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Abstract: Non-obstructive azoospermia (NOA) is found in up to 15% of infertile men. While
several causes for NOA have been identified, the exact etiology remains unknown in many patients.
Advances in assisted reproductive technology, including intracytoplasmic sperm injection (ICSI)
and testicular sperm retrieval, have provided hope for these patients. This review summarizes the
chances of success with ICSI for NOA patients and examines preoperative factors and laboratory
techniques associated with positive outcomes. Furthermore, we reviewed possible consequences for
offspring by the use of ICSI with testicular sperm retrieved from NOA patients and the interventions
that could potentially mitigate risks. Testicular sperm retrieved from NOA patients may exhibit
increased chromosomal abnormalities, and although lower fertilization and pregnancy rates are
reported in NOA patients compared to other forms of infertility, the available evidence does not
suggest a significant increase in miscarriage rate, congenital malformation, or developmental delay
in their offspring compared to the offspring of patients with less severe forms of infertility or the
offspring of fertile men. However, due to limited data, NOA patients should receive specialized
reproductive care and personalized management. Counseling of NOA patients is essential before
initiating any fertility enhancement treatment not only to mitigate health risks associated with NOA
but also to enhance the chances of successful outcomes and minimize possible risks to the offspring.

Keywords: male infertility; non-obstructive azoospermia; spermatogenic failure; sperm retrieval;
testis; intracytoplasmic sperm injection; assisted reproductive technology; pregnancy; offspring
health; review

1. Introduction

Male infertility is a disease of the male reproductive system, caused primarily by
congenital and genetic conditions; anatomical, endocrine, functional or immunological
abnormalities of the reproductive system; genital tract infections; cancer and its related
treatment; and sexual disorders incompatible with intercourse. Inadequate lifestyle, expo-
sure to toxicants, and advanced paternal age are risk factors acting alone or exacerbating
the impact of known causative factors [1–4].
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Azoospermia, characterized by the absence of sperm in the ejaculate, is the most
severe form of male infertility and it can be associated with one or more causative factors
mentioned above. The condition is present in about 1% of the general male population [5].
However, its prevalence is much higher among infertile men, impacting up to 15% of
individuals and significantly reducing a couple’s chance of conception [5]. The initial
diagnosis of azoospermia should be corroborated by at least one additional semen analysis
following centrifugation. The minimum time between collections has not been defined.
This step is essential, as sperm may be discovered in the pellet of up to 35% of men who
were initially diagnosed with azoospermia [6].

Once the laboratory diagnosis of azoospermia is established, focus should be placed on
identifying possible etiologies through a comprehensive history and physical examination,
laboratory tests, imaging, and genetic studies [7]. On this basis, azoospermia can be classi-
fied into two broad categories: obstructive azoospermia and nonobstructive azoospermia
(NOA). In obstructive azoospermia (post-testicular azoospermia), the spermatogenesis
is normal, and the obstruction results from bilateral obstruction of the seminal ducts [8].
By contrast, NOA is associated with pre-testicular or testicular disorders that result in
spermatogenic failure [9]. In a cohort of 8568 men seeking fertility and attending our
tertiary center for male reproductive health, 1003 (11.7%) had a NOA diagnosis [10].

Several causes for NOA have been identified and are classified as pre-testicular or
testicular (Figure 1) [11,12]. Pre-testicular causes are mainly endocrine-related, resulting
from disruptions in the hypothalamic–pituitary–gonadal axis, leading to secondary tes-
ticular dysfunction. These cases can be genetic or non-genetic and include conditions
like hypogonadotropic hypogonadism (congenital or acquired), hyperprolactinemia, and
androgen resistance. Testicular causes can also be genetic, including Klinefelter syndrome
(KS), Y chromosome microdeletion (YCMD), chromosomal translocations or inversions, or
non-genetic (acquired) conditions such as varicoceles, testicular infections or inflammatory
conditions, malignancies or post-chemoradiation effects, cryptorchidism, and testicular
trauma. Despite thorough investigations, no clear cause is identified in many cases, which
are then classified as idiopathic [12,13]. In a cohort of 767 patients with testicular NOA
attending our center, idiopathic was found to be the prevailing etiology (69.4%), followed
by cryptorchidism (15.0%), genetic defects (5.6%), postgonadotoxic therapy (5.1%), postin-
fection (4.4%), and post-trauma (0.5%) [10].
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Historically, patients with testicular NOA were deemed sterile, and adoption was
their only option for parenthood. This condition could significantly impact a couple’s
psychological well-being, often leading to anxiety and depression. These challenges were
further intensified by the invasive nature of treatments and the uncertainty of their out-
comes. However, the advent of intracytoplasmic sperm injection (ICSI) and testicular
sperm retrieval in the 1990s have allowed NOA patients to father biological children [14,15].
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These patients must receive thorough evaluations by specialists in male reproduction for
many reasons [16]. First, potentially correctable conditions causing or contributing to
NOA, such as endocrine disorders, varicoceles, and exposure to toxicants, can be iden-
tified. Second, conditions that are irreversible but suitable for ICSI using the patient’s
own sperm can be determined. Third, situations such as XX karyotype and complete
microdeletions of azoospermia factor (AZFa microdeletion and/or AZFb microdeletion
on the Y chromosome), for which donor insemination or adoption are the only solutions,
might be found.

Moreover, a complete andrological evaluation might help identify health-threatening
conditions or coexistent diseases potentially contributing to fertility impairment in NOA
males that require medical care, such as obesity, metabolic syndrome, erectile dysfunction,
hypogonadism, kidney diseases, and cancer. Lastly, a well-conducted evaluation can reveal
conditions that might affect patient or offspring health (Klinefelter syndrome, AZFc mi-
crodeletion), and the affected couples should be counseled accordingly. Equally important
is the role of the reproductive urologist/andrologist in recommending and performing
the most optical sperm retrieval (SR) procedure to enhance the likelihood of retrieving
testicular sperm. In this regard, microsurgical expertise during testicular sperm retrieval is
among the prerequisites for a successful surgical outcome.

This review aims to summarize the available evidence concerning the efficacy of ICSI
in NOA males with testicular causes (from now on termed NOA), describe the predictors
of successful ICSI outcomes in this patient population, and present the evidence concerning
the consequences of ICSI for the health of the offspring of NOA fathers. We also discuss
potential interventions to reduce health risks to offspring health.

2. Intracytoplasmic Sperm Injection (ICSI) Explained

The fertilization of oocytes with male gametes in vitro was a groundbreaking advance-
ment that helped overcome many forms of female infertility [17]. However, shortly after its
implementation, the limitations of in vitro fertilization (IVF) became apparent, particularly
for couples with poor semen quality [18]. Various techniques were employed to improve
fertilization rates with IVF, including sperm selection strategies (such as multilayer density
gradients and swim-up techniques) [19], sperm motility enhancement [20], and modifi-
cations of the zona pellucida [21,22]. However, it was not until the introduction of ICSI
that assisted reproduction expanded to include male patients with severe spermatogenic
dysfunction [23].

Unlike conventional IVF, which generally depends on the sperm’s natural fertilizing
ability, during ICSI, a single spermatozoon is meticulously selected and injected into the
oocyte’s cytoplasm using a micropipette (Figure 2). The injected oocyte is then monitored,
and the resulting embryo is either transferred to the uterine cavity ~3–5 days after injection
or cryopreserved.

Given that ICSI can be performed using sperm of suboptimal quality, its application
has been extended to include testicular sperm obtained from men with NOA [23]. This
was first demonstrated by Devroey et al. [24] in 15 NOA men. Testicular sperm retrieval
was performed using an open biopsy on the same day as oocyte retrieval. The extracted
specimens were examined, and an additional sample was sent for histological evaluation.
In 13 out of 15 patients, small numbers of spermatozoa were found, and all specimens
exhibited severe spermatogenic defects, confirmed by histopathology. In this series, tes-
ticular sperm injections resulted in a 47.8% fertilization rate. A total of 32 embryos were
transferred, resulting in three pregnancies—one set of triplets, one set of twins, and one
singleton—with an overall implantation rate of 18.7% [24].
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Subsequent studies compared ICSI outcomes between patients with NOA, obstructive
azoospermia (OA), and non-azoospermic infertile males. In one study by the authors’
group [25], 370 azoospermic and 465 non-azoospermic patients were included. The authors
found significantly lower fertilization (43.7%), clinical pregnancy (28.6%), and live birth
rates (21.4%) in men with NOA compared to those with OA (62.9%, 48.9%, 37.5%) and
in ejaculated sperm (64.5%, 41.7%, 32.3%). In this study, the authors also conducted a
systematic review of 20 publications comparing reproductive outcomes of males with NOA
and OA, with or without a control group of non-azoospermic males, revealing marked
inconsistencies in the reported outcomes. Some studies reported decreased pregnancy rates
(clinical or live births), while others showed similar outcomes among the studied groups.
Despite these conflicting results, this review demonstrated that ICSI can be applied to men
with NOA and confirmed that pregnancy and live birth, though with lower success rates,
are achievable with ICSI using testicular sperm.

3. Realistic Expectations in ICSI for Non-Obstructive Azoospermia
3.1. Factors Influencing Successful Sperm Retrieval in NOA Patients

Several factors can influence the reproductive outcome of patients with NOA undergo-
ing ICSI. Before exploring clinical considerations, it is crucial to advocate for and ensure the
adoption of healthy lifestyle habits by NOA patients before they receive medical treatment.
These habits include weight reduction, regular physical exercise, and consumption of nutri-
ent and antioxidant-rich diets, as these measures can help reduce oxidative stress, which is
harmful for the testicular microenvironment. Successful testicular sperm retrieval is crucial
for ICSI, making it essential to understand the predictors of successful sperm retrieval.

3.1.1. Sperm Retrieval Technique

Studies using testicular biopsy results have identified a mixed histopathologic pattern
in men with NOA, where various tubular histologies are seen, including minute foci of nor-
mal spermatogenesis in some cases [24,26]. This finding led to the development of several
sperm retrieval procedures, such as testicular sperm aspiration (TESA), conventional testic-
ular sperm extraction (TESE), and microsurgical TESE (Figure 3). TESA is a percutaneous
fine-needle aspiration and biopsy procedure to retrieve fluid and testicular tissue [27,28].
While it is a simple and quick procedure, TESA might miss pockets of spermatogenesis due
to its random sampling nature. Conventional TESE involves incision of the tunica albuginea
and excision of the protruding testicular parenchyma [24,29]. Although commonly used,
conventional TESE poses a risk of disproportionate tissue damage or loss due to devascu-
larization or excessive excision of testicular tissue [30]. On the other hand, microsurgical
TESE offers a magnified dissection of testicular tissue and meticulous sampling of dilated
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tubules, which are more likely to harbor sperm [31]. As such, microsurgical TESE is a more
precise sperm retrieval technique that is relatively less damaging to testicular tissue and its
function [32,33].
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Several studies compared sperm retrieval rates among the above-mentioned meth-
ods, which were appraised by multiple systemic reviews [34–36]. Overall, the highest
sperm retrieval rate has been observed with microsurgical TESE (40–60%) compared to
conventional TESE (30–40%) and TESA (20–30%) [37,38]. The superior sperm retrieval
outcome, along with its testicular parenchyma-sparing nature, makes microsurgical TESE
the gold standard approach for testicular sperm retrieval in NOA patients. However, the
procedure is technically demanding and requires master surgical expertise, which may
limit its generalizability, thus underscoring the importance of specialized treatment for this
patient population.

3.1.2. Other Clinical and Laboratory Factors

Since the introduction of testicular sperm retrieval procedures, numerous studies
explored the role of clinical and laboratory variables in predicting the likelihood of a
successful outcome. Although a detailed discussion of these factors is beyond the scope
of this paper, factors such as patient age, testicular volume, serum FSH, inhibin and
testosterone levels, genetic background, surgical history, and testicular histopathology
pattern have been the most investigated [37].

Among clinical factors, Klinefelter syndrome (KS) seems to be a negative predictor
for sperm retrieval success, whereas larger testicular volume is associated with increased
retrieval rates [37]. Laboratory tests offer limited clinical value, except for Y chromosome
microdeletion (YCMD) screening. Patients with deletions involving the azoospermia
factor (AZF) a region and/or AZFb region should be discouraged from pursuing sperm
retrieval, as success rates are virtually non-existent [37]. In comparison, patients with AZFc
deletions have a success rate reaching up to 62% [39,40]. Among all factors, testicular
histopathology appears to be highly influential. The highest retrieval rates are observed
in men with hypospermatogenesis (HS) (50–100%), followed by maturation arrest (MA)
(10.8–77.3%) [37]. The presence of Sertoli cell-only (SCO) syndrome, on the other hand,
confers a poor prognosis, with sperm retrieval rates ranging between 29.1 and 60% [37].

In a recent study, our group demonstrated that SR success by micro-TESE in NOA
patients is negatively associated with biochemical hypogonadism, characterized by low
circulating total testosterone levels [10]. In another recent report, we found that among
hypogonadal NOA males, baseline FSH levels, pre-SR hormonal stimulation, clinical
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varicocele, a history of previous varicocelectomy, and testicular histopathology were inde-
pendent predictors of SR success [41]. In particular, lower baseline FSH levels and a history
of prior varicocelectomy were associated with increased odds of successful SR, while a
clinical varicocele decreased these odds. Patients exhibiting biopsies indicative of hyposper-
matogenesis or MA had significantly higher odds of successful SR than those with SCO.
Additionally, hormone-pretreated hypogonadal NOA patients achieved higher SR success
rates than their hormone-untreated counterparts. Interestingly, this study showed that in
hypogonadal NOA men, hormonal stimulation with exogenous gonadotropins and the
absence of a clinical varicocele are associated with improved micro-TESE success, offering
potential treatment insights. These findings suggest that pre-sperm retrieval interventions
might improve SR outcomes, thus opening the possibility to explore such strategies in
well-characterized patient subgroups [41–43].

3.2. Factors Influencing Pregnancy Outcome with ICSI

Following successful sperm retrieval, several factors may influence the pregnancy
outcome of ICSI in patients with NOA.

3.2.1. Sperm Quality and Quantity

The quality and quantity of sperm retrieved from patients with NOA are pivotal for
the outcome of ICSI. In theory, obtaining a higher number of sperm during sperm retrieval
should provide more choices for sperm selection, ultimately resulting in a higher number
of successful microinjections. However, several factors, including the surgical technique,
testicular histopathology, and previous surgical interventions, might influence the retrieved
sperm quality and quantity.

While a higher sperm retrieval rate is generally achieved with microsurgical TESE than
conventional TESE or TESA, it is challenging to determine which method offers the highest
yield, as most published studies in the literature consider finding a single spermatozoon
a positive sperm retrieval outcome. Nonetheless, microsurgical TESE is superior to other
methods, particularly in patients with severe testicular histopathology phenotypes such as
Sertoli cell-only syndrome [44].

Sperm quality is mainly influenced by the handling maneuvers employed following
retrieval (see next section). The primary objective is to inject viable, motile, and morpholog-
ically normal sperm. However, this is not always achievable, as in many instances, only
non-motile or morphologically abnormal sperm are retrieved. Yet, pregnancies following
ICSI using testicular non-motile sperm from azoospermic patients have been reported.
In one report, Shulman et al. [45] compared the results of 19 ICSI cycles performed with
non-motile testicular sperm from azoospermic men to 34 cycles using motile testicular
sperm. While a significantly lower fertilization rate was observed in patients with immotile
testicular sperm (51%) compared to those with motile testicular sperm (62%), the pregnancy
rates were similar in both groups (15.8% vs. 23.5%).

