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Objective: Azoospermia owing to testicular disorders is the most severe manifestation of male infertility. The main concern for patients with
nonobstructive azoospermia (NOA) is the probability of successful sperm retrieval following testicular sperm extraction (TESE). Therefore, the
goal of this study was to determine predictive factors correlated with sperm retrieval.

Methods: We assessed the testicular histopathological patterns, the choice of TESE surgical procedure, hormone levels, and chromosomal ab-
normalities in patients with NOA (n=170). The histopathology specimens were analyzed based on the histopathological patterns of hyposper-
matogenesis, maturation arrest, and Sertoli cell-only syndrome.

Results: The mean rate of sperm retrieval was 48.8%. The rate of sperm retrieval was significantly higher in the hypospermatogenesis group
than in the other groups (p <0.001). There was a positive correlation between micro-TESE (vs. conventional TESE) and the sperm retrieval rate
(odds ratio, 8.077; p < 0.01). A logistic regression model demonstrated that high levels of follicle-stimulating hormone (FSH) and small testicular
volume were significantly associated with lower chances of successful sperm retrieval.

Conclusion: Some parameters, including testicular histopathology patterns, FSH levels, testicular volume, and method of TESE surgery, may be
able to predict the chances of obtaining spermatozoa in patients with NOA. However, despite the efficiency of some predictive models, the
hope of retrieving any functioning spermatozoa may be sufficient to disregard predictive factors of the success of intracytoplasmic sperm in-
jection in these patients.
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Azoospermia originating from testicular disorders, defined as the
complete absence of spermatozoa in ejaculation, is the most severe
manifestation of male infertility [1].
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Sperm retrieval after testicular sperm extraction (TESE) for infertility
treatment by intracytoplasmic sperm injection (ICSI) is the main chal-
lenge in patients with nonobstructive azoospermia (NOA). One of
the effective parameters that should be considered in the manage-
ment of patients with NOA undergoing ICSI treatment with TESE or
micro-TESE procedures is the ability to predict the rate of spermato-
zoa recovery in these patients. Understanding these parameters is

Copyright © 2017. THE KOREAN SOCIETY FOR REPRODUCTIVE MEDICINE



P Salehietal. Sperm retrieval in patients with NOA

also important for counseling the patient and his partner [2].

The seminiferous tubules of patients with NOA display differing de-
grees of deficient spermatogenesis, including hypospermatogenesis,
tubular sclerosis, Sertoli cell-only syndrome (SCOS), and maturation
arrest (MA) [3-5]. In order to overcome the problem of failure to pro-
duce spermatozoa in ejaculation in patients with NOA, a TESE proce-
dure is performed in order to find the focal area of spermatogenesis
[6]. Evaluation based on histopathological patterns following a TESE
operation may be effective in predicting successful sperm retrieval.
Thus, it would be of great value in the management of patients with
NOA [7-10].

Patients with NOA have an increased risk of chromosomal abnor-
malities [11]. Genetic alterations and an abnormal karyotype are
considered to be prognostic factors affecting sperm retrieval. For ex-
ample, a higher rate of sperm retrieval following TESE is reported in
patients with Klinefelter syndrome [12].

In addition, other suggested predictors of a successful or unsuc-
cessful TESE operation include the levels of serum follicle-stimulating
hormone (FSH), luteinizing hormone (LH), inhibin, and testis size [13].

The present study aimed to identify valuable factors for predicting
and managing TESE outcomes in patients with NOA. Based on our
study, this information would be useful in counseling couples about
the rate of successful sperm retrieval after an invasive surgical proce-
dure such as TESE in azoospermic men, or even the chances of suc-
cess for oocyte pick-up in their partners.

Methods

1. Patient population

A retrospective cohort study was performed at the Shahid Beheshti
Hospital in Isfahan, Iran. A total of 170 patients with NOA who were
referred for fertility treatment from 2013 to 2016 were included in
this study. Informed consent was obtained from all patients before
inclusion in the study. All patients were confirmed to have NOA using
at least two semen analyses according to World Health Organization
guidelines [14], without any sperm and with normal pH and volume
(>1.5 mL), indicating both functional seminal vesicles and open
ejaculatory ducts. Additionally, the assessment of diagnostic param-
eters, including clinical history, physical examination, hormonal anal-
ysis, and pathology assay should be performed to exclude obstruc-
tive azoospermia.

