI, 0.73-1.68), indicating no benefit of varicocele repair over
expectangt management in subfertile couples that have no other abnormal findings in their
workup.

Benefit—Studies reporting the benefit of varicocele repair date back to even before
Tulloch’s report that popularized repair to the modern medical community. The studies
included in this review represent those with larger study populations and/or controlled study
design within the past 25 years.

Okuyama et al published a case-control study of 224 subfertile men and a clinical varicocele
who either underwent repair via Palomo technique (n=141) or chose no treatment (n=83).
Men were followed up for 12 months with semen analyses and monitored for incidence of
pregnancy postoperatively for two years. The authors noted a significant improvement in
sperm density and percentage of progressive motile sperm. Pregnancy rates were also noted
to be significantly higher in the corrected group (30% compared to 18%). The majority of
the pregnancies (85%) occurred within the first year after repair.}14 The study published by
Madgar et al, by far, demonstrates the greatest correlation with repair and improvements in
subsequent fertility potential. Madgar selected infertile men with visible or palpable left-
sided varicoceles and oligozoospermia (concentration ranging between 5-20 million/mL)
and randomized to immediate high ligation (Palomo technique) or observation followed by
ligation at 12 months if not pregnant. This crossover study demonstrated significant
improvements in sperm concentration, motility and morphology and a significantly higher
pregnancy rate within 12 months after surgery (60% compared to 10% with the control
group). Pregnancy rates were also significantly higher within the delayed-treatment group
when comparing 12 months of observation to first 12 months after surgical correction (44%
compared with 10%).86 As heterogeneity of the study population or treatment technique
increase, the effects of varicocele repair become less demonstrable by studies. Onozawa et al
noted more modest improvements in sperm parameters in their case-control study of 64
men?15 and Nieschlag et al noted no statistical difference in pregnancy rates when
comparing treatment to no treatment.116 Schlegel, in his review of twelve controlled studies
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of varicocelectomy, estimated pregnancy rates for those who undergo repair are significantly
greater than those who choose to defer (33% and 16%, respectively).117

The conclusions of Evers and Collins in their systematic review spurred Ficarra et al and
Marmar et al both to re-evaluate the existing data with meta-analyses as well.118:119 Ficarra
et al published a meta-analysis including only three of the randomized controlled trials
113,86,116 and excluded those where subjects with normal semen analyses or subclinical
varicoceles were included. The authors formally concluded that the heterogeneity of the data
and poor quality of study design does not allow for formal analysis. At the same time, the
authors used this same argument to refute the conclusions by Evers and Collins.11® Marmar
et al published a meta-analysis of five studies on surgical repair only on infertile men with
clinical varicocele and abnormal semen analysis looking at spontaneous pregnancy rates.
The authors included randomized controlled trials and also observational studies. While
accepting that this is not standard for the meta-analysis format, the authors state that their
inclusion and exclusion criteria allow for less heterogeneity in the population studied and
intervention being studied. Odds ratio of spontaneous pregnancy after varicocelectomy was
calculated to be 2.87 (95%Cl, 1.33-6.20, P=0.007). Pregnancy rates also were significantly
higher in those treated than in those not treated (33% vs. 15.5%, respectively).119

The current published studies have focused on the now dated non-microsurgical approaches
that are associated with higher rates of recurrence and hydrocele formation. To date, no
randomized controlled trial (RCT) has examined the effect of modern microsurgical
varicocelectomy on fertility in men with abnormal semen analysis and a clinical varicocele.
A modern RCT focusing on the microsurgical technique in appropriate patients is needed to
resolve the controversy over the benefit or lack of benefit of this technique.

