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personal perspective on the clinical management of this male infertility 
condition, as illustrated in Figure 1.

DIFFERENTIAL DIAGNOSIS IN AZOOSPERMIA
Semen analysis
Ejaculates of men with nonobstructive azoospermia (NOA) usually 
present with normal volume (>1.5 ml) and pH (>7.2), which indicates 
both functional seminal vesicles and patent ejaculatory ducts. But as 
azoospermia is defined based on the absence of spermatozoa in a given 
ejaculate, proper laboratory technique is crucial to reduce analytical 
error and enhance precision when analyzing semen specimens.2,10

The assessment of an initially normal volume azoospermic ejaculate 
should be followed by the examination of the pelleted semen to exclude 
cryptozoospermia, which is defined by the presence of very small 
number of live sperm.2 Centrifugation should be carried out using 
high forces as the accuracy of any protocol of <1000 ×g in pelleting 
all the spermatozoa in an ejaculate is uncertain.1,11,12 The finding of 
live sperm may allow ICSI to be performed with ejaculated sperm, 
thus obviating the need of surgical SR. We perform centrifugation at 
high speed (3000 ×g) for 15 min, which is followed by a meticulous 
microscopic examination of the pellet. Up to 10% of our patients with 
an initially azoospermic semen specimen will have sperm usable for 
ICSI after an extended analysis of the centrifuged specimen.13

The confirmation of azoospermia should be based on the 
examination of multiple semen specimens as a transient azoospermia 
secondary to toxic, environmental, infectious or iatrogenic conditions 
may occur.14,15 Assessment of ejaculates on multiple occasions is also 

INTRODUCTION
Men in reproductive age deliver, on average, 96 million sperm at 
each ejaculation.1 Azoospermia, defined by a complete absence of 
spermatozoa in the ejaculate without implying an underlying etiology, 
affects approximately 1% of the male population and 10%–15% of 
the males with infertility.2,3 In about 2/3 of these men, azoospermia 
is associated with a spectrum of untreatable testicular disorders that 
results in spermatogenic failure (SF), which has been recognized as 
the most severe presentation of male infertility.4

Despite being invariably infertile, azoospermic men with SF do 
not necessarily have an unattainable potential to initiate a pregnancy. 
Direct evaluation of testis biopsy specimens reveals focal areas 
of spermatogenesis in 30%–60% of these men despite the severe 
spermatogenic dysfunction.5,6 Such extremely low production precludes 
sperm appearance in the ejaculate, but sperm can be retrieved from 
the testis and used for intracytoplasmic sperm injection (ICSI).5–9 
Testicular sperm are capable of inducing normal fertilization and 
embryo development, as well as result in the production of healthy 
offspring with ICSI.7–9

Notwithstanding, the challenges faced by health professionals 
providing care to infertile men with SF are manifold. Counseling 
about the chances of a successful sperm retrieval (SR), definition of the 
best method of sperm acquisition, decision on the usefulness of any 
intervention to improve sperm production, as well as the uncertainty 
concerning the reproductive potential of retrieved gametes and the risk 
of birth defects in pregnancies achieved through assisted reproductive 
technology (ART) are some of them. In this review, I present a 
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important, given the large biological variability in semen specimens 
from the same individuals.13–15 Determination of fructose is usually not 
necessary in the presence of a normal volume ejaculate with normal 
pH because these findings practically exclude any problem at the 
ejaculatory ducts or seminal vesicles levels.3

Clinical diagnosis
In the vast majority of patients, NOA may be distinguished clinically 
from obstructive azoospermia (OA) with a thorough analysis of 
diagnostic parameters, including history, physical examination, 
and hormonal analysis. Together, these parameters provide a >90% 
prediction of whether azoospermia is obstructive or nonobstructive 
(Table 1).16

This differentiation is important because OA is considered a 
favorable prognostic condition in male infertility since spermatogenesis 
is not disrupted, unlike NOA.9,17,18 OA is attributed to a mechanical 
blockage occurring anywhere along the reproductive tract, including 
the vas deferens, epididymis, and ejaculatory duct. While in OA both 
reconstructive procedures and SR are overall highly successful,19–21 
NOA is associated with a spectrum of various severe and untreatable 
conditions associated with an intrinsic testicular impairment.4

A notable exception is hypogonadotropic hypogonadism (HH), a rare 
endocrine disorder characterized by failure of spermatogenesis due to 

lack of appropriate stimulation by gonadotropins.22 Patients with HH are 
easily recognized as the levels of pituitary gonadotropins and androgens 
are remarkably low (follicle-stimulating hormone [FSH] and luteinizing 
hormone [LH] <1.2 IU ml−1; testosterone [T] levels <300 ng dl−1), and 
they present with signs of either absent or poor virilization.3,22 This 
NOA category includes both congenital and acquired forms of HH, 
such as those in which spermatogenesis have been suppressed by excess 
exogenous androgen administration. Patients with HH benefit from 
specific hormonal therapy and often show remarkable recovery of 
spermatogenic function after exogenously administered gonadotropins 
or gonadotropin-releasing hormone (GnRH).22 A comprehensive review 
about HH can be found elsewhere.22 From this point on, unless otherwise 
specified, NOA will be considered a synonym of SF.

Common etiology conditions associated with NOA include 
genetic (e.g., Y chromosome microdeletions [YCMDs] and Klinefelter 
syndrome [KS]) and congenital abnormalities (e.g., cryptorchidism), 
postinfectious (e.g.,  mumps orchitis), exposure to gonadotoxins 
(e.g., radiotherapy/chemotherapy), testicular trauma, and idiopathic. 
Therefore, a detailed medical history and physical examination should 
be obtained in all azoospermic patients to identify those with NOA 
(Table 1).3,7 During the physical examination, attention should be given 
to sexual development. Men with incomplete masculinization, such as 

Table  1: Differential diagnosis in azoospermia

Nonobstructive Obstructive

Spermatogenic failure Hypogonadotropic hypogonadism

Most common 
etiologies

Y chromosome microdeletions; Klinefelter 
syndrome; cryptorchidism; postinfectious (e.g. 
mumps orchitis); radiotherapy; chemotherapy; 
testicular trauma/torsion; idiopathic

Congenital (e.g. Kallman syndrome, 
normosmic HH), Prader–Willi), 
acquired (e.g. pituitary tumor, steroid 
abuse)

Postsurgical (e.g. vasectomy, epididymal 
cysts removal, hernia repair, scrotal surgery, 
prostatectomy), CBAVD; postinfectious; 
ejaculatory duct obstruction; iatrogenic (e.g. 
urological endoscopic instrumentation); idiopathic

Physical 
examination

Either small‑sized (volume <15 ml or long axis 
4.6 cm or less) or normal testes; normal 
epididymides and palpable vasa deferentia

