
Review

Predictors of testicular
sperm retrieval in patients
with non-obstructive
azoospermia: a review

Lin Qi1,2,* , Ya P Liu1,2,*, Nan N Zhang3,* and
Ying C Su1,2

Abstract

Azoospermia is divided into two categories of obstructive azoospermia and non-obstructive

azoospermia. Before 1995, couples with a male partner diagnosed with non-obstructive azoo-

spermia had to choose sperm donation or adoption to have a child. Currently, testicular sperm

aspiration or micro-dissection testicular sperm extraction combined with intracytoplasmic sperm

injection allows patients with non-obstructive azoospermia to have biological offspring. The

sperm retrieval rate is significantly higher in micro-dissection testicular sperm extraction com-

pared with testicular sperm aspiration. Additionally, micro-dissection testicular sperm extraction

has the advantages of minimal invasion, safety, limited disruption of testicular function, a low risk

of postoperative intratesticular bleeding, and low serum testosterone concentrations. Failed

micro-dissection testicular sperm extraction has significant emotional and financial implications

on the involved couples. Testicular sperm aspiration and micro-dissection testicular sperm

extraction have the possibility of failure. Therefore, predicting the sperm retrieval rate before

surgery is important. This narrative review summarizes the existing data on testicular sperm

aspiration and micro-dissection testicular sperm extraction to identify the possible factor(s) that

can predict the presence of sperm to guide clinical practice. The predictors of surgical sperm

retrieval in patients with non-obstructive azoospermia have been widely studied, but there is no

consensus.
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Introduction

Infertility refers to a couple with a normal

sexual life who have not achieved pregnancy

without using contraception for 1 year.1

Infertility is a common disorder affecting

approximately 20% of couples, and male
infertility accounts for approximately 50%.2

Non-obstructive azoospermia (NOA) is the

most severe form of male infertility, which

affects approximately 1% of all men and

10% to 15% of infertile men.2–4

Before 1995, couples with a male partner
who was diagnosed with NOA had to

choose sperm donation or adoption to

have a child. Currently, with the develop-

ment of medical technology, couples can

have their own biological offspring by

testicular sperm aspiration (TESA) or

micro-dissection testicular sperm extraction
(MD-TESE) combined with subsequent

intracytoplasmic sperm injection (ICSI).5

Neither TESA nor MD-TESE guarantees

sperm retrieval. The factors that predict

the success rate of sperm retrieval to avoid

unnecessary procedures, and reduce the
economic and psychological burden on
patients with NOA have been investigated.
Studies have shown that a diagnostic
biopsy, hormones levels, volume of the
testis, and age are potential predictive fac-
tors for sperm retrieval.6 In contrast, other
studies have indicated that none of these
parameters can precisely predict the sperm
retrieval rate (SRR).7,8

The purpose of this narrative review was
to analyze and summarize the existing data
on predicting the success rate of TESA and
MD-TESE to provide a novel basis for sur-
gical sperm extraction in patients with
NOA (Figure 1).

Sperm retrieval

Spermatogenesis and its regulation

Spermatogenesis originates from spermato-
gonial stem cells. The process of spermato-
gonial stem cells changing to mature sperm
undergoes the three following stages.

Figure 1. Preoperative consultation and examination guide for selection of surgical methods.
TESA, testicular sperm aspiration; MD-TESE, micro-dissection testicular sperm extraction; ICSI, intracyto-
plasmic sperm injection.
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(1) In mitosis, type A spermatogonia prolifer-
ate to produce two types of spermatogonia.
Type A spermatogonia do not enter the dif-
ferentiation pathway and continue to maintain
mitotic capacity and type B spermatogonia
enter the differentiation pathway and differen-
tiate into primary spermatocytes. (2) In
meiosis, primary spermatocytes undergo chro-
mosomal replication. Homologous chromo-
somes undergo synapsis, segregation, and the
first meiotic division to form two secondary
spermatocytes, which enter the second meiotic
division. Sister chromosomes separate and
form haploid round spermatids. (3) In sper-
matogenesis, round spermatids undergo com-
plex morphological changes, as well as
nucleoprotein transformation and modifica-
tion to form mature sperm. Spermatogenesis
is a complex process of cellular differentiation
that is regulated by the neuroendocrine system
and spermatogenesis-related genes. The inter-
action between cells in the testis also has a
local regulatory role in spermatogenesis.

Problems at any one stage can lead to the

inability to obtain sperm (Figure 2).

Surgical sperm extraction

Testicular tissue is obtained by TESA or

MD-TESE with the patient in the supine

position under spermatic cord anesthesia

block. The tissue is placed on a cell culture

plate containing sperm culture medium and

immediately inspected at high magnifica-

tion to identify motile sperm for ICSI or

cryopreservation.

