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REVIEW

Surgical techniques for the management of male

infertility

Natalya A Lopushnyan and Thomas J Walsh

Evaluation and surgical treatment of male infertility has evolved and expanded, now leading to more precise diagnoses and tailored
treatments with diminished morbidity and greater success. Surgeries for male infertility are divided into four major categories: (i)
diagnostic surgery; (ii) surgery to improve sperm production; (iii) surgery to improve sperm delivery; and (iv) surgery to retrieve sperm for
use with in vitrofertilization and intracytoplasmic sperm injection (IVF-ICSI). While today we are more successful than ever in treating
male infertility, pregnancy is still not always achieved likely due to factors that remain poorly understood. Clinicians treating infertility
should advocate for couple-based therapy, and require that both partners have a thorough evaluation and an informed discussion before

undergoing specific surgical therapies.
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INTRODUCTION

Infertility is defined as inability to conceive after one year of
regular, unprotected intercourse and affects 15% of all couples."
In those couples, approximately half are due entirely to the female
factor, 20% due to the male factor and the remaining 30% invol-
ving a combination of both.>* Given these statistics, all infertile
couples require a thorough evaluation of both partners.

The causes of male infertility are widely varied, and are best
evaluated by an expert in male reproductive health. Some causes
of male infertility can be identified and reversed (or improved)
with specific surgery or medication, while other causes can be
identified but not reversed. The purpose of the male infertility
evaluation is to: (i) identify and correct the reversible causes of
male infertility with the goal of allowing a couple to conceive
through intercourse, or with the least amount of technology; (ii)
identify irreversible conditions that may be amenable to treatment
with assisted reproductive technology (ART) using the male part-
ners sperm; (iii) identify irreversible conditions in which the
man’s sperm are not available, in which case the couple may
consider donated sperm or adoption; (iv) identify medical dis-
eases that may be associated with infertility and require treatment;
and (v) identify specific genetic causes of infertility that may be
transmitted to and impact offspring.

Surgical management of male factor infertility has expanded in
the last 15 years. In the past, there were few options for infertile
men, not only due to the inability to treat infertility, but also
because the evaluation of infertile patients was not sophisticated
enough to distinguish the cause. Only a correct diagnosis of the
anatomical, genetic or endocrine abnormality causing male infer-
tility would lead to a successful treatment. With advances in both

diagnostic and surgical modalities, progress of microsurgical and
reproductive technology, and especially the introduction of intra-
cytoplasmic sperm injection (ICSI), this field has been revolutio-
nized. Today, men who could not initiate a pregnancy just a few
years ago are able to father their biological children. This article
will focus on the overview of the current surgical trends in treat-
ment of male infertility.

DIAGNOSTIC SURGERY

Historically, the absence or low number of sperm in the ejaculate
often precluded men from fathering their own genetic progeny
and relegated couples to the use of donor spermatozoa insemina-
tion or adoption or childlessness. With the development of ICSI in
the early 1990s, men with severe oligozoospermia or azoospermia
have been able to father children following the injection of a single
sperm into the cytoplasm of a single oocyte.”® In the years sub-
sequent to the development of ICSI, we have learned that sperm
retrieved directly from testicular tissue may also be used for
oocyte fertilization and provide normal embryo development.
Thus, in the evaluation of the azoospermic male, the key question
is whether spermatogenesis is occurring in the testes and to what
degree. Unfortunately, non-invasive testing has proven incapable
of predicting which azoospermic men will actually harbor sperm
within the testicle.””® Presently, the only reliable predictor of sper-
matogenesis is the histological or cytological identification of
mature spermatozoa within sampled testicular tissue.® In general,
testicular tissue may be sampled for diagnostic purposes via two
distinct methods: multi-site fine needle aspiration (or ‘testicular
mapping’) and open testicular biopsy.
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TESTICULAR BIOPSY

Indications

Frequently, obstructive and non-obstructive azoospermia may be dif-
ferentiated by patient history and physical examination.'"™'" When
non-obstructive azoospermia (NOA) is suspected or the clinical pic-
ture is unclear, a diagnostic biopsy or fine needle biopsy (FNA) is
generally warranted to determine the presence or probability of
retrieving mature sperm from the testes. Several histopathological
findings may be present, with each caring a unique probability of
retrievable spermatozoa (Table 1).'? In some circumstances, a testicu-
lar biopsy may be both diagnostic and therapeutic, whereby a biopsy
segment, if found to have mature spermatozoa, may be cryopreserved
for future use with ART.

Technique

Testicular biopsy may be done under general, spinal or local anesthe-
sia. The latter is generally sufficient with the performance of a sub-
stantial spermatic cord block. Once adequate anesthesia is obtained,
the scrotal skin is stretched over the testis and a small 1-2 cm trans-
verse incision is made through the skin. Then tunica vaginalis is
opened to expose the testis. The tunica albuguinea is incised 4-5
mm in the least vascular area. The seminiferous tubules are extruded
using gentle pressure, and a fine, sharp scissors are used to excise the
tubules. The tunica is then closed with fine absorbable suture. Notably,
spermatogenesis may not be equal between the testes or at all locations
in each testis; therefore, in some circumstances, this procedure may be
repeated at multiple different testicular sites.