3.2.2. Laboratory Techniques

Preparing testicular tissue from NOA patients for assisted reproductive technology
(ART) involves a meticulous search to identify and select viable sperm for fertilization. The
obtained testicular tissues are initially processed mechanically using techniques such as
shredding and mincing to release sperm from the seminiferous tubules into a medium [46].
These methods allow for direct examination of the obtained suspension under high magni-
fication. In cases where the sperm yield is very low or absent, enzymatic digestion using
collagenase type IA or type IV can break down the extracellular matrix and basement
membrane of the testicular tissue, potentially improving sperm recovery [47,48]. The ex-
cised testicular tissue is often contaminated with red blood cells, making visualization of
immotile sperm challenging. An erythrocyte lysing buffer can be added to the obtained
suspension after mincing, improving sperm identification without affecting the sperm
fertilizing potential [49].
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Some authors have reported pregnancies following intracytoplasmic injection of elon-
gated or round spermatids in cases of negative sperm retrieval outcomes. Elongated
spermatids are easily identified, unlike round spermatids. Intracytoplasmic injection of
elongated or round spermatids results in far fewer favorable outcomes than the injection
of mature sperm [50]. Furthermore, injecting spermatids raises safety concerns due to
the potential genetic or epigenetic risks to the offspring related to unstable or damaged
spermatid DNA contents [50].

Other laboratory procedures can assist embryologists in selecting viable immotile
sperm for injection [51]. These include culturing the obtained tissue suspension in media
containing motility enhancers such as phosphodiesterase inhibitors, pentoxifylline, or
theophylline [52]; the use of a hypoosmotic swelling test [53]; sperm tail flexibility test [54];
intracytoplasmic morphologically selected sperm injection (IMSI) [55]; laser-assisted sperm
selection [56]; birefringence-based sperm selection [57]; and microfluidics-assisted sperm
sorting [58].

Motility enhancers prevent the degradation of cyclic adenosine monophosphate
(cAMP), the primary signal for the onset of progressive sperm motility [59]. The hy-
poosmotic swelling test assesses the functional integrity of the sperm membrane, which
swells upon incubation in a hypo-osmotic solution [53]. Sperm tail flexibility observes
sperm tail movement by mechanical agitation with a lateral touch of the microinjection
pipette [54]. IMSI utilizes ultra-high magnification to select sperm with normal nuclear
morphology [55], while birefringence-based selection assesses the structural integrity of
the sperm nucleus and acrosome complex, allowing for the selection of mature sperm
with a characteristic intrinsic birefringent appearance [57]. Laser-assisted sperm selection
involves targeting the tip of the sperm’s tail with a quick, 2-millisecond burst using 200 µJ
of energy [56]. The resulting tail curl confirms the sperm’s viability, qualifying them for
use in ICSI procedures. A newly developed microfluidic system was introduced to extract
sperm from testicular samples [58]. The system employs two sequential modules to pro-
cess the testicular tissue extract; the initial module uses a spiral microchannel to apply
inertial forces to segregate sperm from red blood cells and other cellular particles, and the
subsequent hollow fiber membrane module isolates other cells and extracts excess media,
thereby enhancing the sperm concentration in the suspension.

3.2.3. Fresh vs. Frozen-Thawed Sperm

Research on the outcomes of ICSI using fresh and frozen-thawed testicular sperm in
men with NOA has been a significant focus within reproductive technology. Importantly,
multiple studies suggest no significant differences in fertilization rates, clinical pregnancy
rates, and live birth rates between the use of fresh or frozen-thawed sperm [60–63].

Testicular sperm can be preserved as whole biopsies or shredded tissue suspensions
and, more recently, vitrified individually or in small groups [64,65]. Crabbe et al. [66] have
shown that freezing sperm as a suspension is more effective in preserving sperm motility
and vitality than freezing whole biopsies. Laursen et al. demonstrated that pregnancy
could be achieved from a single testicular spermatozoon frozen by vitrification on Cell-
Sleeper devices [65]. Nogueira et al. [67], studying the structural changes in sperm due to
the freezing and thawing process, observed swelling and rupture in sperm membranes
under microscopic examination, yet these alterations did not impact fertilization and
pregnancy rates.

These promising insights indicate that sperm freezing offers significant logistical
benefits and can decrease the risks linked to timing sperm retrieval with oocyte retrieval
without diminishing the effectiveness of ICSI procedures.

3.2.4. Female Partner Health

The health of the female partner significantly affects reproductive outcomes in couples
undergoing ICSI, especially if the male partner has NOA. Studies have underscored factors
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such as the female partner’s age and ovarian reserve as crucial to determine the success of
ICSI in this patient population [68].

Maternal age has long been accepted as a critical determinant of ICSI outcomes.
Research consistently shows an inverse relationship between oocyte retrieval, fertilization,
embryo quality, pregnancy rates, and the age of women undergoing ICSI [69,70]. In cases
where the male partner has NOA, these factors become even more pivotal because the
sperm used is already compromised in terms of its ability to fertilize the oocyte [71].

Freidler et al. [72] explored predictors of a successful ICSI outcome from 192 cycles
in patients with azoospermia (OA or NOA). The authors observed that the likelihood
of pregnancy was significantly reduced for female partners aged over 38 years and/or
those with poor ovarian reserve when the number of mature oocytes available for injection
was four or fewer. Further evidence is provided by analyzing the large dataset from
the Assisted Reproductive Technology Clinic Outcome Reporting System (SART CORS)
registry [73]. In this study, 24,763 ICSI cycles using fresh autologous oocytes and surgically
retrieved sperm were examined. The outcomes were compared between women aged <30,
30–34, 35–38, 38–42, and >42 years, revealing that older women underwent significantly
longer stimulation periods and had fewer oocytes retrieved, as well as two-pronuclei (2PN)
zygotes. Both the clinical pregnancy rates and live birth rates declined with increasing
maternal age, with live birth rates ranging from 50.4% in women under 30 years to 7.2% in
women aged over 42 years.

Previous studies also found that female age was the most relevant factor in predicting
the probability of a blastocyst being euploid [67]. However, the prediction was negatively
modulated if testicular sperm from men with NOA were used [67]. These findings indicate
that an increased number of mature oocytes is needed to counteract the effect of microinject-
ing testicular sperm from men with NOA [67]. On this basis, a calculator was created [67]
and validated [74,75] to estimate the minimum number of metaphase II oocytes needed to
obtain at least one euploid blastocyst for transfer in couples undergoing IVF/ICSI (freely
available at https://art-one.merckgroup.com/art, accessed on 15 July 2024).

4. Offspring Health

The use of ICSI for men with NOA has raised concerns about the health of the resulting
offspring owing to uncertainties related to the integrity of the genome and epigenome of
testicular sperm [23]. Numerous studies have included offspring health data following
ICSI in males with NOA, summarized below (Figure 4).
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4.1. Miscarriage

A total of 36 original studies were identified that reported miscarriages following
ICSI in men with NOA (Table 1). Most of these studies were retrospective, except for
two prospective studies [76,77]. Seventeen studies included men with NOA without a
comparator group, and overall, their results indicate a low risk of miscarriage in this
patient population [76,78–92]. Several of these studies examined specific factors that could
influence miscarriage rates, such as the use of fresh vs. frozen-thawed sperm, motile vs.
immotile sperm, the underlying etiology of NOA, histopathology results, sperm retrieval
methods, and whether a concurrent varicocele was treated before ICSI.

Five studies explored the impact of using cryopreserved testicular sperm on miscar-
riage rates, with four studies reporting no statistically significant difference [80–84]. Only
Zhang et al. (2021) observed a significantly higher miscarriage rate using frozen-thawed
sperm (23.8%) compared to fresh sperm (0%; (p = 0.009)) [80]. Three studies assessed
the effect of sperm motility with or without cryopreservation, revealing no significant
differences between motile and immotile sperm, whether fresh or frozen-thawed [85,86,93].
Additionally, Giorgetti et al. found no significant differences in miscarriage rates among
patients with different testicular histopathologies [76].

Two studies explored the miscarriage rate following different sperm retrieval methods,
TESA vs. TESE [89] or TESE vs. microsurgical TESE [90], and reported no significant
differences between the approaches. Inci et al. retrospectively compared the outcomes of
66 NOA patients who had varicocele ligation vs. 21 patients without varicocele ligation
before ICSI, finding no difference in miscarriage rates between the two groups [91]. Zhang
et al. [81] compared outcomes among patients with KS, AZFc, cryptorchidism, mumps
orchitis, and idiopathic NOA, reporting no differences in miscarriage rates among groups.

Nineteen studies compared ICSI miscarriage rates between NOA patients and a
comparator group that constituted patients with OA [72,75,77,94–109]. Six studies included
additional comparative groups of men with varying spermatogenic dysfunctions or normal
semen parameters [75,77,106–109].

Most of these studies found no significant differences in miscarriage rates between
groups. Only two studies reported significantly higher miscarriage rates in men with
NOA compared to men with OA [97,98]. In a cohort study by our group [106], including
151 NOA patients, 146 OA patients, and 40 fertile donors, we reported 48 infants delivered
after ICSI with testicular sperm from NOA patients. Of these, 18 deliveries were singletons
(58.1%), 9 were twins (29%), and 4 were triplets (12.9%). The miscarriage rates did not
differ among NOA (28.6%, 12/42), OA (23.9%, 16/67) patients, and users of donor sperm
(25%, 5/20) (p = 0.88). Furthermore, fresh or frozen-thawed testicular sperm for ICSI
yielded similar miscarriage rates between NOA and OA patients [72,94–96]. Even studies
including men with normal sperm parameters did not detect any significant differences in
miscarriage rates following ICSI with testicular sperm from NOA men and with ejaculated
sperm [75,106,107].



J. Clin. Med. 2024, 13, 4939 10 of 50

Table 1. Studies evaluating miscarriage rates in couples undergoing ICSI with testicular sperm of patients with non-obstructive azoospermia.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[83] Friedler
et al., 1997 Retrospective

Testicular sperm
from NOA patients
(18) by TESE

Fresh sperm (9)
Cryopreserved
sperm (9)

NR Miscarriage rate

Fresh sperm:
Two twin pregnancies and four
singleton pregnancies. One of the twin
pregnancies resulted in a spontaneous
miscarriage during the first trimester
(1/6).

Cryopreserved sperm:
One twin pregnancy and one singleton
pregnancy out of three ended in a
spontaneous miscarriage during the
first trimester (2/3).

There was no statistically significant
difference in miscarriage rates between
the use of fresh and cryopreserved
sperm.

NR

[84] Ben-Yosef
et al., 1999 Retrospective

Testicular sperm
from NOA patients
(25) by TESE

Fresh sperm (14)
Cryopreserved
sperm (11)

NR Miscarriage rate

Of the nine pregnancies achieved (four
from fresh and five from cryopreserved
spermatozoa), two were missed
abortions (group not specified), one was
ectopic, and six resulted in deliveries of
healthy babies (three of each group).

NR
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[94] Habermann
et al., 2000 Retrospective

TESE-ICSI cycles
from NOA patients
(12)

Fresh sperm (3)
Frozen-thawed
sperm (9)

TESE-ICSI cycles
from OA patients
(34):

Fresh sperm (9);
Frozen-thawed
sperm (25).

Miscarriage rate

TESE-ICSI cycles with fresh sperm of
NOA patients:
There was one pregnancy and one
delivery of singletons.

TESE-ICSI cycles with frozen-thawed
sperm of NOA patients:
There were six pregnancies and two
miscarriages.

The miscarriage rates
were similar between OA
and NOA patients for
fresh (25%, 1/4) and
frozen-thawed sperm
(30.8%, 4/9).

[89] Mercan
et al., 2000 Retrospective

Testicular sperm
from NOA patients
(291)

By TESA (63)
By TESE (228)

NR Miscarriage rate

The miscarriage rates according to
testicular sperm retrieval method were:

TESA: 20.7% (6/29);
TESE: 24.2% (16/66)
(p = NS).

NR

[72] Friedler
et al., 2002 Retrospective

Testicular sperm
from NOA patients
(123) by TESE

Fresh sperm (65 ICSI
cycles)
Frozen-thawed
sperm (63 ICSI
cycles)

Epidydimal sperm
from OA patients (52)
By PESA

Fresh sperm (55 ICSI
cycles)
Frozen-thawed
sperm (80 ICSI
cycles)

ICSI outcomes

There was no significant difference
between early miscarriage rate in NOA
patients using testicular fresh sperm
(15.7%, 3/19) compared
to frozen-thawed testicular sperm (21%,
4/19).

The pregnancy
rate/embryo transfer,
early miscarriage rate,
and ongoing/delivery
pregnancy rates were
similar in both groups
using fresh or
frozen-thawed sperm for
ICSI for OA and NOA
patients.

[97] Pasqualotto
et al., 2002 Retrospective

ICSI infants from
NOA patients (68
cycles) by TESA

ICSI infants from OA
patients (130 cycles)
By PESA

Miscarriage rate

The miscarriage rate was higher in
those in whom immotile vs. motile
spermatozoa were retrieved (70% vs.
25.5%, p < 0.05).

NOA patients showed
higher miscarriage rates
(40%) than OA patients
(28%) (p = 0.01).
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[98] Pasqualotto
et al., 2005 Retrospective

TESA-ICSI cycles
from NOA patients
(102)

PESA-ICSI cycles
from AO patients
(155):

Post-vasectomy (99);
Congenital (25);
Post-infection (31).

ICSI outcomes
From 102 TESA-ICSI cycles of NOA
patients, 22 pregnancies were achieved,
and 10 miscarriages occurred (45.6%).

No statistical difference
was noted among groups
despite NOA patients
showing lower
pregnancy rates.
However, miscarriage
rates were higher in
NOA patients (45.6%)
compared with other
groups:
Post-vasectomy (25.8%)
Congenital (28.6%)
Post-infection (28.6%)
(p = NS)

[76] Giorgetti
et al., 2005 Prospective

TESE-ICSI cycles
performed in NOA
patients (99)

SCO (16)
MA (35)
Hypo (48)

NR Miscarriage rate

There was no significant difference
between testicular histopathology
groups in miscarriage rates:
SCO: 1/5;
MA: 3/13;
Hypo: 2/17.

From 35 pregnancies achieved with
fresh embryos:
Five spontaneous first-trimester
miscarriage and one second-trimester
miscarriage.

From two pregnancies achieved with
frozen-thawed embryos:
No miscarriages were reported.

NR
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[95] Wu et al.,
2005 Retrospective

TESE-ICSI cycles
performed in NOA
patients (30)

Fresh sperm (6)
Frozen-thawed
sperm (24)

TESE-ICSI cycles
performed in OA
patients (28)

Fresh sperm (16)
Frozen-thawed
sperm (12)

Miscarriage rate

From six TESE-ICSI cycles with fresh
sperm of NOA patients, there were two
clinical pregnancies and no
miscarriages reported (0%, 0/2).

From 24 TESE-ICSI cycles with
frozen-thawed sperm of NOA patients,
there were 15 clinical pregnancies, and 5
miscarriages reported (33.3%, 5/15).

Both fresh and
frozen-thawed
TESE-ICSI cycles had
similar spontaneous
miscarriage rates (25%
vs. 19.5%, p = NS) for OA
and NOA patients.

[85] Konc et al.,
2006 Retrospective

TESE-ICSI cycles
performed in OA and
NOA patients (167)
by TESE

Fresh sperm (68)
Frozen sperm (99)
Motile sperm (50)
Immotile sperm (117)

NR Miscarriage rate

No difference was found in the abortion
rates:
Fresh sperm (10/20, 50%);
Frozen sperm (7/22, 32%);
Motile sperm (6/14, 43%);
Immotile sperm (11/28, 39%)
(p = NS).

NR

[86] Konc et al.,
2008 Retrospective

TESE-ICSI cycles
from NOA patients

Fresh/Motile sperm
(30)
Fresh/Immotile
sperm (34)
Frozen/Motile sperm
(19)
Frozen/Immotile
sperm (74)

NR Miscarriage rate

No differences were found in the
abortion rates:
Fresh/motile (4/10, 40%);
Fresh/immotile (6/10, 60%);
Frozen/motile (2/4, 50%);
Frozen/immotile (6/18, 33%)
(p = NS)

NR
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[90] Ravizzini
et al., 2008 Retrospective NOA patients (53) NR Miscarriage rate

From 32 patients with positive
micro-TESE, 13 couples achieved
clinical pregnancy, and none of them
suffered a miscarriage.

