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REVIEW

Microsurgical epididymal sperm aspiration: indications,

techniques and outcomes

Aaron M Bernie!, Ranjith Ramasamyl, Doron S Stember” and Peter J Stahl’

Microsurgical epididymal sperm aspiration (MESA) refers to retrieval of sperm-containing fluid from optimal areas of the epididymis
that are selected and sampled using high-power optical magnification provided by an operating microscope. Retrieved sperm are
subsequently used for intracytoplasmic sperm injection (ICSI) to induce fertilization and pregnancy. MESA is considered by many
experts to be the gold standard technique for sperm retrieval in men with obstructive azoospermia given its high yield of quality sperm,
excellent reported fertilization and pregnancy rates, and low risk of complications. However, MESA must be performed in an operating
room, requires microsurgical skills and is only useful for reproduction using ICSI. Herein we present an overview of the evaluation of
candidate patients for MESA, the technical performance of the procedure and the outcomes that have been reported.
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INTRODUCTION

Technical refinements in sperm retrieval methods and the application
of intracytoplasmic sperm injection (ICSI) have enabled biological
paternity in azoospermic men who were considered untreatable 20
years ago. Achievement of optimal reproductive outcomes in such
patients depends upon selection of the optimal sperm acquisition
procedure for each individual patient, and upon the proper technical
performance of the selected procedure. For men with obstructive
azoospermia (OA), microsurgical epididymal sperm aspiration
(MESA) is considered by most andrologists to be the gold standard
procedure for sperm acquisition. During MESA, sperm-containing
epididymal fluid is aspirated from optimal areas of the epididymis
that are selected and sampled using high-power optical magnification
provided by an operating microscope. Herein we review the evaluation
of candidate patients for MESA, important technical points for per-
formance of the procedure and the outcomes of MESA that have been
reported.

CLINICAL EVALUATION OF CANDIDATES FOR MESA
The clinical evaluation of azoospermic men who are candidates for
MESA should focus upon assessing the couple’s reproductive goals,
confirming that the azoospermia is obstructive in etiology, and iden-
tifying medically important or genetically transmissible disease (cystic
fibrosis). MESA is not indicated in cases of non-obstructive azoosper-
mia (NOA). Sperm are unlikely to be found in the epididymis when
sperm production is severely impaired, and puncture of a non-dilated
epididymal tubule is extremely technically challenging and unlikely to
be successful.

The reproductive goals of the couple play an important role in
selection of the optimal surgical treatment for azoospermia and

should be specifically discussed. Each couple should be asked about
their feelings and beliefs about the use of assisted reproduction.
Patients with objections to assisted reproduction may be better served
by microsurgical reconstruction to bypass obstruction (when clin-
ically appropriate) than by surgical sperm retrieval for ICSI. The num-
ber of desired children is another important point for discussion, as
the various options for sperm acquisition vary significantly in the
quantity of sperm retrieved and the likelihood of retrieving enough
sperm for cryopreservation and repeated cycles of assisted reproduc-
tion. In general, percutaneous sperm retrieval procedures usually do
not yield enough sperm for multiple cycles.

The history is important for identification of factors that may pre-
dispose to OA and NOA.' Patients should be specifically asked about
risk factors for NOA including delayed or incomplete pubertal
development, history of cryptorchidism and prior gonadotoxin expo-
sures (such as chemotherapy or radiation for cancer treatment).
Inquiry should also be specifically directed at identification of risk
factors for OA including prior vasectomy, prior inguinal or scrotal
surgery and history of epididymitis or sexually transmitted infections.
The patient’s prior reproductive history is critical, with a prior history
of biological paternity being strongly suggestive of OA (unless expo-
sures that threaten fertility occurred subsequent to prior reproduc-
tion). Patients should also be asked about chronic brochopulmonary
infections or gastrointestinal disorders, which may be associated with
congenital bilateral absence of the vasa deferentia (CBAVD), a com-
mon cause of OA."

Physical examination should focus upon determination of the
volume, consistency and presence of each testis, epididymis and vas
deferens. Small soft testes suggest impaired sperm production, while
indurated epididymities or absence of palpable vasa deferentia with
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normal volume testes suggest obstruction.” Digital rectal examination
of the prostate should be performed to assess for seminal vesicle dila-
tion and palpable midline prostate abnormalities, which suggest ejacu-
latory duct obstruction.

