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INTRODUCTION

Azoospermia is defined as the absence of spermato-
zoa in the ejaculate following centrifugation and subse-
quent microscopy of the specimen on 2 separate semen 
analyses [1,2]. Although it only affects 1%–2% of all 
men, the rate increases to 5%–15% among those seek-
ing fertility evaluation or treatment [3,4]. Azoospermia 
can be broadly classified as obstructive azoospermia 
(OA) and non-obstructive azoospermia (NOA) and each 
of them has different causes and management [5]. NOA 
results from impairment of testicular sperm production 
and constitutes around two-thirds of azoospermia cases 
[3].

NOA may result from a variety of causes ranging 
from genetic defects to acquired damage and is fre-
quently unexplained [6]. Therefore, an adequate and 
appropriate workup for the patient with azoospermia 

is important as it determines further management [7].
The basic evaluation includes history, physical ex-

amination, and serum hormone analysis but the clini-
cal interpretation of these can be controversial. Thus, 
a widely cited study [8] asserts that a serum follicle-
stimulating hormones (FSHs) level greater than 7.6 IU/
L combined with a testicular long axis of 4.6 cm or less 
suggests that the azoospermia is due to spermatogenic 
dysfunction, consistent with NOA. However, another 
study [9] presents a subgroup of men with NOA due to 
uniform maturation arrest who had serum FSH less 
than 7.6 IU/L and normal testicular size. Similarly, 
the correct utility of other diagnostic modalities like 
genetic testing, imaging, or testicular biopsy remains a 
matter of debate.

Professional and academic society guidelines for the 
evaluation of NOA are limited and there are many 
controversies in the literature. Hence, considerable di-
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Purpose:Purpose: Non-obstructive azoospermia (NOA) represents the persistent absence of sperm in ejaculate without obstruction, 
stemming from diverse disease processes. This survey explores global practices in NOA diagnosis, comparing them with 
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Materials and Methods:Materials and Methods: A 56-item questionnaire survey on NOA diagnosis and management was conducted globally from 
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versity in the diagnostic approaches and management 
of azoospermia across the globe is to be expected.

The current study aims to assess contemporary 
global practices related to the diagnosis and evalua-
tion of NOA among experts and to compare them with 
the current international practice guidelines and the 
available evidence in the literature. Expert recommen-
dations derived through a Delphi consensus are also 
provided.

MATERIALS AND METHODS

The global survey was approved by the Global An-
drology Forum (GAF) Internal Review Board (IR-
02-23-110). The checklist for Reporting Results of the 
Internet E-Survey (CHERRIES) was used to guide the 
construction, dissemination, and analysis of the ques-
tionnaire [10]. The checklist is provided in Supplement 
File 1.

1. Target population
The survey targeted physicians who treat NOA 

patients in their daily practice. This group included 
urologists, andrologists, and reproductive endocrinolo-
gists. Clinicians not dealing with these patients were 
excluded.

2. Questionnaire creation and structure
Members of the GAF [11], which is an online col-

laboration of clinicians, embryologists, and research-
ers interested in andrology, were invited to submit 
multiple-choice questions on relevant clinical aspects of 
the evaluation and management of NOA. These sug-
gestions were extensively reviewed and refined, by a 
group of ten experienced clinicians, to reflect the dif-
ferent options and practices available in the diagnosis 
and management of patients with NOA. The option 
“not applicable” was added when respondents did not 
encounter a particular situation in their clinical prac-
tice. The final survey had 56 questions accompanied 
by an invitation letter that mentioned the aims of the 
survey and recorded the respondent’s consent to par-
ticipation (Supplement File 2). While completing the 
survey, respondents were able to scan, review, and edit 
their responses before the final submission. This paper 
discusses the first part of the survey covering section 1 
on demographic data (Q1–8) and section 2 on diagnosis 
and evaluation (Q9–21).

3. Questionnaire dissemination
The questionnaire was created using Google Forms 

and was available online from July 21st, 2022, to Sep-
tember 9th, 2022. The survey was published on the 
website of the GAF and all members were invited to 
complete the survey if they fit the inclusion criteria. 
On the final page, the respondents were able to recom-
mend other experts who met the inclusion criteria. The 
survey questionnaire was also distributed to the mem-
bers of the different organizations listed under the Ac-
knowledgment.

4. Data collection and analysis
The survey data were extracted as a CSV file from 

the survey platform. Blank and duplicate responses 
were excluded. Partial responses were accepted if they 
included some questions beyond demographics. Med-
Calc® (MedCalc Software Ltd) was used to calculate 
responses and generate tables and graphs. When a 
question allowed more than one response, the total 
number of responses was used for calculations. Some 
respondents skipped some questions and hence the to-
tal number of responses per question varied.

5. Society guidelines
The male infertility guidelines of the American Uro-

logical Association/American Society for Reproductive 
Medicine (AUA/ASRM) [12], the European Association 
of Urology (EAU) [13] and the European Academy of 
Andrology (EAA) [14,15] were reviewed for their recom-
mendations on the evaluation and diagnosis of NOA.

6. GAF expert recommendations
GAF expert recommendations were formulated us-

ing a Delphi process. Two senior authors (RS, AR) for-
mulated the statements based on the survey results, 
available professional society guidelines, and the latest 
literature on the subject (Supplement File 3). These 
were then forwarded to 43 GAF clinicians with at least 
15 years of experience in treating NOA. They rated the 
recommendations on a scale from 1 to 10, 1 being “com-
pletely disagree” and 10 “completely agree.” When they 
disagreed with the statement, they were asked to pro-
vide a new changed recommendation. The final recom-
mendation was accepted once 70% of the respondents 
scored 7 or above.
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RESULTS AND DISCUSSION 

In the current paper, we present the results of the 
first 21 questions dealing with the demographics of the 
survey and the approach to the evaluation of NOA.

The results of the survey have been grouped based 
on the question topics. For each group of questions, 
the survey results are discussed in the context of the 
guideline recommendations from major male infertility 
societies (AUA/ASRM, EAU, and EAA) and an exten-

sive literature review of relevant contemporary pub-
lications. Finally, these are summarized as expert rec-
ommendations based on the Delphi process described 
above. All recommendations were accepted in the first 
round of the Delphi process (Table 1).

1. Demographics
A total of 367 participants from 49 countries submit-

ted their answers. Of these, 31 responses were excluded, 
either due to incomplete data (n=6) or submission by 

Table 1. Comparison of the different guidelines on NOA

AUA/ASRM EAU EAA

Incidence of NOA Not mentioned Obstructive azoospermia is less  
common than NOA and occurs in 
20%–40% of men with azoospermia

Not mentioned

Presence of varicocele in NOA Not mentioned 10.9% of men with azoospermia have 
varicocele

Not mentioned

Number of semen samples  
before the diagnosis

2 2 Not mentioned

Optimal time interval to repeat 
semen analysis

1–2 weeks No specific recommendation Not mentioned

Initial hormonal evaluation Total testosterone and FSH Total testosterone and FSH/LH No specific recommendation
Genetic testing Karyotype and YCMD for men with 

azoospermia
Karyotype analysis and YCMD
Gene coding for CFTR to exclude con-

comitant mutations

Karyotype analysis for  
detecting KS and YCMD

Genetic counselling No specific recommendation Mandatory in couples with genetic  
abnormalities prior to any ART  
protocols

For all men with azoospermia
For all couples with a genetic  

abnormality found on clinical or 
genetic investigation and in patients 
who carry a (potential) inheritable 
disease

Mandatory for all men  
with YCMD

Modalities to differentiate  
OA and NOA

History, physical examination  
(small volume testes), semen volume, 
and hormonal status (FSH, LH,  
testosterone)

No specific recommendation No specific recommendation

Diagnostic testicular biopsy Should not be routinely performed to  
differentiate between OA and NOA

May be considered in infertile men 
with normal semen volume, normal 
testicular volume, and FSH<7.6 and 
no signs of epididymal engorgement

Performing a diagnostic biopsy before 
surgery (any type) unless dedicated 
to ART protocols is currently consid-
ered inappropriate

No specific recommendation

Predictors of successful  
surgical sperm retrieval

No specific recommendation No preoperative biochemical and 
clinical variables may be considered 
sufficient and reliable predictors of 
positive sperm retrieval at surgery in 
patients with NOA

No specific recommendation

AUA: American Urological Association, ASRM: American Society for Reproductive Medicine, EAU: European Association of Urology, EAA: European 
Academy of Andrology, NOA: non-obstructive azoospermia, FSH: follicle-stimulating hormone, LH: luteinizing hormone, KS: Klinefelter syndrome, 
YCMD: Y chromosome microdeletion, OA: obstructive azoospermia, ART: assisted reproductive technology, CFTR: cystic fibrosis transmembrane 
conductance regulator.
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an ineligible respondent (n=25). Thus, a total of 336 
participants were included in the study. The highest 
responses were received from respondents from Italy 
(n=36, 10.7%), Turkey (n=35, 10.4%), and India (n=35, 
10.4%). Respondents and countries are presented in Fig. 
1.