NR

[91] Inci et al.,
2009 Retrospective

Micro-TESE-ICSI
infants from NOA
patients (87)

Varicocele treated (66)
Varicocele untreated
(21)

NR Miscarriage rate

The miscarriage rates did not differ
significantly between treated varicocele
(18.2%, 2/11) and untreated varicocele
patients (0%, 0/2) (p = NS).

NR

[99]
Semião-
Francisco
et al., 2010

Retrospective NOA patients (102)
by TESA

OA patients:

TESA (103)
PESA (171)

Miscarriage rate
The miscarriage rates did not differ
significantly between OA-TESA and
NOA-TESA patients (p = NS).

The miscarriage rates
were significantly higher
for patients with OA
who underwent TESA as
compared to PESA
(p = 0.038).

[96] Kalsi et al.,
2010 Retrospective

Testicular sperm
from NOA patients
(48)

Fresh sperm (41)
Frozen-thawed
sperm (7)

Epidydimal sperm
from OA patients
(215):

Fresh sperm (173)
Frozen-thawed
sperm (42)

Testicular sperm
from OA patients
(43):

Fresh sperm (28)
Frozen-thawed
sperm (15)

ICSI outcomes

In NOA patients, there was a difference
between frozen-thawed sperm and
fresh sperm concerning pregnancy rates,
live birth rate, and miscarriage rate
(p = NS).

While with fresh sperm the miscarriage
rate was 13.3% (2/15), using
frozen-thawed sperm there was no
miscarriage reported (0%, 0/4) (p = NS).

When comparing groups,
there were no significant
differences in
fertilization, pregnancy,
and live birth rates.
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[100] He et al.,
2010 Retrospective

ICSI cycles
performed in NOA
patients (42)

ICSI cycles
performed in OA
patients (112)

ICSI outcomes

From 42 ICSI cycles of NOA patients,
nine pregnancies were achieved (21.4%),
and three miscarriages occurred
(33.3%).

Although the clinical
pregnancy rate was
higher in OA patients
compared with NOA
patients (40.2% vs. 21.4%,
p < 0.05), the miscarriage
rates did not differ
among the groups (15.6%
vs. 33.3%, p = NS).

[77] Tehraninejad
et al., 2011 Prospective

NOA patients (134)
Testicular sperm by
micro-TESE

Oligozoospermic
patients (314)
Ejaculated sperm

OA patients (180)
Epidydimal sperm by
PESA

Miscarriage rate

From 134 micro-TESE-ICSI cycles of
NOA patients, the fertilization rate was
51.8%, the clinical pregnancy rate was
13.4%, and the miscarriage rate was 8%.

The frequency of
miscarriage from men
with NOA (8%) was
similar compared to
oligozoospermic (10.7)
and OA (9.7%) patients
(p = NS).

[88] Cavallini
et al., 2011 Retrospective

TESE-ICSI cycles
performed in NOA
patients (184)

NR Miscarriage rate
From 184 ICSI cycles, 14 pregnancies
were achieved, and 1 miscarriage
occurred.

NR

[87] Boitrelle
et al., 2011 Retrospective

TESE-ICSI cycles
performed in NOA
patients (280)

NR Miscarriage rate
Of the 38 pregnancies, three suffered a
miscarriage before the first trimester of
pregnancy.

NR
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[101]
Abdel
Raheem
et al., 2013

Retrospective

TESE-ICSI cycles
from NOA patients
(77)

Hypo (27)
MA (20)
SCO (18)

TESE-ICSI cycles
from OA patients
(60)

ICSI outcomes

There were no statistically significant
differences in any of the ICSI outcomes
measures (fertilization rate, embryo
cleavage rate, clinical pregnancy rate,
live birth rate, miscarriage rate)
between different testicular
histopathologies of NOA patients.

There were no
statistically significant
differences in any ICSI
outcomes when using
fresh and frozen-thawed
sperm from OA or NOA
patients.
Additionally, ICSI
outcomes did not differ
between cycles that used
or did not use
pentoxifylline for
motility enhancement.

[102] Celikten
et al., 2013 Retrospective TESE-ICSI cycles of

NOA patients (133)
PESA-ICSI cycles of
OA patients (78) ICSI outcomes

From 133 TESE-ICSI of NOA patients,
26 pregnancies were achieved (19.5%),
and 16 miscarriages occurred (61.5%).

There were no significant
differences in clinical
pregnancy (16/78 vs.
26/133, p = NS) and
miscarriage rates (10/16
vs. 16/26, p = NS) in OA
and NOA patients.

[103] Karacan
et al., 2013 Retrospective

Testicular sperm
from NOA patients
(209) by micro-TESE

Only motile
spermatozoa

Testicular sperm
from OA patients
(128) by TESE

Only motile
spermatozoa

ICSI outcomes

The miscarriage rates for NOA patients
were similar whether using fresh sperm
(6.8%, 2/23), sperm used 24 h later
(12.5%, 1/8), or frozen-thawed sperm
(10%, 2/20), with no statistically
significant differences (p = NS).

There were no
statistically significant
differences in any
parameters
(implantation rate and
miscarriage) among the
groups (p = NS).
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[82] Madureira
et al., 2014 Retrospective

Testicular sperm
from NOA patients
with KS (65) by TESE:

Fresh sperm (19)
Frozen-thawed
sperm (13)

NR Miscarriage rate

The miscarriage rates of NOA patients
with KS did not differ from using fresh
sperm (16.7%, 2/12) compared with
frozen-thawed sperm (0%, 0/4) (p =
NS).

NR

[92] Karacan
et al., 2014 Retrospective

NOA patients (86)

TESE (47)
Micro-TESE (39)

NR Miscarriage rate

From 12 clinical pregnancies, there was
only 1 case of miscarriage using TESE
sperm retrieval.
The only pregnancy achieved by
micro-TESE ended in full-term delivery.

NR

[106] Esteves
et al., 2014 Retrospective

Testicular sperm
from NOA patients
(151) by micro-TESE

Testicular sperm
from OA patients
(146) by TESA

Ejaculated sperm
from donors (40)

ICSI outcomes

From 48 infants delivered after ICSI
with testicular sperm from NOA
patients, 18 deliveries
were singletons (58.1%), 9 were twins
(29%), and 4 were triplets (12.9%).

The miscarriage rates did
not differ among NOA
(28.6%, 12/42), OA
(23.9%, 16/67) patients
and donor sperm (25%,
5/20) (p = NS).

[93] Hessel et al.,
2015 Retrospective

TESE-ICSI cycles
(745) from NOA
patients (61%) and
OA patients (39%)

Motile sperm (586)
Immotile sperm—tail
touch (159)

NR Miscarriage rate

There was no significant difference in
abortion rates between motile
spermatozoa (24%) compared with tail
touch spermatozoa (38%, p = 0.08).

NR
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[75] Mazzilli
et al., 2017 Retrospective TESE-ICSI of NOA

patients (49)

TESA-ICSI of OA
patients (34)

ICSI infants with
ejaculated sperm
from:
OAT (188);
Moderate male factor
(420);
Normozoospermic
(528).

ICSI outcomes
From 49 TESE-ICSI cycles of NOA
patients, 7 pregnancies were achieved
and 1 case of miscarriage (14.3%).

There were no
statistically significant
differences among
groups in biochemical
pregnancy and
miscarriage rates.

[104] Bocca et al.,
2017 Retrospective NOA patients (8) OA patients (44) Miscarriage rate

Miscarriage rates between OA and
NOA groups were not significantly
different (10.7% vs. 23.1%, p = NS).

Maternal age <35 or >35 had no
significant impact on these results
(p = NS).

NR

[109] Okuyama
et al., 2017 Retrospective

NOA patients (388),
including AZFc (28)
and KS (83)

Cryptozoospermia
(58)
OA (272)

Miscarriage rate

The frequency of miscarriage from men
with NOA was
similar comparing fresh oocytes and
fresh sperm/fresh oocytes and
frozen-thawed sperm/frozen-thawed
oocytes and fresh sperm (p = NS).

The frequency of
miscarriage was similar
comparing all groups
(p = NS).



J. Clin. Med. 2024, 13, 4939 19 of 50

Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[79] Zhang et al.,
2021 Retrospective

NOA patients (65)
who underwent 70
ICSI cycles
40 ICSI cycles with
fresh spermatozoa
(group A);
30 ICSI cycles with
cryopreserved
spermatozoa (group
B).

NR Miscarriage rate

There were significantly higher
miscarriage rates in group B with
cryopreserved spermatozoa (23.8%)
than in group A with fresh spermatozoa
(0%) (p = 0.009).

NR

[105] Vahidi et al.,
2021

Retrospective
cross-sectional
study

Testicular sperm
from NOA patients
(138)

Testicular sperm
from OA patients
(172)

Miscarriage rate

There was no difference
in miscarriage rates
between OA (7/172,
4.0%) and NOA (5/138,
3.6%) patients (p = NS).

[81] Zhang et al.,
2021 Retrospective

Micro-TESE-ICSI
cycles performed in
NOA patients (347)

KS (125)
AZFc (64)
Cryptorchidism (39)
Mumps and orchitis
(23)
Idiopathic (96)

NR Miscarriage rate
No differences were found in the
miscarriage rates among all groups (p =
NS).

NR

[80] Zhang et al.,
2021 Retrospective

Micro-TESE-ICSI
cycles performed in
NOA patients (344)

Fresh sperm (234)
Frozen-thawed
sperm (110)

NR Miscarriage rate

The miscarriage rate using fresh sperm
was 6.0% (7/116) while the rate using
frozen-thawed sperm was 14.9% (7/47)
(p = 0.129).

NR
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Table 1. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI NOA-ICSI vs.
Comparator

[107] Ping et al.,
2022 Retrospective ICSI infants from

NOA patients (84)

ICSI infants from
extremely OZ (163)
Severe OZ (174)
Mild OZ (148)
OA (155)
Normozoospermia
(210)

Miscarriage rate

NOA patients had a
lower miscarriage rate
(2/84; 3.3%), but the
difference was not
statistically significant
(p = 0.44).
Extremely OZ (9/163;
7.2%);
Severe OZ (5/174; 3.9%);
Mild OZ (7/148; 7.5%);
OA (3/155; 2.7%);
Normozoospermia
(10/210; 6.2%).

[108] Xu et al.,
2023 Retrospective

ICSI cycles from
NOA patients (158)
using testicular fresh
sperm

ICSI cycles from OA
patients (435) and
oligoasthenozoosper-
mia patients (92)
using fresh testicular
sperm

ICSI outcomes

From 158 TESE-ICSI cycles performed
in NOA patients, the clinical pregnancy
rate was 66.5% (105/158), and the live
birth rate was 59.5% (94/158).

There were no significant
differences between the
three groups in terms of
biochemical pregnancy
rate, clinical pregnancy
rate, live birth rate, or
abortion rate.

Miscarriage rates:
Oligoasthenozoospermia
5.43% (5/92);
OA 6.9% (30/435);
NOA 5.06% (8/158)
(p = NS).

[78] Elzeiny
et al., 2024 Retrospective NOA-ICSI cycles (63) NR Neonatal outcomes

From 63 NOA-ICSI cycles, there were 39
clinical pregnancies, and 2 miscarriages
reported.

NR

ICSI, intracytoplasmic sperm injection; KS, Klinefelter syndrome; micro-TESE, microdissection testicular sperm extraction; NOA, non-obstructive azoospermia; NR, not reported; NS:
non-significant; OA, obstructive azoospermia; OAT, oligoasthenoteratozoospermia; OZ, oligozoospermia; TESE, testicular sperm extraction.
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4.2. Chromosomal Abnormalities

A total of 17 studies examined the frequency of chromosomal abnormalities either in
the retrieved sperm from men with NOA or the resulting embryos following preimplan-
tation genetic testing (PGT) [110–126]. Nine of these studies were prospective, while the
remaining were retrospective (Table 2). Most studies explored chromosomal abnormalities
in men with NOA and OA, including a comparator group of men with normal semen
quality. A few studies also included males with various sperm abnormalities [117,126].
The outcome measures focused on various chromosomal abnormalities such as aneu-
ploidy, disomy, and nullisomy for different chromosomes, including sex and various
autosomes. In 14 studies, these aberrations were assessed in the retrieved testicular
sperm [110–116,118–120,122–124,126], while 3 studies focused on the quality of the ob-
tained embryos following ICSI [117,121,125]. Overall, the retrieved sperm of NOA patients
exhibited higher rates of chromosomal abnormalities (aneuploidy, disomy, diploidy) com-
pared to OA patients and/or fertile controls [111,112,114–116,119,120]. Compared to NOA
patients with normal karyotype, KS patients appear to have a higher rate of sperm ane-
uploidy (5.3% vs. 4.0%; p = 0.0089) and chromosome 18 abnormalities (1.43% vs. 1.19%,
p < 0.001) [123]. Additionally, fresh and frozen-thawed testicular sperm samplers showed
similar incidences of chromosomal abnormalities for chromosomes 13, 18, 21, and sex
chromosomes in NOA patients [118].

Two studies addressed the impact of the sperm source (testicular vs. ejaculate) regard-
ing the incidence of chromosomal abnormalities using a control group of non-azoospermic
donors [122,126]. Thus, Rodrigo et al. [122] observed a higher incidence of chromosomal
abnormalities in the testicular sperm of NOA patients as well as fertile donors compared
to ejaculated sperm from the same donors. However, no differences in the percentage of
genetically abnormal sperm were observed when surgically retrieved sperm from azoosper-
mic patients were compared with testicular sperm from fertile donors [122]. Conversely,
Cheung et al. observed higher rates of sperm aneuploidy in the ejaculated sperm of non-
azoospermic infertile men (11.1%) compared to epididymal sperm from OA men (1.8%)
and testicular sperm from NOA men (1.5%) (p < 0.0001) [126].
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Table 2. Studies evaluating chromosomal aberrations in embryos of couples undergoing ICSI with testicular sperm from NOA patients.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[110] Martin
et al., 2000 Prospective NOA patients (3)

Ejaculated sperm
from fertile donors
(18)

Sperm numerical
abnormalities for
chromosomes 13, 21,
X, and Y, as well as
the proportion of X-
and Y-chromosome-
bearing spermatozoa
and diploidy

The frequency of disomy
for chromosome 13, 21,
and XY disomy was elevated but
without statistical significance.

The only statistically significant
difference between the infertile
patients and control donors was
for the proportion of YY disomy
in which NOA patients had 0%
compared to 0.06% in controls
(p < 0.001)

[111] Bernardini
et al., 2000 Retrospective

NOA patients (3)
OA patients (6)
Patients with severe
OAT (22)
Patients with
unexplained
infertility (3)

Healthy donors (10)
Sperm aneuploidy
for chromosomes X,
Y, 1, and 17

The frequency of spermatozoa
aneuploidy, diploidy, and nullisomy
for chromosomes 1 and 17 was
significantly higher in NOA patients
than in the other groups
(unexplained infertility, OAT, and
OA;
p < 0.00001).

The frequency of sex chromosome
DNA-ploidy and nullisomy were
also higher in NOA patients than in
the other groups (unexplained
infertility, OAT, and OA;
p < 0.00001).

The frequency of spermatozoa
aneuploidy, diploidy, and
nullisomy for chromosomes 1
and 17 was significantly higher
in NOA patients than in controls
(p < 0.01).

The frequency of sex
chromosome DNA-ploidy and
nullisomy were also higher in
NOA patients than in controls
(p < 0.01).
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[112] Levron
et al., 2001 Retrospective

Testicular spermatozoa
(9): NOA patients

Testicular spermatozoa
(10):
OA patients

Ejaculated
spermatozoa (9):
Oligoasthenoter-
atospermia patients

Ejaculated
spermatozoa (6) from
normal fertile donors

Sperm numerical
abnormalities for
chromosomes 18, X,
and Y

The aneuploidy rates among the
sperm were:
19.6% (30/153) of NOA patients;
8.2% (30/367) of OA patients;
13.0% (228/1751) of severe OAT;
1.6% (8/500) of controls.

