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1  |  INTRODUC TION

Intracytoplasmic sperm injection has made it possible to offer bi-
ological fatherhood to even azoospermic couples.1 Azoospermia 
is categorized into obstructive (OA) and non-obstructive (NOA) 
forms on the basis of past medical history, testicular volume, 

follicle-stimulating hormone (FSH) level, and genetic findings includ-
ing chromosome testing, and Y chromosome azoospermic factor 
(AZF) deletion, with the final diagnosis historically depending on the 
histopathology of testis biopsy procedures.2 In azoospermic men, 
the retrieval of testicular sperm has been the primary concern for 
clinicians, leading to the obsolescence of diagnostic testicular biopsy 
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Abstract
Background: Microdissection TESE has been considered the “gold standard” for 
retrieving testicular sperm in cases of non-obstructive azoospermia (NOA) despite 
limited scientific support. Here we compare all aspects of microdissection TESE with 
testis fine needle aspiration mapping (FNA Mapping) and directed TESE procedures 
for men with NOA.
Methods: We examine the history of testicular sperm extraction techniques and the 
rise of advanced technologies with a focus on microdissection TESE and FNA mapping. 
We summarize the published literature regarding the success rates, complications, 
and limitations of these two methods.
Main Findings: As there are no randomized controlled trials, the best data come from 
the Cochrane Reviews, which include meta-analyses concluding that the simplest 
and safest methods of sperm retrieval should be chosen. Although microdissection 
TESE is popular, recent reports have questioned its value due to the significant 
hypogonadal consequences. Among alternative procedures, FNA Mapping is a viable 
and less invasive alternative to microdissection TESE in finding testicular sperm in 
NOA patients.
Conclusion: Alternatives to microdissection TESE procedures such as FNA Mapping 
offer several advantages that include similar sperm retrieval success rates, but also 
less invasiveness and improved understanding of the pathophysiology of NOA.
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and seminal vasography3,4 to make the diagnosis. However, the pre-
operative diagnosis of OA and NOA is often subjective based on 
these clinical findings, which can sometimes result in inappropriate 
surgical procedures and failure to retrieve testicular sperm. More 
recently, NOA can be assessed by sperm findings during testicular 
sperm retrieval procedures in which few or no sperm are found.

With diagnostic testicular biopsy, the pathology explaining NOA 
has been categorized into three types: Sertoli Cell Only (SCO),5,6 
Maturation Arrest (MA),7,8 and Hypospermatogenesis (HS). However, 
NOA testicles commonly have “islands” or “patches” of sperm pres-
ent in only focal areas of the testis.9,10 This heterogeneity of sper-
matogenesis has taught us that a single or few tissue specimens do 
not necessarily represent the biology of the whole testis, especially 
if the specimen is picked up arbitrarily under microdissection TESE 
(Figure 1A–C). This variability in NOA testis histology makes it chal-
lenging to: (a) accurately predict whether a specific histological pat-
tern will lead to a successful sperm retrieval and (b) evaluate and 
compare the results of the various sperm retrieval procedures used 
in NOA patients.

Many approaches have been taken to find sperm in NOA patients, 
including conventional TESE procedures, multibiopsy TESE proce-
dures, microdissection TESE and FNA Mapping11,12 followed by di-
rected TESE procedures. Microdissection TESE is currently the most 
popular technique, and it has been adopted worldwide. However, 
there is a substantial literature to support the use of alternative ap-
proaches such as FNA Mapping and map-directed TESE procedures 
as equally viable options for NOA patients. This review presents the 
currently published evidence that supports this statement.

2  |  MATERIAL S AND METHODS

We searched for and compiled the existing medical literature on the 
PubMed database using the keywords “azoospermia”, “TESA”, “FNA 
mapping”, “microdissection”, “TESE”, “sperm retrieval”, and “hypog-
onadism”. The keyword “azoospermia” was a mandatory keyword for 
literature included in this study. The comprehensive literature search 
was performed from January 2024 to July 2024. We reviewed all 
studies and focused on those describing sperm retrieval techniques 

in NOA. We carefully checked each study for an objective definition 
of NOA that included reports of histopathological diagnoses. We 
also endeavored to find a rule for selecting tissues to use in patho-
logical diagnosis with microdissection TESE. We thus conducted a 
narrative review while considering underlying questions about the 
definitions of NOA and conventional pathological diagnosis.