The majority of respondents were attending phy-
sicians, with training in general urology or androl-
ogy, and were equally divided between academic and 
private practice (Table 2). Almost half of the survey 
participants had 11 or more years of experience (Fig. 
2) with more than 30% evaluating 11–20 new infertile 
men per week (Fig. 3).

2. Diagnosis and evaluation of NOA

1)  Incidence of NOA in men presenting with 
infertility

(1) Survey results
NOA appears to be a common problem in male infer-

tility clinics with 39.6% of respondents reporting that 
10%–25% of the infertile men they see present with 
NOA, and 19.94% reporting that >25% of their infertile 
men had NOA (Fig. 4).

Almost two-thirds (62.4%) of  the respondents re-
ported that at least 10% or more of their patients with 
NOA had a clinically significant varicocele (Fig. 5).

(2) Guidelines
Neither ASRM/ASRM nor EAA guidelines men-

Fig. 1. Geographical distribution of respondents. The number of respondents is shown in brackets after the name of each country, while the 
numbers on the map indicate the ranking of the countries according to the number of respondents. The map is also color-coded according to the 
number of respondents in each country.
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Table 2. Demographic characteristics of the respondents

Number (%)

Q4: What is the nature of your employment?
Physician, attending or fellow 281 (83.63)
Physician, resident 37 (11.01)
Advanced practice provider (Physician Assistant, Nurse Practitioner) 7 (2.08)
Others 11 (3.27)

Q5: What is your area of specialization (as it relates to male infertility)?
Fellowship-trained reproductive urology 99 (29.46)
General urology 115 (34.22)
Reproductive Endocrinology/ART specialist 67 (19.94)
Endocrinology 11 (3.27)
Other (specify) 44 (13.09)

Q6: What is your practice setting?
Academic 85 (25.29)
Public 39 (11.60)
Private 102 (30.35)
Multiple 108 (32.14)
Other (specify) 2 (5.95)

ART: assisted reproductive technology.

Less than 2 y
2 5 y
6 10 y
11 15 y
More than 15 y

Q7: How many years have you been practicing
(related to male infertility)?

34
(10.1%)

76
(22.6%)

63
(18.7%)

45
(13.4%)

118
(35.1%)

Fig. 2. The number of years the respondents have been practicing.

Q8: On average, how many new infertile couples do you
evaluate per week?

Less than 10
11 20
21 30
31 40
41 50
More than 50

115
(34.2%)

110
(32.7%)

49
(14.6%)

19
(5.7%)

19
(5.7%)

30
(8.9%)

13
(3.9%)

Fig. 3. The average number of new infertile couples evaluated per 
week by the respondents. 

Q10: In your practice, what is the proportion of clinically
significant varicocele among men with NOA?

Less than 10% of cases
10 25% of cases

26 50% of cases
More than 50% of cases
Not applicable to my practice

%

%

-
-

116
(34.6%)

10 (3.0%)

136
(40.6%)

49
(14.6%)

24
(7.2%)

Fig. 5. Proportion of clinically significant varicocele among men with 
NOA. NOA: non-obstructive azoospermia.

Fig. 4. Estimated proportion of NOA in men presenting with infertil-
ity. NOA: non-obstructive azoospermia.

Q9: In your practice, what is the estimated proportion of NOA
among men who present for fertility concerns?

Less than 10% of cases
10 25% of cases

26 50% of cases
More than 50% of cases
Not applicable to my practice

%

%

-
-

131
(39.0%)

133
(39.6%)

35
(10.4%)

33
(9.8%)

4 (1.2%)
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tion the estimated prevalence of NOA among infertile 
men. In the EAU guidelines, the estimated proportion 
of azoospermia among men who present for fertility 
evaluations is 11.2% [13]. Although there is no explicit 
proportion of NOA in the EAU guidelines, it is stated 
that the prevalence of OA is less frequent compared 
to NOA at one-fifth to two-fifths of men with azo-
ospermia. Therefore, the proportion of NOA is around 
60% to 80% of men with azoospermia. EAU guidelines 
mentioned that the proportion of varicocele among 
men with azoospermia is 10.9%, however, no specific 
proportion is stated for NOA. On the other hand, both 
AUA/ASRM and EAA guidelines do not mention any 
specific proportion for this group [12,14,15].

(3) Discussion
This survey shows that NOA is commonly encoun-

tered in specialized infertility clinics around the globe. 
The majority of cases of NOA are due to primary hypo-
gonadism (hypergonadotropic hypogonadism or testicu-
lar failure), while NOA due to secondary hypogonad-
ism (hypogonadotropic hypogonadism) is uncommon 
[7]. There is a wide range of congenital, environmental, 
iatrogenic, and acquired conditions that can cause tes-
ticular failure leading to NOA [16].

While varicocele is commonly associated with oligo-
asthenozoospermia with an estimated prevalence of 
35% [17], it is uncommon for it to be the primary cause 
of azoospermia. However, 5% to 10% of men with NOA 
have been reported to have an associated clinical vari-
cocele [18], although in the current survey a higher 
incidence is suggested.

(4) Expert recommendation
The majority of cases of azoospermia are non-ob-

structive and are due to primary testicular failure. The 
clinical relevance of a varicocele associated with NOA 
is unclear.

2)  Number of semen samples to confirm the 
diagnosis of NOA

(1) Survey result
Of 334 respondents, more than 80% requested two 

semen analyses before diagnosing NOA. Forty-six par-
ticipants (13.8%) chose the “3 or more” option, whereas 
only 11 participants (3.3%) requested just one semen 
sample to diagnose NOA (Fig. 6).

(2) Guidelines
Although there is no specific mention in the EAA 

guidelines, both the AUA (statement 11) and EAU 
(11.6.1.2.3) guidelines state that a second semen sample 
is mandatory if the initial semen analysis shows azo-
ospermia [12,13].

(3) Discussion
The practice of the majority of the respondents is in 

line with the guidelines’ recommendation of request-
ing a second semen sample if the initial examination 
showed an absence of sperm in the ejaculate. However, 
about 14% of the participants recommend 3 or more 
tests to arrive at the definitive diagnosis, possibly re-
flecting the finding that some men with NOA do oc-
casionally have sperm in the ejaculate which may be 
detected only on repeated testing [19,20]. Thus, Schlegel 
et al [21,22] recommended a semen analysis on the day 
before the planned sperm retrieval procedure.

The method of examination of the semen sample can 
also impact the diagnosis of azoospermia. Centrifuga-
tion of the semen sample at 3,000 g for 15 minutes 
and examination of the pellet at 200× magnification 
(EUA guideline 11.3.2) or at 400× magnification (EUA 
guideline 11.6.1.2.3) [13] is recommended to confirm the 
diagnosis of azoospermia. The whole pellet should be 
thoroughly examined; a study using an extended sperm 
preparation found sperm in 35% of men who were ini-
tially diagnosed with NOA, thus preventing them from 
undergoing unnecessary sperm retrieval [23]. In an-
other study, the use of nuclear fast picroindigocarmine 
(NF-PIC) staining in combination with Cytospin cen-

Q11: How many semen samples do you usually order before
confirming the diagnosis of NOA?

1
2
3 or more
Not applicable to my practice

11 (3.3%)

4 (1.2%)

273
(81.7%)

46
(13.8%)

Fig. 6. Number of semen samples usually ordered prior to confirming 
a diagnoses of NOA. NOA: non-obstructive azoospermia.
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trifugation found sperm in 23.9% of samples deemed 
azoospermic by conventional examination [24].

