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Objective: To assess whether the “testicular pool” could be used for histological analysis and whether it gave more accurate information than
the standard testicular biopsy.

Methods: Between January 2017 and March 2018, this single-center prospective study included 60 azoospermic men undergoing conven-
tional bilateral testicular sperm extraction. Six samples were excised from each testicle and transferred to an embryologist. One additional bi-
opsy was randomly taken from each testis for a histological analysis. After processing, the testicular pool was also sent for a histological analysis,
which showed normal spermatogenesis (NS), hypospermatogenesis (HYPO), maturation arrest (MA), Sertoli cell-only syndrome (SCOS), and tu-
bular atrophy (TA).

Results: Twenty of the 60 patients (33.3%) had obstructive azoospermia (OA), while the remaining 40 (66.6%) had nonobstructive azoosper-
mia. Their mean age was 40.5 years. All patients with OA had previously undergone unsuccessful testicular fine-needle aspiration. Successful
sperm retrieval (SSR) occurred in 93.3% of patients. Histological analysis of the testicular biopsy revealed NS in 12 patients (20%), HYPO and TA
in 28 patients (46.6%), MA in eight patients (13.3%), and SCOS in 12 patients (20%). The testicular pool analysis showed NS in 12 patients (20%),
HYPO and TA in 44 patients (73.3%), MA in four patients (6.6%), and SCOS in no patients. In four patients with MA (6.6% of the total sample)
and 12 patients with SCOS (20% of the total sample) according to the standard testicular biopsy, the embryologist found SSR with cryopreser-
vation. Overall, in 44 patients (73.3%), the testicular pool analysis confirmed the histological findings of the standard testicular biopsy. In the 16
cases (26.6%) with a discrepancy between the single-biopsy histological findings and SSR, the testicular pool analysis confirmed the embryo-
logical data on SSR.

Conclusion: The testicular pool proved to be easily analyzable, practical, manageable, and more accurate for predicting sperm retrieval than
standard testicular biopsy.
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Thanks to in vitro fertilization techniques such as intracytoplasmic
sperm injection (ICSI), it is potentially sufficient to surgically retrieve a
single viable sperm cell through testicular sperm extraction (TESE) to
give patients the opportunity to father their own biological child
[3,4]. When evaluating an azoospermic patient, it is important to es-
tablish whether the condition is obstructive (obstructive azoosper-
mia [OA]) or nonobstructive (nonobstructive azoospermia [NOAY]), as
the management of the two conditions can be completely different.
In patients with OA, spermatogenesis is usually normal, but sperm
cannot join the rest of the ejaculate due to obstruction at the level of
the epididymis, vas deferens, or ejaculatory ducts [5]. NOA, which ac-
counts for around 60% of all cases of azoospermia, is instead charac-
terized by an intrinsic, often idiopathic, testicular impairment that
negatively influences spermatogenesis [6]. Surgical sperm retrieval is
offered to patients affected by NOA because, although spermato-
genesis is generally compromised, focal areas of spermatogenesis
may still exist in their testes [7].

When recanalization surgery is not possible or indicated, in patients
with OA, sperm can be usually easily retrieved with testicular fine
needle aspiration (TEFNA), as normal spermatogenesis (NS) is expect-
ed to be diffusely present in the testicles. When attempting sperm re-
trieval in patients affected by NOA, in contrast, surgical TESE is neces-
sary, with the hope of identifying focal areas of NS [8,9]. Viable sperm
can be used fresh for an ICSI cycle or can be cryopreserved for future
use [10,11]. Failed TESE can have important negative emotional and
financial implications. Parameters such as hormonal levels, testis vol-
ume and histology, and genetic profile are currently used to predict
the likelihood of success of sperm retrieval in men affected by NOA,
and such predictions may help clinicians provide infertile couples
with appropriate counseling and treatment [12]. Since the late 1990s,
testis histology has been found to be the most reliable predictive fac-
tor of successful sperm retrieval (SSR) in NOA patients [13].