The disomy rates among groups
were:
7.8% (12/153) in NOA patients;
4.9% (18/367) in OA patients;
6.2% (109/1751) in severe OAT;
1% (5/500) in controls.

The disomy rates in groups of NOA,
OA, and OAT patients were
significantly higher than the
controls (p < 0.001). In addition, the
disomy rate was significantly higher
in NOA and OAT patients than OA
patients (p < 0.01).

NR
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[113] Burrello
et al., 2002 Prospective

Testicular spermatozoa
(6):
NOA patients

Epididymal
spermatozoa (10):
OA patients

Ejaculated
spermatozoa (14)
from healthy men

Sperm numerical
abnormalities for
chromosomes 8, 12,
18, X and Y

The frequency of total sex
chromosome disomy was higher in
testicular sperm (2.07%; range:
1.02 ± 6.25) than ejaculated sperm
(0.43%; 0 ± 0.90%; p < 0.05), but not
statistically
different than epididymal sperm
(1.38%; 0.75 ± 5.76); the frequency
of autosome nullisomy was
comparable among groups.

The frequency of total autosome
disomy (chromosomes 8, 12, and 18)
was higher in epididymal (1.2%;
0 ± 4.09%) and testicular (2.23%;
range: 0.96 ± 17.4%) spermatozoa
compared to those in ejaculated
spermatozoa (0.46%; 0.15 ± 0.65%;
p < 0.05); the frequency of autosome
nullisomy was comparable among
groups.

The frequencies of sex
chromosome and autosomes
disomy were statistically higher
in both testicular and
epididymal spermatozoa
compared to ejaculated
spermatozoa.
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[114] Mateizel
et al., 2002 Retrospective Testicular spermatozoa

(17): NOA patients

Testicular
spermatozoa (26)
from men with
normal
spermatogenesis

Sperm numerical
abnormalities for
chromosomes 18, X,
and Y

There was no significant difference
in numeric chromosomal
abnormalities among the groups
(8.2% vs. 5.6%,
p = 0.076). Similarly, no differences
were found in total disomy
(2.5% vs. 3.7%, p > 0.05).

The proportion of sex
chromosome aneuploidy was
5.8% in NOA patients and 4.5%
in controls (p > 0.05). However,
there was a significantly higher
frequency of aneuploidy for
chromosome 18 in NOA patients
(3.2%) than the control group
(1.3%; p = 0.016).

The frequency of sex
chromosome disomy was
similar among groups (2.2% vs.
2.4%, p > 0.05). However, a
higher frequency of disomy for
chromosome 18 was observed in
NOA patients (1.3%) than in the
control group (0.3%; p = 0.05).

Neither sex chromosome
nullisomy frequency nor
chromosome 18 nullisomy
frequency were different
between NOA patients and
control.
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[115] Palermo
et al., 2002 Prospective

Testicular
spermatozoa (5):
NOA patients

Epididymal
spermatozoa (8):
OA patients

Ejaculated
spermatozoa (14)
Healthy men

Sperm numerical
abnormalities

The sperm aneuploidy rate was
11.4% in NOA men, 1.8% in OA
patients, and 1.5% in ejaculate
controls.

The incidence of chromosomal
abnormalities in the NOA
patients was significantly higher
than in the OA and control
groups (p = 0.0001);
the most predominant
abnormality in NOA men was
sex chromosome disomy
(37.5%), followed by nullisomy
(32.1%).

[116] Martin
et al., 2003 Prospective NOA patients (6)

Ejaculated sperm
from fertile donors
(18)

Sperm numerical
abnormalities for
chromosomes X and
Y

The frequency of sex chromosomal
disomy for XY, YY, and total sex
chromosome disomy and diploidy
was higher compared with control
donors, but only YY disomy reached
statistical significance (p = 0.02).

One NOA patient had a
frequency of 3.8% XY disomy
and 4.3% diploidy, 13-fold and
7-fold higher than control
donors, respectively.

[117]
Silber
et al.,
2003

Retrospective
Embryos derived from
19 TESE-ICSI cycles of
NOA patients (100)

Embryos derived
from 111 cycles of
ICSI with ejaculated
sperm from
oligozoospermic
patients (830)

Embryo numerical
abnormalities for
chromosomes 13, 15,
16, 18, 21, 22, X and Y

The rates of normal embryos were
higher in the oligozoospermia-ICSI
group than TESE-ICSI group (41.8%
vs. 22%, p < 0.001). In addition, the
rates of mosaic embryos were
higher in the TESE-ICSI group than
in the oligozoospermia-ICSI
group (53% vs. 26.5%,
p < 0.001).

The rates of aneuploidy per
chromosome were similar in both
groups, including 2.9% and 1% rates
of sex chromosome aneuploidy in
oligospermia-ICSI and TESE-ICSI
groups.

NR
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[118] Rodrigo
et al., 2004 Prospective

NOA patients (13)

OA patients:
Testicular sperm (7)
Epididymal sperm (2)

Normozoospermic
patient:
Ejaculated sperm (5)

Sperm numerical
abnormalities for
chromosomes 13,18,
and 21 and sex
chromosomes X and
Y

Fresh and frozen-thawed testicular
sperm samplers showed similar
incidences of chromosomal
abnormalities for chromosomes 13,
18, 21,
and sex chromosomes in NOA
patients.

Testicular samples from NOA
patients showed significantly
higher rates of diploidy
(p < 0.0001) and disomy
chromosomes 13 (p < 0.0001)
and 21 (p < 0.001) and for sex
chromosomes (p < 0.0001) than
those of the control group.

The incidence of diploidy and
disomy for sex chromosomes
rates was higher in the testicular
samples from NOA patients
when compared to testicular
samples from OA patients.

[119] Ma et al.,
2006 Retrospective Testicular sperm from

NOA patients (3)
Testicular sperm
from OA patient (1)

Sperm numerical
abnormalities

The overall aneuploidy, sex
aneuploidy, sex disomy, and sex
nulisomy of the NOA patients were
higher than those of control
(p < 0.05).

NR

[120] Sun et al.,
2008 Prospective Testicular sperm from

NOA patients (7)

Ejaculated sperm
from a control group
after vasectomy
reversal (6)

Sperm numerical
abnormalities for
chromosomes 9, 21
and sex
chromosomes
X and Y

The frequency of disomy
for chromosome 21 (p = 0.001), XX
(0.004), and YY (0.04) was
significantly elevated in NOA
patients compared with controls.

NR

[121] Magli
et al., 2009 Retrospective

OAT men (134 cycles,
of which 76 were
severe OAT), OA men
(29 cycles), and NOA
men (27 cycles)

Normozoospermic
men (105 cycles)

Embryo numerical
abnormalities for
chromosomes 13, 15,
16, 17, 18, 21, 22, X
and Y

The frequency of abnormal embryos
was significantly lower in
normozoospermic patients (55%)
than in OA (62%, p < 0.025) and
NOA (69%, p < 0.005).

NR
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[122] Rodrigo
et al., 2011 Prospective

Testicular sperm from:
OA patients (16); NOA
patients (19)

Ejaculated sperm
from fertile donors
(10)

Testicular sperm
from fertile donors
(10)

Sperm numerical
abnormalities for
chromosomes 13, 18,
21, X and Y;
Implantation and
ongoing pregnancy
rates in ICSI cycles

Testicular sperm from fertile donors
showed a higher incidence of
diploidy (0.27% vs. 0.10%;
p < 0.0001) and disomy for
chromosomes 13 (0.16% vs. 0.07%;
p < 0.05) and 21 (0.25% vs. 0.12%;
p < 0.01), and sex chromosomes
(0.34% vs. 0.21%; p < 0.05) than
ejaculated sperm from fertile donors.
Sperm chromosomal abnormalities
were higher in surgically retrieved
gametes from azoospermic men
(12.5% in OA and 68.4% in NOA)
than in ejaculated sperm from fertile
donors. No differences in the
percentage of genetically abnormal
sperm were observed when
surgically retrieved sperm from
azoospermic patients were
compared with testicular sperm
from fertile donors.
ICSI reproductive outcomes in NOA
patients resulted in a significantly
lower fertilization rate and poorer
embryo quality than in OA patients.
The ongoing pregnancy rate per
ICSI cycle was lower for NOA than
OA patients (21.4% vs. 38.1%).

NR
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Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[123] Vialard
et al., 2012 Retrospective

Testicular sperm from:
KS patients (10)
NOA patients with
normal karyotype (19)
OA patients (22)

Normal sperm
analysis (11)

Sperm numerical
abnormalities for
chromosomes 18, X,
and Y by FISH

The aneuploidy rates were higher in
KS patients
(5.3%) than in NOA
patients with normal karyotypes
(4.0%; p = 0.0089). However, both
rates were higher than
OA patients (0.65%) and controls
(0.58%)
(p < 0.0001).

Gonosome aneuploidy (X and Y)
frequency were similar between
KS and NOA patients (3.48%
and 2.39%, respectively), but
these rates were significantly
higher than those patients with
OA and controls (0.49% and
0.44%, respectively) (p < 0.0001).

The same was true for
chromosome 18 abnormalities
frequencies (1.43%, 1.19%,
0.15%, 0.10% for KS, NOA, OA,
and controls, respectively)
(p < 0.0001).

[124] Vozdova
et al., 2012 Prospective Testicular sperms from

NOA patients (17)

Ejaculated sperms
from
normozoospermic
donors (10)

Sperm numerical
abnormalities for
chromosomes X, Y,
13, 15, 16, 18, 21 and
22 by FISH

The frequency of disomy (2.32%)
and diploidy (0.80%) was
significantly higher in testicular
sperm from men with NOA than in
ejaculated sperm of
normozoospermic donors (disomy:
0.62%; diploidy: 0.29%; p < 0.001
and p = 0.031, respectively).

NR
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Table 2. Cont.

Reference # Study Design Study Group (n) Control Group (n) Outcome Measures Findings

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[125]
Weng
et al.,
2014

Retrospective

Embryos derived from
11 ICSI cycles of NOA
patients by TESE (54)

Embryos derived from
11 ICSI cycles of OA
patients by MESA (58)

Embryos derived
from 101 ICSI cycles
of ejaculated sperm
(460)

Embryo numerical
abnormalities for
chromosomes 8, 9, 13,
14, 15, 16, 17, 18, 20,
21, 22, X and Y

The rates of complex abnormalities
were not statistically different
between the MESA and TESE
groups.

The aneuploidy rate in
each studied chromosome was not
different among these three groups.

The rate of abnormality in sex
chromosomes did not differ from
the rate of autosomal chromosomes,
and there was no difference in the
rates of abnormality between the X
and the Y chromosomes.

There was a higher incidence of
complex chromosomal
abnormality in MESA-derived
embryos than in TESE and
ejaculated embryos.

[126] Cheung
et al., 2019 Prospective Testicular sperms from

NOA patients (4)

Epididymal sperms
from OA patients (2)

Ejaculated sperms
from
non-azoospermic
infertile men (16)

Sperm numerical
abnormalities for
chromosomes 15, Y

Aneuploidy rates were higher in the
ejaculated group (11.1%) compared
to the epididymal sperm group
from OA men (1.8%) and testicular
sperm group from NOA men (1.5%)
(p < 0.0001).

NR

FISH, fluorescence in situ hybridization; ICSI, intracytoplasmic sperm injection; IVF, conventional in vitro fertilization; KS, Klinefelter syndrome; MESA, microsurgical epidydimal
sperm aspiration; NC, naturally conceived; NOA, nonobstructive azoospermia; NR, not reported; OA, obstructive azoospermia; OAT, oligoasthenoteratozoospermia; TESE, testicular
sperm extraction.
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4.3. Congenital Malformations

Congenital malformations in the offspring of NOA biological fathers were reported by
19 studies [62,78,80,81,106,107,127–139]. Most of these retrospective studies compared the
outcome between patients with NOA and OA. Fewer studies included additional control
groups of men with variable sperm abnormalities or normal fertile controls [106,107,129,137].
Across the studies, the reported incidence of congenital malformations following ICSI was
extremely low in all the studied groups, preventing meaningful statistical analyses (Table 3).

The types of congenital malformations observed included major anomalies like poly-
dactyly, cleft lip and palate, cryptorchidism, hypospadias, and cardiovascular defects, as
well as minor anomalies such as bilateral inguinal hernia and open ductus arteriosus. Lan
et al. [62] and Zhang et al. [81] compared congenital malformations in the offspring of NOA
patients secondary to various etiologies, including KS, AZFc, cryptorchidism, orchitis, and
idiopathic causes. Lan et al. [62] observed the highest rate of preterm birth (50%) in patients
with AZFc microdeletion (p < 0.05). Zhang et al. [81] reported three cases of pre-term
birth across all the study groups, all of which belonged to patients with KS. However,
no differences in birth defects were observed between the use of fresh or frozen-thawed
sperm from NOA males [80,134]. In our study, referenced in the previous section [106],
a total of two deliveries (out of 48 infants delivered) involved either a perinatal death
or a malformation (cleft lip and palate) in the group of men with NOA, resulting in an
overall adverse neonatal outcome of 4.1%, not statistically different from the OA and donor
sperm groups.

4.4. Psychological and Neurological Development

Two studies by Tsai et al. assessed the psychological and neurological development
of offspring from NOA patients born through TESE-ICSI [136,140] (Table 4). In their first
study, the authors compared perinatal outcomes and development of children assessed
at the age of 1–7 years among the offspring of males with NOA and OA, comparing
them to offspring of men with oligoasthenoteratozoospermia [140]. The authors did not
observe any differences in children’s psychomotor or intellectual development across the
studied groups.

In their second study, the authors compared men with NOA to OA and assessed their
offspring’s feeding and sleeping behavior, posture, coordination, memory, and problem-
solving, language, and socialization skills. The results revealed normal health for the
children conceived through ICSI, with none showing handicaps in psychomotor or intellec-
tual development [136].

Based on the above-mentioned studies, the following can be concluded: sperm from
NOA males and embryos obtained after ICSI with testicular sperm from NOA males may
have an increased likelihood of chromosomal abnormalities. However, once fertilization
and implantation have occurred, the current evidence does not suggest a higher risk of
miscarriage compared to what is observed in infertile men or fertile donors. Moreover, a
low risk of congenital malformations and adverse neurodevelopmental features has been
reported in the identified studies, further supporting the safety of ICSI using testicular
sperm from NOA patients. Nevertheless, data still remain limited, which calls for con-
tinuous monitoring. Notably, despite our extensive literature search, we did not identify
studies reporting on epigenetic disorders, infertility, cancer, and cardiometabolic profiles
of children conceived using testicular sperm from NOA males. The frequency of these
conditions in the offspring of NOA males has yet to be determined. Finally, a limitation of
the collected studies is that very few cases for certain outcomes have been reported, making
it difficult to generalize the results.
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Table 3. Studies evaluating congenital malformations in ICSI infants from NOA fathers.

Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures
Findings

NOA Infants NOA-Infants vs. Comparator

[127] Palermo
et al., 1999 Retrospective ICSI infants from

NOA patients (22)
ICSI infants from OA
patients (158)

Congenital
malformation

Of 22 NOA-ICSI infants,
only one child was born with a
malformation (4.5%).

The incidence of congenital
malformation did not vary
according to the sperm origin
or cause of azoospermia:
OA: 1.3%;
NOA: 4.5%.

[128] Scholtes
et al., 1999 Retrospective ICSI infants (160)

NOA (116) OA (44) Congenital
malformation

From 36 live births, there
was 1 case of congenital
malformation (not specified).

NR

[129] Ludwig
et al., 2003 Retrospective

ICSI infants from:

NOA patients (86);

OA patients (68)

ICSI infants from
OAT patients (1980)

Major congenital
malformation

Of 112 NOA-ICSI infants, eight
children were born
with a major malformation (7.1%).

There were no differences
between groups in major
malformation:
OAT: 8.7%;
OA: 8.4%;
NOA: 7.1%.