(4) Expert recommendation
Due to possible fluctuations, one semen sample might 

not be enough to diagnose azoospermia. At least two 
separate semen samples should be examined, after cen-
trifugation to create a pellet, to establish a diagnosis of 
azoospermia.

3)  Optimal time interval to repeat semen analysis 
in diagnosing NOA

(1) Survey result
Half the respondents (49.4%) do the second semen 

test within two to four weeks of the first test, while 
one-fourth (22.9%) prefer to wait for 3 months (Fig. 7). 
However, 10.1% of respondents highlighted that the 
interval between tests is best optimized as per the indi-
vidual case.

(2) Guidelines
According to the AUA/ASRM guidelines, in cases of 

azoospermia a confirmatory semen analysis should be 
obtained at least one to two weeks later (AUA guide-
line statement 11) [12]. There is no specific recommen-
dation in terms of the optimal time to repeat semen 
testing in EAA or EAU guidelines [13-15].

(3) Discussion
There is currently no study that definitively identi-

fies the ideal time interval between two semen analy-
ses for diagnosing NOA since azoospermia is typically 
used as an exclusion criterion in research that exam-
ines the ideal time for semen analysis [25,26]. Thus, 

while the AUA/ASRM guidelines recommend repeat-
ing the semen analysis after a couple of weeks, it is im-
portant to bear in mind that after exposure to revers-
ible causes of azoospermia like high fever, infection, 
major medical illness, exposure to toxins, chemotherapy 
or radiotherapy, or some medications, the reappear-
ance of sperm in ejaculate may take several weeks to 
months [27-33].

While the majority of participants of the survey 
cited a period of 14 to 29 days as ideal for the interval 
between two semen analyses, 22.9% cited a period of 
three months. The adoption of a three-month time-
frame seems reasonable conceptually as it represents 
a full cycle of spermatogenesis [34]. Only 9.2% of par-
ticipants routinely repeat the semen analysis in less 
than 14 days. However, individual considerations like 
the couple’s age, urgency for planning the next step, 
and the logistics for repeating the semen test may also 
influence the timing of the next test.

(4) Expert recommendation
Generally, at least a month’s interval is preferable 

between two semen reports in an azoospermic man, but 
the physician’s clinical judgment should be used to de-
termine the duration between the two tests, depending 
on individual circumstances and history of any recent 
medical illness that could have affected spermatogen-
esis.

4) Hormonal evaluation
(1) Survey result
The majority of respondents routinely perform se-

rum FSH, luteinizing hormone (LH), and total testos-
terone tests in patients with NOA, and around half 
of the respondents also check for serum prolactin and 
estradiol levels. Only 15.5% consider inhibin-B levels to 
be of value (Fig. 8).

(2) Guidelines
The AUA/ASRM guidelines recommend an initial 

assessment of serum total testosterone and FSH levels; 
if the testosterone level is <300 ng/dL then they recom-
mend repeating the total testosterone assay together 
with the measurement of free or bioavailable testoster-
one, serum LH, prolactin and estradiol (Statement 10). 
EAU guidelines recommend the measurement of serum 
total testosterone with FSH and LH (Guideline 11.3.4) 
[12,13]. The AUA guidelines do not discuss inhibin-B 

Q12: How long do you think is the optimal time interval to
repeat sperm analysis in diagnosing NOA?

1%
Less than 14 days

14 29 days

1 mo

2 mo

3 mo

More than 3 mo

Variable depending on the case

9.2%

25.3%

24.1%

7.4%

22.9%

10.1%

Fig. 7. Optimal time to repeat sperm analysis in diagnosing NOA. 
NOA: non-obstructive azoospermia.
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while the EAU guidelines state that though inhibin-B 
is a useful indicator of Sertoli cell function, its diag-
nostic utility is not superior to FSH and hence is not 
widely used (Guideline 11.6.1.2.4). The EAA guidelines 
do not provide specific recommendations for hormonal 
evaluation for men with NOA [14,15].

(3) Discussion
The hypothalamic-pituitary-gonadal axis is essential 

for spermatogenesis. Rapid pulses of gonadotropin re-
leasing hormone (GnRH) stimulate the release of FSH 
and LH from the anterior pituitary gland. FSH acts on 
the testes to promote spermatogenesis via Sertoli cells, 
whereas LH stimulates the Leydig cells to produce 
testosterone [35]. Studies have shown that serum FSH, 
LH, and testosterone levels are significantly different 
among men with NOA compared to those with OA 
[36,37]. 

The value of serum total testosterone level may not 
represent the functional testosterone available due to 
the changes in serum sex-hormone binding globulin 
(SHBG) levels which may be altered due to metabolic 
syndrome, hypo/hyperthyroidism, pituitary disease, 
chronic liver disease, prostate cancer, nephrotic syn-
drome, estrogen use, as well as drugs such as some an-
ticonvulsants and steroids [38,39]. Therefore, the calcu-
lation of free testosterone may be useful in borderline 
cases [38].

Sertoli cells produce inhibin-B to give negative feed-
back. Estradiol is the predominant form of estrogen 
that mediates the negative feedback to the hypothala-

mus thus impacting GnRH release and consequently 
regulating spermatogenesis. Serum estradiol levels in 
infertile men with NOA may vary but the majority 
(up to 71.1%) have normal levels [40]. Thus, estradiol 
should be assessed for selected patients such as those 
with obesity, those working in a polluted workplace, or 
before trying hormonal therapy [40].

An elevated level of prolactin can also result in nega-
tive feedback to pituitary gonadotrophin secretion by 
directly influencing the prolactin reception in the tes-
tis, which then results in detrimental effects on sper-
matogenesis [35,41]. A study by Gonzales et al [42] re-
ported a significantly higher prolactin level among the 
azoospermic group compared to the normozoospermic 
group while another study found that up to one-fourth 
of men with azoospermia have hyperprolactinemia [43]. 
However, there is no established causation or clinical 
relevance of raised prolactin to azoospermia. In a study 
of 204 men attending infertility clinics, there was no 
significant difference in pregnancy rates between men 
with high (greater than 5 ng/mL) and low (less than 
or equal to 5 ng/mL) prolactin [44]. Therefore, it is sug-
gested that the investigation for prolactin in an azo-
ospermic male is done only for those with hypogonado-
tropic hypogonadism, or with concomitant complaints 
of sexual dysfunction (especially decreased libido), or if 
there are clinical symptoms of hyperprolactinemia or 
pituitary disease [45].

The result of the survey showed that serum FSH, 
LH, and total testosterone were the most common ini-
tial hormones evaluated in patients with NOA. This 

Q13: What hormonal evaluation do you routinely perform in patients with NOA?

0

Other

I do not routinely perform

Inhibin B

Estradiol

SHBG

Free testosterone

Total testosterone

Prolactin

LH

FSH

350

No. of responses

3.0%

0.9%

15.5%

49.4%

22.9%

27.7%

92.9%

68.8%

86.9%

97.0%

30025020015010050

Fig. 8. Hormonal evaluation routinely 
performed for patients with NOA. NOA: 
non-obstructive azoospermia, SHBG: 
sex-hormone binding globulin.
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corresponds with the guidelines’ recommendations.

(4) Expert recommendation
The initial evaluation of a patient with suspected 

NOA should include serum total testosterone level, 
FSH, and LH, as these hormones are the primary regu-
lator for spermatogenesis. When the serum total testos-
terone level does not match the clinical symptoms or if 
there is any condition that could dramatically alter the 
SHBG level, then the calculation of free testosterone 
(after SHBG assay) is recommended. Serum estradiol 
should be measured in obese men. Serum prolactin 
should be assayed if there is an associated decreased 
sexual desire and erectile dysfunction.

5) Genetic testing
(1) Survey result
Out of 335 respondents, two-thirds ask for genetic 

testing in men with NOA in all or the majority of the 
cases, while 26.3% of them would offer it in selected 
cases. A small minority (3.3%) of the participants chose 
the “never” option (Fig. 9).

For the genetic tests that are routinely performed, 
the majority of respondents order karyotype analysis 
and Y chromosome microdeletion, while one-fifth of 
respondents also test for the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene in patients 
with NOA. Only a few of the respondents (2.7%) ask 
for Kal1 gene test (Fig. 10). For genetic counseling, half 
of the respondents refer their patients to a genetic 
counselor, while 22.1% feel that they could counsel ad-
equately by themselves (Fig. 11).