Semen analysis is critical for confirmation of azoospermia by the
absence of any sperm in the pellet derived from semen centrifugation.
Occasionally rare sperm may be found in the ejaculate that may be
used for ICSI and obviate the need for retrieval. Moreover, the gross
semen characteristics provide important clues about the nature of
azoospermia. The seminal vesicles produce alkaline, fructose-positive
fluid that comprises the majority (50%-80%) of the ejaculate volume.
Therefore, low volume (<1.5 ml), acidic (pH<7.0), fructose-negative
azoospermia suggests absence of the seminal vesicle contribution to
the ejaculate. This finding implies either obstruction of the ejaculatory
ducts or malformation of the seminal vesicles, which is often asso-
ciated with CBAVD. In contrast, normal volume, normal pH, fructose-
positive azoospermia suggests either epididymal or vasal obstruction or
NOA.?

Laboratory testing should include serum tests for testosterone (T)
and follicle-stimulating hormone (FSH).* Normal serum hormone
levels suggest OA, particularly in the setting of normal testicular
volumes. Although individual laboratory normal ranges are highly
variable, young healthy males with normal sperm production should
have a serum FSH less than 7.6 TU 17" and an early morning serum
total T greater than 300 ng dl™'. The value in routinely obtaining
serum T and FSH levels in all azoospermic patients considering a
sperm acquisition procedure, even when there is an obvious cause
for obstruction, was nicely delineated by Meng et al.”> This group
evaluated sperm production in 33 men with CBAVD (who would
usually be assumed to have OA) and found that 4/33 (12%) patients
had cytological or histological evidence of impaired spermatogenesis.
The patients with normal sperm production had larger testicular
volumes and statistically lower serum FSH levels compared to those
men with abnormal spermatogenesis (mean FSH 4.9 vs. 9.3 IU 17,
respectively; P=0.012).

Patients with CBAVD on physical examination or unexplained OA
with low semen volume should be tested for abnormalities of the cystic
fibrosis transmembrane conductance regulator gene, which encodes a
transmembrane chloride channel that plays a critical role in the
embryological development of the seminal vesicles, vasa deferentia
and epididymis. Fifty to eighty-two percent of such men have detect-
able mutations in one or both cystic fibrosis transmembrane conduc-
tance regulator alleles.® Testing of the female partner is also crucial,
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even when the male tests negative, because most clinically available
screening panels test for only 30-50 of the roughly 1900 mutations that
have been described. Cystic fibrosis transmembrane conductance
regulator testing is critical in appropriately selected azoospermic
patients for preconception genetic counseling, as these couples are
at risk of having offspring that may have overt cystic fibrosis or infer-
tility.

SELECTION OF THE OPTIMAL SPERM RETRIEVAL
PROCEDURE: MESA AND ALTERNATIVES

OA is characterized by diffuse distribution of normal or near-normal
sperm production throughout the testes. Millions of sperm accu-
mulate in the dilated portions of the vas deferens and epididymis on
the testicular side of the anatomic point of obstruction. In most cases,
motile sperm may be found in the proximal portions of the epididymis
and even in the testes of men with OA.” Given the wide distribution of
sperm throughout the testes and epididymities in men with OA, sperm
retrieval is possible in most cases using any percutaneous or surgical
technique. However, each sperm acquisition procedure is associated
with different anesthetic requirements, safety profiles, required sur-
gical skills and sperm yields. MESA, percutaneous epididymal sperm
aspiration, fine and large needle aspiration of sperm from the testes,
conventional testicular sperm extraction and microdissection testicu-
lar sperm extraction have all been successfully utilized in patients with
OA. The performance characteristics of each sperm acquisition pro-
cedure are presented in Table 1.>2° MESA is the gold standard
approach because it yields millions of high-quality, motile sperm with
minimal specimen contamination with red blood cells.'*

There is controversy about whether or not the anatomic source of
sperm used for ICSI cycles impacts reproductive outcomes. A 2004
meta-analysis did not find any differences in fertilization rates, clinical
pregnancy rates or live births rates when comparing outcomes of ICSI
cycles using epididymal and testicular sperm.*! Moreover, a 2008
Cochrane review failed to identify significant differences in ICSI out-
comes when comparing testicular and epididymal sperm, and the authors
concluded that it was not possible to recommend one method of sperm
acquisition over any other for azoospermic men. It is important to note,
however, that the Cochrane recommendations were based predomi-
nantly on two small trials that showed no differences in assisted
reproduction outcomes (one study compared MESA to percutaneous
epididymal sperm aspiration and the other compared testicular sperm
aspiration both with and without ultrasound guidance).””