[130] Vernaeve
et al., 2003 Retrospective

ICSI infants with
testicular sperm from
NOA patients (83):

Fresh sperm (72);
Frozen-thawed
sperm (11)

ICSI infants with
testicular sperm from
OA patients (216):

Fresh sperm (189)
Frozen-thawed
sperm (27)

Congenital
malformation

NOA-ICSI infants malformations:

Major malformation:
Polydactyly pre-axial
fingers
Bilateral cleft lip

Minor malformation:
Bilateral inguinal hernia in
premature child

Among live-born children,
major malformations rates
were:

NOA: 4% (2/54);
OA: 3% (5/188);
(RR: 1.4, 95% CI: 0.19–7.8).

The rates of minor
malformations were:

NOA: 2% (1/54);
OA: 4% (8/188)
(RR: 0.4, 95% CI: 0.02–3.27).
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Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures
Findings

NOA Infants NOA-Infants vs. Comparator

[131] Vernaeve
et al., 2004 Retrospective

TESE-ICSI cycles
performed in NOA
patients (156):

Orchidopexy (64);
Unexplained (92)

NR Congenital
malformation

In the 15 live-born children in the
orchidopexy group, one major
(lipomeningocoele) and one minor
(open ductus arteriosus)
malformation were observed.

No malformations were observed in
the live-born children in the
unexplained group.

NR

[132] Fedder
et al., 2007 Retrospective ICSI infants from

NOA patients (76)
ICSI infants from OA
patients (282)

Congenital
malformation

A total of 76 children were born to
NOA patients, and none had any
malformations.

There were no differences in
congenital malformation
among the groups:
OA: 4.0%;
NOA: 0%.

[133] Belva et al.,
2011 Prospective ICSI infants from

NOA patients (193)
ICSI infants from OA
patients (474)

Congenital
malformation

Of 168 NOA-ICSI infants, seven
children were born
with major malformation,
of which three were genital
malformation (cryptorchid testes
and hypospadias).

There were no differences in
congenital malformation
among the groups:
OA: 5.2%;
NOA: 4.2%.

[134] Tavukcuoglu
et al., 2013 Retrospective

Micro-TESE-ICSI
cycles from NOA
patients (82):

Fresh sperm (43)
Frozen-thawed
sperm (39)

NR ICSI outcomes

There were no statistically
significant differences in embryo
quality, clinical pregnancy, live birth,
and miscarriage rates when using
fresh and frozen-thawed sperm in
ICSI cycles from NOA patients.

No congenital anomalies or major
malformations were noted in both
groups.

NR
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Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures
Findings

NOA Infants NOA-Infants vs. Comparator

[135] Oron et al.,
2014 Retrospective ICSI infants (108)

NOA (54) OTA (54) Fetal malformation

From 39 live births, there
were 3 cases (7.6%) of fetal
malformation (bilateral inguinal
hernia, multiple malformations,
polydactyl).

The fetal malformation rates
were similar between the
groups (p = NS).

[106] Esteves
et al., 2014 Retrospective

ICSI infants from
testicular sperm by
micro-TESE of NOA
patients (151 cycles)

ICSI infants from
testicular sperm by
TESA of OA patients
(146 cycles)

ICSI infants from
ejaculated sperm of
donors (40 cycles)

Outcomes of
neonates

In the group of NOA
patients, two deliveries involved
either perinatal death (2.1%, 1/48)
or a malformation (cleft lip and
palate) (2.1%, 1/48), leading
to an overall adverse
neonate outcome rate
of 4.1%.

Among 24 neonates born from
donor sperm, there were no
cases of congenital
malformations. By contrast,
among 65 neonates born to OA
patients, there was one case of
perinatal death (1.5%, 1/65)
and one case of malformation
(1.5%, 1/65). However, the
rates of congenital
malformations and perinatal
deaths did not significantly
differ between the three
groups (p = NS).

[136] Tsai et al.,
2015 Retrospective ICSI infants (154);

NOA (87) OA (67) Clinical outcomes

Only 1 case of heart minor anomaly
and 1 case of heart major anomaly
were
reported in the NOA group. There
were no musculoskeletal
or urogenital system anomalies.

Neonatal outcomes were
similar in the two groups, with
comparable minor congenital
anomalies (heart,
musculoskeletal system, and
urogenital system) and major
congenital anomalies (heart
major anomalies).
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Table 3. Cont.

Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures
Findings

NOA Infants NOA-Infants vs. Comparator

[137] Yu et al.,
2018 Retrospective ICSI infants (225);

NOA (44)
OA (126)
Donor sperm (62) Clinical outcomes

No baby was stillborn or
had malformations in the NOA
group.

One baby (2.2%) was stillborn
due to megabladder in the
donor sperm group.
In the OA group, two pairs of
twins (3.8%) died shortly after
their premature birth
(gestational age of 24 weeks
and 28 weeks, respectively),
and one baby (1.0%) had
hypospadia.

Live birth rates were
significantly lower in the NOA
group than in the donor sperm
group (24.6% vs. 41.3%,
p = 0.04) but not significantly
lower than in the OA group
(p = NS).
Live birth rates were similar
between the OA group and the
donor sperm group.

[81] Zhang et al.,
2021 Retrospective

ICSI infants from
NOA patients (769):
KS (284)—125 cycles
AZFc microdeletion
(91)—64 cycles
Cryptorchidism
(52)—39 cycles
Orchitis (23)—23
cycles
Idiopathic (319)—96
cycles

NR Congenital defects

No difference was found in birth
defects among all groups (p > 0.05).
Only three cases of birth defects
were reported, all in the KS group.

NR
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Table 3. Cont.

Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures
Findings

NOA Infants NOA-Infants vs. Comparator

[79] Zhang et al.,
2021 Retrospective

ICSI infants from
NOA patients (338):
Fresh sperm (222)
Cryopreserved
sperm (116)

NR Congenital defects

No difference was found in birth
defects among the group with fresh
or cryopreserved sperm. Only three
cases were reported in the group
with fresh sperm (3/108, 2.8%),
while no case was reported in the
group with cryopreserved sperm
(0/40, 0%).

NR

[63] Lan et al.,
2022 Retrospective ICSI infants from

NOA patients (968) NR Clinical outcomes

From 140 live-birth deliveries, the
birth defects rate was 1.43% (one
case with cardiovascular
malformation and the other with a
cleft lip and palate).
Singleton newborns of the frozen
sperm group had higher height
compared to
the fresh sperm group (49.84 ± 2.04
cm vs. 48.50 ± 3.03 cm, p < 0.05).
Among different etiologies of NOA,
the highest rate of premature birth
(50%) was observed in patients with
Y chromosome AZFc microdeletions
(p < 0.05).

NR

[107] Ping et al.,
2022

Retrospective
cohort

ICSI infants from
NOA patients (84)

ICSI infants from
extremely OZ (163)
Severe OZ (174)
Mild OZ (148)
OA (155)
Normozoospermia
(210)

Congenital defects

There were only two cases of major
birth defects
(both were patent foramen ovale):
one in the NOA group (1/84; 1.6%)
and the other in the
normozoospermic group (1/210;
0.6%) (p = 0.34).

NR
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Table 3. Cont.

Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures
Findings

NOA Infants NOA-Infants vs. Comparator

[138] Romano
et al., 2023 Retrospective

ICSI infants from
NOA patients (260)
446 COS cycles

ICSI infants from OA
patients (290)
620 COS cycles

Congenital defects

Neonatal outcomes were similar in
the two groups, with comparable
gestational age and birth weight for
single or twin pregnancies
(p = 0.32).

OA: 7 cases of congenital
defects (2 cases of persistently
patent arterial duct of Botallo,
hypospadias, bilateral
clubfoot, right-side
hemispondyl, cryptorchidism,
and pharyngeal defects).
NOA: 2 cases of congenital
defects (intraventricular defect
and hypospadias).

[139] Zhang et al.,
2023 Retrospective

ICSI infants from
NOA (235)
ICSI cycles with
immotile sperm
injection (101) with
AOA

ICSI cycles with
motile sperm
injection (230)
AOA (129)
Non-AOA (101)

Clinical outcomes

From 141 live-birth
deliveries, there were
no early neonatal deaths
or birth defect cases.

Neonatal outcomes, including
singleton and twin birth rate,
baby’s birth weight, and
baby’s body length, were
comparable among the three
groups.

[78] Elzeiny
et al., 2024 Retrospective ICSI infants from

NOA patients (108) NR Neonatal outcomes

From 63 couples who started ICSI, a
total of 47 live offspring with no
neonatal deaths or defects were
reported.

NR

AOA, artificial oocyte activation; ART, assisted reproductive technology; CI, confidence interval; COS, controlled ovarian stimulation; ICSI, intracytoplasmic sperm injection; IVF,
conventional in vitro fertilization; KS, Klinefelter syndrome; NC, naturally conceived; NR, not reported; NS: non-significant; OTA, oligoteratoasthenospermia; OZ, oligozoospermia; RR,
relative risk.
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Table 4. Studies evaluating psychological and neurodevelopmental features in ICSI offspring from NOA patients.

Reference
#

Study Design Study Group (n) Control Group (n) Outcome Measures

Associations

NOA-ICSI Infants NOA-ICSI Infants vs.
Comparator

[140] Tsai et al.,
2011 Retrospective

TESE-ICSI infants
(60) from NOA and
OA patients

Children born after
ICSI using freshly
ejaculated sperm
from men with
severe OAT (21)

Perinatal outcomes
and development of
children assessed at
the age of 1–7 years

No evidence of differences in the
development of children after
TESE-ICSI or ICSI using sperm from
men with severe OAT.

No significant psychomotor or
intellectual development
delays were observed in all
ICSI infants.

[136] Tsai et al.,
2015 Retrospective ICSI infants (154);

NOA (87) OA (67) Clinical outcomes

Children’s development outcomes
were evaluated using a preschool
developmental screening
Table until 60 months of age. Items
assessed: child’s
feeding and sleeping behavior;
posture; coordination; memory;
problem-solving skills; language
skills; socialization.

The general health of the
children conceived using ICSI
was satisfactory, with none
showing major handicap in
psychomotor or intellectual
development.

ICSI, intracytoplasmic sperm injection; NOA, non-obstructive azoospermia; OA, obstructive azoospermia; OAT, oligoasthenoteratozoospermia; TESE, testicular sperm extraction.
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5. Managing Patient Expectations
5.1. Genetic Considerations and Counseling

Counseling plays a critical role when managing infertile couples, especially when the
male partner is diagnosed with NOA. This diagnosis significantly impacts the couple’s
mental health, making it essential for clinicians to address uncertainties and provide realistic
expectations about outcomes from procedures like testicular sperm retrieval and ICSI [141].
Infertility, particularly severe spermatogenic dysfunction, is linked to several health risks.
For example, infertile men face a 20-fold higher risk of testicular cancer compared to
their fertile counterparts of the same age and race [142]. Additionally, risks for other
cancers, such as colorectal cancer, melanoma, and prostate cancer, are also increased [143].
Counseling should include discussions about the patient’s overall health and advice on
screening for these associated conditions.

Counseling becomes particularly vital when genetic abnormalities are detected in
NOA patients, as in many instances, the diagnosis can impose additional risks on the
patients and the offspring.

Disorders like KS not only lead to primary hypogonadism but also increase the
risk of metabolic syndrome, diabetes, mitral valve prolapses, and breast cancer [144].
Discussions regarding health consequences and potential genetic risks to the offspring of
NOA patients with chromosomal abnormalities should also be covered. Conditions like KS
are associated with a higher risk of sperm aneuploidy, and while the majority of children
are born healthy with a normal chromosomal makeup, there have been instances of 47,XXY
pregnancies [145,146].

Moreover, male offspring of patients with Y chromosome microdeletions will undoubt-
edly inherit the same or have even worse deletions compared to their fathers [147].

Furthermore, patients with Robertsonian or reciprocal translocations or chromosome
inversions are at an increased risk of producing gametes with unbalanced chromosomal
contents, potentially leading to infertility, miscarriage, or offspring with congenital abnor-
malities [148,149].

Genetic counseling can help these couples understand their reproductive options,
including the use of pre-implantation genetic testing (PGT) to identify and select em-
bryos with balanced chromosomes or even perform sex selection to avoid gender-specific
genetic risks.

Equally important is the integration of psychologic support with genetic counseling in
recognition of the mental health burdens that are often experienced by couples with NOA.
By providing comprehensive, multidisciplinary care, healthcare providers can enhance the
well-being, treatment adherence, and overall outcomes for these couples.

5.2. Reducing the Risk for Offspring: Pros and Cons of PGT-A

PGT is employed within the context of IVF to screen embryos for genetic abnormalities
before transfer (Figure 2) [150]. It has been indicated for couples with advanced maternal
age, a history of recurrent pregnancy loss or failed implantation, and those with known
genetic abnormalities [150]. However, PGT can also be performed for gender selection
to avoid certain sex-linked diseases. Genetic testing is performed on DNA obtained
from biopsied embryos, typically at the blastocyst stage. Three different types of PGT
exist: PGT-A for aneuploidy, PGT-M for single-gene disorders, and PGT-SR for structural
rearrangements [150]. The procedure refines embryo selection before implantation, aiming
to increase the chances of a healthy child and reduce the risk of genetic diseases being
passed on to the offspring [151].

The scientific community supports the use of PGT-M and PGT-SR [152]; however,
PGT-A remains controversial despite its routine application in numerous fertility centers
worldwide [153]. While it can reduce the risk of aneuploidy and potentially increase birth
rates, drawbacks include the need for additional resources and up to eight cumulative
hours of labor from the embryology team for each biopsy case [153]. Additionally, not
all embryos reach the blastocyst stage necessary for biopsy—some of these could have
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led to healthy births if transferred earlier [154]. Moreover, mosaicism, where embryos
contain genetically diverse cells, is more common in preimplantation stages than previously
expected. This complexity poses challenges in understanding and applying PGT-A, as a
mosaic embryo might still develop into a healthy baby [153]. Studies suggest that mosaic
embryos might self-correct during development, implying that a biopsy may not always
represent the embryo’s overall genetic makeup, potentially misleading PGT-A results [155].

Although the main advantage of PGT is its ability to screen for specific genetic disor-
ders before embryo implantation, potentially reducing the risk of hereditary diseases in the
child, it does have limitations and ethical concerns. For instance, it cannot guarantee that
the baby will be free from all genetic abnormalities [156]. Significant variability in how PGT
is regulated and used across different clinics also affects its reliability and outcomes. Lastly,
the cost and the lack of comprehensive insurance coverage for PGT can make it inaccessible
for many couples [157]. The need for more rigorous clinical validation and better patient
education on PGT is emphasized to ensure it is used appropriately and effectively.

Lastly, with ICSI and advanced genetic testing, ethical considerations are paramount.
Patients must be fully informed about the potential risks, benefits, and limitations of these
procedures. Informed consent should involve a detailed discussion of the possible out-
comes, including the ethical implications of selecting embryos based on genetic information.
It is essential to ensure that patients understand the complexity of genetic data, the uncer-
tainty of some results, and the potential emotional and psychological impacts. Additionally,
transparency about the success rates and potential long-term effects on offspring should be
provided to allow patients to make well-informed decisions.

6. Future Directions

Several emerging technologies for the treatment of NOA focus on enhancing the
reproductive possibilities for affected individuals through advancements in sperm retrieval
efficacy, accuracy, and the use of cell-based therapies.

6.1. Advances in Testicular Sperm Retrieval

The success of microsurgical TESE largely depends on the surgeon’s skill in detecting
seminiferous tubules that contain spermatozoa and the embryologist’s ability to find sperm
from the retrieved specimens. This challenge is directly related to the severity of the
spermatogenic dysfunction. Surgeons evaluate the seminiferous tubules using a subjective
method that assesses their size and opacity with an operating microscope.

Various innovative technologies have been explored and might be integrated into
microsurgical TESE procedures to facilitate sperm selection and enhance the likelihood
of successful sperm retrieval. Examples include multiphoton microscopy (MPM), Raman
spectroscopy (RS), full-field optical coherence tomography (FFOCT), and ultrasonogra-
phy (US).