(2) Guidelines
All guidelines agree on the need for karyotype and 

Yq deletion screening in all men with NOA [12-15]. The 
EUA guidelines also recommend testing for concomi-
tant CFTR mutations (Guideline 11.6.2.1) [13].

The EAU guidelines recommend offering genetic 
counseling to men with azoospermia and oligozoosper-
mia (spermatozoa <10 million/mL), especially for those 
who have a potential for inheritable disease and before 
any assisted reproductive technique (ART) procedure. 
In congruence, the EAA guidelines recommend offer-
ing genetic counseling for men with Y chromosome mi-
crodeletion and selected cases of men with Klinefelter 
Syndrome [14,15].

Q15: What are the genetic tests you routinely perform in patients with NOA?

0

Other

Not applicable to my practice

Kal1 gene

CFTR gene

Y chromosome microdeletion

Karyotype

350

No. of responses

1.5%

6.0%

2.7%

21.9%

88.3%

86.2%

50 100 150 200 300250 Fig. 10. Routinely performed genetic 
tests in patients with NOA. NOA: non-
obstructive azoospermia, CFTR: cystic 
fibrosis transmembrane conductance 
regulator.

Q14: Do you perform genetic testing in patients with NOA?

Always
Majority of the cases
In selected cases
Never
Not applicable to my practice

162
(48.2%)

13 (3.9%)

61
(18.2%)

88
(26.3%)

11 (3.3%)

Fig. 9. Proportion of respondents who perform genetic testing in pa-
tients with NOA. NOA: non-obstructive azoospermia.
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(3) Discussion
A male patient with azoospermia or severe oligo-

spermia has a higher likelihood of having genetic ab-
normalities. A study of 291 men attending infertility 
clinics reported that chromosomal abnormalities were 
significantly higher among azoospermic men (35.0%) 
compared to patients with normozoospermia (1.1%) [46]. 
Another study of 1,663 infertile men with azoospermia 
showed that the rate of chromosomal abnormalities 
was around 14.4% [47]. Among these abnormalities, 
Klinefelter syndrome was detected in 64% to 73% of 
patients [46,47], followed by autosomal abnormalities, 
terminal deletion of chromosomal Y, and XYY karyo-
types [46]. Another study of 765 infertile men with 
NOA, showed that 13.99% had Y chromosome microde-
letions [48].

These studies highlight the need for karyotyping 
and Y chromosome microdeletion testing in patients 
with NOA, which is consistent with the guidelines and 
practices of the majority of our respondents.

On the other hand, 2.7% of respondents would order 
Kal1 gene testing. Kal1 is the first gene discovered in 
X-linked Kallman Syndrome patients [49] and is the 
most common cause of congenital hypogonadotropic 
hypogonadism especially when associated with anos-
mia or severe hyposmia [5]. The test of Kal1 should be 
reserved for those with clinical suspicion of Kallman 
Syndrome.

There are many other genes as well as mutations of 
genes that are proposed to be responsible for NOA [50], 
but several of them have not yet been confirmed or are 

so rare in the community that routine screening would 
not be cost-effective [51].

Interestingly, 21.9% of participants stated that they 
routinely perform CFTR gene mutation testing in pa-
tients with NOA although CFTR gene mutation does 
not cause NOA, and testing for CFTR mutations is 
causally indicated in OA with congenital seminal tract 
anomalies. A reason to do this test could be linked to 
the high prevalence of CFTR mutations in some geo-
graphical areas and in these populations, both partners 
of  a couple undergoing ART for NOA may coinci-
dentally also be carriers of CFTR mutations. If that 
is found to be the case, then preimplantation genetic 
testing would be required to avoid cystic fibrosis in the 
offspring.

A causative role of CFTR mutations in NOA is un-
likely. A case-controlled study of 100 men with NOA 
found that certain polyvariant mutations of the CFTR 
gene (T5 allele and TG12-T5-V470 genotypes) were as-
sociated with a higher risk of NOA, though the com-
mon F508del and R117H mutations were not found [52]. 
A study of 100 Iranian infertile men with NOA also 
showed that neither ∆I507 nor ∆F508 CFTR gene mu-
tations played a role [53].

Genetic counseling is an important aspect of the 
management of azoospermia [54]. It includes a discus-
sion of the risk and clinical consequences of vertical 
transmission to the offspring, and whether preim-
plantation genetic testing is advisable [55]. Our survey 
shows that a significant proportion of clinicians offer 
counseling themselves and do not refer the couple to a 
genetic counselor. This finding highlights the need for 

Q21: In which situation do you refer an azoospermic patient to a genetic counselor

0

Not applicable to my practice

I do the genetic counseling

OA with CFTR mutation

NOA in Klinefelter patient

NOA with Y microdeletion

No. of responses

8.1%

22.1%

57.6%

56.1%

57.0%

50 100 150 200 250
Fig. 11. Conditions in which the respon-
dents refer an azoospermic patient to a 
genetic counselor. NOA: non-obstructive 
azoospermia, OA: obstructive azoosper-
mia, CFTR: cystic fibrosis transmembrane 
conductance regulator.
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providing training in genetic counseling to clinicians.

(4) Expert recommendation
Karyotype and Y microdeletion tests should be rec-

ommended for NOA patients, while CFTR gene muta-
tion tests should be done only in cases of vas aplasia or 
congenital obstruction, or in regions with a high preva-
lence of carriers for CFTR mutations. Currently, other 
genetic tests like full exome or genome screening are 
not recommended as routine tests.

6)  Preferred modalities to differentiate OA and 
NOA

(1) Survey result
Almost half (45.1%) of the respondents do not per-

form diagnostic testicular biopsy to differentiate be-
tween OA and NOA, while one-third (34.6%) perform 

it in selected cases. However, 14.1% of respondents re-
ported that they routinely perform either unilateral or 
bilateral diagnostic testicular biopsies (Fig. 12).

In order to differentiate between NOA and OA, most 
respondents rely on clinical examination (76.1%), serum 
levels of reproductive hormones (69.6%), and basic and 
extended semen tests (68.1%). Only a minority of clini-
cians (29.0%) consider scrotal ultrasonography as being 
helpful in distinguishing between OA and NOA (Fig. 
13).

(2) Guidelines
The EAU guidelines state that testicular histopathol-

ogy from a diagnostic testicular biopsy is an important 
predictor of spermatogenesis and sperm retrieval, but 
it should not be performed in isolation and should, 
instead, always be combined with therapeutic sperm 
retrieval (Guideline 11.6.1.2.6). Further, the EAU guide-
lines state that diagnostic fine needle aspiration should 
not be performed in isolation without simultaneous 
therapeutic testicular sperm extraction (TESE) [13].

Likewise, the AUA/ASRM states that in the major-
ity of cases, clinical and laboratory results are suf-
ficient to differentiate NOA or OA without the need 
for an invasive diagnostic biopsy procedure (Guideline 
statement 11). Azoospermic men with small testicular 
volume, elevated serum FSH, and normal semen vol-
ume typically belong to the NOA group, while those 
with normal testis volume (length >4.6 cm) and serum 
FSH level <7.6 IU/mL will most likely have OA. The 
diagnosis of OA is more convincing if there is engorge-
ment of proximal epididymis or clinical absence of 

Q17: Do you perform diagnostic testicular biopsy to differentiate
between OA and NOA?

Routinely-unilateral
Routinely-bilateral
In select patients
No
Not applicable to my practice

18 (5.4%)

116
(34.6%)

29
(8.7%)

151
(45.1%)

21 (6.3%)

Fig. 12. Most helpful modality to differentiate between OA and NOA. 
NOA: non-obstructive azoospermia, OA: obstructive azoospermia.

Q18: In your clinical practice, which of the following do you find MOST HELPFUL
in the differentiation between OA and NOA?

1.2%

2.4%

24.2%

22.1%

29.0%

69.6%

76.1%

0

Other

Not applicable to my practice

Combined testicular long axis

Transrectal US

Scrotal US

Serum levels of reproductive hormones

Basic and extended tests

Clinical examination

300

No. of responses

50 100 150 200 250

68.1%

Fig. 13. Diagnostic testicular biopsy 
to differentiate between OA and NOA. 
NOA: non-obstructive azoospermia, OA: 
obstructive azoospermia.



https://doi.org/10.5534/wjmh.230333

16 www.wjmh.org

vasa deferentia. A diagnostic testicular biopsy may be 
infrequently indicated in case of “intermediate values” 
and should be combined with sperm cryopreservation 
(Guideline statement 20) [12].