For the hormonal assay, serum FSH, LH, testosterone, and prolactin
concentrations were measured by an electrochemical luminescence
assay in the morning. The reference ranges were considered to be 1.5
to 12.45 mIU/mL for FSH, 1.7 to 8.6 mIU/mL for LH, 2.84 to 8 ng/mL
for testosterone, and 1.8 to 20.3 ng/mL for prolactin. Testicular vol-
ume was measured by physical examination using an orchidometer.
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A volume of <15 mL per testis was considered to indicate small tes-
ticular size. The mean body mass index of the patients was 25.2+3.9
kg/m? (range, 16-42 kg/m?) and the couples had a median duration
of infertility of 3.5 years.

2. TESE procedure

The TESE and micro-TESE procedures were performed according to
the standard protocols described by Schlegel for micro-TESE [15].
Briefly, for both surgical procedures, a median raphe incision was
made in the scrotum, the tunica vaginalis was opened, and the testis
was delivered. In TESE procedures, a longitudinal testicular biopsy
was obtained according to the size of the testis (at least 10 mm x5
mm). In micro-TESE procedures, using an operating microscope with
%25 to x40 magnification, enlarged and opaque seminiferous tu-
bules were removed. Then, the sperm recovery procedure was car-
ried out based on the standard protocol by the embryologist. If any
viable sperm were present in a wet preparation, they were used or
cryopreserved for future ICSI treatment. Furthermore, the histopa-
thology specimen was analyzed. Based on the most predominant
histopathological patterns, patients with NOA were classified accord-
ing to testicular histology as being affected by hypospermatogene-
sis, MA, or SCOS. In this study, the MA group is defined by either
complete or partial MA. The hypospermatogenesis group includes
mild to severe hypospermatogenesis. The presence of one or more
spermatozoon in the testicular extraction was considered as success-
ful sperm retrieval or a successful TESE outcome.

3. Cytogenetic analysis

Karyotyping was performed according to standard methods on
phytohemagglutinin-stimulated peripheral lymphocyte cultures [16].
Blood cells were cultured at Roswell Park Memorial Institute 1640
medium, including 10% fetal bovine serum and 2% phytohemag-
glutinin at 37°C. After 68 to 72 hours, Colcemid (Sigma-Aldrich, St.

Table 1. Statistical distribution of predictive factors according to the
type of testicular histopathology

Factor MA 5C0s mi{gg:’r’]‘js's
FSH 1827+10.26 2259+1099 9.73+7.98
LH 826+6.55 10.11+5.66 7.76£7.00
Prolactin 9.22+506 11.14+498 10.34+8.19
Testosterone 3.54+2.14 4.89+2.79 448 +2.98
Age 3486+571 3133+524 3241+5.18
Chromosome abnormality 6(13.0) 10(13.5) 6(12.0)
Sperm retrieval 20 (43.5) 16(21.6) 47 (94.0)

Values are presented as mean + standard deviation or number (%).
MA, maturation arrest; SCOS, Sertoli cell-only syndrome; FSH, follicle-stimu-
lating hormone; LH, luteinizing hormone.
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Louis, MO, USA) was added to the cell. Then, the cultures were har-
vested and cells in metaphase were stained with trypsin G banding.
Chromosomal abnormalities were designated using the standard In-
ternational System for Human Cytogenetic Nomenclature guidelines
[17].

4, Statistical analysis

Summary measures for the factors, according to sperm retrieval
and pathology, are presented in Tables 1 and 2, respectively. Binary
and multinomial logistic regression models were evaluated for sperm
retrieval and pathology as the response variables, respectively. For
each model, independent variables and the estimated coefficients,
odds ratios (ORs), and corresponding confidence intervals are given
inTables 2 and 3.

Clin Exp Reprod Med 2017;44(1):22-27

All analyses were carried out with SPSS ver. 16.0 (SPSS Inc., Chicago,
IL, USA) and the significance level was considered to be p < 0.05.

Results

1. Histopathological evaluation of TESE in patients with NOA
The mean age of all patients was 32.56+5.53 years. Based on the
histopathological findings, the 170 patients were classified into three
groups: 74 (43.5%) cases of SCOS, 46 (27.1%) cases of MA, and 50
(29.4%) cases of hypospermatogenesis. The levels of FSH were signif-
icantly in excess of the normal ranges in the SCOS and MA groups
when compared to the hypospermatogenesis group (MA: OR, 1.146,
p=0.034; SCOS: OR, 1.190, p=0.007). In addition, prolactin levels
were significantly higher in the SCOS group than in the hyposper-

Table 2. Multinomial logistic regression model with pathology as the nominal response variable