Table 1 Performance characteristics of sperm acquisition procedures for men with obstructive azoospermia®2°

Procedure Anesthetic Sperm retrieval rate  Yield

MESA General (preferred), regional ~ 95%-100% Average of 15-95x 10° total sperm with 15%-42% total motility, cryopreservation
possible in 98%—-100% of cases with an average of 5.3-7.6 vials per patient

PESA Local 80%-100% Thousands to millions of sperm with variable motility (poorly reported in most
studies), cryopreservation possible in 43%-96% of cases

Testicular fine needle aspiration Local 52%-100% Hundreds of thousands to millions of sperm with variable motility (poorly reported
in most studies), cryopreservation possible in 38% of cases in one study

Testicular large needle aspiration Local 98%-100% Hundreds of thousands to millions of sperm with variable motility (poorly reported
in most studies), cryopreservation possible in 100% of cases in one study

Testicular core needle biopsy Local 82%-100% Hundreds of thousands to millions of sperm with variable motility (poorly reported
in most studies), often sufficient for cryopreservation (poorly reported)

TESE General, regional, local 100% Hundreds of thousands to millions of sperm in most cases (poorly reported in most
studies), usually sufficient for cryopreservation (poorly reported)

Microdissection TESE General (preferred), regional ~ 100% Hundreds of thousands to millions of sperm in most cases (poorly reported in most

studies), usually sufficient for cryopreservation (poorly reported)

Abbreviations: MESA, microsurgical epididymal sperm aspiration; PESA, percutaneous epididymal sperm aspiration; TESE, testicular sperm extraction.
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However, there are retrospective and single-center studies that have
suggested that ICSI outcomes may be better using epididymal sperm.
One study of 368 ICSI cycles in 171 men with OA showed a signifi-
cantly higher rate of pregnancy loss when testicular sperm were used,
suggesting that it may be preferential to use epididymal sperm for
assisted reproduction in men with OA.>> Moreover, one single-center
study reported a 100% per couple live delivery rate in patients with
OA due to CBAVD who were treated by MESA, emphasizing the
excellent efficacy and potential superiority of this approach in pro-
perly selected patients.'®**

Another important and relevant question that has been raised is
whether or not ICSI outcomes vary based on the use of fresh vs. frozen
epididymal sperm samples. A study by Cayan et al.> suggested that
cryopreserved and thawed sperm retrieved from the epididymis pro-
duce similar success rates when used for ICSI. They found no signifi-
cant difference in fertilization rate (58.4% for fresh sperm and 62% for
frozen-thawed sperm), clinical pregnancy rates (31.6% for fresh sperm
and 36.8% for frozen-thawed sperm) or live-birth rate (21.1% for
fresh sperm and 36.8% for frozen-thawed sperm).* Others have con-
firmed that the viability of fresh and frozen-thawed retrieved sperm is
comparable when the proper methods are used to assess sperm via-
bility. Bachtell et al.® showed that fresh sperm retrieved from the vas
deferens, testis and epididymis exhibit similar viability to sperm from
the same sites that are frozen-thawed.