MPM utilizes a near-infrared femtosecond pulsed laser that penetrates deep into
testicular tissues, enabling detailed imaging of the lumina of seminiferous tubules through
optical sectioning [158]. By providing high-resolution images in real-time, MPM allows for
specifically targeting sperm-containing tubules and limits extensive dissection of testicular
tissue. At the same time, MPM has shown potential in improving the detection of sperm
within seminiferous tubules [159]; however, concerns regarding thermal and nonlinear
damage to DNA exist, which could lead to genetic anomalies in gametes destined for IVF.
Although studies in rodent models have reported minimal phototoxicity [160], these results
need confirmation in human studies to ensure the safety and efficacy of this technique.

RS is a laser-based, label-free probe that operates on the principle of inelastic scattering
from molecular vibrations. It takes advantage of the unique molecular fingerprints of
different tissues to convert biochemical information into a distinctive Raman spectrum [161].
RS has been shown to have a high degree of sensitivity (96%) and specificity (100%) in
detecting spermatogenesis in rat models with SCO histology [162]. The precision of this
adjuvant method suggests that RS-guided microsurgical TESE could significantly enhance
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sperm retrieval rates. Although RS is non-invasive and non-destructive, the safety of this
laser-based method still requires evaluation in human studies.

FFOCT is a technique that utilizes white-light interference microscopy principles to
generate high-resolution images of unprocessed, unstained tissue [163]. Unlike MPM and
RS, it uses a low-power, 150 W halogen lamp, which is inherently safer and reduces the
likelihood of causing thermal DNA damage. In a pilot study on rodents, FFOCT demon-
strated its ability to differentiate between tubules with and without spermatogenesis [164].
Lastly, US has also been explored as a non-invasive, readily available technique to assess
spermatogenesis during testicular sperm retrieval. Interest in US as an adjunct procedure
during testicular sperm retrieval is based on findings suggesting a direct relationship be-
tween areas of active spermatogenesis and increased testicular blood perfusion. Until now,
intraoperative US-guided sperm retrieval, as well as preoperative contrast-enhanced US,
have been utilized [165,166], but overall, its use as a screening method for sperm detection
has a low sensitivity and a high specificity, indicating that US may be used to deselect areas
of absent spermatogenesis [167].

Finally, the recent integration of artificial intelligence (AI) and machine learning (ML)
technologies in the field of reproductive medicine may potentially enhance ART outcomes
for men with NOA. Advanced imaging techniques combined with AI may be utilized
during surgical sperm retrieval or in processing the retrieved tissue samples to improve
sperm discovery and selection [168].

The technologies discussed above are still evolving, and further studies are needed
before they can be fully integrated into clinical practice.

6.2. Stem Cell Therapy

Studies on cell-based therapies for NOA have focused on two primary functions:
their ability to regenerate tissue and/or their paracrine or anti-inflammatory effects. Sev-
eral cell types have been investigated for these indications, including spermatogonial
stem cells (SSCs), embryonic stem cells (ESCs), very small embryonic stem cells (VSELs),
and mesenchymal stem cells (MSCs). SSCs can self-renew and progress into progen-
itor spermatogonia, which may eventually differentiate into spermatozoa [169]. SSCs
are mainly investigated for fertility preservation in prepubertal cancer patients before
receiving anti-neoplastic therapy [170]. Nonetheless, SSCs can also be isolated from adult
NOA males [171]. Studies conducted in vitro and through various models of autograft-
ing, allografting, and xenografting—involving both animal and hybrid human–animal
systems—have achieved some functional success, including producing fertile offspring in
mice [172,173]. These findings provide a basis for cautious optimism, as concerns about
the potential for carcinogenesis and genetic/epigenetic alterations in the offspring exist.
These issues must be thoroughly addressed before SSC transplantation can be safely and
effectively translated into human clinical practice.

Among the various other cell types, MSCs are commonly investigated due to their pro-
liferative, immunomodulatory, anti-inflammatory, and anti-apoptotic properties, making
them suitable for inducing spermatogenesis and treating azoospermia [174]. MSCs can be
obtained from various tissues, including adipose tissue, peripheral blood, and bone marrow.
Numerous studies, both in vitro and in vivo (reviewed by [175]), have demonstrated that
MSCs not only have the potential to differentiate into germ cells, but can also enhance the
tubular microenvironment of the testes through paracrine effects. In a recent human study,
a total of 87 NOA males received a single intra-testicular injection of MSCs derived from
their bone marrow [176]. Sperm was observed in the ejaculate of 20.7% of patients, showing
promise in fertility restoration. Notably, most of them had a SCO histology (61.1%), and
none of the responders had any chromosomal abnormalities.

While these technologies may offer hope for NOA men with failed sperm retrievals,
they are still evolving, and the reported success rates are mostly anecdotal. Further studies
are needed before they can be integrated into clinical practice.
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6.3. Gene Editing Technologies

The recent application of gene-editing technologies, particularly CRISPR (Clustered
Regularly Interspaced Short Palindromic Repeats), represents a revolutionary yet complex
frontier in reproductive medicine. The CRISPR-Cas9 technology allows for precise genome
editing by targeting specific DNA sequences and making controlled modifications. Its
application may include disabling or removing harmful genes, correcting specific muta-
tions, and inserting new genes to alter particular genomic functions [177]. In 2017, the first
therapeutic germline intervention using CRISPR-Cas9 was reported, where researchers
corrected the genetic defects of zygotes resulting from the microinjection of sperm with the
MYBPC3 mutation, which predisposes the offspring to develop hypertrophic cardiomyopa-
thy [178]. This technology may offer some hope for men with genetic NOA. However, it
should be approached with caution, as it is accompanied by complex ethical and regulatory
challenges [179].

7. Conclusions

This review provides a comprehensive analysis of the efficacy and outcomes of ICSI
in patients with NOA. The key takeaways emphasize that ICSI, coupled with testicular
sperm retrieval techniques such as microsurgical TESE, offers a viable reproductive option
for men who were previously deemed sterile. While ICSI outcomes for NOA patients are
associated with lower fertilization, clinical pregnancy, and live birth rates compared to
OA and non-azoospermic patients, successful pregnancies and live births are achievable.
This underscores the potential of ICSI to enable biological parenthood for men with severe
spermatogenic dysfunction. The role of ICSI in treating NOA is essential, providing hope
where conventional methods fail. Factors such as the sperm retrieval technique, histopatho-
logical patterns, hormone-based therapy prior to sperm retrieval, and varicocelectomy in
selected cases, as well as the age of the female partner, influence ICSI outcomes in the NOA
scenario. The success of microsurgical TESE in identifying sperm within seminiferous
tubules has been particularly highlighted, offering better retrieval rates with minimal tissue
damage. We encourage azoospermic patients to seek specialized reproductive care, as
advancements in laboratory techniques of testicular sperm handling and microsurgical
TESE provide hope for achieving biological parenthood. Counseling and managing patient
expectations are crucial, as personalized treatment plans can significantly enhance the
likelihood of success. Genetic counseling should also be emphasized to address potential
risks and ensure informed decision making. Furthermore, emerging technologies such as
multiphoton microscopy, Raman spectroscopy, full-field optical coherence tomography, and
cell-based therapies like stem cell transplantation show potential for future improvements
when handling NOA patients.

8. Review Criteria

An extensive search of studies examining the relationship between non-obstructive
azoospermia and intracytoplasmic sperm injection was performed using PubMed and
MEDLINE. The start and end dates for the search were January 1997 and May 2024,
respectively. The overall strategy for study identification and data extraction was based
on the following key words: “assisted reproductive technology”, “intracytoplasmic sperm
injection”, “male infertility”, “non-obstructive azoospermia”, “pregnancy outcomes”, and
“children”, with the filters “humans” and “English language”. Using the mentioned
criteria, 71 relevant articles were identified. Data only published in conference or meeting
proceedings, websites, or books were not included. Citations dated outside the search dates
were only included if they provided conceptual content.
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A.P.P.A., M.C.V. and I.T.F.; supervision, S.C.E. All authors have read and agreed to the published
version of the manuscript.



J. Clin. Med. 2024, 13, 4939 43 of 50

Funding: Article processing charges were funded by Next-Clinics Italia.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data related to this manuscript are provided in the text.

Conflicts of Interest: Ahmad Majzoub is an employee of Hamad Medical Corporation. Marina C
Viana, Arnold P.P. Achermann, and Sandro C. Esteves are employees of ANDROFERT. Rita J. Laursen
and Peter Humaidan are employees of Skive Fertility Clinic. These companies did not play any role
in the collection or analysis of data presented in this paper. Isadora Ferreira has nothing to disclose.

References
1. Esteves, S.C.; Humaidan, P. Towards infertility care on equal terms: A prime time for male infertility. Reprod. Biomed. Online 2023,

47, 11–14. [CrossRef] [PubMed]
2. Neto, F.T.L.; Viana, M.C.; Cariati, F.; Conforti, A.; Alviggi, C.; Esteves, S.C. Effect of environmental factors on seminal microbiome

and impact on sperm quality. Front. Endocrinol. 2024, 15, 1348186. [CrossRef] [PubMed]
3. Ergun, S.; Gunes, S.; Hekim, N.; Esteves, S.C. In silico analysis of microRNA genes in azoospermia factor Y-chromosome

microdeletions. Int. Urol. Nephrol. 2022, 54, 773–780. [CrossRef] [PubMed]
4. Napolitano, L.; Barone, B.; Crocetto, F.; Capece, M.; La Rocca, R. The COVID-19 Pandemic: Is It A Wolf Consuming Fertility? Int.

J. Fertil. Steril. 2020, 14, 159–160.
5. Jarow, J.P.; Espeland, M.A.; Lipshultz, L.I. Evaluation of the azoospermic patient. J. Urol. 1989, 142, 62–65. [CrossRef]
6. Ron-El, R.; Strassburger, D.; Friedler, S.; Komarovski, D.; Bern, O.; Soffer, Y.; Raziel, A. Extended sperm preparation: An alternative

to testicular sperm extraction in non-obstructive azoospermia. Hum. Reprod. 1997, 12, 1222–1226. [CrossRef] [PubMed]
7. Andrade, D.L.; Viana, M.C.; Esteves, S.C. Differential Diagnosis of Azoospermia in Men with Infertility. J. Clin. Med. 2021,

10, 3144. [CrossRef]
8. Miyaoka, R.; Esteves, S.C. Predictive factors for sperm retrieval and sperm injection outcomes in obstructive azoospermia: Do

etiology, retrieval techniques and gamete source play a role? Clinics 2013, 68 (Suppl. S1), 111–119. [CrossRef]
9. Esteves, S.C. Clinical management of infertile men with nonobstructive azoospermia. Asian J. Androl. 2015, 17, 459–470. [CrossRef]
10. Achermann, A.P.P.; Esteves, S.C. Prevalence and clinical implications of biochemical hypogonadism in patients with nonobstruc-

tive azoospermia undergoing infertility evaluation. F S Rep. 2024, 5, 14–22. [CrossRef]
11. Cocuzza, M.; Alvarenga, C.; Pagani, R. The epidemiology and etiology of azoospermia. Clinics 2013, 68 (Suppl. S1), 15–26.

[CrossRef] [PubMed]
12. Agarwal, A.; Majzoub, A.; Parekh, N.; Henkel, R. A Schematic Overview of the Current Status of Male Infertility Practice. World J.

Mens. Health 2020, 38, 308–322. [CrossRef]
13. Tsujimura, A.; Matsumiya, K.; Miyagawa, Y.; Takao, T.; Fujita, K.; Koga, M.; Takeyama, M.; Fujioka, H.; Okuyama, A. Prediction

of successful outcome of microdissection testicular sperm extraction in men with idiopathic nonobstructive azoospermia. J. Urol.
2004, 172 Pt 1, 1944–1947. [CrossRef] [PubMed]

14. Palermo, G.; Joris, H.; Devroey, P.; Van Steirteghem, A.C. Pregnancies after intracytoplasmic injection of single spermatozoon into
an oocyte. Lancet 1992, 340, 17–18. [CrossRef]

15. Schlegel, P.N.; Palermo, G.D.; Goldstein, M.; Menendez, S.; Zaninovic, N.; Veeck, L.L.; Rosenwaks, Z. Testicular sperm extraction
with intracytoplasmic sperm injection for nonobstructive azoospermia. Urology 1997, 49, 435–440. [CrossRef]

16. Esteves, S.C. Evolution of the World Health Organization semen analysis manual: Where are we? Nat. Rev. Urol. 2022, 19, 439–446.
[CrossRef]

17. Steptoe, P.C.; Edwards, R.G. Birth after the reimplantation of a human embryo. Lancet 1978, 2, 366. [CrossRef]
18. Cohen, J.; Edwards, R.G.; Fehilly, C.B.; Fishel, S.B.; Hewitt, J.; Rowland, G.; Steptoe, P.C.; Webster, J. Treatment of male infertility

by in vitro fertilization: Factors affecting fertilization and pregnancy. Acta Eur. Fertil. 1984, 15, 455–465.
19. Alper, M.M.; Lee, G.S.; Seibel, M.M.; Smith, D.; Oskowitz, S.P.; Ransil, B.J.; Taymor, M.L. The relationship of semen parameters

to fertilization in patients participating in a program of in vitro fertilization. J. In Vitro Fert. Embryo Transf. 1985, 2, 217–223.
[CrossRef]

20. Yovich, J.M.; Edirisinghe, W.R.; Cummins, J.M.; Yovich, J.L. Influence of pentoxifylline in severe male factor infertility. Fertil.
Steril. 1990, 53, 715–722. [CrossRef]

21. Gordon, J.W.; Talansky, B.E. Assisted fertilization by zona drilling: A mouse model for correction of oligospermia. J. Exp. Zool.
1986, 239, 347–354. [CrossRef] [PubMed]

22. Ng, S.C.; Bongso, A.; Ratnam, S.S.; Sathananthan, H.; Chan, C.L.; Wong, P.C.; Hagglund, L.; Anandakumar, C.; Wong, Y.C.; Goh,
V.H. Pregnancy after transfer of sperm under zona. Lancet 1988, 2, 790. [CrossRef]

23. Esteves, S.C.; Roque, M.; Bedoschi, G.; Haahr, T.; Humaidan, P. Intracytoplasmic sperm injection for male infertility and
consequences for offspring. Nat. Rev. Urol. 2018, 15, 535–562. [CrossRef] [PubMed]

https://doi.org/10.1016/j.rbmo.2023.04.003
https://www.ncbi.nlm.nih.gov/pubmed/37202319
https://doi.org/10.3389/fendo.2024.1348186
https://www.ncbi.nlm.nih.gov/pubmed/38455659
https://doi.org/10.1007/s11255-022-03133-4
https://www.ncbi.nlm.nih.gov/pubmed/35124761
https://doi.org/10.1016/S0022-5347(17)38662-7
https://doi.org/10.1093/humrep/12.6.1222
https://www.ncbi.nlm.nih.gov/pubmed/9222005
https://doi.org/10.3390/jcm10143144
https://doi.org/10.6061/clinics/2013(Sup01)12
https://doi.org/10.4103/1008-682X.148719
https://doi.org/10.1016/j.xfre.2023.11.007
https://doi.org/10.6061/clinics/2013(Sup01)03
https://www.ncbi.nlm.nih.gov/pubmed/23503951
https://doi.org/10.5534/wjmh.190068
https://doi.org/10.1097/01.ju.0000142885.20116.60
https://www.ncbi.nlm.nih.gov/pubmed/15540761
https://doi.org/10.1016/0140-6736(92)92425-F
https://doi.org/10.1016/S0090-4295(97)00032-0
https://doi.org/10.1038/s41585-022-00593-2
https://doi.org/10.1016/S0140-6736(78)92957-4
https://doi.org/10.1007/BF01201800
https://doi.org/10.1016/S0015-0282(16)53470-0
https://doi.org/10.1002/jez.1402390306
https://www.ncbi.nlm.nih.gov/pubmed/3760806
https://doi.org/10.1016/S0140-6736(88)92433-6
https://doi.org/10.1038/s41585-018-0051-8
https://www.ncbi.nlm.nih.gov/pubmed/29967387