95% Cl for OR

Pathology? Factor B OR
Lower bound Upper bound

MA FSH 0.136 0.064 1.146* 1.010 1.300
LH -0.102 0.068 0.903 0.790 1.032
Prolactin 0.090 0.072 1.094 0.949 1.260
Testosterone -0.168 0.130 0.845 0.655 1.091
Age 0.068 0.059 1.070 0.954 1.201
Normal karyotyping 0.198 1.160 1.219 0.126 11.836
No sperm retrieval 2815 0912 16.696** 2.793 99.823

SCOS FSH 0.174 0.065 1.190%* 1.048 1.352
LH -0.122 0.073 0.885 0.768 1.020
Prolactin 0.212 0.076 1.236** 1.064 1.436
Testosterone -0.017 0.125 0.983 0.769 1.257
Age 0.008 0.063 1.008 0.891 1.140
Normal karyotyping -0.209 1.310 0311 0.062 10.577
No sperm retrieval 3.833 0.943 46.189*** 7.280 293.048

SE, standard error; OR, odds ratio; Cl, confidence interval; MA, maturation arrest; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SCOS, Sertoli cell-

only syndrome.
IThe reference category was hypospermatogenesis.
Significant at *p < 0.05; **p < 0.01; ***p < 0.001.

Table 3. Multiple logistic regression model with sperm retrieval as the response variable

95% Cl for OR

Factor B SE OR
Lower bound Upper bound

FSH -0.333 0.079 0.717%** 0.614 0.837
LH 0.128 0.077 1.137 0978 1322
Prolactin -0.111 0.067 0.895 0.784 1.021
Testosterone 0.016 0.121 1.017 0.802 1.289
Age 0.042 0.063 1.043 0.922 1.181
Chromosome abnormality -0.083 0.978 0.921 0.135 6.262
Abnormal testis size 2358 0.818 10.565** 2127 52475
Micro-TESE surgery 2.089 0.675 8.077%* 2.153 30.305

SE, standard error; OR, odds ratio; Cl, confidence interval; FSH, follicle-stimulating hormone; LH, luteinizing hormone; TESE, testicular sperm extraction.

Significant at **p < 0.01; ***p <0.001.
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matogenesis group (OR, 1.236; p=0.006), as shown in Table 2. No as-
sociations were observed among age, chromosomal abnormalities,
and histopathological patterns (p>0.05) (Table 2). The rate of chro-
mosomal abnormalities was 12.9% in all patients. The greatest num-
ber of patients with chromosomal abnormalities (17 cases) showed
47, XXY karyotyping. Other chromosomal abnormalities included
47 XYY (two cases), 46,XX male (one case), 46X,+mar (one case) and
46,XY,DelY q11.2 (one case).

2. Sperm retrieval after TESE in patients with NOA

Our results showed that the overall mean rate of sperm retrieval
was 48.8%. These rates were 21.6% in the SCOS group, 43.5% in the
MA group, and 94% in the hypospermatogenesis group. Based on
the multinomial logistic regression model, the rates of unsuccessful
sperm retrieval were significantly higher in the MA and SCOS groups
than in the hypospermatogenesis group (Table 2). The logistic re-
gression model confirmed that high levels of FSH and small testicular
volume were significantly associated with lower chances of success-
ful sperm retrieval (OR, 0.717, p<0.001; OR, 10.5, p<0.01, respec-
tively) (Table 3). However, age, testosterone, and prolactin levels
were not associated with positive sperm retrieval (p > 0.05). The re-
sults exhibited statistically significant differences in sperm retrieval
between conventional TESE and micro-TESE procedures, and there
was an eight-fold greater chance of sperm retrieval with the micro-
TESE method than with conventional TESE. The association between
chromosomal abnormalities and the rate of sperm retrieval was as-
sessed. No associations were observed among the aforementioned
factors and sperm retrieval (p > 0.05).

Discussion

In this study, we assessed the effects of the histopathological pat-
tern, age, the choice of TESE surgical procedure (conventional TESE or
micro-TESE), hormones, testis volume, and karyotyping on sperm re-
trieval in patients with NOA.

In infertility consultations for patients with NOA, it is essential to
provide information on the chances of sperm being retrieved. A
failed TESE procedure on ovum pick-up day can have irreparable
emotional effects and financial implications for both members of the
couple [8]. Therefore, the evaluation of successful sperm retrieval
based on genetic factors, hormones, and the histopathological status
of patients may be useful in the management of patients with NOA.