TESTICULAR FNA MAPPING

Indications

Testicular FNA has been introduced as an alternative to the diagnostic
testicular biopsy. Testicular FNA has been first described nearly half a
century ago by Obrant and Persson in 1965, but the use of FNA to
‘map’ spermatozoa within the testes was first described by Turek et al.
in 1997.'* The procedure allows sampling of the tubules from various
portions of the testis in a minimally invasive fashion. Several reports
have shown that FNA provides tissue of the adequate quality and
shows a good correlation with samples obtained via biopsy."*™'® The
advantage of the FNA is the ability to sample several areas of the testes
to identify potential ‘pockets’ of sperm. Further, FNA does not require
incisions, has minimal morbidity'” and is the least invasive option for
the initial evaluation of azoospermic men.

Technique

FNA may be done under local anesthesia and generally requires less
than 1 h to complete a 24-site sampling template. After bilateral
spermatic cord blocks are applied, the testis is stabilized in a subcutan-
eous position using an elongated gauze wrap. The sampling template is
marked with ink and a 23G needle is passed through the stretched skin
into testes after the epidermis is injected with local anesthetic. A nega-
tive pressure of 10 ml is applied using a Cameco syringe adaptor to

Table 1 Testicular histology and success with surgical sperm
retrieval®3

Histology Successful sperm retrieval rate (%)
Hypospermatogenesis 79-98

Maturation arrest (early) 56

Maturation arrest (late) 94

Sertoli cell-only (pure) 5-24

Note: Adapted from Harris and Sandlow (133).
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acquire the specimen. Typically, 10-20 needle passes are required to
obtain an adequate specimen, which is immediately discharged to a
glass slide, crush, smeared and fixed in alcohol. Slides are then stained
and analyzed for evidence of mature sperm as well as the overall
histological pattern.

Although FNA is a less invasive technique, it does allow for sam-
pling of multiple sites of the testis and has been shown to have >90%
histopathological correlation with testicular biopsy.'®

SURGERY TO IMPROVE SPERM PRODUCTION

Varicocele is considered to be one of the most common correctable
cause of male infertility occurring in up to 40% of evaluated men'®
compared to 15% in the general population. The impact of varicocele
on testicular function is thought to be progressive in nature, with
semen parameters diminishing over time.'®*° The prevalence of vari-
cocele in men with secondary infertility is higher compared to those
evaluated for primary infertility.">**> Mechanisms by which varico-
celes affect spermatogenesis are not completely understood. The pre-
vailing theories relate to impairment of the normal function of the
venous (pampiniform) plexus that drains blood from the testicles.
Dysfunction of these veins result in gravitational pooling of venous
blood with concomitant loss of normal testicular temperature regu-
lation. This phenomenon may also result in an altered testicular
microenvironment. Several authors have reported the association
between varicocele with elevated levels of reactive oxygen species lead-
ing to an increased oxidative stress and alteration of the normal acid-
base balance.”>**

Improvement in sperm parameters

Semen parameters among infertile men with varicocele tend to
exhibit abnormalities in concentration, morphology and motility,
also known as a stress pattern. Most evidence supports that vari-
cocele treatment causes improvements in semen parameters across
variety of ages.”> The greatest improvement in semen quality
appears to be in motility and morphology;**>* however, most of
the studies do not compare varicocelectomy patients with matched
controls, comparing preoperative and postoperative sperm para-
meters of the same patients. Multiple reports have documented
improvement in sperm counts after varicocelectomy with more
benefit observed in men with sperm concentrations of >10 million
ml~'.%?% Men with decreased testicular size persistently showed
less of the improvement in sperm count,” ™ while higher grade
and larger size of the preoperative varicocele was associated with
greater improvement in semen quality.>*? Initial work by McClure
et al.”® suggested that men with subclinical varicoceles were unlikely
to demonstrate improved sperm count. This idea was confirmed by
Jarow et al,>® who reported that men with subclinical varicocele
were just as likely to have improved semen parameters as they were
to have worsened parameters after the surgery.

Aside from improvement in the sperm motility, morphology and
concentration, varicocelectomy has been shown to increase serum
testosterone >>7 levels in men in their fifth and sixth decades suggest-
ing potential benefit for treatment of hypogonadism for patients with
baseline testosterone less than 400 ng diI'! (13.9 nmol 1"1H).%®
Improvement in testosterone level was modest, with mean increase
of 110 ng dI™* (4.8 nmol 17!) postoperatively. Improvement in tes-
tosterone and decreased levels of follicle-stimulating hormone (FSH)
following microscopic varicocelectomy were also reported by other
authors.?® There is lack of literature, however, correlating FSH levels
after varicocelectomy with improved pregnancy rates.
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In management of adolescent varicocele, preservation of future
fertility is the goal of treatment. Given that 80% of the adult males
with varicocele are fertile, less aggressive approach in adolescents has
been advocated.*® Testicular growth retardation with volume discrep-
ancy of more than 20% compared to the contralateral testis is the most
common indication for treatment,*® with several authors reporting
catch-up growth after varicocelectomy.*"**