J. Clin. Med. 2024, 13, 4939 44 of 50

24. Devroey, P.; Liu, J.; Nagy, Z.; Goossens, A.; Tournaye, H.; Camus, M.; Van Steirteghem, A.; Silber, S. Pregnancies after testicular
sperm extraction and intracytoplasmic sperm injection in non-obstructive azoospermia. Hum. Reprod. 1995, 10, 1457–1460.
[CrossRef]

25. Esteves, S.C.; Agarwal, A. Reproductive outcomes, including neonatal data, following sperm injection in men with obstructive
and nonobstructive azoospermia: Case series and systematic review. Clinics 2013, 68 (Suppl. S1), 141–150. [CrossRef]

26. Levin, H.S. Testicular biopsy in the study of male infertility: Its current usefulness, histologic techniques, and prospects for the
future. Hum. Pathol. 1979, 10, 569–584. [CrossRef]

27. Lewin, A.; Weiss, D.B.; Friedler, S.; Ben-Shachar, I.; Porat-Katz, A.; Meirow, D.; Schenker, J.G.; Safran, A. Delivery following
intracytoplasmic injection of mature sperm cells recovered by testicular fine needle aspiration in a case of hypergonadotropic
azoospermia due to maturation arrest. Hum. Reprod. 1996, 11, 769–771. [CrossRef] [PubMed]

28. Majzoub, A.; Arafa, M.; Khalafalla, K.; AlSaid, S.; Burjaq, H.; Albader, M.; Al-Marzooqi, T.; Esteves, S.C.; Elbardisi, H. Predictive
model to estimate the chances of successful sperm retrieval by testicular sperm aspiration in patients with nonobstructive
azoospermia. Fertil. Steril. 2021, 115, 373–381. [CrossRef]

29. Ostad, M.; Liotta, D.; Ye, Z.; Schlegel, P.N. Testicular sperm extraction for nonobstructive azoospermia: Results of a multibiopsy
approach with optimized tissue dispersion. Urology 1998, 52, 692–696. [CrossRef]

30. Eliveld, J.; van Wely, M.; Meißner, A.; Repping, S.; van der Veen, F.; van Pelt, A.M.M. The risk of TESE-induced hypogonadism: A
systematic review and meta-analysis. Hum. Reprod. Update 2018, 24, 442–454. [CrossRef]

31. Schlegel, P.N. Testicular sperm extraction: Microdissection improves sperm yield with minimal tissue excision. Hum. Reprod.
1999, 14, 131–135. [CrossRef] [PubMed]

32. Achermann, A.P.P.; Pereira, T.A.; Esteves, S.C. Microdissection testicular sperm extraction (micro-TESE) in men with infertility
due to nonobstructive azoospermia: Summary of current literature. Int. Urol. Nephrol. 2021, 53, 2193–2210. [CrossRef]

33. Esteves, S.C. Microdissection TESE versus conventional TESE for men with nonobstructive azoospermia undergoing sperm
retrieval. Int. Braz. J. Urol. 2022, 48, 569–578. [CrossRef]

34. Deruyver, Y.; Vanderschueren, D.; Van der Aa, F. Outcome of microdissection TESE compared with conventional TESE in
non-obstructive azoospermia: A systematic review. Andrology 2014, 2, 20–24. [CrossRef] [PubMed]

35. Bernie, A.M.; Mata, D.A.; Ramasamy, R.; Schlegel, P.N. Comparison of microdissection testicular sperm extraction, conventional
testicular sperm extraction, and testicular sperm aspiration for nonobstructive azoospermia: A systematic review and meta-
analysis. Fertil. Steril. 2015, 104, 1099–1103.e1–3. [CrossRef] [PubMed]

36. Corona, G.; Minhas, S.; Giwercman, A.; Bettocchi, C.; Dinkelman-Smit, M.; Dohle, G.; Fusco, F.; Kadioglou, A.; Kliesch, S.; Kopa,
Z.; et al. Sperm recovery and ICSI outcomes in men with non-obstructive azoospermia: A systematic review and meta-analysis.
Hum. Reprod. Update 2019, 25, 733–757. [CrossRef]

37. Arshad, M.A.; Majzoub, A.; Esteves, S.C. Predictors of surgical sperm retrieval in non-obstructive azoospermia: Summary of
current literature. Int. Urol. Nephrol. 2020, 52, 2015–2038. [CrossRef]

38. Esteves, S.C.; Ramasamy, R.; Colp, G.; Carvalho, J.F.; Schlegel, P. Sperm retrieval rates by micro-TESE versus conventional TESE
in men with non-obstructive azoospermia—The assumption of independence in effect sizes might lead to misleading conclusions.
Hum. Reprod. Update 2020, 26, 603–605. [CrossRef]

39. Colaco, S.; Modi, D. Azoospermia factor c microdeletions and outcomes of assisted reproductive technology: A systematic review
and meta-analysis. Fertil. Steril. 2024, 121, 63–71. [CrossRef]

40. Majzoub, A.; Arafa, M.; Clemens, H.; Imperial, J.; Leisegang, K.; Khalafalla, K.; Agarwal, A.; Henkel, R.; Elbardisi, H. A
systemic review and meta-analysis exploring the predictors of sperm retrieval in patients with non-obstructive azoospermia and
chromosomal abnormalities. Andrologia 2022, 54, e14303. [CrossRef]

41. Esteves, S.C.; Achermann, A.P.P.; Miyaoka, R.; Verza, S., Jr.; Fregonesi, A.; Riccetto, C.L.Z. Clinical Factors Impacting Microdissec-
tion Testicular Sperm Extraction Success in Hypogonadal Men with Nonobstructive Azoospermia. Fertil. Steril. 2024. [CrossRef]
[PubMed]

42. Esteves, S.C.; Humaidan, P. Approaching treatment of male infertility: The APHRODITE criteria. Int. Braz. J. Urol. 2024, 50,
359–365. [CrossRef] [PubMed]

43. Esteves, S.C.; Humaidan, P.; Ubaldi, F.M.; Alviggi, C.; Antonio, L.; Barratt, C.L.R.; Behre, H.M.; Jørgensen, N.; Pacey, A.A.; Simoni,
M.; et al. APHRODITE criteria: Addressing male patients with hypogonadism and/or infertility owing to altered idiopathic
testicular function. Reprod. Biomed. Online 2024, 48, 103647. [CrossRef]

44. Esteves, S.C.; Miyaoka, R.; Orosz, J.E.; Agarwal, A. An update on sperm retrieval techniques for azoospermic males. Clinics 2013,
68 (Suppl. S1), 99–110. [CrossRef]

45. Shulman, A.; Feldman, B.; Madgar, I.; Levron, J.; Mashiach, S.; Dor, J. In-vitro fertilization treatment for severe male factor: The
fertilization potential of immotile spermatozoa obtained by testicular extraction. Hum. Reprod. 1999, 14, 749–752. [CrossRef]

46. Verheyen, G.; De Croo, I.; Tournaye, H.; Pletincx, I.; Devroey, P.; van Steirteghem, A.C. Comparison of four mechanical methods
to retrieve spermatozoa from testicular tissue. Hum. Reprod. 1995, 10, 2956–2959. [CrossRef] [PubMed]

47. Crabbé, E.; Verheyen, G.; Silber, S.; Tournaye, H.; Van de Velde, H.; Goossens, A.; Van Steirteghem, A. Enzymatic digestion of
testicular tissue may rescue the intracytoplasmic sperm injection cycle in some patients with non-obstructive azoospermia. Hum.
Reprod. 1998, 13, 2791–2796. [CrossRef]

https://doi.org/10.1093/HUMREP/10.6.1457
https://doi.org/10.6061/clinics/2013(Sup01)16
https://doi.org/10.1016/S0046-8177(79)80100-8
https://doi.org/10.1093/oxfordjournals.humrep.a019252
https://www.ncbi.nlm.nih.gov/pubmed/8671326
https://doi.org/10.1016/j.fertnstert.2020.08.1397
https://doi.org/10.1016/S0090-4295(98)00322-7
https://doi.org/10.1093/humupd/dmy015
https://doi.org/10.1093/humrep/14.1.131
https://www.ncbi.nlm.nih.gov/pubmed/10374109
https://doi.org/10.1007/s11255-021-02979-4
https://doi.org/10.1590/s1677-5538.ibju.2022.99.14
https://doi.org/10.1111/j.2047-2927.2013.00148.x
https://www.ncbi.nlm.nih.gov/pubmed/24193894
https://doi.org/10.1016/j.fertnstert.2015.07.1136
https://www.ncbi.nlm.nih.gov/pubmed/26263080
https://doi.org/10.1093/humupd/dmz028
https://doi.org/10.1007/s11255-020-02529-4
https://doi.org/10.1093/humupd/dmaa006
https://doi.org/10.1016/j.fertnstert.2023.10.029
https://doi.org/10.1111/and.14303
https://doi.org/10.1016/j.fertnstert.2024.06.013
https://www.ncbi.nlm.nih.gov/pubmed/38909671
https://doi.org/10.1590/s1677-5538.ibju.2024.9908
https://www.ncbi.nlm.nih.gov/pubmed/38498687
https://doi.org/10.1016/j.rbmo.2023.103647
https://doi.org/10.6061/clinics/2013(Sup01)11
https://doi.org/10.1093/humrep/14.3.749
https://doi.org/10.1093/oxfordjournals.humrep.a135828
https://www.ncbi.nlm.nih.gov/pubmed/8747053
https://doi.org/10.1093/humrep/13.10.2791


J. Clin. Med. 2024, 13, 4939 45 of 50

48. Salzbrunn, A.; Benson, D.M.; Holstein, A.F.; Schulze, W. A new concept for the extraction of testicular spermatozoa as a tool for
assisted fertilization (ICSI). Hum. Reprod. 1996, 11, 752–755. [CrossRef]

49. Nagy, Z.P.; Verheyen, G.; Tournaye, H.; Devroey, P.; Van Steirteghem, A.C. An improved treatment procedure for testicular biopsy
specimens offers more efficient sperm recovery: Case series. Fertil. Steril. 1997, 68, 376–379. [CrossRef]

50. Vloeberghs, V.; Verheyen, G.; Tournaye, H. Intracytoplasmic spermatid injection and in vitro maturation: Fact or fiction? Clinics
2013, 68 (Suppl. S1), 151–156. [CrossRef]

51. Esteves, S.C.; Varghese, A.C. Laboratory handling of epididymal and testicular spermatozoa: What can be done to improve
sperm injections outcome. J. Hum. Reprod. Sci. 2012, 5, 233–243. [CrossRef] [PubMed]

52. Verheyen, G.; Popovic-Todorovic, B.; Tournaye, H. Processing and selection of surgically-retrieved sperm for ICSI: A review. Basic.
Clin. Androl. 2017, 27, 6. [CrossRef]

53. Jeyendran, R.S.; Van der Ven, H.H.; Perez-Pelaez, M.; Crabo, B.G.; Zaneveld, L.J. Development of an assay to assess the functional
integrity of the human sperm membrane and its relationship to other semen characteristics. J. Reprod. Fertil. 1984, 70, 219–228.
[CrossRef]

54. Soares, J.B.; Glina, S.; Antunes, N., Jr.; Wonchockier, R.; Galuppo, A.G.; Mizrahi, F.E. Sperm tail flexibility test: A simple test for
selecting viable spermatozoa for intracytoplasmic sperm injection from semen samples without motile spermatozoa. Rev. Hosp.
Clin. Fac. Med. 2003, 58, 250–253. [CrossRef] [PubMed]

55. Boitrelle, F.; Guthauser, B.; Alter, L.; Bailly, M.; Bergere, M.; Wainer, R.; Vialard, F.; Albert, M.; Selva, J. High-magnification
selection of spermatozoa prior to oocyte injection: Confirmed and potential indications. Reprod. Biomed. Online 2014, 28, 6–13.
[CrossRef]

56. Chen, H.; Feng, G.; Zhang, B.; Zhou, H.; Wang, C.; Shu, J.; Gan, X.; Lin, R.; Huang, D.; Huang, Y. A new insight into male fertility
preservation for patients with completely immotile spermatozoa. Reprod. Biol. Endocrinol. 2017, 15, 74. [CrossRef] [PubMed]

57. Ghosh, S.; Chattopadhyay, R.; Bose, G.; Ganesh, A.; Das, S.; Chakravarty, B.N. Selection of birefringent spermatozoa under
Polscope: Effect on intracytoplasmic sperm injection outcome. Andrologia 2012, 44 (Suppl. S1), 734–738. [CrossRef] [PubMed]

58. Samuel, R.; Son, J.; Jenkins, T.G.; Jafek, A.; Feng, H.; Gale, B.K.; Carrell, D.T.; Hotaling, J.M. Microfluidic System for Rapid
Isolation of Sperm From Microdissection TESE Specimens. Urology 2020, 140, 70–76. [CrossRef]

59. Tash, J.S.; Means, A.R. Cyclic adenosine 3′,5′ monophosphate, calcium and protein phosphorylation in flagellar motility. Biol.
Reprod. 1983, 28, 75–104.

60. Nicopoullos, J.D.; Gilling-Smith, C.; Almeida, P.A.; Norman-Taylor, J.; Grace, I.; Ramsay, J.W. Use of surgical sperm retrieval in
azoospermic men: A meta-analysis. Fertil. Steril. 2004, 82, 691–701.

61. Ohlander, S.; Hotaling, J.; Kirshenbaum, E.; Niederberger, C.; Eisenberg, M.L. Impact of fresh versus cryopreserved testicular
sperm upon intracytoplasmic sperm injection pregnancy outcomes in men with azoospermia due to spermatogenic dysfunction:
A meta-analysis. Fertil. Steril. 2014, 101, 344–349. [CrossRef] [PubMed]

62. Wu, S.; Zhao, J.; Wu, Y.; Hu, Y.; Fang, L.; Chen, W. Comparison of pregnancy and neonatal outcomes of intracytoplasmic sperm
injection performed with frozen versus fresh testicular sperm. Transl. Androl. Urol. 2022, 11, 472–479. [CrossRef] [PubMed]

63. Lan, Y.; Zheng, H.; Fu, X.; Peng, T.; Liao, C.; Liu, J.; Liu, M.; An, G. Clinical Outcomes and Live Birth Rate Resulted From
Microdissection Testicular Sperm Extraction with ICSI-IVF in Non-Obstructive Azoospermia: A Single-Center Cohort Study.
Front. Endocrinol. 2022, 13, 893679. [CrossRef] [PubMed]

64. Esteves, S.C. Novel concepts in male factor infertility: Clinical and laboratory perspectives. J. Assist. Reprod. Genet. 2016, 33,
1319–1335. [CrossRef]

65. Laursen, R.J.; Alsbjerg, B.; Elbaek, H.O.; Povlsen, B.B.; Jensen, K.B.S.; Lykkegaard, J.; Esteves, S.C.; Humaidan, P. Recombinant
gonadotropin therapy to improve spermatogenesis in nonobstructive azoospermic patients—A proof of concept study. Int. Braz.
J. Urol. 2022, 48, 471–481. [CrossRef]

66. Crabbé, E.; Verheyen, G.; Tournaye, H.; Van Steirteghem, A. Freezing of testicular tissue as a minced suspension preserves sperm
quality better than whole-biopsy freezing when glycerol is used as cryoprotectant. Int. J. Androl. 1999, 22, 43–48. [CrossRef]

67. Nogueira, D.; Bourgain, C.; Verheyen, G.; Van Steirteghem, A.C. Light and electron microscopic analysis of human testicular
spermatozoa and spermatids from frozen and thawed testicular biopsies. Hum. Reprod. 1999, 14, 2041–2049. [CrossRef]

68. Esteves, S.C.; Carvalho, J.F.; Bento, F.C.; Santos, J. A Novel Predictive Model to Estimate the Number of Mature Oocytes Required
for Obtaining at Least One Euploid Blastocyst for Transfer in Couples Undergoing in vitro Fertilization/Intracytoplasmic Sperm
Injection: The ART Calculator. Front. Endocrinol. 2019, 10, 99. [CrossRef]