Consistent with previous studies, in our study, SCOS was the most
common histopathological pattern diagnosed (43.5% of patients
with NOA) [13,18].

An elevated level of FSH was observed in all three histopathological
groups. This increase in the observed concentrations of the hormone
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was related to the spermatogenetic defect and decrease in total
number of testicular germ cells in patients with NOA. In accordance
with the finding of Aydin et al. [18] of a significantly higher level of
FSH and LH in patients with SCOS, our results showed that the level
of FSH was significantly higher in the MA and, in particular, the SCOS
groups than in the hypospermatogenesis group.

In our study, the mean rate of sperm retrieval was 48.8%, and this
rate was significantly higher in the hypospermatogenesis group than
in the SCOS and MA groups (94% vs. 21.6% and 43.5%, respectively).
In accordance with earlier studies [19-21], the use of histopathologi-
cal patterns could be considered as a valuable predictor for sperm re-
covery. Accordingly, the chance of sperm retrieval is higher in pa-
tients with hypospermatogenesis compared with patients with MA
and SCOS. The efficacy of testicular histopathology on the results of
ICSI after TESE has been assessed, but testicular histopathology does
not positively affect the ICSI outcome [13]. However, Aydin et al. [18]
demonstrated that once successful sperm retrieval was achieved, fer-
tilization and clinical pregnancy rates were similar in patients with
NOA. In addition, Hessel et al. [6] reported that a simple cytological
evaluation of the TESE specimen by defining the ratios among Sertoli
cells, pachytene spermatocytes, and spermatozoa could be a valu-
able predictor for the outcome of fertility treatment in patients with
NOA.

Based on our findings, high levels of FSH and small testicular vol-
ume were significantly associated with lower chances of successful
sperm retrieval. These factors appear to be useful for predicting the
success of TESE. These findings may be in part consistent with the
study of Cissen et al. [22], which presented a model for the prediction
of successful TESE. They showed that lower levels of FSH and LH,
higher male age, higher levels of serum testosterone, and diagnosis
of idiopathic NOA or an azoospermia factor-c deletion were able to
predict the success of sperm retrieval.

Our results showed better outcomes (higher rates of sperm retriev-
al) from the micro-TESE procedure than from conventional TESE. Cur-
rently, there is a trend toward using micro-TESE procedures due to
the low complication rates, better approach to the problem of focal
spermatogenesis observed in patients with NOA, and higher chance
of sperm retrieval, particularly for patients with the histological pat-
tern of SCOS [23]. In some clinics, micro-TESE is performed on the day
of oocyte retrieval using fresh sperm for ICSI. However, in our clinic,
to ensure the availability of sperm before beginning the ICSI cycle, a
diagnostic biopsy was carried out and then the obtained sperm was
frozen. A second TESE procedure may be necessary on the day of oo-
cyte pick-up, if there is not enough thawed sperm.

Although no association was observed between chromosomal ab-
normalities and the histopathological pattern or sperm retrieval, it
seems that the detection of chromosome abnormalities aided the



B CERM

assessment of the potential rate of sperm retrieval in patients with
NOA. However, in this research, evaluation of chromosomal abnor-
malities was performed by karyotype analysis, which detects large-
scale genetic changes and does not detect submicroscopic altera-
tions in the DNA sequence. Therefore, following the detection of a
normal karyotype, it would be wise to perform complementary ge-
netic tests in order to assess the critical genes involved in the process
of spermatogenesis. The other reason for our observations may be
related to the small number of patients.

Thus far, three studies have assessed the predictive factors of
achieving pregnancy after TESE [24-26]. Although predictive models
for sperm retrieval or pregnancy outcome after TESE have been de-
signed to counsel patients with NOA about their chances of success-
fully obtaining spermatozoa, they have not generally been imple-
mented in clinical practice [27].

In conclusion, valuable factors for predicting successful sperm re-
trieval during TESE, including testicular histopathology patterns, FSH
levels, testicular volume, and the use of micro-TESE, were examined
in our study, allowing an estimation of the chances of obtaining sper-
matozoa in patients with NOA. Accordingly, the combination and si-
multaneous interpretation of the factors studied here, such as histo-
pathological patterns, hormone levels, and karyotyping, help provide
an accurate diagnosis of testicular failure and subsequently help the
clinician to pursue the appropriate methods of treatment for these
patients. In addition, it should be considered that the hope of retriev-
ing any spermatozoa at all might be a sufficient cause for attempting
ICSlin these patients, regardless of the predictive factors.
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