Effects on conception

Debate continues as to whether varicocelectomy improves fertility.
Conflicting opinions prompted a Cochrane systematic review by Evers
et al*® in 2008 and the meta-analysis by Marmar et al.*’ The former
review included eight randomized control trials of men with varicocele
from couples with subfertility, and reported pregnancy rates as the
outcome measure. Both clinical and subclinical varicoceles were
included, some of whom had normal semen parameters. The analysis
indicated no evidence of improved fertility and increased chances of
conception. A meta-analysis by Marmar ef al. included both RCTs and
observational studies and only considered publications which included
men with palpable varicoceles and at least one abnormal sperm para-
meter, thus more accurately reflecting the standard of care for infertile
men. Only ‘natural or spontaneous’ pregnancies were considered.
Based upon statistically significant improvements in pregnancy rate
after varicocele ligation, the authors concluded that varicocelectomy
was an effective treatment for couples with an infertile male with at
least one abnormal semen parameter and a palpable varicocele. Odds
of spontaneous pregnancy after varicocelectomy were reported at 2.63.

Data on pregnancy rates after varicocelectomy in men with azoos-
permia are controversial and mostly limited to the small case series. In
a recent meta-analysis, Weedin and colleagues*® have determined that
men with late maturation arrest and hypospermatogenesis had a better
probability of success. As the conclusion, authors have recommended
considering histopathological evaluation prior to varicocelectomy in
that group.

While most reports publish rates of spontaneous pregnancies, fewer
report the percentage of live birth following the varicocele repair. In
the article by Lukkarinen et al.,** 31% of couples undergoing varico-
celectomy for infertility were able to conceive, although only 26%
achieved life birth uncomplicated by spontaneous abortion.

Female age certainly should play a role in the decision to proceed
with varicocele repair. It has been reported that spontaneous preg-
nancy rates from women aged <35 were higher (35.7%) compared
with women age 35 years and older (23.6%).”° In couples with primary
and secondary infertility and a known varicocele, the most significant
factor was advanced female age in the latter.”® These reports are con-
sistent with current best practice guidelines®* which suggest that var-
icocelectomy should be offered to men who meet these criteria: (i) the
varicocele is palpable; (ii) the couple has documented infertility, in
which female factors are absent or correctable; and (iii) the man has
two or more abnormal semen analyses.

4345

Surgical technique

The goal of varicocele repair is to ligate or thrombose veins which are
contributing to the varices as well as others that have a potential to
cause varices in the future, while preserving adequate venous drainage,
arteries, vas and lymphatics. The surgical technique has evolved since
first described by Palomo in 1949.%* The original high retroperitoneal
technique required a transverse incision to be made at the level of the
internal inguinal ring and carried down through all the muscle layers.
The peritoneum was then reflected medially and the muscles retracted
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cephalad to expose internal spermatic vessels. The internal spermatic
vein was then ligated with permanent ties. This approach has been
associated with varicocele recurrence up to 15% in adults and up to
45% in children. One disadvantage of this approach is the potential
failure to ligate the cremasteric vessels, which could contribute to the
high recurrence rates.

Laparoscopic repair is similar to retroperitoneal with a different
surgical approach. The technique is not recommended for adults
due to the frequent testicular artery ligation; however, theoretically
testicular atrophy should not occur due to the collateral blood supply
to the testis through cremasteric and vasal arteries. Nonetheless, every
effort should be made to preserve all arterial sources of the testis.

Inguinal and subinguinal approaches are now the preferred tech-
niques for varicocele repair. In the inguinal approach, an incision just
above the external ring is carried down to the external oblique apo-
neurosis, which is incised. The illioinguinal nerve is identified then the
spermatic cord is isolated and elevated to the surface of the incision
with a Penrose drain. In the subinguinal approach, a transverse
incision is made just below the level of the external inguinal ring. It
is carried down through Scarpa’s fascia to where the cord emerges
from the external ring. The cord is identified, mobilized and brought
to the surface of the incision with Penrose drain. A surgical microscope
is utilized to identify, isolate and ligate individual varices (Figure 1).
The microsurgical repair has the advantage of providing clear visu-
alization of veins, arteries and lymphatics, thus significantly decreas-
ing complications such as hydrocele formation, varicocele recurrence
and testicular artery injury (Table 2). Testicular artery injury is rare
and is reported to occur in 1% of the cases of microsurgical varicocele
repair, with testicular atrophy being even more rare, affecting approxi-
mately 5% of the men with ligated testicular artery.”*

Percutaneous embolization offers a minimally invasive approach
and includes the traditional retrograde technique and the more
recently described antegrade embolization.’>*® Complications in-
clude thrombophlebitis, epididymo-orchitis, arterial puncture, infec-
tions, varicocele persistence and contrast reaction, and are lower for

Figure 1 Subinguinal, microscopic approach to varicocele ligation.