3  |  MAIN FINDINGS

3.1  |  Historical background of azoospermia 
diagnosis and sperm retrieval techniques

Prior to the era of TESE, azoospermia was diagnosed by testicular 
biopsy and seminal vasography. Cases of normal spermatogenesis 
and/or obstruction of the seminal pathway were diagnosed as OA. 
Cases of impaired spermatogenesis or aspermatogenesis were 
diagnosed as NOA and categorized into three pathological types: 
SCO,5,6 MA,7,8 and HS. The first report of ICSI was published in 
1992,1 and the first report of TESE-ICSI was published in 1995.13 
Because TESE provides information on the type of azoospermia and 
can bypass infertility by providing sperm for IVF-ICSI, diagnostic 
testicular biopsy and seminal vasography have been largely 
abandoned, and clinical interest has focused more on testicular sperm 
retrieval rather than understanding the etiology of azoospermia.

The heterogeneity of spermatogenesis in the testes was first 
demonstrated with FNA Mapping in 1997,11,12 followed by micro-
dissection TESE in 1998.14,15 FNA Mapping met with early accep-
tance as an effective technique for locating sperm as it was able to 
find sperm when testis biopsies failed to do so.11 Microdissection 
TESE was also accepted as an effective sperm retrieval technique 
in NOA as it demonstrated a better yield of sperm when compared 
to conventional TESE techniques.15 The operating microscope de-
tects focal sperm producing regions because, in principle, seminif-
erous tubules containing developing germ cells, rather than Sertoli 
cells alone, are likely to be larger and more opaque than those 
without sperm production.16 This procedure was recognized as 
the most effective and minimally invasive technique because op-
erating under the aforementioned principle was believed to result 

F I G U R E  1 Histopathology depends on the biopsy extraction site in NOA. (A) Testicular sperm was retrieved from area indicated by the 
arrows. (B) Heterogeneity of seminiferous tubules was easily observed. (C) Discrepancy of pathological diagnosis depends on extraction site.
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in the selection of only promising seminiferous tubules during the 
first surgical procedure.17 Microdissection TESE has become the 
more popular technique for testicular sperm retrieval despite there 
being no rigorous research or clinical trials showing its superiority 
to testis FNA mapping.16–18

To its credit, for non-mosaic Klinefelter syndrome, microdis-
section TESE is the most effective procedure for retrieving tes-
ticular sperm.19 Fertilization rates, pregnancy rates, and live birth 
rates have been excellent in KS patients using this technique.20–22 
Initially, fresh microdissection TESE was performed simultane-
ously with oocyte retrieval.23 However, since the establishment of 
testicular sperm cryopreservation, microdissection TESE can now 
be performed first and sperm frozen, followed by oocyte retrieval 
at a later date.24,25 Microdissection TESE has also been reported 
to be effective in patients with spinal cord injuries.26,27 Lastly, the 
side effects of microdissection TESE were reported initially as 
minimal, with hypogonadism reported to be unlikely to occur after 
the procedure.28

In light of these considerations, microdissection TESE has 
become more widely accepted in many countries. In Japan, mi-
crodissection TESE has been covered by public health insurance 
since 2022. The Japanese Urological Association (JUA) published 
the Clinical Practice Guideline for Male Infertility in 2024, in which 
it gives a ‘grade A recommendation’ (strongly recommended) to 
microdissection TESE, despite evidence being limited to only level 
II: based on case control studies and repeated empirical observa-
tions.29 It is important to note that there have been no random-
ized controlled trials (RCTs) with microdissection TESE showing its 
superiority to any other sperm retrieval technique, including FNA 
mapping. Lastly, we could not find objective criteria distinguishing 
between OA and NOA, nor any guidelines for selecting tissues to 
pick up for assessment of histopathology during microdissection 
TESE, which significantly limits the diagnostic information learned 
from this technique.

3.2  |  Evidence against the superiority of 
microdissection TESE

Most physicians believe microdissection TESE is superior to every 
other testicular sperm retrieval technique, such as conventional 
TESE, TESA, or Open Testicular Mapping (OTEM).30,31 Notably, in 
the absence of Randomized Controlled Trials (RCTs), the best data 
are derived from Cochrane Reviews, which performed a meta-
analysis on this topic and concluded that: (a) no particular sperm 
retrieval procedure is recommended over any other based on the 
lack of RCTs32,33 and (b) that the simplest and safest methods should 
be chosen for sperm retrieval.34,35

Recently, studies challenging the superiority of microdissection 
TESE have been published.36 Several crucial points are evident from 
this. First, false-negative cases of microdissection TESE have been 
reported in as high as 29% of cases.37 Why do false-negative cases 
occur with microdissection TESE? One reason authors propose that 

it is because microdissection TESE procedures tend to sample tissue 
centrally in the testis but not as well in the peripheral testis,38 which 
can limit its precision. Also since in microdissection TESE proce-
dures, the heterogeneity of seminiferous tubule diameter is the most 
favorable predictor in retrieving testicular sperm,39 some posit that 
the visual nature of the technique is not precise enough to accurately 
differentiate sperm-containing tubules from non-sperm-containing 
ones in all cases. In fact, the ability of microdissection TESE to find 
sperm in cases of MA is actually no better than a conventional TESE 
procedure, as sperm-negative tubules affected by MA appear mi-
crosurgically virtually identical to normal, sperm-producing ones.38