Factors predicting the SRR in

patients with NOA before

surgery

Factors predicting the SRR in patients

with NOA undergoing TESA

Recent studies on predicting the success of

TESA in patients with NOA have mainly

Figure 2. Regulation of spermatogenesis.
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focused on age, body mass index (BMI),
testicular volume (TV), and serum hormone
levels. A model to predict TESA results has
also been described.9

Studies have shown that age, BMI, lutei-
nizing hormone (LH), prolactin (PRL), and
total testosterone (TT) do not predict the
SRR of TESA in patients with NOA.10–12

Other studies have suggested that TV and
contrast-enhanced ultrasound can be used
to predict the success of TESA.11–13 The
predictive significance of follicle-
stimulating hormone (FSH) and estradiol
remain controversial11,12,14 (Table 1).

Factors predicting SRR in patients with
NOA undergoing MD-TESE

Baseline data

Age. There are few studies on the
father’s age and its effect on fertility, and
a specific male cutoff age, which negatively
affects fertility, has not been identified.7,15

Bernie et al.16 showed no relationship
between male age and MD-TESE results,
the overall SRR was highest in men aged
�40 years, and there was no upper age
limit for men for the success of MD-
TESE. Similarly, Ghalayini et al.17 found
that age had no significant effect on sperm
recovery in MD-TESE. However, Chen
et al.18 studied 38 men who NOA who
underwent orchidopexy, and found a corre-
lation between the SRR and age at orchid-
opexy and TV. Additionally, men who had
surgery before the age of 10 years had a
higher SRR than those who had surgery
after the age of 10 years. However, Wiser
et al.19 studied 40 patients who NOA who
underwent orchidopexy and found no sig-
nificant difference in the SRR between
patients who underwent surgery before or
after the age of 10 years. To determine the
factors affecting the SRR of MD-TESE,
Althakafi et al.20 performed multiple logis-
tic regression analyses, including age, BMI,
serum hormones (FSH, PRL, and TT) and

histopathology of patients. They showed

that only age (p¼ 0.044) and histopatholo-

gy (p< 0.001) were significantly associated

with the SRR of MD-TESE.

Obesity and BMI. Patients with NOA and

obesity and an elevated BMI have a high

sperm DNA fragmentation index, high

FSH levels, low TT levels, and low sponta-

neous fertility.21,22 However, the SRR in

MD-TESE appears to be similar in men

with obesity compared with men with a

normal BMI in the general MD-TESE pop-

ulation, as well as in men with Klinefelter’s

syndrome.22 A previous study examined the

relationship between obesity and MD-

TESE outcomes in patients with NOA,

and showed that obesity had no effect on

the SRR, but it reduced the clinical preg-

nancy rate.23

TV. TV is associated with spermatogene-

sis. However, studies have shown a poor

correlation between TV and the SRR.24–26

Although TV is positively correlated with

the success rate of MD-TESE,27,28 its role

as a good predictor variable remains incon-

sistent.29 In a meta-analysis of 1764 cases,

no threshold of TV associated with the

SRR was found,30 which is consistent with

findings by Wiser et al.19 Campbell et al.8

concluded that severe testicular atrophy

should not be a contraindication for micro-

anatomical testicular sperm retrieval.

Etiology. NOA is caused by multifactorial

effects. Etiology is a significant factor

predicting the SRR of NOA in men in

MD-TESE. The prognosis of patients with

idiopathic NOA is poor, with an SRR of

30% to 40%.16,31,32 Men with NOA and a

clear etiology, such as cryptorchidism, have

a high SRR,16 while idiopathic NOA, which

is the most common type of NOA, has the

lowest SRR.18,33 Moreover, spermatozoa

are significantly less likely to be successfully
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retrieved by MD-TESE in men with idio-
pathic azoospermia.34

Among patients with NOA and a clear
etiology, the SRR varies among patients
with different etiologies. A study compared
the clinical data of patients with NOA with
or without varicocele, and showed that the
success rate of sperm retrieval in patients
with NOA and varicocele who underwent
varicocelectomy was significantly higher
than that in patients without varicocele.35

This finding indicates that varicocele
repair in men with NOA might have a pre-
dictive role in the success of MD-TESE.
Other studies showed that a history of pre-
vious cytotoxic medication or radiation was
often associated with the SRR in patients
with NOA.36,37 Additionally, patients with
Klinefelter’s syndrome who underwent
micro-TESE had an SRR that was similar
to or better than all patients with NOA, and
Klinefelter’s syndrome was a good prognos-
tic factor for sperm retrieval.38 This finding
is consistent with that by Friedler et al.39

Genetics, particularly microdeletions of
the Y chromosome, are helpful in predict-
ing the SRR of MD-TESE in patients with
NOA. Studies have shown that the SRR is
higher in patients with NOA with AZFc
microdeletions compared with those with
AZFa or AZFb microdeletions, whereas
the SRR is lower in patients with AZFa
or AZFb microdeletions.40–42