Table 2 Hydrocele formation and varicocele recurrence rate for various varicocelectomy techniques®3
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Technique Artery preserved Hydrocele formation % (range) Recurrence % (range)
Retroperitoneal No 7.58 (4.9-9.0) 12.5(7.3-15.5)
Conventional inguinal No 7.47 (4.3-17.5) 15.6 (3.6-17.5)
Laparoscopic Yes 7.6(1.7-12.7) 11.1(4.0-26)
Radiographic Yes 0 4.3(1.9-9.3)
Microsurgical subinguinal Yes 0.72(0.3-1.6) 2.1(1.4-14.8)
Microsurgical inguinal Yes 0.29 (0.0-0.7) 9.47 (0.7-15.2)

the antegrade approach.””’ > Percutaneous approach is most useful in
recurrent varices; when the anatomy needs to be delineated radio-
graphically, however, it is highly operator-dependent. The imaging
modality used in percutaneous embolization may eliminate the need
for difficult surgical dissection in the previously operated field and
allows for identification of persistently patent refluxing veins. Using
newer described techniques and sclerosing foams, the contact between
the vessel wall and the sclerosing agent is increased, diminishing the
washout by blood within the vessel.*’

SURGERY TO IMPROVE SPERM DELIVERY

Despite the intention of vasectomy to be permanent, approximately
6% men will desire to have it reversed.®’ For a man who desires
restoration of the fertility after vasectomy, there are two options for
having a biologic child: vasectomy reversal or sperm extraction with in
vitro fertilization and ICSI (IVE-ICSI). The choice of whether to pro-
ceed with surgical repair or testicular sperm extraction and IVF-ICSI
should be made carefully by both the treating physician and the cou-
ple, and is influenced by multiple factors such as interval since vas-
ectomy, female factors and cost.?

Female age has been determined to be an independent predictor for
the pregnancy rate following vasectomy reversal, with women aged 40
years and older having lower rate of pregnancy.®®* Cost effectiveness
plays an important role in couple decision making given that vas-
ectomy reversal and ART are often not covered by the insurance com-
panies. In the report by Hsieh,®” authors showed that female age had a
greater effect on cost than obstructive interval. However, in the United
States context, ifa couple is willing to reach a threshold cost of $65 000,
the use of ART may be more effective in achieving pregnancy more
quickly. Techniques for sperm retrieval are discussed in subsequent
sections.

Factors predicting success

Despite the frequency with which vasectomy reversal is performed, it
continues to be a highly technical procedure. Since first described by
Silber,* microscopic vasal anastomosis has become preferred tech-
nique to achieve a high rate of success. Aside from the technical skills of
the surgeon, the interval since vasectomy is a key factor in the success
of vasectomy reversal. A decline in the success of vasectomy reversal
appears to occur around 10 years from the time of vasectomy®”® and
likely is related to the increased need for vasoepididymostomy (VE)
due to secondary epididymal obstruction.”* A previous failed vas-
ectomy reversal is not a contraindication to the vasovasostomy (VV)
or VE, as patency can still be achieved in up to 79%.”° The absence of
prior fertility in patients desiring vasectomy reversal is not frequent,
but when encountered should raise a question of an abnormal sper-
matogenesis and further endocrine evaluation.

Vasovasostomy (VV)
VV is the surgical anastomosis of testicular and abdominal ends of the
severed vas. Microsurgical repair, although requiring specific surgical

skills, provides significant improvements in patency and pregnancy
rates compared to macroscopic anastomosis.”"” A recent comparison
of one layer microscopic vs. loupe-assisted VV found the former to
significantly superior with 96% vs. 72% relative patency.”> Pregnancy
rate has been reported to vary depending on the interval since vas-
ectomy with 76% if the interval was less than 3 years and decreasing to
30% for 15 years or longer.*® Mean interval to pregnancy following VV
has been reported to be 17 months with 53% pregnancy rate.”* A
variation of microsurgical instruments may be used depending on
the surgeon’s preference. Anastomosis is performed either in a
multi-layer or a modified one-layer fashion with virtually equal
patency results (Figure 2).”>’® During vasal isolation, an adequate
length of vas on both sides is required for a tension-free anastomosis.
Surrounding adventitia should be preserved to minimize ischemia and
subsequent occlusion. Precise approximation of the lumens is required
to achieve the best patency results and minimize sperm leak and gran-
uloma formation. Suturing is generally performed with a double-arm
10-0 for luminal stitches and 9-0 nylon for the seromuscular layer.
The vasectomy site is identified and vas is dissected both proximal
and distal. A healthy area of the vas is transected with the use of
microscope and the fluid from the testicular end of the vas is examined
for the presence of sperm. Intraoperative examination of the vasal fluid
should be considered routine as fluid contents should guide intra-
operative management. If sperm is absent or fluid is thick and pasty,
secondary epididymal obstruction should be suspected and VE should
be considered. This technique is discussed below. Given the highly
technical nature of VE, if there is preoperative concern for epididymal
obstruction, then specialty referral or preoperative counseling related
to sperm retrieval and IVE-ICSI should be considered. If sperm is not
present in vasal fluid, testis biopsy can be performed for the purpose of
sperm retrieval and confirmation of spermatogenesis. Patency and
pregnancy rates vary with the quality of sperm observed in the fluid
from the transected testicular portion of the vas with >90% of men
having return of sperm in the ejaculate if sperm was present in the vasal
fluid on microscopic intraoperative examination.®®”” In a modified
one-layer VV, a 9-0 suture is used for the full thickness anastomosis
of the vasal wall and then adventitia is approximated. Various tech-
niques may be used to increase luminal visualization and precision of
suture placement, including the application of blue dye, viscoelastic gel
and microdots.”®”° After vasectomy reversal, patient is advised to