The EAU guidelines do not make any recommenda-
tion for an US in the evaluation of NOA, but an ear-
lier section (11.3.6.1) discusses that an US may help in 
identifying testicular dysgenesis or testicular tumors, 
and in assessing testicular volume [13]. Both the AUA 
(Guideline statement 22) and EAU (11.3.6.2) suggest 
that trans-rectal sonography should be limited to cases 
where there is suspicion of distal obstruction at the 
level of the ejaculatory ducts, and need not be done 
routinely in all cases [12,13]. There is no specific men-
tion in the EAA guidelines regarding modalities to dif-
ferentiate between OA and NOA [14,15].

(3) Discussion
Categorization of azoospermia into OA or NOA is 

critical as the management strategies for the two are 
very different. While testicular biopsy is the “gold 
standard” to discriminate OA from NOA, it is an in-
vasive procedure and should be reserved for inconclu-
sive cases such as patients with normal FSH, normal 
testicular size, and no sign of obstruction [56]. In the 
majority of cases, differentiation can be made through 
clinical, biochemical, genetic and imaging assessment 
[56].

In our survey, almost half (45.1%, n=151) of the par-
ticipants do not perform diagnostic testicular biopsy 
to differentiate between OA and NOA, while 34.6% of 
them would perform it in selected cases. This finding is 
consistent with the literature as well as the guidelines.

The AUA guidelines differentiate between OA and 
NOA based on FSH and testicular size (long axis). 
These are derived from a study by Schoor et al [8] 
which showed the serum FSH level was 7.6 mIU/mL or 
less and the testicular long axis was 4.6 cm or greater 
in 96% of males with OA. On the other hand, serum 
FSH levels higher than 7.6 mIU/mL and a testicular 
long axis less than 4.6 cm were present in 89% of males 
with NOA. While this is a useful finding for differen-
tiating between OA and NOA, it has many limitations. 
In the study, 21.6% of men with OA had a long axis 
<4.6 cm and 22.2% of men with NOA had a long axis 
>4.6 cm. Similarly, 9.3% of men with OA had FSH >7.6 
mIU/mL while 24.1% of men with NOA had FSH <7.6 
mIU/mL. Hence, it is not uncommon to have men with 

large testes and normal FSH who have NOA. Thus, a 
2007 study from Schlegel’s group found that 32 men 
from a study group of 150 had maturation arrest but 
normal FSH and normal testicular size [9]. Hence, in 
addition to the testes size and FSH level, the turgidity 
of the epididymis on clinical examination should be 
considered [12]. This is in line with the survey finding 
where “clinical examination” was reported as “most 
helpful” in differentiating between OA and NOA.

We also need to consider that the range of normal 
FSH values vary widely from laboratory to laboratory 
[12]. In the study by Schoor et al [8], the upper limit of 
normal FSH was 15 mIU/mL. Thus, the value of 7.6 
mIU/mL lies in the lower half of the normal range, 
and hence the cut-off value for FSH may be better de-
fined as a value in the lower half of the range for that 
laboratory rather than as an absolute value.

Other studies have suggested different parameters 
to distinguish between OA and NOA. A study by 
Shamohammadi et al [37] proposed a cut-off of serum 
FSH >8.9 mIU/mL and testicular long axis <39 mm; 
their positive predictive value for NOA was 97.02% 
and for OA was 78.8%. Differences in cut-off point may 
also result from ethnic differences with Asian males 
reported to have higher serum FSH and smaller testes 
compared to Caucasian men [57,58].

Ultrasonography has a limited role in differentiating 
between OA and NOA and may be more relevant for 
ruling out a testicular tumor before therapeutic TESE.

(4) Expert recommendation
In most cases clinical and laboratory results are suf-

ficient to diagnose NOA or OA.
Diagnostic testicular biopsy before definitive TESE 

is not recommended for use in routine clinical practice. 
Only in some cases, where the serum FSH and LH, and 
the testicular volumes are normal, a testicular biopsy 
may be indicated to provide a definitive diagnosis, and 
should always be combined with therapeutic TESE.

7)  Predictive factors of sperm retrieval by cTESE/
mTESE

(1) Survey result
The majority of  respondents (66.4%) stated that 

normal serum FSH predicts a higher chance of sperm 
retrieval by cTESE (conventional TESE) or by mTESE 
(microdissection TESE). Normal testicular volume 
(63.1%) and a history of sperm (60.4%) in the ejaculate 
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were the other popular answers (Fig. 14).

(2) Guidelines
The EAU guidelines state that testicular histology is 

a good predictor of successful surgical sperm retrieval 
but do not recommend routinely doing a biopsy for this 
purpose. They further state that serum hormone lev-
els of FSH, LH, Inhibin, and anti-Mullerian hormone 
(AMH) have variably correlated with sperm retrieval 
in various studies and, given the conflicting results, 
none may be considered a reliable predictor of sperm 
presence in NOA (Guideline 11.6.2.3) [13].

The AUA/ASRM and EAA guidelines do not men-
tion any specific factors for predicting sperm retrieval 
in NOA [12,14,15].

(3) Discussion
Predictors of successful TESE in patients with NOA 

have been widely studied but without consensus. As-
sessing the role of FSH, a single-center retrospective 
study of 108 patients with NOA showed that lower 
serum FSH and higher patient age (mean age of 
40.04±12.22 years versus 33.98±6.18 years) were indepen-
dent predictors of successful sperm retrieval in mTESE 
[59]. Other studies reported that testicular volume, FSH, 
and inhibin level were correlated with cTESE outcome 
[60]. Similarly, a new systematic review also showed 
that FSH has an inverse relationship to sperm retriev-
al for mTESE and cTESE and can be the sole predictor 
of cTESE success [61]. A recent meta-analysis reported 

that in men with Klinefelter’s syndrome, younger age 
and higher testosterone were favorable indicators for 
successful sperm retrieval by mTESE, but found that 
no factor could predict recovery in men with AZFc 
microdeletions [62]. However, on the other hand, in a 
study on 329 Japanese men with NOA, Enatsu et al [63] 
did not find a significant correlation between testicular 
volume, FSH, LH, or testosterone and sperm retrieval 
by mTESE. Instead, older age and non-idiopathic etiol-
ogy were significant in predicting sperm retrieval. Also 
validating the predictive value of the etiology of NOA, 
a systematic review and meta-analysis of 13 retrospec-
tive cohort studies comparing men with idiopathic 
NOA and those with surgically treated cryptorchidism, 
found that the sperm retrieval rates (SRR) were sig-
nificantly higher in men with cryptorchidism who un-
derwent orchiopexy than in men with idiopathic NOA 
(71.2% vs. 38.4%, relative risk [RR]=1.90; 95% confidence 
interval [CI]: 1.40–2.58; p<0.0001) [64]. Moreover, the 
SRR was significantly higher in men who underwent 
orchiopexy before the age of 10 years than in those 
who had surgery at an older age (RR=1.25, 95% CI: 
1.06–1.47).

Several studies have found testicular histology to be 
the most accurate single factor in predicting TESE suc-
cess [65,66]. A recent multi-center study has suggested 
that serum AMH levels <4 ng/mL was associated with 
a higher chance of finding sperm in men with NOA [67].

However, there is no single factor that can precisely 
predict the success of TESE [68] and some authors have 

Q20: In your practice which of the following is/are predictive of a higher chance
of sperm retrieval by cTESE/mTESE?

0

Not applicable to my practice

History of acquired testicular

Past history of sperm in the ejaculate

Histology showing atrophy

Histopathology showing SCO

Histopathology showing hypospermatogenesis

Histopathology showing late maturation arrest

Normal testicular volume

Normal FSH

250

No. of responses

5.7%

0.6%

12.5%

60.4%

1.5%

2.1%

44.9%

35.4%

66.4%

20015010050

Non of these

63.1%

23.8%

Normal testosterone

Fig. 14. Predictive factors of a higher 
success rate of sperm retrieval by cTESE/
mTESE. cTESE: conventional therapeu-
tic testicular sperm extraction, mTESE: 
microdissection therapeutic testicular 
sperm extraction, FSH: follicle-stimulat-
ing hormone, SCO: Sertoli cell only.



https://doi.org/10.5534/wjmh.230333

18 www.wjmh.org

tried to build a predictive model for successful sperm 
retrieval in both cTESE and mTESE using multiple 
parameters [60,69,70].