MESA: TECHNICAL PERFORMANCE

General anesthesia, spinal or local anesthesia may be used. General
anesthesia is generally preferred to minimize patient movement dur-
ing the procedure, which is highly accentuated by the high-power
optical magnification that is utilized. Suggested equipment includes
a X6-X30 operating microscope, surgical and microsurgical instru-
ments including an ophthalmic microknife, a bench-top phase con-
trast or light microscope, 5 pl glass pipettes for collection of
epididymal fluid, silicone tubing that attaches to both a syringe and
the pipettes, human tubule fluid (HTF) or another appropriate sperm
transport solution, and glass slides with cover slips.*”

After induction of general anesthesia, the patient’s scrotum is
shaved, prepped and draped in sterile fashion. The scrotal skin, dartos
muscle and tunica vaginalis are divided to expose the testis and epi-
didymis. The surgeon grasps the testis with his or her non-dominant
hand and stabilizes the epididymis between his or her thumb and
index finger. The epididymis is inspected at X 10—X 15 magnification
to select dilated tubules containing golden, semitranslucent fluid (usu-
ally in the caput) for aspiration. Opaque, yellow tubules typically
contain only sperm heads and debris and should be avoided.

The epididymal tubules are exposed by careful incision or excision
of the overlying epididymal tunic at X15-X20 magnification.
Meticulous hemostasis is obtained with bipolar electrocautery to
avoid contamination of the epididymal fluid with blood, avoiding
the application of excess heat to the underlying epididymal tubules.
The epididymal tubule can then be sharply punctured with an oph-
thalmic microknife. At this point, real-time analysis of sperm quantity
and quality within the epididymal fluid should be performed to direct
the duration and extent of the procedure (discussed later).

Continued epididymal exploration and repeat epididymal punc-
tures should be performed until an epididymal site containing micro-
scopically adequate fluid is identified, moving toward the caput of the
epididymis with each successive puncture that does not yield sufficient
quality epididymal fluid. In nearly all patients, better sperm motility is
found closer to the testis in the caput region of the epididymis. It is
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exceedingly rare to have no sperm motility in all areas of the
obstructed epididymis. Such a finding should alert the surgeon that
they are too far distal in the obstructed reproductive tract, except in the
extremely rare patient with ciliary dysfunction. If necessary, the ef-
ferent ductules may be exposed by reflection of the caput epididymis
away from the testis and individual tubules are aspirated with com-
pression of the testis to facilitate outflow of intratesticular fluid. Fluid
retrieved from the efferent ductules has been shown to exhibit similar
sperm concentration and motility to that of sperm retrieved from the
proper epididymis, although it should be noted that the sperm from
the efferent ductules may be less durable when exposed to cryopreser-
vation and thawing. ICSI outcomes also appear to be similar using
sperm derived from the efferent ductules and proper epididymis.*®

When adequate epididymal fluid is identified, it is collected atrau-
matically with glass micropipettes by simple capillary action. The tip of
a 5-pl micropipette (0.5 mm luminal diameter and 0.9 mm outer
diameter) is placed adjacent to the effluxing epididymal tubule
(Figure 1). Fluid is collected into multiple pipettes until its flow ceases
or enough high-quality epididymal fluid has been collected. Ten to 20
ul of epididymal fluid may be easily collected with this technique
within 10-20 min. The micropipettes are flushed with a small amount
of HTF or another sperm transport solution into a collection con-
tainer by connecting a 1-ml syringe to the pipette with medical grade
silicone tubing (or tubing from a butterfly needle). If glass micropip-
ettes are not available, epididymal fluid may alternatively be collected
by gentle aspiration using a 1-ml syringe that has been prefilled with a
small volume of sperm transport fluid and attached to a 25-gauge
angiocatheter. The epididymal tubule is sealed with bipolar electro-
cautery and hemostasis is ensured. The epididymis and testis are
returned to their normal anatomic position within the tunica vagina-
lis, which is closed with an absorbable suture. The dartos and skin are
then closed. Bacitracin ointment is applied to the incision.
Postoperatively, a scrotal supporter provides patient comfort and
minimizes scrotal edema.

INTRAPROCEDURAL EVALUATION OF ASPIRATED
EPIDIDYMAL FLUID

Intraprocedural evaluation of sperm quality within extracted epididy-
mal fluid provides critical information that directs the duration and
extent of sperm retrieval procedures. The evaluation is easier when
specimen contamination with red blood cells is minimized. During
MESA, a clean touch-prep slide can be made by simply touching the

Figure 1 Schematic representation of MESA performed by aspiration of epidi-
dymal fluid by capillary action into a glass micropipette using high-power optical
magnification provided by an operating microscope. MESA, microsurgical epidi-
dymal sperm aspiration.
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