Figure 2 (a) Two-layer vasovasostomy and (b) modified one-layer vasovasostomy.
(c) 10-0 nylon luminal stiches are placed in a two-layer vasovasostomy.
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abstain from sexual activity for 2 weeks. He should return for a semen
analysis at 6 weeks and then every 3 months for 1 year.

Vasoepididymostomy (VE)

VE was first described by Edward Martin and colleagues in 1902 with
side-to-side anastomosis of the vas to the open epididymal tubule.*’
This method and its modifications remained a gold standard of VE
until Silber®' described a microsurgical anastomosis of the end of the
vasal lumen to the transversely cut epididymal tubule. VE was further
revolutionized by Berger®” in 1998 with the intussuscepted VE.

A VE is usually performed based on the intraoperative findings and
microscopic examination of fluid that emerges from the testicular vas.
Prior to the surgery, a need for VE may be anticipated based on prior
history of failed VV, the interval since the vasectomy and the apparent
site of vasectomy. As reported by Thomas,* longer interval since
vasectomy lead to a higher rate of VE with no VEs performed if vas-
ectomy interval was less than 3 years and 43% of patients requiring VE
after 14 years. Given that some surgeons only offer VV to their patients
due to the technical difficulty of the VE, suspicion of the need for VE
based upon preoperative clinical characteristics should prompt a
referral to an experienced VE surgeon or even an IVF specialist given
the availability and patient preference.

Technique. Once the decision to proceed with a VE is made, the epi-
didymis is examined under the microscope to identify the point of
obstruction. Using the highest level of optical magnification, two or
three 10-0 sutures are preplaced in a protuberant epididymal tubule
that is inspissated with sperm. The tubule is incised or punctured and
the fluid is examined for motile sperm. If no sperm is present, a
different and often more proximal tubule is identified and the process
repeated. Once a healthy and full epididymal tubule is identified, the
transected vas is anchored to the tunica of the epididymis and the
preplaced epididymal sutures are brought through the mucosal layer
of the vas to create an intussuscepted anastomosis. 9-0 nylon sutures
are used to secure the epididymal tunic to the seromuscular vas.
Patency rates for VE are reported to be 48%—63% with pregnancy rates
of 21%—45% with mean interval to pregnancy of 16 months;’* how-
ever, a great variation exist depending on the surgeon.®*~%

Robotic assisted vasectomy reversal

Most recently, the advances in technology such as DaVinci robotic
platform have entered the field of infertility management. First
described in animal studies,®” VV and VE have now been performed
in humans with promising results. Although data on overall benefit are
limited, robotic assistance may offer increased precision and decreased
operative time.%®

Ejaculatory duct obstruction
Approximately 1%—5% of male infertility is associated with ejaculatory
duct obstruction (EDO).* The causes are varied and are generally
divided into acquired (seminal vesicle calculi, inflammatory or post-
surgical changes) or congenital (atresia of the ducts, utricular or diver-
ticular cysts). The defining feature of infertile men with EDO is low
ejaculate volume (<<1.5 ml). Other characteristics may include low pH
(<7.2) and the absence of fructose in seminal fluid. In men with partial
EDO, significant decrease in sperm motility and oligozoospermia may
be present along with normal testicular exam and hormone profile.
Historically, vasography was used for diagnosis of the EDO.* Due
to the potential risks of vasal injury and occlusion and relatively
invasive nature of the vasography, it has been largely replaced by
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transrectal ultrasound as a standard diagnostic modality. Findings
consistent with diagnosis of EDO are dilated seminal vesicles
(>1.5 cm) or dilated ejaculatory ducts (>2.3 mm).>>!