(4) Expert recommendation
There are no preoperative biochemical or clinical 

variables that definitively predict positive sperm re-
trieval at surgery in patients with NOA. However, nor-
mal FSH, normal testicular volume, a history of sperm 
in the ejaculate, and histopathology with hyposper-
matogenesis predict higher chances of sperm retrieval.

CONCLUSIONS

The current survey has several limitations. First, 
the sample population was mainly drawn from a pre-
existing group of clinicians with a special interest in 
male infertility (GAF). This may have caused some se-
lection bias and the sample may not be representative 
of male infertility clinicians in general. Second, there 
is a predomination of responses from some countries 
(Italy, Turkey, India), while there is noticeable under-
representation from many other countries (Russia, 
China, Canada). Third, the total response rate of the 
survey could not be determined due to the multiple 
ways of questionnaire dissemination, including emails, 
direct communication, and professional society websites 
which resulted in an unknown total number of invita-
tions. Fourth, subgroup analysis of results based on 

specialization, practice setting, or years of practice was 
also limited due to small numbers in each subgroup.

However, despite these limitations, we believe that 
the 336 responses received from 49 countries provide 
a valid and comprehensive perspective of global prac-
tices. As the first global survey on clinical practices 
related to NOA, the present survey provides important 
information on real-life practices. A SWOT (Strength, 
Weakness, Opportunities, Threats) analysis listing the 
strengths and limitations of this survey, together with 
opportunities for further research are summarized in 
Fig. 15.

Our survey on global clinical practices in the evalua-
tion of azoospermia has shown that there is a congru-
ity between global clinical practices, evidence in the 
literature, and professional society recommendations, 
though there are also several areas where guidelines 
are not available. Further, the survey shows that there 
is a significant proportion of clinicians whose clinical 
practices differ from the recommendations, which sug-
gests the need for further training and knowledge dis-
semination.

In summary, most clinicians rely on at least two 
semen reports, done a month apart, to diagnose azo-
ospermia. The commonly requested hormone tests for 
diagnosis are FSH, LH, and testosterone. Differential 
diagnosis between OA and NOA is based on a combina-
tion of history, physical findings, and hormone profile, 
though these may be misleading in men with matura-

Opinion of a large number of

experts from around the world

Provides a global review of current

expert practices

Comparison with professional

society recommendations

Validation against evidence in

recent literature

Provides expert recommendations

based on a Delphi consensus

A large proportion of responses

are from only a few countries

Considerable variation in some

responses

Absence of professional society

recommendations in many areas

Limited number of experts with

skills and knowledge in this area

Identify gaps in knowledge

to direct future research

Identify areas where guidelines

are missing and are needed

Achieve further consensus on

practice guidelines

Create and disseminate clear

algorithms

Managed by general

urologists without special

knowledge in this field

Absence of clear guidelines

leading to inappropriate

patient care

Failure to reach a consensus

inseveral areas

Fig. 15. Strength, Weakness, Opportuni-
ties, Threats (SWOT) analysis of the sur-
vey.
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tion arrest who could present with normal testicular 
size and normal hormone levels. Diagnostic testicular 
biopsy is not routinely required to differentiate be-
tween OA and NOA, and if performed in selected cases 
it should be combined with therapeutic TESE. Imaging 
does not have a major diagnostic role. Karyotype and 
Yq microdeletion studies are still the only genetic tests 
performed by the majority. There is no single test that 
can predict successful sperm retrieval but a combina-
tion of assessments involving FSH, testosterone, tes-
ticular size, and histology (when available) can provide 
a reasonable probability of outcome.

Conflict of Interest

The authors have nothing to disclose.

Funding

None.

Acknowledgements

We are thankful to Dr. Damayanthi Durairajanayagam (Ma-
laysia) for her help with scientific editing of our article and Ms. 
Daniela Delgadillo (Mexico) for her assistance with the figures 
and manuscript submission.

The authors are thankful to the following societies for pro-
moting the online survey through the efforts of their members. 

1.  AK Andrologie und Sexuelle Funktionsstörungen as part of 
the Österreichische Gesellschaft für Urologie und Androlo-
gie (Germar-Michael Pinggera, MD, Austria). 

2.  Algerian Association of Urology (Nazim Gherabi, MD, Al-
geria). 

3.  Andrology Working Group, Society of Urologic Surgery in 
Turkey (Gökhan Çeker, MD, Turkey; Oğuzhan Kahraman, 
MD, Turkey; Erman Ceyhan, MD, Turkey).

4.  Egyptian Society for Sexual Medicine & Surgery (Ahmed 
El-Sakka, MD, Egypt). 

5.  Egyptian Society of Andrology (Taymour Mostafa, MD, 
Egypt). 

6.  Egyptian Urological Association (Maged Ragab, MD, PhD)
7.  Indonesian Urological Association (InaUA) and InaUA Sec-

tion of Andrological Urology (Ponco Birowo, MD, PhD; Gede 
Wirya Kusuma Duarsa, MD, PhD; Ricky Adriansjah, MD; 
Widi Atmoko, MD). 

8.  Italian Society of Andrology and Sexual Medicine (Aldo E. 
Calogero, MD, Italy). 

9.  Italian Society of Human Reproduction (Carlo Trotta, MD, 
Italy; Giovanni M. Colpi, MD, Italy; Lucia Rocco, PhD, Italy). 

10.  Italian Society of Urology (Gian Maria Busetto, MD, PhD, 
Italy). 

11.  Lebanese Society of Urology (Mohamad Moussa, MD, Leba-
non). 

12.  Malaysian Society of Andrology and the Study of the Aging 
Male (Christopher Ho, MD, Malaysia; Kay Seong, NGOO, 
MD, Malaysia). 

13.  Malaysian Urological Association (Teng Aik Ong, MD, Ma-
laysia). 

14.  Mediterranean Society for Reproductive Medicine (Hassan 
Sallam, MD, PhD, Egypt). 

15.  Middle East Society for Sexual Medicine (Amr El Meliegy, 
MD, Egypt). 

16.  Moroccan Association of Andrology (AMAN) (Imad Ziouzi-
ou, MD, Morrocco). 

17.  Nigerian Urological Association (NAUS), (Muhammad 
Ujudud Musa).

18.  Oman Urology Society (OUS) (Mohammed S. Al-Marhoon, 
MD, Oman). 

19.  Romanian Association for Sexual Medicine (Catalina Zeno-
aga-Barbarosie, MSc, Romania). 

20.  Saudi Andrology Group (Naif Alhathal, MD, Saudi Arabia). 
21.  Society for Men’s Health Singapore (King Chien; Joe Lee, 

MD, Singapore). 
22.  Society of Egyptian Fellows and Members of the Royal Col-

lege of Obstetricians and Gynecologists (Hassan Sallam MD, 
PhD, Egypt). 

23.  Society of Urological Surgery in Turkey (SUST) (Murat 
Gul, MD, Turkey). 

24.  Turkish Society of Andrology (TSA) (Ateş Kadıoğlu, MD, 
Turkey). 

25.  Turkish Association of Urology (Arif Kalkanli, MD, Turkey; 
Ateş Kadıoğlu, MD, Turkey). 

26.  Vietnamese Society for Sexual Medicine (Quang Nguyen, 
MD, PhD; Ho Vinh Phuoc Nguyen, MD; Tan V. Le, MD; 
Quang Tien Long Tran, MD).

Author Contribution

Conceptualization: RS, AR. Data curation: GMS, MG, AM.H. 
Methodology, Project administration: AA, DD. Writing – original 
draft: RS, AR, WA, MM, IZ, PK, NT, NHVP, PK, AH, GS, MG, 
TH, TT, PB, EK, MA, RAG, VSK, RS, GIR, GMP, EC, GM.C, WZ, 
EP, HJP, SF, AT, CRC. Writing – review & editing: All authors.



https://doi.org/10.5534/wjmh.230333

20 www.wjmh.org

Supplementary Materials

Supplementary materials can be found via https://doi.
org/10.5534/wjmh.230333.

REFERENCES

1. World Health Organization (WHO). WHO laboratory man-
ual for the examination and processing of human semen. 6th 
ed. WHO; 2021.