The main limitation of testis biopsy is that it is not representative of
the whole anatomy, as usually only a single testicular sample har-
vested from each testis is sent for histopathological evaluation, al-
though the seminiferous tubules of azoospermic patients are often
heterogeneous throughout the testicle [14]. However, sending mul-
tiple testis specimens for histopathological analysis could have a
negative influence on the endocrine function of the testis, because a
larger amount of tissue is sampled [15-18].

In order to study the histology of a larger sample, which would be
more representative of the histopathology of the entire testis, in ad-
dition to the standard histological biopsy, it is possible to analyze the
remnants of TESE specimens after spermatozoa have been extracted
by the embryologist. This is because during processing of the TESE
sample, only the supernatant with free spermatozoa is cryopreserved
or utilized for ICSI, while the testicular solid tissue consisting of the
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residual seminiferous tubules after stretching, centrifugation, and ex-
tracting the spermatozoa, which in the current manuscript is defined
as the “testicular pool,”is usually disposed. The main objective of the
current study was to assess the feasibility of using the testicular pool
for histological analysis in azoospermic patients undergoing conven-
tional TESE in order to predict the likelihood of sperm retrieval.

Methods

1. Study population

Between January 2017 and March 2018, 60 azoospermic patients
referred to the Assisted Reproductive Technology Centre of the Uni-
versity of Florence (Florence, Italy) were prospectively enrolled in the
current study. Patients who presented for semen cryopreservation
before undergoing oncologic treatment were excluded.

Azoospermic patients were referred to the Department of Urology
for further assessment of the cause of azoospermia and for sperm re-
trieval after the couple had undergone a complete assessment, in-
cluding a gynecological evaluation of the female partner. The diag-
nosis of NOA or OA was based on the patient’s history, a physical and
genital examination, semen analysis, the patient’s endocrine profile,
and genetic studies. The data analyzed included age; weight and
height; smoking and drinking habits; and history of cryptorchidism,
mumps orchitis, varicocele, environmental or radiation exposure,
prescribed drug use, previous chemotherapy, and surgical proce-
dures. All patients underwent a genital examination and a scrotal
Doppler ultrasound scan to detect testicular volume and to exclude
the presence of epididymis head or tail dilatation, unilateral or bilat-
eral absence of the vas deferens, and varicocele. A transrectal ultra-
sound scan was performed to rule out the presence of prostate me-
dian cysts and of anomalies of the seminal vesicles suggestive of ob-
struction of the male genital tract [18]. Genetic studies were per-
formed, including a karyotype, an analysis of microdeletions in the Y
chromosome, and an analysis of mutations in the CFTR gene. The
hormonal profile was also documented during hospitalization prior
to TESE in all patients. Normal levels of serum follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), and total testosterone (TT)
were considered to be 1.5-8.0 IU/L, 1.8-12 IU/L, and 2.7-18 ng/mlL,
respectively. Prolactin levels were considered normal between 3.0
and 18 ng/mL and thyroid-stimulating hormone (TSH) levels were
considered normal between 0.3 and 5.5 mIU/L. For each patient, the
quantity and quality of sperm retrieved at the time of TESE was re-
corded, including mean total sperm motility and the mean number
of cryopreserved Bio System straws.

All participants were adequately counseled, signed a detailed con-
sent form prior to surgery, and agreed to have their data anony-
mously utilized. All procedures were performed in accordance with
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the ethical standards of the Institutional and National Research Com-
mittee and with the 1975 Helsinki Declaration.

2. TESE technique

All patients underwent conventional multiple bilateral TESE, under
local anesthesia and sedation. The testicles were delivered through a
small scrotal incision on the median raphe. Testis samples were har-
vested through three separate transverse tunical incisions in the up-
per pole, in lower pole, and at the equator of the testis, respectively.
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Depending on the size of the testis, two samples measuring at least
3%x2x 1 mm (6 mm?) up to 8x 5% 3 mm (120 mm?) were sharply ex-
cised from each tunical incision. Once harvested, the fragments were
immediately delivered to the embryologist. In addition to the biop-
sies for TESE, one representative sample was randomly taken from
each testis and sent to histopathology. The tunica albuginea was
subsequently closed with a running Vicryl 4-0 suture.