Transurethral resection of ejaculatory ducts is the primary treat-
ment for the EDO. First described by Farley and Barnes,” it is a time-
proven method which is usually done in an outpatient setting. A 24Fr
resectoscope is used to resect the verumontanum with one or two cuts,
or until the efflux of the copious cloudy fluid is noted from the
unobstructed ejaculatory ducts. The use of concomitant transrectal
ultrasound and chromotubation of the seminal vesicles can aid the
resection. During chromotubation, 5 ml of indigo carmine or methyl-
ene blue diluted with normal saline 1:5 are injected in an antegrade
fashion transrectally into each seminal vesicle.”” During cystoscopy,
the absence of dye emission at the verumontanum is consistent with
EDO. Electrocautery is used judiciously to prevent scarring of the
opened ducts. Reported improvement in semen after ejaculatory duct
resection varies and may be better in men with partial obstruction,
94% vs. 59%.”*

Complications rates have been reported to vary from 0% to 20% of
the cases and include reflux of urine into the ejaculatory ducts, seminal
vesicles and vas deferens, acute or chronic epididymitis, bleeding,
recurrent stenosis, hematuria, retrograde ejaculation and bladder neck
injury.>%

SURGERY TO RETRIEVE SPERM

Azoospermia is defined as the absence of spermatozoa in at least two
centrifuged samples of ejaculate. It is observed in 1% of general popu-
lation and about 10% of infertile men.”®® Patients with azoospermia
have either obstructive (OA) or non-obstructive (NOA) pathology.
While OA stems from the obstruction of the genital ducts, the lack of
sperm in the NOA is due to testicular failure and affects 60% of the
azoospermic men.'® In most cases, clinical and endocrine parameters
do not definitively distinguish NOA from OA, making histopathology
a requirement (see the section on ‘Diagnostic surgery’).'”" There are,
however, more obvious cases where diagnostic surgery can be avoided.
Schoor et al.'®! proposed examining testicular axis and FSH levels. In
their report, 96% of men with OA had FSH level 7.6 mIU ml ™" or less
or long testicular axis 4.6 cm or greater and 89% of men with NOA had
FSH greater than 7.6 mIU ml ™" and axis less than 4.6 cm. Even though
there is still a large overlap between two groups, frequently requiring
tissue diagnosis.

Since the introduction of ICSI in 1992, the number of sperm
required to achieve in vitro fertilization has decreased from thousands
to theoretically just one. Further, the technique has allowed fertiliza-
tion of an egg using sperm with limited intrinsic fertilizing capacity.
The technique for sperm retrieval for IVF-ICSI depends mostly on the
clinical picture of the patient and should be tailored accordingly.
Ultimately, ideal surgical technique for sperm retrieval would retrieve
a sufficient number of spermatozoa to fertilize all the available oocytes,
with minimal trauma to the testes, and could be repeated multiple
times in cases of unsuccessful ART cycle.

Testicular sperm aspiration (TESA)

For men in whom spermatogenesis is thought to be unaffected or at
least present, TESA may be performed, usually with only local anesthe-
sia. Depending upon the clinical circumstances and the consistency of
the testicular tissue, the sperm amount may or may not be adequate for
cryopreservation, but is generally sufficient for the fresh cycle of IVF-
ICSI. Belker et al.'® have described an effective method of sperm
aspiration in men with both types of azoospermia. A 1.5-inch,



20-gauge needle attached to a 20 ml syringe is used. Once testis is
prepared and appropriate anesthesia, usually a cord block, is performed,
the testis is punctured and negative pressure is exerted on the syringe
primed with nutrient medium. The needle is moved back and forth four
to five times in different directions without removing it from the site of
puncture. The negative pressure is then reduced over 30-60 s and the
needle is withdrawn. Any tubules protruding from the puncture site are
transferred to a small plate or tube with a sperm nutrient medium. The
needle is flushed with air also into a tube with the nutrient medium. A
modification of this technique utilizes a 16-gauge angiocatheter rather
than a needle for seminiferous tubule extraction. Via this modality, a
larger volume of testicular tissue can be extracted via a single puncture
with theoretically less risk of vascular injury.

Authors of the original technique have performed TESA on men
with both OA and NOA achieving significantly better sperm retrieval
results in men with OA, 100% vs. 27%, respectively. It has been since
shown to be more successful in patients with NOA, especially if
repeated attempts for sperm aspiration are made, showing a cumulat-
ing rate of sperm retrieval of 67% after 1—4 attempts.'*® Not surpris-
ingly, the best predictor of sperm retrieval was prior sperm retrieval,
with only 11% of patients with prior negative result having a successful
procedure.

Testicular sperm extraction (TESE)
Originally, TESE was introduced an alternative to epididymal sperm in
men with OA for the purpose of IVF without a possibility for surgical
repair.'® TESE differs from TESA in that it requires an incision to
reach the testicular tissue. Many consider TESE to be a general term
that encompasses all forms of testicular sperm retrieval of which TESA
and MicroTESE (below) are subtypes. Successful TESE, like TESA, has
been reported in men with NOA.'%>'% Today, it is the most frequently
used technique for sperm extraction in NOA men with a mean sperm
recovery rate of 49.5%.'” TESE with multiple biopsies was proposed
as a way to enhance a sperm retrieval rate of a single biopsy, given that
only sparse areas of spermatogenesis are present in patients with
NOA.'*®

Although TESE is able to offer a larger area of sampling, it has been
reported to cause a decrease in seminiferous tubular volume and have
at least a transient effect on the spermatogenesis.'”” Repeat TESE has
been found to be progressively more difficult with the requirement for
more biopsy sites to achieve adequate sperm retrieval.''’ Given these
issues, some authors recommending at least 6-month period between
repeat procedures.' !