2. World Health Organization (WHO). WHO laboratory man-
ual for the examination and processing of human semen. 5th 
ed. WHO; 2010.

3. Jarow JP, Espeland MA, Lipshultz LI. Evaluation of the azo-
ospermic patient. J Urol 1989;142:62-5.

4. Mazzilli F, Rossi T, Delfino M, Sarandrea N, Dondero F. Azo-
ospermia: incidence, and biochemical evaluation of seminal 
plasma by the differential pH method. Panminerva Med 
2000;42:27-31.

5. Wosnitzer M, Goldstein M, Hardy MP. Review of azoosper-
mia. Spermatogenesis 2014;4:e28218.

6. Tüttelmann F, Ruckert C, Röpke A. Disorders of spermato-
genesis: perspectives for novel genetic diagnostics after 20 
years of unchanged routine. Med Genet 2018;30:12-20.

7. Cocuzza M, Alvarenga C, Pagani R. The epidemiology and 
etiology of azoospermia. Clinics (Sao Paulo) 2013;68(Suppl 
1):15-26.

8. Schoor RA, Elhanbly S, Niederberger CS, Ross LS. The role of 
testicular biopsy in the modern management of male infertil-
ity. J Urol 2002;167:197-200.

9. Hung AJ, King P, Schlegel PN. Uniform testicular maturation 
arrest: a unique subset of men with nonobstructive azoosper-
mia. J Urol 2007;178:608-12; discussion 612.

10. Eysenbach G. Improving the quality of web surveys: the 
Checklist for Reporting Results of Internet E-Surveys (CHER-
RIES). J Med Internet Res 2004;6:e34.

11. Agarwal A, Saleh R, Boitrelle F, Cannarella R, Hamoda TAA, 
Durairajanayagam D, et al. The Global Andrology Forum 
(GAF): a world-wide, innovative, online initiative to bridge 
the gaps in research and clinical practice of male infertility 
and sexual health. World J Mens Health 2022;40:537-42.

12. American Urological Association (AUA), American Society 
for Reproductive Medicine (ASRM). Diagnosis and treatment 
of infertility in men: AUA/ASRM guideline (2020) [Internet]. 
AUA; c2020 [cited 2023 Oct 25]. Available from: https://www.
auanet.org/guidelines-and-quality/guidelines/male-infertility

13. Salonia A, Bettocchi C, Capogrosso P, Carvalho J, Corona G, 
Hatzichristodoulou G, et al; European Association of Urology 

(EAU). EAU guidelines on sexual and reproductive health. 
EAU; 2023.

14. Zitzmann M, Aksglaede L, Corona G, Isidori AM, Juul A, 
T’Sjoen G, et al. European Academy of Andrology guidelines 
on Klinefelter syndrome endorsing organization: European 
Society of Endocrinology. Andrology 2021;9:145-67.

15. Krausz C, Hoefsloot L, Simoni M, Tüttelmann F; European 
Academy of Andrology; European Molecular Genetics Qual-
ity Network. EAA/EMQN best practice guidelines for mo-
lecular diagnosis of Y-chromosomal microdeletions: state-of-
the-art 2013. Andrology 2014;2:5-19.

16. Berookhim BM, Schlegel PN. Azoospermia due to spermato-
genic failure. Urol Clin North Am 2014;41:97-113.

17. Punab M, Poolamets O, Paju P, Vihljajev V, Pomm K, Ladva 
R, et al. Causes of male infertility: a 9-year prospective 
monocentre study on 1737 patients with reduced total sperm 
counts. Hum Reprod 2017;32:18-31.

18. Czaplicki M, Bablok L, Janczewski Z. Varicocelectomy in pa-
tients with azoospermia. Arch Androl 1979;3:51-5.

19. Tournaye H, Camus M, Goossens A, Liu J, Nagy P, Silber S, et 
al. Recent concepts in the management of infertility because 
of non-obstructive azoospermia. Hum Reprod 1995;10 Suppl 
1:115-9.

20. Bendikson KA, Neri QV, Takeuchi T, Toschi M, Schlegel PN, 
Rosenwaks Z, et al. The outcome of intracytoplasmic sperm 
injection using occasional spermatozoa in the ejaculate of 
men with spermatogenic failure. J Urol 2008;180:1060-4.

21. Schlegel PN. Testicular sperm extraction: microdissection 
improves sperm yield with minimal tissue excision. Hum Re-
prod 1999;14:131-5.

22. Janosek-Albright KJC, Schlegel PN, Dabaja AA. Testis sperm 
extraction. Asian J Urol 2015;2:79-84.

23. Ron-El R, Strassburger D, Friedler S, Komarovski D, Bern O, 
Soffer Y, et al. Extended sperm preparation: an alternative to 
testicular sperm extraction in non-obstructive azoospermia. 
Hum Reprod 1997;12:1222-6.

24. Sharma RK, Gupta S, Agarwal A, Finelli R, Kuroda S, Saleh R, 
et al. Role of cytocentrifugation combined with nuclear fast 
picroindigocarmine staining in detecting cryptozoospermia 
in men diagnosed with azoospermia. World J Mens Health 
2022;40:627-35.

25. Punjani N, Kang C, Lamb DJ, Schlegel PN. Current updates 
and future perspectives in the evaluation of azoospermia: a 
systematic review. Arab J Urol 2021;19:206-14.

26. Raziel A, Friedler S, Schachter M, Kaufman S, Omanski A, 
Soffer Y, et al. Influence of a short or long abstinence period 
on semen parameters in the ejaculate of patients with nonob-
structive azoospermia. Fertil Steril 2001;76:485-90.

https://doi.org/10.5534/wjmh.230333
https://doi.org/10.5534/wjmh.230333
https://apo.who.int/publications/i/item/9789241547789
https://apo.who.int/publications/i/item/9789241547789
https://apo.who.int/publications/i/item/9789241547789
https://www.auanet.org/guidelines-and-quality/guidelines/male-infertility
https://www.auanet.org/guidelines-and-quality/guidelines/male-infertility
https://uroweb.org/guidelines/sexual-and-reproductive-health/chapter/male-infertility
https://uroweb.org/guidelines/sexual-and-reproductive-health/chapter/male-infertility
https://uroweb.org/guidelines/sexual-and-reproductive-health/chapter/male-infertility
https://uroweb.org/guidelines/sexual-and-reproductive-health/chapter/male-infertility


Rupin Shah, et al: Global Trends in Managing Non-Obstructive Azoospermia

21www.wjmh.org

27. Koentjoro-Soehadi L. Azoospermia caused by typhoid fever. 
A case report. Andrologia 1982;14:31-2, 34.

28. Schürmeyer T, Knuth UA, Belkien L, Nieschlag E. Reversible 
azoospermia induced by the anabolic steroid 19-nortestoster-
one. Lancet 1984;1:417-20.

29. Eldar I, Godin M, Bdolah Y, Hurwitz A, Haimov-Kochman R. 
Acute renal failure may lead to reversible azoospermia. Fertil 
Steril 2008;90:2007.e11-2.

30. Masood J, Hafeez A, Hughes A, Barua JM. Hydroxyurea ther-
apy: a rare cause of reversible azoospermia. Int Urol Nephrol 
2007;39:905-7.

31. Tran S, Boissier R, Perrin J, Karsenty G, Lechevallier E. Re-
view of the different treatments and management for prostate 
cancer and fertility. Urology 2015;86:936-41.

32. Okada K, Fujisawa M. Recovery of spermatogenesis following 
cancer treatment with cytotoxic chemotherapy and radio-
therapy. World J Mens Health 2019;37:166-74.

33. Guthauser B, Boitrelle F, Plat A, Thiercelin N, Vialard F. 
Chronic excessive alcohol consumption and male fertility: a 
case report on reversible azoospermia and a literature review. 
Alcohol Alcohol 2014;49:42-4.

34. Heller CG, Clermont Y. Spermatogenesis in man: an estimate 
of its duration. Science 1963;140:184-6.

35. Tao Y. Endocrine aberrations of human nonobstructive azo-
ospermia. Asian J Androl 2022;24:274-86.

36. Huang IS, Huang WJ, Lin AT. Distinguishing non-obstructive 
azoospermia from obstructive azoospermia in Taiwanese 
patients by hormone profile and testis size. J Chin Med Assoc 
2018;81:531-5.