Grade of Clinical Varicocele

Given the observations that not all men benefit from varicocele repair, researchers have
sought out markers that would identify those who benefit the most (e.g., greatest
improvements in sperm parameters and/or improvement in fertility). Dubin and Amelar first
looked at grade of varicocele as a prognostic factor in 1970 and noted no difference in
degree of improvement when comparing grade of varicocele and differences between pre-
operative and post-operative semen quality.197 This finding was supported by the report
published by Marks et al.129 Findings from these studies have been interpreted by some as
supporting evidence to advocate for repair of subclinical varicoceles. However, three
subsequent studies 1217123 noted either significantly greater percentage of men with
improvements or greater absolute improvements in postoperative sperm parameters (density
and/or motility) in men with larger varicoceles. The study carried out by the World Health
Organization in 1992 examined 9038 men with infertility, 921 of which had a varicocele
noted on exam, and demonstrated lower sperm concentrations in men with varicoceles of
increasing grade.2 Jarow et al noted in their prospective study no correlation in postoperative
improvements based on grading, but did note significantly greater improvements in total
motile sperm counts in those with clinical varicoceles when compared to subclinical,
suggesting a modest but still present effect of size.124 This finding was more recently
supported by the findings Ishikawa and Fujisawa published in 2005.125 Regardless, if
associated with abnormal semen parameters and infertility, grade of varicocele should not be
deterrent of varicocele repair.

Recurrent Varicocele

Recurrent or persistent varicoceles seen after attempted repair are due to the numerous
collaterals (retroperitoneal, inguinal, or scrotal) of the internal spermatic vein. Given the risk
of recurrence, it is routine for surgeons to follow-up patients to identify and treat any
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evidence of recurrences or persistent varicocele postoperatively. However, with the overall
low incidence of recurrence seen after microsurgical approach, few studies have examined
best route of repair if a recurrence is noted and if patients will experience similar
improvements in sperm parameters demonstrated with primary correction. Madjar et al and
Grober et al both noted good surgical outcomes from subinguinal approach.126:127 Madjar et
al utilized nonmicrosurgical technique and noted marked improvement in size in 91%
(21/23) of those undergoing secondary repair.126 Grober et al, with the addition of
microscopy, noted no recurrences in the 35/54 patients that completed 6 months of follow-
up.127 Both demonstrated significant improvements in semen parameters (concentration and
motility) with repeat procedure.

Interestingly, Flati et al report a unique approach with microsurgical creation of a shunt from
the internal spermatic vein to the inferior epigastric vein stating 20-30% of varicoceles result
from iliospermatic or mixed ilio- and renospermatic reflux. The authors noted disappearance
of varicosity in 97% and partial reduction in the remaining 3% as well as significant
improvement in semen parameters with their approach.128 No studies have directly
compared techniques utilized in the secondary repair of a persistent or recurrent varicocele;
however, these studies do illustrate potential benefit to those patients looking for further
improvements in semen parameters.

Surgical Treatment of Varicocele and Success of Assisted Reproductive
Technologies

For those men with varicocele-associated infertility who have persistent infertility, ART has
significantly contributed to their treatment. Sperm processing with intrauterine insemination
(1U1), in vitro fertilization (IVF), and intracytoplasmic sperm injection (ICSI) can either
serve patients as an alternative to surgery or as adjuvant therapy to achieve a pregnancy.

Intrauterine insemination

IVF & ICSI

Marmar et al initially reported intrauterine insemination as a possible treatment option for
men with history of a varicocele and refractory infertility. Of the 71 couples who underwent
187 inseminations, only six achieved a pregnancy.12® Pregnancy rates were observed to be
much higher in a subsequent analysis by Daitch et al.139 To investigate if varicocele repair
improved chance of success with intrauterine insemination, Daitch et al studied 58 couples
with varicocele-associated infertility, 34 who previously underwent inguinal or subinguinal
microsurgical repair and 24 who chose not to undergo repair. Pregnancy rates per cycle were
noted to be 6.3% in the untreated group compared to 11.8% in those who underwent surgical
repair (p=0.04). Odds of pregnancy were 4.4-fold higher in the surgically treated group
favoringggaricocelectomy as a strategy to improve chances of pregnancy with assisted
means.!