Small‑sized testes (volume <15 ml or 
testicular long axis 4.6 cm or less); 
small epididymides and palpable vasa 
deferentia

Either normal or enlarged epididymides, 
and palpable or nonpalpable vasa 
deferentia (e.g. CBAVD); normal‑sized testes 
(volume ≥15 ml and long axis >4.6 cm)

Semen 
analysis

Normal (>1.5 ml) ejaculate volume and 
pH (>7.2); hypospermia (<1.5 ml ejaculate) 
may be found in males with hypogonadism

Low ejaculate volume (<1.5 ml) and 
normal pH

Either normal or low pH and ejaculate volume 
(e.g. CBAVD and EDO)

Endocrine 
profile

Either elevated (>7.6 mIU ml−1) or normal FSH 
levels; either elevated or normal LH levels; 
either low (<300 ng dl−1) or normal total 
testosterone levels

Low FSH and LH levels (<1.2 
mIU ml−1); low (<300 ng dl−1) total 
testosterone levels

Normal FSH (<7.6 mIU ml−1) and LH levels; 
normal total testosterone levels (>300 ng dl−1)

Genetic 
testing

Nonmosaic (47,XXY) and mosaic (46,XY/47, 
XXY) Klinefelter syndrome, and AZF Yq 
microdeletions seen in about 15% of cases

KAL‑1, FGFR‑1, PROK‑2, PROKR‑2, 
CHD‑7 and FGF‑8 gene mutations 
can be found in congenital HH

CFTR gene mutations usually found in males with 
CBAVD

Testicular 
biopsy

Hypospermatogenesis; Maturation arrest; 
Sertoli‑cell only; Tubular atrophy; Mixed pattern

Not applicable Normal spermatogenesis

CBAVD: congenital bilateral absence of the vas deferens; CFTR: cystic fibrosis transmembrane conductance regulator; CHD-7: Chromodomain helicase DNA binding protein 7; 
EDO: ejaculatory duct obstruction; FGFR-1: Fibroblast growth factor receptor 1; FGF-8: Fibroblast growth factor 8; FSH: follicle‑stimulating hormone; LH: luteinizing hormone; 
HH: hypogonadotropic hypogonadism; KAL-1: Kallmann syndrome 1 sequence; PROK-2: Prokineticin 2; PROKR-2: Prokineticin receptor 2; YCMD: Y  chromosome microdeletions; Yq: 
Y  chromosome long arm; AZF: azoospermia factor

Figure 1: Step-by-step approach for the clinical management of infertile men with nonobstructive azoospermia.
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those with KS, typically present with excessively long extremities and 
reduced body hair distribution.23 Palpation and measurement of both 
testes are essential because NOA is usually associated with the presence 
of small-sized and soft testes. Given that approximately 85% of the 
testicular parenchyma is involved in spermatogenesis, the lower the 
testicular size, the lower the sperm production.3,16 Noteworthy, patients 
with maturation arrest (MA) generally have well-developed and 
normal-sized testes. In such cases, testicular size will not be a reliable 
clinical marker of NOA.24,25 Owing to the fact that approximately 30% 
and 80% of patients with bilaterally-treated and untreated undescended 
testes, respectively, present with NOA, and given the higher risk of 
testicular cancer in such men, any abnormality in testes consistency 
and/or the presence of small nodules should be further evaluated by 
scrotal ultrasound examination.3,23 Men with NOA normally have 
flat epididymides and palpable vasa deferentia. During physical 
examination, the presence of a palpable varicocele should also be noted.

For all patients with azoospermia, serum levels of FSH, LH, and 
total T are obtained at our institution.3 Prolactin levels are determined 
in azoospermic men with a complaint of concomitant sexual 
dysfunction or when there is clinical evidence of pituitary disease. 
Levels of FSH >7.6 mIU ml−1 are found in about 89% of men with NOA 
but only if the levels are greater than twice the upper normal limit do 
they provide a reasonably precise diagnosis of SF.16,18,26 LH levels are 
usually elevated or within normal upper limits in these men. Given that 
control feedback of FSH and LH secretions is driven by the number 
of spermatogonia and Leydig cells, respectively, FSH and LH values 
within normal range may be found in such patients.24

Hypogonadism, as indicated by low T levels (<300  ng dl−1), is 
seen in approximately half of the patients with NOA and generally 
reflect Leydig cell insufficiency.27–29 Low T levels may also result 
from obesity, which is associated with elevated serum levels of 
estradiol due to an increased peripheral aromatization of C19 
androgens under the influence of aromatase.30–32 Elevated estradiol 
levels (>60 pg ml−1) suppress LH and FSH secretion and also directly 
inhibit T biosynthesis.30 Low T in obese men can also reflect an 
adaptation to changed sex hormone binding globulin (SHBG) levels 
and not a true T deficiency.33 Therefore, it is our routine to assess the 
serum levels of estradiol and SHBG in overweight/obese azoospermic 
patients as these measurements may be helpful for decision making 
with regard to medical therapy prior to SR (see “interventions prior to 
SR”). Because of diurnal variation, blood samples for measuring T are 
taken before 10:00 am.27,34 Based on levels of total T and SHBG, free and 
bioavailable T can be calculated (http://www.issam.ch/freetesto.htm).

Testis biopsy
The “gold-standard” diagnostic test in NOA is testicular biopsy. 
Histopathologic examination of biopsy specimens reveals either one 
of the following: (i) hypospermatogenesis; (ii) germ cell MA; (iii) 
germ cell aplasia (Sertoli-cell-only [SCO] ); (iv) tubular sclerosis; 
or (v) combined patterns.35 Biopsy results have been used not only 
to confirm the diagnosis of NOA, but also to predict the chances of 
retrieving testicular sperm.7,26 In a study evaluating 356 patients with 
NOA, we found that 19.5% of males with SCO and 40.3% of those with 
MA had sperm retrieved (P = 0.007). SR rates (SRRs) were significantly 
higher in men with hypospermatogenesis (SRR: 100.0%; P < 0.001).36

Although histopathology phenotypes have prognostic value for SR, 
the isolated diagnostic testicular biopsy should be rarely indicated as 
it will not provide a definitive proof of whether sperm will be found 
during SR, particularly in SCO and MA cases. Moreover, extraction of 
tissue with the sole purpose of histopathology evaluation may remove 

focal areas of spermatogenesis that will jeopardize future retrieval 
attempts.6 At Androfert, diagnostic biopsies are only indicated if the 
differential diagnosis between OA and NOA cannot be established 
based on clinical and endocrine parameters. Occasionally, we perform 
a biopsy if a couple will not proceed to SR unless a fair chance of 
success is anticipated. If a uniform pattern of SCO is revealed, the 
couple has obtained useful information that SR will be associated with 
only 20% chance of success.36 Our approach is to perform diagnostic 
biopsies using percutaneous or open “window” methods.3,37 Testicular 
specimens are sent to the in vitro fertilization (IVF) laboratory for 
wet examination. When sperm is found, we routinely cryopreserve 
testicular spermatozoa using the liquid nitrogen vapor technique.37,38 
A fragment is placed in Bouin’s solution and sent for histopathology 
examination.