Figure 1. Embryological processing of testicular sperm extraction samples. (A) Stretching of testicular tissue specimens using two sterile glass
slides under stereomicroscope. (B) Aliquots of sperm cell suspensions. (C) Testicular pool. (D) Successful sperm retrieval by inverted microscope

at x200.

Figure 2. Evaluation of spermatogenesis in the testicular pool using H&E. Histological patterns of normal spermatogenesis (A), hypospermato-
genesis (B), maturation arrest (C), and Sertoli cell-only syndrome (D). Original magnification of all panels, x 200.
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3. Embryological processing

The samples of seminiferous tubules were instantaneously exam-
ined. Each testicular tissue sample was placed in a sterile Petri dish
with a medium solution and then stretched between two sterile
glass slides under stereomicroscope. Subsequently, the suspension
was directly observed under inverted microscope at x 200 for the
first evaluation of the presence of spermatozoa.

Finally, the entire suspension was transferred to tubes and, after
sedimentation of the solid tissue, the supernatant containing free
sperm cells was processed by centrifugation at 1,800 rpm for 8 min-
utes. The pellet was then resuspended in about 300 pL of flushing
medium. Only the supernatant with free spermatozoa was utilized
for assisted reproductive technology purposes.

If retrieved, spermatozoa were either used fresh for an ICSI cycle or
alternatively cryopreserved for later use. If the embryologist ob-
served more than 1-2 sperm cells per field (corresponding to an esti-
mated concentration of 0.001 X 10° spermatozoa/mL), sperm re-
trieval was considered to be successful for use. Usually, if the sperm
concentration was sufficient for future utilization, the residual solid
tissue was not utilized for cryopreservation. This remnant, defined as
the “testicular pool” and consisting of the residual seminiferous tu-
bules, was fixed in 40% formaldehyde solution and sent for analysis
to the histopathology laboratory (Figure 1).

4. Histological assessment

A histopathological analysis of the standard biopsy and testicular
pool samples was performed by a single dedicated uropathologist.
Tissue sections were stained with hematoxylin and eosin. The patho-
logical analysis involved examining at least 100 different sections of
seminiferous tubules. The sperm count was carried out under x 10
magnification, exposing several tubules in a single field of vision. In
cases of doubt, the presence of spermatozoa was checked with x 25
magnification. Based on the main morphological pattern, the testic-
ular histological findings were categorized as follows (Figure 2): NS,
comprising cells at all stages of spermatogenesis and an adequate
number of elongated spermatids/spermatozoa; hypospermatogene-
sis (HYPO), corresponding to a reduction in the number of normal
spermatogenetic cells; maturation arrest (MA), characterized by the
absence of later stages of spermatogenesis; Sertoli cell-only syn-
drome (SCOS), when tubules lacked germ cells and were lined with
Sertoli cells; and tubular atrophy (TA).

5. Statistical analysis

Patient characteristics were described using means and standard
deviations for continuous variables and numbers and percentages
for dichotomous variables. The Student t-test and the Mann-Whitney
U-test were used to compare variables, including age and hormone
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levels. All collected data were evaluated with IBM SPSS ver. 22.0 (IBM
Corp., Armonk, NY, USA).