37. Shamohammadi I, Sadighi Gilani M, Kazemeyni SM, Hasan-
zadeh T, Vosough Taqi Dizaj A, Dizavi A. Evaluation of 
azoospermic patients to distinguish obstructive from non-
obstructive azoospermia, and necessity of diagnostic testis 
biopsy: a retrospective study. Int J Fertil Steril 2022;16:156-61.

38. Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN, 
Matsumoto AM, et al. Testosterone therapy in men with hy-
pogonadism: an Endocrine Society clinical practice guideline. 
J Clin Endocrinol Metab 2018;103:1715-44.

39. Thaler MA, Seifert-Klauss V, Luppa PB. The biomarker sex 
hormone-binding globulin - from established applications to 
emerging trends in clinical medicine. Best Pract Res Clin En-
docrinol Metab 2015;29:749-60.

40. Salama N, Blgozah S. Serum estradiol levels in infertile men 
with non-obstructive azoospermia. Ther Adv Reprod Health 
2020;14:2633494120928342.

41. Dabbous Z, Atkin SL. Hyperprolactinaemia in male infertil-
ity: clinical case scenarios. Arab J Urol 2017;16:44-52.

42. Gonzales GF, Garcia-Hjarles M, Velasquez G. Hyperprolacti-

naemia and hyperserotoninaemia: their relationship to semi-
nal quality. Andrologia 1992;24:95-100.

43. Merino G, Carranza-Lira S, Martinez-Chéquer JC, Barahona 
E, Morán C, Bermúdez JA. Hyperprolactinemia in men with 
asthenozoospermia, oligozoospermia, or azoospermia. Arch 
Androl 1997;38:201-6.

44. Eggert-Kruse W, Schwalbach B, Gerhard I, Tilgen W, Run-
nebaum B. Influence of serum prolactin on semen character-
istics and sperm function. Int J Fertil 1991;36:243-51.

45. Esteves SC. Clinical management of infertile men with non-
obstructive azoospermia. Asian J Androl 2015;17:459-70.

46. Pylyp LY, Spinenko LO, Verhoglyad NV, Zukin VD. Chro-
mosomal abnormalities in patients with oligozoospermia 
and non-obstructive azoospermia. J Assist Reprod Genet 
2013;30:729-32.

47. Donker RB, Vloeberghs V, Groen H, Tournaye H, van Ra-
venswaaij-Arts CMA, Land JA. Chromosomal abnormalities 
in 1663 infertile men with azoospermia: the clinical conse-
quences. Hum Reprod 2017;32:2574-80.

48. Kim SY, Kim HJ, Lee BY, Park SY, Lee HS, Seo JT. Y chromo-
some microdeletions in infertile men with non-obstructive 
azoospermia and severe oligozoospermia. J Reprod Infertil 
2017;18:307-15.

49. del Castillo I, Cohen-Salmon M, Blanchard S, Lutfalla G, Petit 
C. Structure of the X-linked Kallmann syndrome gene and its 
homologous pseudogene on the Y chromosome. Nat Genet 
1992;2:305-10.

50. Cannarella R, Bertelli M, Condorelli RA, Vilaj M, La Vi-
gnera S, Jezek D, et al. Analysis of 29 targeted genes for 
non-obstructive azoospermia: the relationship between ge-
netic testing and testicular histology. World J Mens Health 
2023;41:422-33.

51. Peña VN, Kohn TP, Herati AS. Genetic mutations contribut-
ing to non-obstructive azoospermia. Best Pract Res Clin En-
docrinol Metab 2020;34:101479.

52. Jiang L, Jin J, Wang S, Zhang F, Dai Y, Shi L, et al. CFTR 
gene mutations and polymorphism are associated with non-
obstructive azoospermia: from case-control study. Gene 
2017;626:282-9.

53. Heidari S, Hojati Z, Motovali-Bashi M. Screening of two 
neighboring CFTR mutations in Iranian infertile men with 
non-obstructive azoospermia. Int J Fertil Steril 2017;10:390-
4.

54. Babul-Hirji R, Hirji R, Chitayat D. Genetic counselling for 
infertile men of known and unknown etiology. Transl Androl 
Urol 2021;10:1479-85.

55. Escudero T, Estop A, Fischer J, Munne S. Preimplantation 
genetic diagnosis for complex chromosome rearrangements. 



https://doi.org/10.5534/wjmh.230333

22 www.wjmh.org

Am J Med Genet A 2008;146A:1662-9.
56. Andrade DL, Viana MC, Esteves SC. Differential diagnosis of 

azoospermia in men with infertility. J Clin Med 2021;10:3144.
57. Wang C, Chan SY, Leung A, Ng RP, Ng M, Tang LC, et al. 

Cross-sectional study of semen parameters in a large group of 
normal Chinese men. Int J Androl 1985;8:257-74.

58. Wang C, Berman NG, Veldhuis JD, Der T, McDonald V, 
Steiner B, et al. Graded testosterone infusions distinguish 
gonadotropin negative-feedback responsiveness in Asian and 
White men--a clinical research center study. J Clin Endocri-
nol Metab 1998;83:870-6.

59. Aljubran A, Safar O, Elatreisy A, Alwadai R, Shalkamy O, As-
siri HM, et al. Factors predicting successful sperm retrieval in 
men with nonobstructive azoospermia: a single center per-
spective. Health Sci Rep 2022;5:e727.

60. Boitrelle F, Robin G, Marcelli F, Albert M, Leroy-Martin 
B, Dewailly D, et al. A predictive score for testicular sperm 
extraction quality and surgical ICSI outcome in non-ob-
structive azoospermia: a retrospective study. Hum Reprod 
2011;26:3215-21.

61. Major N, Edwards KR, Simpson K, Rogers M. An examina-
tion of predictive markers for successful sperm extraction 
procedures: a linear model and systematic review. Asian J An-
drol 2023;25:38-42.

62. Majzoub A, Arafa M, Clemens H, Imperial J, Leisegang K, 
Khalafalla K, et al. A systemic review and meta-analysis ex-
ploring the predictors of sperm retrieval in patients with non-
obstructive azoospermia and chromosomal abnormalities. 
Andrologia 2022;54:e14303.

63. Enatsu N, Miyake H, Chiba K, Fujisawa M. Predictive fac-
tors of successful sperm retrieval on microdissection tes-
ticular sperm extraction in Japanese men. Reprod Med Biol 
2015;15:29-33.

64. Kim SW, Lee J, Lee TH, Kim DS, Song SH, Kim DK. Azo-
ospermic men with a history of cryptorchidism treated by 
orchiopexy have favorable outcomes after testicular sperm 
extraction: a systematic review and meta-analysis. World J 
Mens Health 2023;41:81-93.

65. Su LM, Palermo GD, Goldstein M, Veeck LL, Rosenwaks Z, 
Schlegel PN. Testicular sperm extraction with intracytoplas-
mic sperm injection for nonobstructive azoospermia: tes-
ticular histology can predict success of sperm retrieval. J Urol 
1999;161:112-6.

66. Abdel Raheem A, Garaffa G, Rushwan N, De Luca F, Zacha-
rakis E, Abdel Raheem T, et al. Testicular histopathology as 
a predictor of a positive sperm retrieval in men with non-
obstructive azoospermia. BJU Int 2013;111:492-9.

67. Pozzi E, Raffo M, Negri F, Boeri L, Saccà A, Belladelli F, et al. 
Anti-Müllerian hormone predicts positive sperm retrieval in 
men with idiopathic non-obstructive azoospermia-findings 
from a multi-centric cross-sectional study. Hum Reprod 
2023;38:1464-72.

68. Bernie AM, Ramasamy R, Schlegel PN. Predictive factors of 
successful microdissection testicular sperm extraction. Basic 
Clin Androl 2013;23:5.

69. Ramasamy R, Padilla WO, Osterberg EC, Srivastava A, Reif-
snyder JE, Niederberger C, et al. A comparison of models for 
predicting sperm retrieval before microdissection testicular 
sperm extraction in men with nonobstructive azoospermia. J 
Urol 2013;189:638-42.

70. Cissen M, Meijerink AM, D’Hauwers KW, Meissner A, 
van der Weide N, Mochtar MH, et al. Prediction model for 
obtaining spermatozoa with testicular sperm extraction 
in men with non-obstructive azoospermia. Hum Reprod 
2016;31:1934-41.