DETERMINING WHO ARE ELIGIBLE FOR SPERM RETRIEVAL
Owed to the untreatable nature of NOA, SR and ART are generally the 
only options for the affected males to generate their own biological 
offspring. Uncertainty of sperm acquisition, however, makes prognostic 
factors very desirable.

Clinical and hormonal data
We evaluated 60 men with NOA who were candidates for SR to 
determine the accuracy of preoperative markers to identify the patients 
with SR success.39 The prediction power of serum FSH and T as well as 
testicular volume was low, as shown by the areas under the receiver-
operating characteristic curves of 0.53, 0.59 and 0.52, respectively. In 
another study, the diagnostic accuracy was only fair (0.74), even after 
combining clinical and laboratory parameters, such as testicular volume 
and FSH levels and histopathology findings.40

Etiology is not predictive of SR success as well. A notable exception 
is the presence of YCMD that will be discussed later. Evaluation of 
176 men with NOA at our institution revealed that sperm were found 
in 63.1% of those with history of cryptorchidism, 50.0% of the men 
who had undergone radio- or chemo-therapy, and 52.4% in idiopathic 
NOA.41 Retrieval rates ranging from 25% to 70% have been also 
reported in men with postorchitis and KS.42–45 Though factors such as 
etiology, testicular volume and serum levels of pituitary gonadotropins 
may reflect the global spermatogenic function, they cannot accurately 
determine whether or not a patient should undergo SR or discriminate 
the ones with a higher likelihood of SR success.

Molecular genetic testing
Molecular diagnosis and subtyping of YCMD have been useful 
preoperative markers not only to detect the males in whom NOA is 
caused by YCMD, but also to counsel the affected patients about their 
chances of SR success.46–53 A microdeletion is like a chromosomal 
deletion that usually spans over several genes, but is small in size and 
cannot be detected using conventional cytogenetic methods such 
as karyotyping.53,54 The long arm of the Y chromosome contains a 
region at Yq11 that clusters 26 genes involved in spermatogenesis 
regulation.49,53,55,56 This region is referred to as “AZF” because 
microdeletions at this interval is often associated with azoospermia. 
Molecular biology diagnosis has recognized three AZF subregions 
designated as AZFa, AZFb and AZFc, each one containing a major 
AZF candidate gene.56 Approximately 10% of men with NOA harbor 
microdeletions within the AZF region that might explain their 
condition.49

The most frequent deletion subtypes that have recurrently been 
found in men with NOA comprises the AZFc region (~80%) followed 
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by AZFb (1%–5%), AZFa (0.5%–4%) and AZFbc (1%–3%) regions.54–56 
Deletions differentially affecting these AZF subregions result in a 
distinct disruption of germ cell development.

Azoospermia factor deletions that remove the entire AZFa are 
invariably associated with the testicular histopathology phenotype of pure 
SCO with no residual areas of active spermatogenesis. Although partial 
AZFa deletions have been described and may be eventually associated 
with residual spermatogenesis, this event is either extremely rare or merely 
represent a false positive due to a single-nucleotide polymorphism.57,58 
Therefore, finding a microdeletion within the AZFa region implies that 
the chances of SR success is virtually nonexistent.46,48–50,59

The clinical features of complete AZFb and AZFbc deletions are 
similar to that of AZFa since SR success rates are close to zero.46,48,50 
MA is the most common testicular histopathology phenotype in AZFb 
and AZFbc deletions, but SCO may also be found.49 Surprisingly 
enough, severe oligozoospermia has been found in three patients 
with complete AZFb or AZbc deletions, and spermatozoa have been 
identified in ejaculates of rare cases involving partial AZFb and AZFbc 
deletions.50,60,61 At present, however, given the difficulties to explain the 
biological nature of these unusual phenotypes, it is sound to assume 
that the diagnosis of complete deletions involving AZFb or AZFbc 
implies that the chances of a successful testicular SR is virtually nil.

In contrast, patients with AZFc deletions usually have residual 
spermatogenesis as SR success in the range of 50%–70% has been 
reported.47,49 In these men the probability of fatherhood by ICSI 
seems to be unaltered by the presence of AZFc microdeletions,47,62–66 
although an impaired embryo development has been noted by 

some investigators.49,67 The male offspring of fathers with AZFc 
microdeletions will inherit the YCMD and as a result infertility. 
However, the exact testicular phenotype cannot be predicted as AZFc 
deletions may jeopardize Y chromosome integrity, thus predisposing 
to chromosome loss and sex reversal. There is a potential risk to the 
45,X0 karyotype and to the mosaic phenotype  45,X/46,XY, which 
may lead to spontaneous abortion or genital ambiguity.68–70 Genetic 
counseling is, therefore, mandatory to provide information about the 
risk of conceiving a son with infertility and other genetic abnormalities.

Diagnostic testing is based on a multiplex polymerase chain reaction 
(PCR) blood test.53 This technique primarily amplifies anonymous 
sequences of the Y chromosome using specific sequence-tagged sites 
primers that are not polymorphic and are well-known to be deleted in 
men affected by azoospermia.49,56 The basic set of primers recommended 
by the European Association of Andrology and the European Molecular 
Genetics Quality Network for the diagnosis of YCMD in multiplex PCR 
reactions includes: sY14 (SRY), ZFX/ZFY, sY84 and sY86 (AZFa), sY127 
and sY134 (AZFb), sY254 and sY255 (AZFc) (Figure 2).56 According to 
the current knowledge, once a deletion of both primers within a region 
is detected, the probability of a complete deletion is very high. The use 
of this primer set enables the detection of almost all clinically relevant 
deletions and of over 95% of the deletions reported in the literature in 
the three AZF regions.56 However, as partial AZFa, AZFb and AZFbc 
deletions have been described and their phenotypic expression is milder 
than complete deletions, the definition of the extension of the deletion 
has been recommended in SR candidates based on additional markers 
as described by Krausz and colleagues.46,56