Technique. The procedure itself is fairly straightforward and the
objective is to take multiple mini-biopsy specimens from the testis.
Once hemiscrotum is opened and the testis is brought to the surface of
the incision, the initial incision is made horizontally in the tunica
albuguinea in order to avoid major blood vessels. Expressed tissue is
excised sharply and placed in the sperm nutrient medium. Process is
repeated several more times in other areas of the testis with every
biopsy being about 50 mg in weight. Incision sites are closed with
absorbable or permanent suture.

MicroTESE

First described by Schlegel and Li''* in 1998, microdissection TESE
(microTESE) has become one approach for sperm extraction in men
with NOA. In comparison with conventional TESE, microTESE has a
significant learning curve, and requires proficiency in microsurgical
techniques and a longer operative time. The technique relies upon the
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magnifying ability of a surgical microscope to allow identification of
the individual seminiferous tubules that are engorged with sperm. The
primary advantage of microTESE is the ability to examine and sample
both testes in their entirety for the presence of sperm. As such, this
technique appears to offer the most comprehensive search for sperm
in the testis of men with NOA.''? Although there is a very low rate of
complications with microTESE, the technique does require complete
delivery of the testicles into the wound and bivalving of the testes to
expose the seminiferous tubules. Thus, this technique is undoubtedly
more invasive than others.

Since the introduction of the microTESE, several reports have
described improved sperm recovery rate."'*™''® Most of the reports
did not, however, have matched groups of conventional TESE and
microdissection patients. Histopathology also seems to influence
sperm retrieval in microTESE compared to other techniques, with
some authors reporting improvements only in Sertoli cell-only syn-
drome, Kleinfelter’s syndrome, hypospermatogenesis and small tes-
ticular volume.'"*''”!8 Successful microTESE as a salvage procedure
in cases of failed TESE has been reported.''*~'*" This more laborious
procedure carries a longer operating time of 147 min vs. 68 min,'**
with the highest chance of sperm retrieval being in the first 2 h.'** The
same study, however, noted that even microTESE lasting in excess of
4 h was not futile, with sperm being found in 37% of the patients.

Technique. Using an operating microscope with X20-X40 mag-
nification, an equatorial incision is made at midtestis. Large vessels
are carefully avoided. Once the seminiferous tubules are exposed, a
systematic search is performed with the use of microscope. Larger
tubules thought to contain sperm are isolated and placed into the
nutrient medium, morselated and examined by and experienced
embryologist or andrologist. The incision in tunica albuguinea is then
closed with running prolene suture.

Percutaneous epididymal sperm aspiration (PESA)

Percutaneous epididymal sperm aspiration for intracytoplasmic
sperm injection was described in 1994 by Craft and colleagues.'** It
offers a relatively quick, minimally invasive and inexpensive method
for sperm retrieval. Originally described in patients with OA,"*’ it
remains the first choice in that group due its minimally invasive
nature. Epididymal sperm offers the advantage of great maturity
and motility relative to testicular sperm; a distinct advantage with
regard to pregnancy outcomes has not been realized.'* The criticism
of the method is that occasionally insufficient quantity of sperm is
obtained. Those men are likely better managed with testicular sperm
aspiration/extraction or with an open epididymal approach.
Comparison between IVF-ICSI using sperm retrieved from the epi-
didymis vs. testis has not shown significantly different fertilization or
embyo transfer rates.'*’”

Technique. The technique is similar to that of TESA. Once the testis is
prepped and adequate anesthesia is obtained, the epididymis to be aspi-
rated is held in the non-dominant hand. A 10-ml syringe with 23-gauge
needle primed with nutrient medium is inserted into the epididymis and
5 ml of negative pressure is applied. The needle should be moved back
and forth inside the epididymis. Once fluid is seen just above the needle
hub, it is expelled into the tube with sperm nutrient medium.

Microscopic epididymal sperm aspiration (MESA)
Similar to microTESE, MESA requires an operating microscope and
proficiency in micro surgical skills. It is appropriate for men who have
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an epididymal or vasal obstruction'?® and is ideal for men with unrec-
onstructable causes of OA such as congenital bilateral absence of vas
deference.'” MESA could also be recommended in the setting of
multiple prior surgeries and extensive scarring. Even if the scarring
is significant enough to obliterate the entire epididymis, sperm can still
be aspirated using the same technique from the ductules between the
testes and the caput epididymis. It allows identification of individual
tubules and repeated, minimally traumatic aspiration of large number
of spermatozoa with higher pregnancy and delivery rates compared
to the sperm retrieved from testes. > Relative to PESA, MESA offers
the advantage of controlled exposure of the epididymal tubule with the
ability to extract far greater quantities of motile sperm. Further, the
epididymal tunica may be closed surgically to prevent ongoing sperm
leakage once sperm is retrieved.