Several studies have examined effect of varicocele repair on various semen analysis
parameters in attempts to correlate varicocelectomy with improved fertility. Unfortunately,
these endpoint measurements are limited and more functional endpoint measurements are
difficult to assess. At least one small observational study examining infertile men with a
history of previous failed fertilization with I\VF indicates that varicocelectomy could
improve fertilization potential of sperm in a subsequent IVF cycle13! Another study by
Ashkenazi et al utilized patients who previously failed to achieve pregnancy following IVF/
ICSI, and attempted to attribute subsequent pregnancy success with IVF/ICSI following
varicocele repair to the corrective surgery itself 132 However, it is impossible to attribute this
success to the repair procedure and potential improved sperm quality without a more well-
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controlled study design. Additionally, other studies indicate varicocele repair has no impact
on rates of pregnancy following IVF/ICSI,133:134 though it may decrease their pursuit of
additional ART procedures.134 Whether this is attributed to improved fertility or simply due
to cost, ethical concerns related to ART, or other factors is unknown. Interestingly, there is
debate on whether varicocele is correlated with antisperm antibodies, and whether surgical
correction has an impact13°:136 that may influence subsequent ART treatment.

While some studies have indirectly attempted to answer this question by looking at
postoperative motile sperm counts'37:134 none have directly answered the question of
whether varicocele repair in men with NOA or SO allows for less subsequent need for ART
to be applied (e.g., what percentage of patients who do need IVF after repair would still be
able to avoid testicular biopsy or ICSI). This question is worth answering considering its
implications involve more than simply cost (chance of success, slight increase in risk of
birth defects). Further, more well-designed studies are warranted to investigate if surgery
and ART have an additive relationship.

Three cost analyses have been published that both favor varicocele repair as a more cost
effective strategy. Schlegel et al and Meng et al both reported decision analyses that favor
varicocele repair over ART.117:138 Schlegel estimated cost per live delivery after
varicocelectomy and after ICSI to be $26,268 and $89,091, respectively.11” However, a
subsequent analysis including only men with nonobstructive azoospermia who would
require microsurgical testicular sperm extraction (TESE) favored microTESE as the more
cost effective strategy to varicocelectomy in this subpopulation.3°

Conclusion and Upcoming Research Directions

Varicocele repair is a reasonable consideration as the primary treatment option when a
couple with documented infertility involves a male with a palpable varicocele and
suboptimal semen quality and female partner has a normal evaluation. Bilateral repair is
warranted when varicoceles are noted on both sides, regardless of grade. Persistent or
recurrent varicoceles may be treated by either surgical ligation or percutaneous
embolization. Comparative studies favor microsurgical approach as the technique with the
highest rates of success and lowest rates of complications. However, approach to varicocele
treatment should be based on the physician’s experience and the additional options
available. Assisted reproductive technologies may serve as a viable adjunct or alternative to
surgery to improve chances of pregnancy. Currently, two clinical trials investigating the
contemporary role of varicocele repair in the treatment of male infertility are registered with
ClinicalTrials.gov. A multicenter randomized study based in Mount Sinai Hospital, Canada
(NCT00961558) is evaluating the effect of surgical repair versus observation alone on
spontaneous pregnancy rates in infertile couples. Additionally, another multicenter
randomized study sponsored by The Reproductive Medicine Network (NCT00767338) is
evaluating the effect of microsurgical varicocelectomy versus intrauterine insemination on
live birth rates in couples affected by male infertility. With improvements in ART lab
technology, future research efforts are warranted to delineate the benefit of varicocele repair
in patients who will require subsequent IVF/ICSI.
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Flow chart showing progression of varicocele and spectrum of effects that contribute to

impaired fertility.
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Will et al.

Differences in postoperative semen analysis. (Modified from data in Agarwal et al, 2007).73

Technique Sperm concentration | Average motility
High ligation +12.03 x 106/mL +11.72%
Microsurgery | +9.71 x 106/mL +9.92%
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Table 3

Summary of postoperative measurements after varicocele repair. Data is limited to statistically significant
differences from randomized controlled trials

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Type of
Varicocele

Improvements in Semen Parameters

Improvements

Concentration

Motility

Morphology

in spontaneous
PR

Subclinical

Yamamoto108
Unal109

Grasso110

+

I+

Clinical
Nilsson111
Breznik112*
Madgar86
Nieschlag:'-l6
Krause113

I+ + 1

+ |

Not assessed
+
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*
Note: Study included subclinical and clinical varicoceles.