Figure 2: Human Y chromosome map depicting the azoospermia factor (AZF) subregions and gene content. Central ideogram depicts the Y chromosome 
with the pseudoautosomal regions represented by black boxes at the tips of the chromosome (PAR1 and PAR2). Complete AZFa deletion totals 0.8 Mb and 
maps from approximately 12.9–13.7 Mb of the chromosome. The AZFa region contains two single copy genes, USP9Y and DDX3Y (represented in scale by 
two oriented triangles indicating 3'-5' polarity; Adapted from reference 54). Complete AZFb deletions  spans a total of 6.23 Mb and maps to  approximately 
18–24.7 Mb of the chromosome whereas complete AZFc deletions total 3.5 Mb mapping from ~23 Mb to 26.8 Mb of the chromosome. Both regions contain 
multiple genes as depicted in the bottom of the figure.54 The location of the basic set of sequence-tagged sites primers to be investigated in azoospermic 
men with spermatogenic failure, according to the European Association of Andrology and the European Molecular Genetics Quality Network 2013 guidelines, 
are identified by solid vertical lines.56
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Our approach is to offer genetic testing to all men with NOA, 
including karyotype and YCMD screening. Although the finding of 
a 47,XXY karyotype or an AZFc microdeletion is not irreconcilable 
with SR, some men opt to pursue other options after knowing their 
genetic condition. For men with complete AZFa, AZFb or AZFbc 
microdeletions we do not recommend proceeding with SR. However, 
given the limited number of cases documented in the literature to 
allow a categorical statement against SR, we sporadically perform SR 
in such cases provided the patient had given consent after exhaustive 
counseling. In our experience, sperm have been retrieved in 1/9 
men with complete AZFb deletions, and in 0/5  cases with AZFa. 
ICSI was performed with freshly retrieved testicular sperm in the 
aforementioned AZFb patient, which resulted in a singleton delivery 
of a healthy male neonate. Regardless of treatment choice, our patients 
with genetic abnormalities found it reassuring to know the cause of 
their infertility.

ROLE OF INTERVENTIONS PRIOR TO SPERM RETRIEVAL
After genetic testing, the next step is to define whether or not any 
medical and/or surgical interventions should be used prior to SR. 
Any treatment that might improve sperm production would be highly 
recommended since nearly half of men with NOA will be halted in 
their attempt to conceive due to an unsuccessful SR.7,9,30

Medical therapy
While a positive outcome is warranted following exogenous 
gonadotropin treatment in HH, it is generally believed that empirical 
medical treatment is ineffective in men with SF, particularly in the 
presence of high plasma levels of gonadotropins. Nevertheless, there 
may be a potential role for such treatments in men with NOA given 
the paradoxically weak stimulation of Leydig and Sertoli cells by 
endogenous gonadotropins. Gonadotropin secretion is determined 
by the frequency, amplitude and duration of its secretory pulses, but 
due to the high baseline levels of endogenous gonadotropins seen in 
most of men with NOA the relative amplitudes of both FSH and LH 
are low.71–74 Furthermore, approximately 50% of these men have low 
endogenous levels of total T (<300 ng dl−1), and therefore they may lack 
adequate levels of intratesticular T (ITT) that are essential for regulating 
the spermatogenic process in combination with adequate Sertoli cell 
stimulation by FSH.27–29

Drugs that have been utilized include clomiphene citrate (CC), 
gonadotropins and aromatase inhibitors (AIs).30,75 CC, a selective 
estrogen receptor modulator, binds competitively to estrogen on 
its receptors at the hypothalamus and pituitary gland. After CC 
administration, the pituitary perceives less estrogen that leads to the 
secretion of both FSH and LH. The latter binds to LH receptors in the 
Leydig cells and induces androgen production. As a result, there is a rise 
in T levels.30 Human chorionic gonadotropin (hCG) is a glycoprotein 
similar to the native LH, but with higher receptor affinity and half-life.76 
hCG binds to the same LH receptor at the Leydig cell level and also 
stimulates the production of androgens. On the other hand, AIs block 
the aromatase enzyme, which is present in the adipose tissue, liver, testis 
and skin, and is responsible for converting T and other androgens to 
estradiol. An imbalance in T to estradiol (T/E) ratio , which is frequently 
seen in obese men, may be reversed by oral administration of AI.29,31,77

Empirical treatments have been exploited with varying degrees of 
success in terms of sperm production, albeit all of them were effective 
for increasing endogenous T levels even under a hypergonadotropic 
condition (Table 2).29,77–82 In one study, ITT levels were increased by 
5-fold after hCG-based therapy (post: 1348.1  ±  505.4  ng ml−1; pre: 

273.6 ± 134.4 ng ml−1; P < 0.0001).71 Approximately half of the men 
treated with hCG exhibit suppressed endogenous FSH levels through 
a negative feedback mechanism of elevated serum T.71,81 Such an effect 
may be beneficial since high plasma FSH levels lead to down-regulation 
of FSH receptors, which has been associated with an impaired tubular 
function. In fact, improvement in Sertoli cell function was achieved 
after reduction of FSH plasma concentration by administration of a 
GnRH analogue in men with NOA.83 Sertoli cells are major targets for 
T signaling via the activation of nuclear androgen receptors, whose 
expression is upregulated in men with NOA compared to those with 
normal spermatogenesis.84–88 Since the Sertoli cells support male germ 
cell development and survival, their function may be restored by 
increasing endogenous T, whose levels are normally 100-fold greater 
within the testes compared with the serum.71,83,89

The exact mechanism underlying the potential beneficial role of 
medical interventions remains unclear, but it has been speculated that 
increased ITT levels act by stimulating spermatogonia DNA synthesis 
and spermiogenesis in patients with residual spermatogenic activity.71,90,91 
These effects may result in the formation of well-differentiated 
seminiferous tubules that would be detected during SR. Although current 
evidence indicate that the aforesaid medication enhances endogenous T 
production, a definitive conclusion regarding sperm production cannot 
yet be drawn due to the lack of well-designed clinical trials. At present, 
we routinely evaluate T and estradiol levels in men with NOA. Men with 
low T or a low T/E ratio are treated as depicted in Figure 3.

Varicocele repair
Varicocele, found in approximately 5% of men with NOA, has been 
another target for intervention.92 While it is still debatable whether 
varicocele is coincidental or contributory to spermatogenesis 
disruption in these men its surgical treatment has been aimed at 
improving sperm production.92–94 Treatment goals are either to allow 
the appearance of small quantities of sperm in the ejaculate, thus 
obviating the need for SR, or increase the likelihood of SR success.