Histopathology. Histopathology is a powerful
factor for predicting the SRR of MD-TESE
in patients with NOA.43–45 Bernie et al.46

suggested that acquisition of sperm in men
with NOA depended on the heterogeneity
of testicular tissue, and the SRR was
higher in men with NOA with late and
focal maturation arrest than in those with
early and diffuse maturation arrest. Yang
et al.47 showed that the results of histopath-
ological diagnosis were the best factor for
predicting the success of MD-TESE sperm
retrieval in patients with NOA, which is

consistent with the findings of Althakafi
et al.20 In contrast, other studies have indi-
cated that testicular histopathological find-
ings are not related to the success of sperm
retrieval in MD-TESE.48,49

Serum hormone levels

FSH. In spermatogenesis, FSH mainly
acts on spermatogenic and Sertoli cells
of the testis, which directly initiates mitosis
of spermatogonia and stimulates the
development of primary spermatocytes.
Maintaining normal spermatogenesis and
sperm maturation are important. Li
et al.30 suggested that FSH could not be
used as a factor to predict the success of
testicular sperm retrieval in patients with
NOA, which is similar to previous stud-
ies.50–53 Yildirim et al.49 evaluated levels
of LH, FSH, and testosterone, testicular
biopsy histology, and male age for predict-
ing the SRR of patients with NOA during
MD-TESE. These authors found a relation-
ship between the SRR and FSH levels,
which is similar to the results of Mitchell
et al.54 Another study showed that TV
and FSH levels did not predict the SRR in
patients with NOA during initial MD-
TESE, but had predictive value during the
second test.55 Ghalayini et al.17 found that
patients with NOA and FSH levels<2N
(24 mIU/mL) had a higher SRR compared
with those with FSH levels �2N. This find-
ing suggests that an increase in FSH levels
predicts a decrease in the SRR.

A study in the last decade showed that
FSH and a surgical approach were significant
variables for predicting the SRR in patients
with NOA (p< 0.05).56 Subsequently, anoth-
er study showed that the mean FSH level was
significantly higher in the failed group than in
the successful group (p< 0.01), and a plasma
FSH level> 19.4 mIU/mL was the best cutoff
value for predicting the SRR in patients with
NOA.57 A retrospective study of 180 patients
who NOA who underwent MD-TESE
showed that the mean serum FSH level was

6 Journal of International Medical Research



significantly higher in the failure group than
in the success group (p< 0.001), and a plasma
FSH level> 14.6 mIU/mL predicted failure
of sperm retrieval.58 In contrast, in our
study, we found that the mean serum FSH
level was significantly higher in the success
group than in the failure group (p¼ 0.001).14

We also found that a plasma FSH lev-
el> 19.01 mIU/mL was the best cutoff
value for predicting the SRR in patients
with NOA. Similarly, Modarresi et al.59 con-
sidered that FSH levels were a reasonable
predictor of the success of MD-TESE.
Therefore, the predictive significance of
FSH for the SRR in patients with NOA
remains controversial.

Testosterone. Testosterone is the most
important paracrine hormone in the testis.
Testosterone stimulates the secretion of
androgen-binding protein and seminiferous
tubule fluid by Sertoli cells. Testosterone
might act at some stages of spermatogene-
sis. Kals et al.60 found that sperm retrieval
was possible after a second attempt of MD-
TESE in men with NOA who had failed
previous attempts or multiple TESA
inseminations. This finding suggested a cor-
relation between preoperative serum testos-
terone levels and the SRR. Subsequently,
Mehmood et al.61 found a significant corre-
lation between preoperative testosterone
levels and the SRR of MD-TESE.
Althakafi et al.20 conducted a retrospective
study of 421 patients with NOA. Clinical,
biochemical, and histopathological data
were collected, and the determinants of
MD-TESE in the study population were
analyzed with multiple logistic regression.
These authors showed no significant corre-
lation between serum testosterone levels
and the outcome of MD-TESE in patients
with NOA. These results are consistent with
previous findings.17,25,62

PRL. PRL affects testicular function
by inhibiting secretion of gonadotropin-

releasing hormone levels and gonadotro-
pins. Hyperprolactinemia can lead to
decreased serum testosterone levels and
hypogonadism, resulting in severe sperma-
togenic failure and sexual dysfunction. To
date, no differences have been identified
between PRL levels in patients with NOA
in the successful sperm retrieval group com-
pared with the failed sperm retrieval
group.17,27,63