Technique. After prepping the testis and exposing the epididymis, the
microscope is brought in and point with dilated tubules is identified.
The epididymal tunic is exposed and a microknife or scissor is used to
open aloop of the epididymal tubule. A 24-gauge angiocatheter is used
to aspirate the fluid. Alternatively, a micropuncture can be done to
aspirate the sperm. The puncture sites may be cauterized or closed.
This technique generally allows retrieval of the sufficient amount of
sperm for both cryopreservation and immediate use due to the con-
centrated nature of the epididymal fluid (~1 million sperm pl™")

A COUPLE-BASED APPROACH TO THE SURGICAL TREATMENT
OF MALE INFERTILITY
Infertility is common with up to 15% of couples seeking intervention
in the form of evaluation, medical therapy, surgery or the use of ART.
Further, the incidence is expected to rise as more couples continue to
wait until later in life to family plan. The advances of surgical and ARTs
now offer more and improved options for infertile couples. Infertility
treatments can be expensive, time-consuming and frequently are emo-
tionally and physically taxing. Fortunately, infertility is rarely a life-
threatening disorder, and therefore, therapy can often be focused on
the needs and desires of the patient (or couple), rather than on the
threat of the disease. This ‘patient-based’ or ‘couple-based’ approach
isin contrast to ‘disease-based’ therapies that are most commonly seen
in oncological, cardiovascular, infectious and neurological disease.
The couple-based treatment approach requires a thorough evalu-
ation of both partners in order to gain a complete understanding of the
couple’s fertility potential. During evaluation, factors to be assessed
should focus on current fertility potential, possible reversible factors in
both partners, financial and insurance circumstances, and the avail-
ability of the treatments. Through this complete assessment and with
the counseling of a reproductive expert, the treatment of each couple
can be tailored appropriately. Several examples of how couple-based
therapy is applied with respect to surgery for male infertility are noted
below.

Diagnostic surgery and surgical sperm retrieval example

For many men, the retrieval of sperm from the testicle in the case of
azoospermia will not be paid for by medical insurance. However,
testicular biopsy to determine the potential etiology of azoospermia
is often covered. As a result, many men may elect a bilateral testicular
FNA to provide a sensitive appraisal of sperm production within the
testicles before embarking upon a costly and often uncertain cycle of
IVF-ICSI and sperm retrieval. This approach offers the benefit of a
minimally invasive procedure that can significantly refine the odds of
successful sperm retrieval. Further, based upon the findings from an
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FNA, the most appropriate and least invasive approach to sperm
retrieval can be selected. In distinction to this, if cost or insurance
are not barriers to care, a couple may wish to bypass such diagnostic
procedures, and move straight the most definitive form of sperm
retrieval, microTESE. Further, since microTESE is considered by most
to offer the greatest chance of successful sperm retrieval regardless of
etiology, some couples may select this option even if the odds of
success are low.

Surgery to improve production example

Varicocele therapy remains a classic example of a correctable male
factor that must account for the reproductive health and age or the
female partner before a therapeutic plan can be implemented. Studies
have suggested that when female age is controlled for, varicocele treat-
ment is a cost effect approach to infertility therapy. Thus, in the setting
of a young woman without evidence of female factors, the decision for
aman to have a varicocelectomy may be clear. However, in the setting
of limited female reproductive time, the best approach may be to
proceed directly to IVFE. Recent data have complicated this scenario
by suggesting that among couples in whom the male partner has a
varicocele, who ultimately undergo IVF, live birth rates are higher
when the varicocele is treated. Thus, it seems that a new indication
for varicocelectomy may be previously failed IVF.

Surgery to improve sperm delivery example

It is indisputable that among certain couples, reversal of vasectomy is
the most cost-effective and appropriate approach to infertility treat-
ment.'*! However, in most every situation, evaluation of the female
partner is critical to the reproductive success of the couple. If female
reproductive time is compromised, and the use of ART is imminent,
the couple should be provided the option of surgical sperm retrieval.
Decreased female reproductive time also has implications in cases
where VE is more likely. In these cases, men should be offered sperm
retrieval and cryopreservation (from the epididymis or testis) at the
time of vas reversal given that overall patency is lower, and time to
patency is longer in such cases.'*

CONCLUSIONS

Surgical treatment of male infertility is a constantly evolving field.
Expanding diagnostic modalities, tailored treatments and improved
microsurgical techniques now lead to higher patency and pregnancy
rates while diminishing morbidity. The couple-based treatment
approach to infertility emphasizes a thorough evaluation of both part-
ners focusing on couple’s fertility potential. It allows for tailored treat-
ment for each couple taking into account not only medical, but also
personal and financial issues and availability of treatments. While
today the field of infertility treatment is more successful than ever,
pregnancy is still not always achieved, possibly due to the factors that
not yet known or understood.
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