An early retrospective cohort study of 31 treated patients indicated 
that only 9.6% achieved adequate motile sperm in the ejaculate for ICSI to 
be performed without SR, thus suggesting that varicocele repair would be 
of limited value.95 However, in a study examining the role of microsurgical 
subinguinal varicocelectomy in a group of 17 men with clinical varicocele 
and NOA, we found that sperm returned to the ejaculate in 35.3% (6/17) 
of men at an average follow-up of 19 months.94 The mean motile sperm 
count was 0.8 million ml−1 (range 0.1–1.8) and one patient was able to 
initiate a natural pregnancy. Testicular biopsies obtained during the 
operations revealed that the histopathology phenotype was associated 
with the surgical outcome. Sperm were identified in the ejaculates 
of 72.7% (8/11) of the patients with hypospermatogenesis or MA, in 
contrast to none (0/6) of those with SCO. Recently, a meta-analysis 
of eleven cohort studies involving 233 patients with NOA and clinical 
varicocele corroborated our results.93 After microsurgical varicocele 
repair and at a mean postoperative follow-up of 13 months, motile 
sperm was found in the ejaculates of 39% of the males. With a mean 
sperm count of 1.6 million ml−1, natural and assisted conceptions were 
obtained in 26% of these men. Analysis of testicular biopsies taken either 
prior or during varicocele repair revealed that hypospermatogenesis and 
MA were significantly more likely to be associated with the presence of 
sperm in the postoperative ejaculate compared with SCO (odds ratio 
[OR]: 9.4; 95% confidence interval [CI]: 3.2–27.3).

While the aforementioned studies indicate that an improvement in 
sperm production is achieved in up to 1/3 of the men with NOA after 
varicocelectomy, most of the treated individuals remain azoospermic 
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and will require SR. In one study, SRR were identical (60%) in men who 
had their varicoceles treated before SR as compared with those who 
did not.95 Nevertheless, a beneficial role of intervention was suggested 
by others.96,97 Inci et al.96 studying a group of 96 men observed that SR 
success was significantly higher in treated compared with untreated 
men (53 vs 30%, OR: 2.63, 95% CI: 1.05–6.60; P = 0.03). In another 
study involving 66 men, Haydardedeoglu et al.97 reported higher SR 
success in men who had varicocele repair prior to SR (61%) compared 
with untreated men (38%; P < 0.01).

Based on the literature and our own data, we offer microsurgical 
repair of varicoceles before SR, particularly to young men (<35 years) 
with large bilateral varicoceles (Grades 2 and 3) after proper counseling. 
Given the above-mentioned studies were small retrospective series, 
there is a need for controlled trials to evaluate the role of varicocele 
repair in NOA.

CHOICE OF SPERM RETRIEVAL METHOD
The preferred method in NOA has been conventional testicular sperm 
extraction (TESE).98 Typically, multiple randomly testicular biopsies 
are taken and examined since it is not possible to predict before TESE 
whether sperm will be found or where islets of normal spermatogenesis, 
if existent, are located.5,7,40,98,99 A disadvantage of TESE is that the removal 
of large fragments of testicular tissue may jeopardize in a transient or 

permanent way the already compromised androgen production, which 
may lead to severe hypogonadism.100 Moreover, laboratory processing of 
large quantities of testicular tissue is time-consuming and labor intensive, 
and may miss rare sperm within the sea of cells and debris.37,38

Ideally, SR in NOA should be aimed at offering the highest possible 
chance of obtaining an adequate number of good quality testicular sperm, 
which can be immediately used for ICSI or cryopreserved for future ICSI 
attempts. In addition, it should minimize testicular damage to maintain 
androgen activity and the chances of success in repeated retrieval attempts.

Microdissection testicular sperm extraction
Microdissection TESE (micro-TESE) is a microsurgical SR method 
originally described by Schlegel, which has been proposed as a better 
alternative to TESE in cases of NOA.101 The principle of micro-TESE is 
to identify areas of active spermatogenesis with the aid of an operating 
microscope. After testis delivery, a large incision is made in an avascular 
area of the tunica albuginea under ×6–8 magnification to widely 
expose the testicular parenchyma. Dissection at ×15–25 magnification 
enables the surgeon to search and isolate the seminiferous tubules that 
exhibit larger diameter in comparison with nonenlarged or collapsed 
counterparts (Figure 4).42 Enlarged tubules are selectively extracted 
based on the assumption that they are more likely to contain sperm 
production.101

Table  2: Summary review of empirical medical therapy for infertile men with NOA

Study Design Study group Control group Medication Main findings

Pavlovich 
et al.77

Prospective 
cohort

43 men with T/E 
ratio<10

N/A Testolactone, 50–100 mg twice daily for 
a mean of 5 months

None of the 12 men who completed 3 months of 
treatment had sperm in ejaculate; T/E ratios were 
restored to normal range (>10) in all treated men

Hussein 
et al.78

Prospective 
cohort

42 men with 
favorable histology 
(hypospermatogenesis 
or maturation arrest)

N/A CC, 50 mg every other day for a mean 
of 5 months; dose titrated by 25 mg 
increments until target T levels between 
600 and 800 ng dl−1 were achieved

64.3% of the men had sperm in posttreatment 
semen analysis (mean density of 3.8×106 ml−1, 
and motility of 20.8%); all of the men (n=15) 
who remained azoospermic had success at SR

Selman 
et al.79

Prospective 
cohort

49 men with normal 
endocrine and genetic 
profile in whom 
diagnostic testis biopsy 
showed maturation 
arrest and no sperm on 
wet examination

N/A rec‑hFSH, 75 IU SC on alternate days 
for 2 months, then dose increased to 
150 IU and hCG (2000 IU SC twice 
weekly) added for another 4 months

None of the patients had return of sperm in 
ejaculate; posttreatment SRR were 21.4%

Ramasamy 
et al.80

Retrospective 
cohort

56 men with nonmosaic 
Klinefelter’s syndrome 
and T levels lower 
than 300 ng dl−1

N/A Testolactone (50–100 mg) or 
anastrozole (1 mg) were used orally, 
alone or combined with SC hCG (up to 
2500 IU three times a week) for at 
least 3 months

SRR were 1.4‑fold higher (77% vs 55%; P=0.03) 
in men who responded to treatment with 
a resultant T level of 250 ng dl-1 or higher 
compared with those men in whom posttreatment 
T was less than 250 ng dl-1

Reifsnyder 
et al.29

Retrospective 
cohort

307 men with T levels 
lower than 300 ng dl−1

41 men with 
T levels 
lower than 
300 ng dl−1; 
388 men 
with T levels 
higher than 
300 ng dl-1

AI (50–100 mg testolactone orally 
twice daily or 1 mg anastrozole daily), 
hCG (at a dose of 1500–2000 IU SC 
twice or three times a week) and CC 
were used, alone or combined, for at 
least 2–3 months before surgery

None of the patients had return of sperm 
in ejaculate; SRR were not different in 
treated (51%; n=307) and untreated (61% ; 
n=41) men with baseline low T levels; SRR 
were not different between treated males with 
T levels lower than 300 ng dl−1 (51%; n=307) 
and untreated ones with T levels>300 ng dl−1 
(51%; n=388)