Results

Data from 60 azoospermic men who underwent sperm retrieval at-
tempts with TESE for fertility treatment at the Assisted Reproductive
Technology Centre, University of Florence (Florence, Italy) and whose
remnants were sent for histopathological assessment were prospec-
tively collected. Overall, 20 of the 60 participants (33.3%) had OA and
40 (66.6%) had a clinical presentation of NOA. The baseline charac-
teristics of the study cohort are shown in Table 1. Their mean age at
the time of TESE was 40.5 years (range, 33-55 years). The mean age
of the female partner was 35.6 years (range, 35-41 years). The partic-
ipants’ mean weight was 79.0 kg and their mean height was 176.8
cm, with a mean body mass index of 25.26 kg/m? (range, 21.91-
31.02 kg/m?). Twenty-four patients were smokers (40%), and 12
(20%) reported occasional alcohol consumption (usually less than
two drinks a week). One patient had previously successfully under-
gone chemotherapy for the treatment of Hodgkin lymphoma. None

Table 1. Comparison of demographic and clinical parameters be-
tween OA and NOA patients

Variable All patients OA patient NOA patient
Number 60 (100) 20(33.3) 40 (66.6)
Age (yr) 405+6.12 384+6.12 41.6+643
Weight (kg) 790+1146  784+1074  79.3+10.98
Height (cm) 1768+529  1766+564  1764+483
BMI (kg/m?) 2526+337  24.71+0.06 255+3.65
Smoking status 24 (40) 4(6.6) 20(333)
Alcohol consumption 12(20) 0 12(20)
Right TV (mL) 13.32+548 1794559  11.04+548
Left TV (mL) 13.18+6.16 160+559  11.78+6.34
FSH (IU/L) 11.56+5.32 468+533 150548
LH (IU/L) 489+20 3.94+20 536+2.24
TT (ng/mL) 470+1.67 43+1.63 41+142
PRL (ng/mL) 10.1+6.2 9.8+59 9.5+58
TSH (mIU/L) 35+£1.2 31+£1.2 29+14
Chromosomal anomaly 0 0 0
CFTR alteration 4(6.6) 4(6.6) 0
SSR 56(93.3) 20(100) 36 (90)
Sperm concentration 0.12+0.25 0.24+0.01 0.05+0.28
(x10%/mL)
Total sperm motility (%) 2.13+0.58 48+0.57 0.8+0.7
Straws cryopreserved 6.8+3.28 72+30 6.6+3.6

Values are presented as number (%) or mean = standard deviation.

OA, obstructive azoospermia; NOA, nonobstructive azoospermia; BMI, body
mass index; TV, testicular volume; FSH, follicle-stimulating hormone; LH, lu-
teinizing hormone; TT, total testosterone; PRL, prolactin; TSH, thyroid-stimu-
lating hormone; SSR, successful sperm retrieval.
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of the patients suffered from any chronic medical diseases, such as
diabetes or cardiovascular disease. Among the 40 patients with NOA,
eight (20%) had a history of cryptorchidism treated with orchidopexy
in childhood, and 20 (50%) had been diagnosed with varicocele,
which had been treated with varicocelectomy in four cases. The other
NOA patients were diagnosed with idiopathic azoospermia. Among
the patients with OA, a CFTR gene abnormality was detected in eight
patients: four of them had the more common AF508 mutation and
four presented the rare mild mutations 2789+5G > A, 2758+5G> A,
and 2657+5G > A present in two patients. All of them had a clinical
presentation of congenital bilateral absence of the vas deferens
(CBAVD). Four other patients presented CBAVD without CFTR gene
anomalies. Three patients had anejaculation due to a previous trau-
matic spinal cord injury. Five patients had undergone vasectomy in
the past. All patients with OA (20/60) had a previous failed TEFNA,
without sperm retrieval sufficient for a fresh ICSI cycle, and therefore
were offered TESE.

All patients had a normal urine analysis with a negative urine cul-
ture, as well as a negative semen culture test. Screening for sexually
transmitted diseases was negative in all patients. Scrotal and tran-
srectal ultrasonography documented a median testicular right vol-
ume of 13.32+5.48 mL (range, 4-25 mL) and a median left testicular
volume of 13.18 +6.16 mL (range, 4.3-25 mL).