Inhibin B. Serum inhibin B is a marker of
spermatogenesis. Studies have shown that
serum inhibin B levels are useful for predict-
ing the presence of testicular sperm in
men with NOA, and are a useful non-
invasive predictor of the success of MD-
TESE.52,64,65 In a retrospective analysis by
Boitrelle et al.,66 total TV, FSH levels, and
inhibin B levels were associated with the
outcome of MD-TESE. Individually, inhib-
in B (cutoff value of 27.5 pg/mL; area under
the curve: 0.683) was the best predictor of
outcome in MD-TESE. Tsujimura et al.
and Mitchell et al.27,54 found that serum
inhibin B levels did not predict the outcome
of MD-TESE alone, but showed predictive
value when combined with other factors.
Tunc et al. and Meachem et al.52,67 showed
that that inhibin B was of limited value for
predicting the SRR in patients with NOA
who underwent MD-TESE. Additionally,
these authors found that inhibin B was not
a reliable predictor of the presence of sperm
in MD-TESE samples.

Imaging examinations

Ultrasound. Non-invasive diagnostic
methods before surgery are highly desirable
to improve surgical success and to avoid
unnecessary surgical interventions. Scrotal
ultrasound may be a suitable method.
However, Pezzella et al.68 showed that mea-
surement of the epididymal head diameter
by ultrasonography did not provide any rel-
evant information clinically for patients
with NOA. This measurement also did not

Qi et al. 7



predict the success rate of sperm retrieval by
TESE in patients with NOA. Altinkilic
et al.69 investigated whether color-coded
duplex sonography improves the outcome
of predicting testicular sperm retrieval in
patients with NOA. Their findings sug-
gested that a higher intratesticular peak sys-
tolic velocity is helpful as a preoperative
diagnostic parameter to predict the success
of sperm retrieval. However, after adjusting
for other clinical confounders, color-coded
duplex sonography did not predict the suc-
cess of testicular sperm retrieval in patients
with NOA.

Magnetic resonance imaging. In recent
years, there have been few studies on mag-
netic resonance imaging (MRI) in predicting
the success rate of testicular sperm extrac-
tion in patients with NOA. Wang et al.70

showed that functional MRI, including
diffusion-weighted MRI and magnetization
transfer MRI, appears promising for assess-
ing male infertility with a higher apparent
diffusion coefficient (ADC) and a lower
magnetization transfer ratio in testicular
hypospermatogenesis. Another study sug-
gested that testicular metabolite concentra-
tions measured by 3T proton spectroscopy
can be used as non-invasive biomarkers to
predict spermatogenesis.71 A study showed
that phosphocholine concentrations were
significantly higher in normal testes com-
pared with Sertoli cells only.72 This finding
indicated that the unique metabolic profile
of spermatogenesis may be identified by
proton magnetic resonance spectroscopy,
which is helpful in non-invasive diagnosis
of spermatozoa in men with NOA.

A study of differences in the ADC and
fractional anisotropy in the testes showed a
higher ADC and fractional anisotropy in the
testes of patients with NOA compared with
the normal population. The ADC proved to
be a more useful diagnostic aid in the popu-
lation of men with NOA for identifying
advanced spermatogenesis lesions. However,

diffusion tensor imaging parameters cannot
predict the success rate of sperm retrieval in
TESE.73 A study including 49 men with
NOA and 45 controls showed that TV, the
ADC, and the magnetization transfer ratio
were useful for predicting the success rate of
sperm retrieval in patients with NOA under-
going MD-TESE.74 A recent prospective
study showed that proton magnetic reso-
nance spectroscopy can assess metabolic
information within the testis of patients with
NOA and assess the spermatogenic status of
the testis before MD-TESE in these
patients.75 In conclusion, MRI has certain
clinical value as a non-invasive examination
in assessing the spermatogenic status of
patients with NOA.

Predictive model. Recently, some researchers
have attempted to develop a model to pre-
dict the SRR of MD-TESE in patients with
NOA compared with single factors. Details
of this model are shown in Table 2.

Discussion

NOA is diagnosed in 10% of men with
infertility.60 NOA is an untreatable testicu-
lar failure due to various causes, and is
characterized by impaired testicular endo-
crine (producing testosterone) and/or exo-
crine (producing sperm) function.62,66

Spermatogenesis involves multifactorial
regulation, and is related to many factors,
such as age, TV, histopathological diagno-
sis, genetic diagnosis, and serum hormone
levels. Previous studies have shown that
FSH and histopathological diagnosis are
the most potentially useful predictors of
NOA. However, the predictive value of
FSH remains inconsistent. Preoperative
counseling should be provided to patients
with NOA to predict the success rate of sur-
gery, and reduce the psychological and
physical burden on patients. Predictive fac-
tors of spermatogenesis in patients with
NOA need to be examined to improve the
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success rate of surgery and reduce the

burden on patients.

Conclusions

The predictors of surgical sperm retrieval in

patients with NOA have been extensively

studied, with inconsistent results. More

studies are required to further examine the

relevant predictors to improve the diagnosis

and treatment of patients with NOA.
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