Shiraishi 
et al.81

Prospective 
cohort

28 men with idiopathic* 
NOA who had negative 
SR

20 men with 
idiopathic* 
NOA 
who had 
negative SR

At least 6 months after the first SR 
attempt, patients received hCG (5000 
IU SC three times a week) for 3 
months. When FSH levels decreased 
after hCG (<3 mIU ml−1) recombinant 
FSH (rec‑hFSH, 150 IU SC three times 
a week) was added for 2 months

Sperm was obtained at the second SR attempt in 
6 (21%) of the 28 treated men, but in none of 
the untreated men (P<0.05)

Hussein 
et al.82

Prospective 
cohort

612 unselected men 116 
unselected 
men

CC (50 mg every other day) alone or 
combined with hCG (5000 IU SC 
twice a week) and hMG (75IU SC 
once weekly) were administered for an 
average of 5.4 months

Sperm were found in ejaculates of 10.9% of the 
treated males; in the patients who remained 
azoospermic, SRR were higher in those who 
received medical therapy compared with 
controls (57.0 vs 33.6%, P<0.001)

AI: aromatase inhibitor; CC: clomiphene citrate; FSH: follicle‑stimulating hormone; hCG: human chorionic gonadotropin; hMG: human menopausal gonadotropin; IU: International Units; 
NOA: nonobstructive azoospermia; rec‑hFSH: recombinant human FSH; SC: subcutaneous; SR: sperm retrieval; SRR: sperm retrieval rates; T: total testosterone; T/E: testosterone to 
estradiol ratio; N/A: not applicable. *Exclusion criteria were men with Klinefelter syndrome, testis volume<4 ml, T levels<200 ng dl−1, varicocele and cryptorchidism
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In a controlled study involving 60 men with NOA, we found that 
SR success was higher in the micro-TESE group compared with the 
conventional single-biopsy TESE group (45% vs 25%; P  =  0.005). 
Results also favored micro-TESE after stratification according to the 
testicular histopathology phenotype (hypospermatogenesis: 93 vs 64%; 
MA: 64% vs 9%; SCO syndrome: 20% vs 6%; P < 0.001).39 Others have 
corroborated our findings, and added that complication rates were 
lower with micro-TESE.101–106 The use of optical magnification reduces 
the chances of vascular injury since preservation of testicular blood 
supply is easily achieved, thus reducing the chances of hematoma 
formation and testicular devascularization. After micro-TESE a 
transient decrease in serum T is followed by return to baseline levels 
in about 95% of the cases within 18 months, except in men with very 
small testes and severely compromised androgen activity such as those 
with KS in whom these effects tend to be permanent.45,106

Our SR success with micro-TESE in an updated experience 
involving 356 patients was 41.4% overall, and 100.0%, 40.3% and 19.5% 
according to the histopathology phenotypes of hypospermatogenesis, 
MA and SCO, respectively.9,35 A recent systematic review pooling seven 
comparative studies and 1062 patients confirmed that the micro-TESE 
was associated with a more favorable SRR ranging from 42.9% to 63% 
compared with 16.7%–45% in conventional TESE.107 Micro-TESE has 
been shown to rescue approximately one-third of the cases that had 
failed in the previous retrieval attempts with conventional TESE or 
percutaneous testicular aspiration (TESA), and is particularly helpful 
for men with NOA presenting the worst-case scenarios.100,107,108 A new 
micro-TESE after an initially successful procedure can be carried 
out, but should be delayed for at least 6 months due to inflammatory 
changes. SR success is markedly lower (25% vs 80%) if repeat micro-
TESE is performed within 6 months of the first operation.100

Figure 3: Algorithm for the medical management of infertile men with nonobstructive azoospermia.
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In our center, micro-TESE is the method of choice for SR in men 
with NOA. Procedures are carried out under intravenous anesthesia 
in an outpatient basis.99 When coupled with ICSI, we prefer to 
perform micro-TESE on the day before oocyte retrieval. Importantly, 
we always confirm azoospermia by analyzing a centrifuged semen 
specimen obtained immediately before the procedure since rare 
sperm may occasionally spill over into the ejaculates of such patients.5 
Studies focusing on quantitative spermatogenesis have shown that 
the threshold of 3 mature spermatids per seminiferous tubule’s cross-
section must be exceeded in order for spermatozoa to spill over into the 
ejaculate. Men with NOA have a mean of 0–3 mature spermatids per 
seminiferous tubule, thus explaining why rare sperm are occasionally 
found in ejaculates.5,11 The technical details of how we perform micro-
TESE can be found elsewhere (http://www.brazjurol.com.br/videos/
may_june_2013/Esteves_440_441video.htm).42

LABORATORY HANDLING OF RETRIEVED GAMETES AND 
EMBRYOS
After SR, testicular parenchyma is transferred to the IVF laboratory 
for tissue processing and sperm search. The laboratory management 
of surgically retrieved specimens requires special attention because 
spermatozoa collected from men with NOA are often compromised in 
quality and more fragile than ejaculated counterparts (Table 3). Both 
sperm DNA fragmentation (SDF) and aneuploidy rates are higher 
in testicular sperm obtained from men with NOA compared with 
ejaculated sperm obtained from infertile men with various etiology 
categories.109,110 As a result, lower fertilization, embryo development 
and pregnancy rates have been reported with ICSI using such 
gametes.9,17,111,112

Testicular tissue handling
The extraction of a minimum volume of tissue is advantageous because 
processing of TESE specimens may be incredibly labor-intensive. 
Tissue removal is approximately 50- to 70-fold lower in micro-TESE 
compared with conventional TESE.37–39,101 The lower the amount of 
tissue extracted, the easier the tissue processing and sperm search. 
Micro-TESE is, therefore, helpful to increase laboratory process 

efficiency in addition to minimizing testicular damage and increasing 
SR success.38,42,108

Testicular tissue processing techniques have been developed to 
increase sperm yield. While mechanical disruption of the tubules is 
achieved by mincing them repeatedly using needled-tuberculin syringe 
or by passing the suspensions through a 24-gauge angiocatheter, 
enzymatic digestion is carried out by incubation of testicular 
suspensions with collagenase.38,114–116 Our approach is to perform an 
initial examination of microsurgically-extracted specimens under 
the inverted microscope after mechanical mincing (Figure  4). The 
procedure is deemed successful if an adequate number of sperm for 
ICSI is found, otherwise the surgeon is promptly informed that more 
specimens are needed. Additional samples are taken until both testes 
are examined if no sperm are initially identified.38 All excised specimens 
are extensively minced mechanically and meticulously re-examined. 
These specimens are subjected to enzymatic digestion with collagenase 
Type IV (1000 IU ml−1) for approximately 2–4 h if no sperm are found 
after mechanical processing. These methods ensure tubular wall break 
down and cellular content loss.