At baseline, the mean serum level of FSH was 11.56+5.32 |U/L
(range, 2.8-42.7 IU/L), the mean serum level of LH was 4.89+ 2.0 IU/L
(range, 2.7-9.6 1U/L), and the mean TT level was 4.70+1.67 ng/mL
(range, 1.44-9.5 ng/mL). Prolactin and TSH levels were in the normal
range in all patients. The overall SSR rate was 93.3% (56 of 60 patients).
Thirty-six of the 40 NOA patients (90%) had positive sperm retrieval,
while SSR occurred in all 20 of the OA patients (100%). The mean
sperm concentration was 0.12+0.25 x 10%mL (range, 0.001-1 x 10%/
mL). The mean total sperm motility was 2.13%+0.58% (range, 0%—
20%). A mean number of 6.8 +3.28 (range, 1-15). Bio System straws
were cryopreserved. The histopathological findings of the testicular
pool were compared to those of the standard testicular biopsies.

The histological results of the standard testicular biopsies revealed
NS in 12 of 60 patients (20%), while 28 of 60 patients (46.6%) had
HYPO and TA, eight of 60 patients (13.3%) had MA, and 12 of 60 pa-
tients (20%) had SCOS. No cases of germ cell neoplasia in situ were de-
scribed. The testicular pool showed NS in 12 of 60 patients (20%),
HYPO and TA in 44 of 60 patients (73.3%), MA in four of 60 patients
(6.6%), and SCOS in no patients. In four patients with a result of MA
(4/60, 6.7%) and 12 patients with a result of SCOS (12/60, 20%) from
the standard testicular biopsy histological analysis, the embryologist
found positive sperm recovery, allowing subsequent cryopreservation.

No testicular pool samples were damaged, and they were therefore
adequate for histological assessment. The majority of the testicular
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Table 2. Histological patterns depicted by standard testicular histo-
logical biopsy and the testicular pool analysis linked to the embryo-
logical data of positive sperm retrieval

Method NS HYPO-TA MA SCos
Standard testicular biopsy  12(20)  28(46.6)  8(13.3)  12(20)
Testicular pool 12(20) 44(733) 4(6.6) 0

Values are presented as number (%).
NS, normal spermatogenesis; HYPO, hypospermatogenesis; TA, tubular atro-
phy; MA, maturation arrest; SCOS, Sertoli cell-only syndrome.

pool samples consisted of ample amounts of seminiferous tubules
with minimal crushing artifacts from the sperm extraction proce-
dure. In 44 of 60 cases (73.3%), the analysis of the testicular pool con-
firmed the histopathological features found through the standard
testicular biopsy, as verified by the presence or absence of spermato-
zoa in embryological processing. In the 16 cases (26.7%) where there
was a conflict between the histological results of the standard biopsy
and sperm retrieval, the testicular pool analysis proved to be more
accurate than the standard histological biopsy as verified by the em-
bryological data. Indeed, in four cases in which the analysis of stan-
dard histological biopsy revealed MA and in 12 cases where the stan-
dard analysis showed SCOS, the testicular pool demonstrated a his-
tological pattern of HYPO associated with severe TA (Table 2).

Discussion

The results of the present study show that it is possible to analyze a
waste material, such as testicular pool, as a means of predicting SSR.
Patients suffering from OA who had previously undergone failed
TEFNA were enrolled in the current study, as well as patients with
NOA. It should be noted that patients with OA may also have some
damage in spermatogenesis, as a result of the long-lasting obstruc-
tion causing damage to the spermatogenic tubules [19]. It should
also be highlighted that, although patients with NOA have seriously
impaired spermatogenesis, they may have some areas showing foci
of active NS [20,21]. The patients with OA included in this study pre-
viously underwent unsuccessful TEFNA, on the same day of the fe-
male oocyte pick-up. Thus, the received aliquots of spermatozoa did
not allow a fresh ICSI cycle to be performed, so the oocytes were
cryopreserved. The OA patients underwent TESE with multiple inci-
sions because it was necessary to recover as much material as possi-
ble for cryopreservation and subsequent utilization with oocytes af-
ter thawing. Moreover, in accordance with the literature, we chose to
make three incisions—in the upper, lower, and equatorial poles of
each testis—to benefit from the focal distribution of spermatogene-
sis. Nevertheless, in order to minimize testicular damage in OA pa-
tients, and in light of their higher likelihood for sperm retrieval than
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NOA patients, we extracted smaller samples from each tunical inci-
sion (upto 3x2x1mm).