69. Patanayak, M.C. Correlation between embryo quality, age & IVF/ICSI outcome. Fertil. Steril. 2008, 90, S430–S431.
70. Ron-El, R.; Raziel, A.; Strassburger, D.; Schachter, M.; Kasterstein, E.; Friedler, S. Outcome of assisted reproductive technology in

women over the age of 41. Fertil. Steril. 2000, 74, 471–475. [CrossRef]
71. Silber, S.J.; Nagy, Z.; Devroey, P.; Camus, M.; Van Steirteghem, A.C. The effect of female age and ovarian reserve on pregnancy

rate in male infertility: Treatment of azoospermia with sperm retrieval and intracytoplasmic sperm injection. Hum. Reprod. 1997,
12, 2693–2700. [CrossRef]

72. Friedler, S.; Raziel, A.; Strassburger, D.; Schachter, M.; Soffer, Y.; Ron-El, R. Factors influencing the outcome of ICSI in patients
with obstructive and non-obstructive azoospermia: A comparative study. Hum. Reprod. 2002, 17, 3114–3121. [CrossRef] [PubMed]

https://doi.org/10.1093/oxfordjournals.humrep.a019248
https://doi.org/10.1016/S0015-0282(97)81534-8
https://doi.org/10.6061/clinics/2013(Sup01)17
https://doi.org/10.4103/0974-1208.106333
https://www.ncbi.nlm.nih.gov/pubmed/23533051
https://doi.org/10.1186/s12610-017-0050-2
https://doi.org/10.1530/jrf.0.0700219
https://doi.org/10.1590/S0041-87812003000500003
https://www.ncbi.nlm.nih.gov/pubmed/14666321
https://doi.org/10.1016/j.rbmo.2013.09.019
https://doi.org/10.1186/s12958-017-0294-x
https://www.ncbi.nlm.nih.gov/pubmed/28923067
https://doi.org/10.1111/j.1439-0272.2011.01258.x
https://www.ncbi.nlm.nih.gov/pubmed/22369032
https://doi.org/10.1016/j.urology.2019.12.053
https://doi.org/10.1016/j.fertnstert.2013.10.012
https://www.ncbi.nlm.nih.gov/pubmed/24345355
https://doi.org/10.21037/tau-22-125
https://www.ncbi.nlm.nih.gov/pubmed/35558270
https://doi.org/10.3389/fendo.2022.893679
https://www.ncbi.nlm.nih.gov/pubmed/35813616
https://doi.org/10.1007/s10815-016-0763-8
https://doi.org/10.1590/s1677-5538.ibju.2022.99.13
https://doi.org/10.1046/j.1365-2605.1999.00149.x
https://doi.org/10.1093/humrep/14.8.2041
https://doi.org/10.3389/fendo.2019.00099
https://doi.org/10.1016/S0015-0282(00)00697-X
https://doi.org/10.1093/humrep/12.12.2693
https://doi.org/10.1093/humrep/17.12.3114
https://www.ncbi.nlm.nih.gov/pubmed/12456610


J. Clin. Med. 2024, 13, 4939 46 of 50

73. Mahesan, A.M.; Sadek, S.; Moussavi, V.; Vazifedan, T.; Majeed, A.; Cunningham, T.; Oehninger, S.; Bocca, S. Clinical outcomes
following ICSI cycles using surgically recovered sperm and the impact of maternal age: 2004–2015 SART CORS registry. J. Assist.
Reprod. Genet. 2018, 35, 1239–1246. [CrossRef]

74. Esteves, S.C.; Yarali, H.; Ubaldi, F.M.; Carvalho, J.F.; Bento, F.C.; Vaiarelli, A.; Cimadomo, D.; Özbek, İ.Y.; Polat, M.; Bozdag, G.;
et al. Validation of ART Calculator for Predicting the Number of Metaphase II Oocytes Required for Obtaining at Least One
Euploid Blastocyst for Transfer in Couples Undergoing in vitro Fertilization/Intracytoplasmic Sperm Injection. Front. Endocrinol.
2019, 10, 917. [CrossRef] [PubMed]

75. Mazzilli, R.; Cimadomo, D.; Vaiarelli, A.; Capalbo, A.; Dovere, L.; Alviggi, E.; Dusi, L.; Foresta, C.; Lombardo, F.; Lenzi, A.; et al.
Effect of the male factor on the clinical outcome of intracytoplasmic sperm injection combined with preimplantation aneuploidy
testing: Observational longitudinal cohort study of 1,219 consecutive cycles. Fertil. Steril. 2017, 108, 961–972.e3. [CrossRef]
[PubMed]

76. Giorgetti, C.; Chinchole, J.M.; Hans, E.; Charles, O.; Franquebalme, J.P.; Glowaczower, E.; Salzmann, J.; Terriou, P.; Roulier,
R. Crude cumulative delivery rate following ICSI using intentionally frozen-thawed testicular spermatozoa in 51 men with
non-obstructive azoospermia. Reprod. Biomed. Online 2005, 11, 319–324. [CrossRef] [PubMed]

77. Tehraninejad, E.S.; Pourmatroud, E.; Sadighi Gilani, M.A.; Rakebi, M.; Azimi Neko, Z.; Arabipoor, A. Comparison of Intracyto-
plasmic Sperm Injection Outcomes between Oligozoospermic, Obstructive Azoospermic and Non-Obstructive Azoospermic
Patients. Int. J. Fertil. Steril. 2012, 6, 13–18.

78. Elzeiny, H.; Agresta, F.; Stevens, J.; Gardner, D.K. A step closer to parenthood with non-obstructive azoospermia: Unveiling the
impact of microdissection testicular sperm extraction in Australia’s largest single-centre study. Aust. N. Z. J. Obstet. Gynaecol.
2024, 64, 347–353. [CrossRef]

79. Zhang, Z.; Jing, J.; Luo, L.; Li, L.; Zhang, H.; Xi, Q.; Liu, R. ICSI outcomes of fresh or cryopreserved spermatozoa from micro-TESE
in patients with nonobstructive azoospermia: CONSORT. Medicine 2021, 100, e25021. [CrossRef]

80. Zhang, H.L.; Mao, J.M.; Liu, D.F.; Zhao, L.M.; Tang, W.H.; Hong, K.; Zhang, L.; Lian, Y.; Lin, H.C.; Jiang, H. Clinical outcomes of
microdissection testicular sperm extraction-intracytoplasmic sperm injection with fresh or cryopreserved sperm in patients with
nonobstructive azoospermia. Asian J. Androl. 2021, 23, 211–214. [CrossRef]

81. Zhang, H.L.; Zhao, L.M.; Mao, J.M.; Liu, D.F.; Tang, W.H.; Lin, H.C.; Zhang, L.; Lian, Y.; Hong, K.; Jiang, H. Sperm retrieval
rates and clinical outcomes for patients with different causes of azoospermia who undergo microdissection testicular sperm
extraction-intracytoplasmic sperm injection. Asian J. Androl. 2021, 23, 59–63. [CrossRef] [PubMed]

82. Madureira, C.; Cunha, M.; Sousa, M.; Neto, A.P.; Pinho, M.J.; Viana, P.; Goncalves, A.; Silva, J.; Teixeira da Silva, J.; Oliveira, C.;
et al. Treatment by testicular sperm extraction and intracytoplasmic sperm injection of 65 azoospermic patients with non-mosaic
Klinefelter syndrome with birth of 17 healthy children. Andrology 2014, 2, 623–631. [CrossRef]

83. Friedler, S.; Raziel, A.; Soffer, Y.; Strassburger, D.; Komarovsky, D.; Ron-el, R. Intracytoplasmic injection of fresh and cryopreserved
testicular spermatozoa in patients with nonobstructive azoospermia--a comparative study. Fertil. Steril. 1997, 68, 892–897.
[CrossRef]

84. Ben-Yosef, D.; Yogev, L.; Hauser, R.; Yavetz, H.; Azem, F.; Yovel, I.; Lessing, J.B.; Amit, A. Testicular sperm retrieval and
cryopreservation prior to initiating ovarian stimulation as the first line approach in patients with non-obstructive azoospermia.
Hum. Reprod. 1999, 14, 1794–1801. [CrossRef]

85. Konc, J.; Kanyó, K.; Cseh, S. Deliveries from embryos fertilized with spermatozoa obtained from cryopreserved testicular tissue. J.
Assist. Reprod. Genet. 2006, 23, 247–252. [CrossRef] [PubMed]

86. Konc, J.; Kanyó, K.; Cseh, S. The effect of condition/state of testicular spermatozoa injected to the outcome of TESE-ICSI-ET
cycles. Eur. J. Obstet. Gynecol. Reprod. Biol. 2008, 141, 39–43. [CrossRef] [PubMed]

87. Boitrelle, F.; Robin, G.; Marcelli, F.; Albert, M.; Leroy-Martin, B.; Dewailly, D.; Rigot, J.M.; Mitchell, V. A predictive score for
testicular sperm extraction quality and surgical ICSI outcome in non-obstructive azoospermia: A retrospective study. Hum.
Reprod. 2011, 26, 3215–3221. [CrossRef]

88. Cavallini, G.; Cristina Magli, M.; Crippa, A.; Resta, S.; Vitali, G.; Pia Ferraretti, A.; Gianaroli, L. The number of spermatozoa
collected with testicular sperm extraction is a novel predictor of intracytoplasmic sperm injection outcome in non-obstructive
azoospermic patients. Asian J. Androl. 2011, 13, 312–316. [CrossRef]

89. Mercan, R.; Urman, B.; Alatas, C.; Aksoy, S.; Nuhoglu, A.; Isiklar, A.; Balaban, B. Outcome of testicular sperm retrieval procedures
in non-obstructive azoospermia: Percutaneous aspiration versus open biopsy. Hum. Reprod. 2000, 15, 1548–1551. [CrossRef]

90. Ravizzini, P.; Carizza, C.; Abdelmassih, V.; Abdelmassih, S.; Azevedo, M.; Abdelmassih, R. Microdissection testicular sperm
extraction and IVF-ICSI outcome in nonobstructive azoospermia. Andrologia 2008, 40, 219–226. [CrossRef]

91. Inci, K.; Hascicek, M.; Kara, O.; Dikmen, A.V.; Gurgan, T.; Ergen, A. Sperm retrieval and intracytoplasmic sperm injection in men
with nonobstructive azoospermia, and treated and untreated varicocele. J. Urol. 2009, 182, 1500–1505. [CrossRef] [PubMed]

92. Karacan, M.; Ulug, M.; Arvas, A.; Cebi, Z.; Erkan, S.; Camlıbel, T. Live birth rate with repeat microdissection TESE and
intracytoplasmic sperm injection after a conventional testicular biopsy in men with nonobstructive azoospermia. Eur. J. Obstet.
Gynecol. Reprod. Biol. 2014, 183, 174–177. [CrossRef]

93. Hessel, M.; Robben, J.C.; D’Hauwers, K.W.; Braat, D.D.; Ramos, L. The influence of sperm motility and cryopreservation on the
treatment outcome after intracytoplasmic sperm injection following testicular sperm extraction. Acta Obstet. Gynecol. Scand. 2015,
94, 1313–1321. [CrossRef] [PubMed]

https://doi.org/10.1007/s10815-018-1234-1
https://doi.org/10.3389/fendo.2019.00099
https://www.ncbi.nlm.nih.gov/pubmed/30873117
https://doi.org/10.1016/j.fertnstert.2017.08.033
https://www.ncbi.nlm.nih.gov/pubmed/28985908
https://doi.org/10.1016/S1472-6483(10)60839-5
https://www.ncbi.nlm.nih.gov/pubmed/16176671
https://doi.org/10.1111/ajo.13800
https://doi.org/10.1097/MD.0000000000025021
https://doi.org/10.4103/aja.aja_1_21
https://doi.org/10.4103/aja.aja_1_21
https://www.ncbi.nlm.nih.gov/pubmed/33605899
https://doi.org/10.1111/j.2047-2927.2014.00231.x
https://doi.org/10.1016/S0015-0282(97)00358-0
https://doi.org/10.1093/humrep/14.7.1794
https://doi.org/10.1007/s10815-006-9044-2
https://www.ncbi.nlm.nih.gov/pubmed/16786419
https://doi.org/10.1016/j.ejogrb.2008.06.004
https://www.ncbi.nlm.nih.gov/pubmed/18687516
https://doi.org/10.1093/humrep/der314
https://doi.org/10.1038/aja.2010.166
https://doi.org/10.1093/humrep/15.7.1548
https://doi.org/10.1111/j.1439-0272.2008.00846.x
https://doi.org/10.1016/j.juro.2009.06.028
https://www.ncbi.nlm.nih.gov/pubmed/19683732
https://doi.org/10.1016/j.ejogrb.2014.10.024
https://doi.org/10.1111/aogs.12769
https://www.ncbi.nlm.nih.gov/pubmed/26344577


J. Clin. Med. 2024, 13, 4939 47 of 50

94. Habermann, H.; Seo, R.; Cieslak, J.; Niederberger, C.; Prins, G.S.; Ross, L. In vitro fertilization outcomes after intracytoplasmic
sperm injection with fresh or frozen-thawed testicular spermatozoa. Fertil. Steril. 2000, 73, 955–960. [CrossRef]

95. Wu, B.; Wong, D.; Lu, S.; Dickstein, S.; Silva, M.; Gelety, T.J. Optimal use of fresh and frozen-thawed testicular sperm for
intracytoplasmic sperm injection in azoospermic patients. J. Assist. Reprod. Genet. 2005, 22, 389–394. [CrossRef] [PubMed]

96. Kalsi, J.; Thum, M.Y.; Muneer, A.; Pryor, J.; Abdullah, H.; Minhas, S. Analysis of the outcome of intracytoplasmic sperm injection
using fresh or frozen sperm. BJU Int. 2011, 107, 1124–1128. [CrossRef] [PubMed]

97. Pasqualotto, F.F.; Rossi-Ferragut, L.M.; Rocha, C.C.; Iaconelli, A., Jr.; Borges, E., Jr. Outcome of in vitro fertilization and
intracytoplasmic injection of epididymal and testicular sperm obtained from patients with obstructive and nonobstructive
azoospermia. J. Urol. 2002, 167, 1753–1756. [CrossRef]

98. Pasqualotto, F.F.; Rossi, L.M.; Guilherme, P.; Ortiz, V.; Iaconelli, A., Jr.; Borges, E., Jr. Etiology-specific outcomes of intracytoplasmic
sperm injection in azoospermic patients. Fertil. Steril. 2005, 83, 606–611. [CrossRef]

99. Semião-Francisco, L.; Braga, D.P.; Figueira Rde, C.; Madaschi, C.; Pasqualotto, F.F.; Iaconelli, A., Jr.; Borges, E., Jr. Assisted
reproductive technology outcomes in azoospermic men: 10 years of experience with surgical sperm retrieval. Aging Male 2010, 13,
44–50. [CrossRef]

100. He, X.; Cao, Y.; Zhang, Z.; Zhao, J.; Wei, Z.; Zhou, P.; Cong, L. Spermatogenesis affects the outcome of ICSI for azoospermic
patients rather than sperm retrieval method. Syst. Biol. Reprod. Med. 2010, 56, 457–464. [CrossRef]

101. Abdel Raheem, A.; Rushwan, N.; Garaffa, G.; Zacharakis, E.; Doshi, A.; Heath, C.; Serhal, P.; Harper, J.C.; Christopher, N.A.;
Ralph, D. Factors influencing intracytoplasmic sperm injection (ICSI) outcome in men with azoospermia. BJU Int. 2013, 112,
258–264. [CrossRef] [PubMed]

102. Celikten, A.; Batioglu, S.; Gungor, A.N.; Ozdemir, E. Intracytoplasmic sperm injection outcomes of obstructive and nonobstructive
azoospermic men. Arch. Gynecol. Obstet. 2013, 288, 683–686. [CrossRef]
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