After confirmation for sperm, specimens are processed by either 
simple washing or gradient centrifugation.37,117 If needed, erythrocyte 
lysing solution is used to eliminate excessive red blood cells.37 Aliquots of 
testicular suspension are then cryopreserved or loaded in microdroplets 
of an oil-covered sperm medium if ICSI is to be performed with fresh 
sperm. When only immotile spermatozoa are obtained after processing 
of fresh or cryo-thawed testicular specimens, different methods can be 
used to differentiate live immotile spermatozoa from dead ones. The 
hypoosmotic swelling test, the sperm tail flexibility test and motility 
stimulants, such as pentoxifylline, are some of these methods.38 Viable 
and preferentially motile sperm are chosen because ICSI outcomes are 
negatively affected by the use of immotile sperm for injections.118–120

Laboratory environment
Good laboratory practices, including sterile techniques, temperature 
and pH stability of working solutions, and air quality control, will 
ensure optimal safety conditions for micromanipulation.37,121 At our 
center, SR and all related-laboratory steps are carried out in controlled 

Figure 4: Microdissection testicular sperm extraction. The illustration depicts its main technical aspects, including the use of an operating microscope and 
the identification of enlarged seminiferous tubules, and initial processing of extracted specimens.
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environments. Our facility, comprised of reproductive laboratories 
(IVF and andrology), an operating room where microsurgical sperm 
extractions and oocyte collections are carried out, and embryo transfer 
rooms, was constructed according to cleanroom standards for air 
particles and volatile organic compounds filtration as previously 
described.121 In an observational study evaluating 2315 sperm injection 
cycles mainly involving severe male factor infertility, we noted that 
treatment effectiveness was markedly improved after cleanroom 
technology implementation. Live birth rates increased (35.6% vs 25.8%; 
P = 0.02) and miscarriage rates decreased (28.7% vs 20.0%; P = 0.04), 
while an additional high quality embryo, on average, was generated 
per treatment cycle (3.2 vs 2.3; P = 0.01).121

Cryopreservation of testicular sperm
After a successful SR in NOA, cryopreservation of surplus testicular 
sperm is recommended given that success in repeated retrievals is 
not warranted. Moreover, such patients often require more than one 
ICSI attempt until a pregnancy is established. While some centers 
prefer to retrieve and intentionally cryopreserve testicular sperm for 
future use, others simultaneously coordinate SR and oocyte collection. 
A  comprehensive review of the advantages and disadvantages of 
performing sperm injections with fresh or frozen-thawed testicular 
sperm, as well as the methods of selecting viable immotile sperm for 
ICSI can be found elsewhere.38 Our experience is that frozen-thawed 
testicular sperm from men with NOA usually will be immotile.37 
Although limited data suggest that freezing these gametes inside an 
empty zona pellucida or using vitrification may improve survival, 
and that postthaw incubation with motility stimulants such as 
pentoxifylline can help in selecting viable sperm for ICSI, patients 

should be advised that ICSI outcomes will be lowered if only immotile 
frozen-thawed testicular sperm were available.122–124 A meta-analysis 
of ten studies involving 734 treatments showed a significantly lower 
implantation rate when frozen–thawed testicular sperm had been used 
compared with fresh sperm (relative risk: 1.75; 95% CI: 1.10–2.80).120 
Therefore, our strategy is to plan repeat SR as a back-up option in 
such cases. Given that best results in NOA will be obtained with fresh 
testicular sperm, SR and controlled ovarian stimulation in the same 
cycle has been our preferred strategy despite carrying the risk of no 
availability of testicular sperm.

REPRODUCTIVE POTENTIAL OF MEN WITH NONOBSTRUCTIVE 
AZOOSPERMIA AND HEALTH OF RESULTING OFFSPRING
In our experience pregnancy rates in ICSI cycles using sperm obtained 
from men with NOA are lower when compared with both ejaculated 
sperm and epididymal/testicular sperm of men with OA. In one series 
we studied 188 couples that underwent ICSI using sperm from partners 
with NOA, and the results were compared with groups of 182 and 465 
couples whose partners had OA and nonazoospermia male infertility, 
respectively. Live birth rates were significantly lower in the NOA group 
(21.4%) compared with OA (37.5%) and ejaculated sperm (32.3%) 
groups (P = 0.003). A  total of 326 live births resulted in 427 babies 
born. Differences were not observed among the groups in gestational 
age, preterm birth, birth weight and low birth weight, although we 
noted a tendency toward poorer neonatal outcomes in the azoospermia 
categories.17

In an updated series involving a larger cohort of 365 men with 
NOA who underwent micro‐TESE for ICSI, we compared treatment 

Table  3: Laboratory management of testicular specimens extracted from infertile men with nonobsructive azoospermia

Process Procedures Useful techniques Main goals

Testicular tissue 
handling

Extraction of minimum 
volume of tissue

Micro‑TESE Improvement in tissue processing 
and searching efficiency

Mechanical mincing Disruption of seminiferous tubules using needles or microscissors, 
and forced passing through small lumen angiocatheters

Tubular break down and cellular 
content loss

Enzymatic digestion Incubation of testicular suspensions with collagenase type 
IV (1000 IU ml−1) and/or DNAse (25 µg ml−1)

Tubular break down and cellular 
content loss

Erythrocyte lysing Incubation of testicular suspensions with erythrocyte lysing buffer 
solution (1:1, v/v)a

Elimination of excessive blood cells

Motility enhancement Incubation of testicular suspensions with pentoxifylline (1:1, v/v)b Selection of viable sperm for ICSI

Laboratory environment 
and “good laboratory 
practices”

Air quality control Air filtration for particles (HEPA filtration) and volatile organic 
compounds (potassium permanganate impregnated zeolite plus 
activated carbon filtration)

Assurance of optimal safety 
conditions for gamete handling, 
sperm injection and embryo culture

Maintenance of temperature 
and pH stability

Quality control and quality assurance of instruments, equipment 
and reagents

Avoidance of iatrogenic cellular 
damage

Centrifugation Simple washing with buffered sperm medium or gradient 
centrifugation using low centrifugation forces (200–300×g)

Avoidance of iatrogenic cellular 
damage

Sterile techniques Manipulation of gametes and embryos in laminar flow cabinets or 
inside controlled environments

Assurance of optimal safety 
conditions for gamete handling, 
sperm injection and embryo culture

ICSI Sperm selection Hyposmotic swelling testc

Mechanical touch techniqued

Laser‑assisted sperm selectione

Selection of viable immotile sperm 
for ICSI

Testicular sperm 
storage

Cryopreservation Sperm freezing inside an empty zona pellucida, and sperm 
vitrification