Testicular histology has previously been suggested to play a role as
a predictor of SSR [13,22]. However, testis histology is usually avail-
able only after surgical sperm extraction, since diagnostic testicular
biopsy is not a cost-effective procedure; therefore, testis histology
may mainly be useful for predicting SSR in patients in whom TESE
has already failed [11].

In the current series, in four patients (6.7%) with negative sperm re-
trieval, the results of the standard histological biopsy and the testicu-
lar pool analysis showed the same pattern, equivalent to severe MA
of spermatogenesis, and these findings explain the complete ab-
sence of mature spermatozoa found by the embryologist. Thus, con-
sidering the histological findings, both patients were discouraged
from undergoing a further sperm retrieval attempt. Moreover, a sin-
gle testicular biopsy specimen may not reflect the characteristics of
the entire testicular tissue because testicular tubules are usually het-
erogeneous; therefore, to a certain extent, a single failed attempt at
sperm collection cannot exclude the possibility of existing foci of
spermatogenesis in the testes [23,24]. In this study cohort, in 16 of 60
patients (26.6%), the embryological evaluation revealed SSR, while
the histological results of the standard testicular biopsy showed
SCOS or MA. In all those patients, the histological evaluation of the
whole testicular pool showed a pattern of HYPO, corresponding to
the embryological finding of positive sperm recovery. In all 60 cases
(100%), the pattern obtained through the testicular pool analysis
corresponded to the embryological findings.

The objective of the present study was to identify a way of provid-
ing the histopathologist with as much tissue as possible without de-
pleting the testicles of an excessive amount of parenchyma. Howev-
er, the dimension of the samples chosen was dependent on the
baseline characteristics of each patient. Traditionally, only one small
sample is used for histology, while the remaining samples are exclu-
sively used for sperm recovery. Depending on the size or number of
spermatogenic foci, this may neither be representative of the tissue
extracted nor of the whole testis. As the sample for histology is usu-
ally obtained simultaneously with the biopsy for sperm retrieval, its
usefulness in terms of predicting SSR is limited [25]. Moreover, per-
forming more than a single testicular biopsy for histological purposes
cannot be recommended. Of particular note, testosterone levels
drop more severely in men with a higher number of biopsies [15-17].

One of the strengths of the current study is that the histological
analysis of all testicular samples was performed by the same highly-
experienced pathologist. This is the first study of this new method of
histological analysis, in which the remnants of a larger biopsy taken
for fertility treatment are analysed in their totality. The principal ad-
vantage of this approach is that all available testicular tissue can be
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used both for sperm retrieval and histopathological evaluation, im-
proving the assessment of spermatogenesis. The main limitations of
the current study are the small number of the study cohort and by
the fact that the hormone levels were not checked after TESE.

Even if the clinical implementation of the testicular pool analysis
may seem unlikely, this technique could prove to be useful, especially
in cases where sperm retrieval has failed and the histopathological
assessment of the standard testicular biopsy confirms the absence of
spermatozoa, but the testicular pool shows the presence of mature
spermatozoa (i.e.,, HYPO). In such cases, the histological evaluation of
the testicular pool, as it is more representative of the testis, could
guide the clinician to perform the surgical procedure a second time.
In our case study, there was no case in which this discrepancy oc-
curred, but we believe that it is an important possibility to highlight.
Therefore, although the concept of using remnants for histology rep-
resents a very interesting and promising option, its accuracy must be
proven in a larger comparative study before it can be implemented
in clinical practice. The testicular pool proved to be easily analyzable,
practical, manageable, and more accurate than the standard testicu-
lar biopsy for predicting sperm retrieval, as it was more representa-
tive of the whole testicular parenchyma.
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