Enhancement of postthaw sperm 
recovery and survival

a155 mmol NH4Cl +10 mmol KHCO3 +2 mmol EDTA dissolved in sterile water. Adjust pH to 7.2 if needed. b1.391 mg of pentoxifylline dissolved in 1 ml of sperm medium gives a 
5 mM solution. cPrepared by mixing 1 ml sperm medium to 1 ml of sterile water  (approximately 139 mOsm kg−1). A  single morphologically normal immotile spermatozoon is picked 
up from the sperm medium and aspirated head‑first into the microinjection pipette. Then, the pipette is immersed into a hyposmotic solution  microdroplet and only the sperm tail is 
moved out of the pipette tip into the solution. The sperm tail is kept for 5–10 s into the solution, and it is observed if a tail tip swelling occurs. Sperm tail swelling is often minimal 
and is a marker of sperm viability in fresh specimens. dA morphologically normal immotile spermatozoon is picked up from the sperm medium using the microinjection pipette and 
transferred to the PVP microdroplet. Then, the sperm tail is touched with the tip of the microinjection pipette to move the tail up and down. The sperm tail is considered flexible 
when it moves independently of the sperm head. Sperm tail flexibility is considered a marker of sperm viability. If the tail remains rigid upon touching and both the sperm head and 
tail move together as a block, spermatozoon is then considered nonviable for ICSI. eThe application of a single laser shot to the far end of the sperm tail using a noncontact 1.48 µm 
diodide laser has been shown to cause a curling of the tail only in viable sperm, similar to the reaction observed with the hyposmotic swelling test. HEPA: high‑efficiency particulate 
air; ICSI:  intracytoplasmic sperm injection; PVP: polyvinylpyrrolidone; EDTA: ethylenediaminetetraacetic acid; TESE: testicular sperm extraction
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results in cycles that testicular sperm had been successfully retrieved 
with those of 40 couples who used donor sperm for ICSI due to failed 
retrieval.9 A group of 146 men with OA who underwent percutaneous 
SR was also included for comparison. Not surprisingly, the SRR was 
lower in NOA compared with OA (41.4% vs. 100%; adjusted-OR: 0.033; 
95% CI: 0.007–0.164; P < 0.001). Live birth rates after sperm injections 
were lower in men with NOA (19.9%) compared with donor sperm 
(37.5%; adjusted-OR: 0.377, 95% CI: 0.233–0.609, P < 0.001) and OA 
(34.2%; adjusted-OR: 0.403, 95% CI: 0.241–0.676, P = 0.001). In this 
aforementioned study, neither miscarriage nor the newborn parameters 
(gestational age, birth weight, malformation rate, perinatal mortality) 
of infants conceived was significantly different among the groups.

Our observations that pregnancy rates are negatively affected by 
NOA have been corroborated by others, and may be related to the 
higher tendency of spermatozoa obtained from men with NOA to 
carry deficiencies related to the centrioles and genetic material, which 
ultimately affect their capability of triggering the development of a 
viable embryo.110–113,124,125 In one report assessing SDF levels in testicular 
sperm, it has been shown that sperm of patients with NOA exhibited, 
on average, significantly higher DNA damage (46.9%) compared with 
OA counterparts (35.9%; P < 0.05). In this aforementioned study in 
which the authors assessed SDF using the sperm chromatin dispersion 
test, it was noted that embryo morphology was negatively affected 
by SDF (r = −0.163; P = 0.01).111 Altogether, these findings indicate 
that the testicular sperm obtained from men with NOA hold a lower 
developmental competence. Nevertheless, our data on the health of 
offspring is reassuring and have been endorsed by others. Despite 
that, a call for continuous monitoring is essential given the limited 
population analyzed.8,126,127 Furthermore, long-term follow-up studies 
are needed as data on the physical, neurological, and developmental 
outcomes of children conceived are lacking.

FUTURE PERSPECTIVES FOR MEN WITH NONOBSTRUCTIVE 
AZOOSPERMIA
In vitro fertilization with immature germ cells and in vitro culture of 
these cells have been proposed as an approach to overcome the cases 
where no mature spermatozoa is retrieved.128 ICSI with immature 
germ cells, including elongating and round spermatids, has yielded 
conflicting results and despite reported deliveries of healthy offspring, 
the method has very low efficiency as currently used.129 Ethical and 
safety concerns related to the potential transmission of genomic 
imprinted disorders have been raised leading to the ban of spermatid 
injection in countries such as the United  Kingdom.129 Human 
spermatozoa are highly specialized cells with the purpose of not only 
delivering competent paternal DNA to the oocyte but also providing 
a robust epigenetic contribution to embryogenesis. The latter requires 
that chromatin contains layers of regulatory elements sufficient to drive 
genes toward activation or silencing upon delivery to the oocyte.130

Because assisted reproduction techniques require mature germ cells, 
research efforts are now focused on the differentiation of preexisting 
immature germ cells or the production/derivation of sperm from 
somatic cells. Biotechnology has been investigated as a valuable tool for 
rescuing fertility while maintaining biological fatherhood. Breakthrough 
advancement in this field has been accomplished by Asian scientists 
who used stem cells from mouse embryos to create primordial germ 
cells, which differentiated in spermatozoa after testis transplantation in 
mice.131 In humans, formation of human haploid-like cells has already 
been obtained from pluripotent stem cells of somatic origin using the 
novel technique of in vitro sperm derivation.128 Haploidization is another 
technique under investigation as an option to create gametes based on 

biological cloning technology. Despite promising, these methodologies 
are still experimental. The production of gametes in the laboratory is a 
highly complex process, which is yet to be fully translated to humans.

CONCLUSIONS
Nonobstructive azoospermia is the most severe presentation of male 
infertility. Despite lacking sperm in the ejaculate, approximately 50% of 
men with NOA have minimal sperm production within their dysfunctional 
testes. Such sperm can be extracted and used for IVF techniques to produce 
a viable offspring. The scope of NOA-related infertility covers a wide 
spectrum from genetic studies to hormonal control, microsurgical and 
medical therapy to assisted reproduction techniques, as well as innovative 
stem cell research aiming at creating artificial gametes. From a medical 
perspective, the management of men with NOA seeking fertility involves 
a series of steps that includes the differential diagnosis of azoospermia, 
genetic testing and counseling, identification of those who could benefit 
from medical and surgical interventions prior to SR, application of the best 
method to surgically retrieve testicular spermatozoa, and the use of state-
of-art IVF techniques. A coordinated multidisciplinary effort involving 
urologists, andrologists, geneticists, reproductive endocrinologists and 
embryologists is key to offer the best possible chance of achieving a 
biological offspring to men with NOA.
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