In addition, in some SCO cases, and most cases of MA, there 
are very subtle differences, or no differences at all, between the ap-
pearance of seminiferous tubules with spermatogenesis and those 
without spermatogenesis under operative microscopy. Correlating 
with this, it has been reported that the predominant histologic pat-
terns present when sperm are detected by FNA Mapping after failed 
microdissection TESE procedures are the SCO and MA patterns.37

Second, it has also been reported that there is a significant rate 
of surgically-induced hypogonadism after microdissection TESE 
procedures.40 This is because even with surgical microscopy, focal 
spermatogenesis cannot be recognized if it is located deeply inside 
the testes or is far from the incision line of the tunica albuginea. If 
focal spermatogenesis is not located near the surface, tissues must 
be dissected or divided to search deeper inside the testes. However, 
it is difficult to search the entire testes without causing damage 
because Leydig cells-which produce testosterone and are located 
adjacent to the seminiferous tubules-can be injured or removed 
when seminiferous tubules are dissected or divided. This can lead 
to injury or gross removal of Leydig cell populations adherent to the 
excised tubules. Even in cases where serum testosterone levels do 
not decrease after microdissection TESE, increased levels of lutein-
izing hormone are usually observed,40 which reflects the decrease in 
Leydig cell function.

When microdissection TESE was first reported by several pio-
neer surgeons, serum testosterone levels did not appear to decrease 
permanently post-procedure, except in cases of Klinefelter syn-
drome.41 Currently, however, with a longer and broader history of 
this technique, the occurrence of hypogonadism as an aftereffect 
appears substantially more commonly,42 suggesting it might have 
been underestimated. Recently, sustained decrease in testoster-
one level was reported to occur after failed microdissection TESE 
in 10–35% of cases.40,42 In contrast, there are no published reports 
of either testicular scarring changes in testis size or hypogonadism 
after FNA mapping since its original description in 1997.11

3.3  |  Microdissection TESE is not needed in Most 
NOA cases

Microdissection TESE is quite effective in detecting focal sper-
matogenesis especially in cases of SCO histology43 (Figure 1A–C). 
However, simpler conventional TESE or TESA procedures used most 
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commonly for sperm retrieval in OA cases have been shown to be 
effective in retrieving testicular sperm in SCO cases after detecting 
the location of sperm pockets with FNA Mapping.44 This raises an 
important question: “Is microdissection TESE necessary to retrieve 
testicular sperm in all NOA cases?” This may not be true in cases 
where focal spermatogenesis is detected in multiple anatomical sites 
by FNA Mapping.45 In these instances, TESA succeeds in retrieving 
enough testicular sperm for ICSI, making microdissection TESE un-
necessary (Figure 2A–C).

In fact, in about half of NOA cases, TESA or conventional TESE is 
sufficient to retrieve testicular sperm after FNA Mapping (Table 1). 
Even in SCO cases, TESA can retrieve enough testicular sperm if 
multiple sites of sperm are found on FNA Mapping. For extremely 
challenging SCO cases, FNA Mapping combined with targeted mi-
crodissection TESE is an incredibly effective approach, procuring 
sufficient sperm to inseminate all eggs during IVF in 92% of cases.46

In summary, early on after it was described, there was a strong 
belief that microdissection TESE was a less invasive and more ef-
fective procedure than either TESE or TESA techniques in all cases 
of NOA. However, more recent studies indicate that bilateral mi-
crodissection TESE is not necessarily less invasive,47,48 may not be 
a technically superior technique, and may cause hypogonadism in 
a significant proportion of cases. Thus, from a procedural point of 
view, FNA Mapping should be considered an equally viable alter-
native sperm detection technique to microdissection TESE. And 
certainly, long-term endocrinological follow-up is necessary after 
microdissection TESE to better understand its long-term effects and 
determine its true level of invasiveness.49

3.4  |  A comparison of current approaches to 
defining testis pathology in NOA cases

Azoospermia has been classified as either OA or NOA.2 While diag-
nostic testicular biopsies were used in the past, the final histological 
diagnosis of NOA is now made during TESE or microdissection TESE 
procedures. However, given the heterogeneity of spermatogenesis 
in the testes, neither approach, especially when tissue is collected 
arbitrarily under surgical microscopy, necessarily represents the en-
tire pathology of the whole organ. The conventional classification of 
testicular pathology assumed that a randomly picked biopsy speci-
men represents the entire testis and that spermatogenesis level is 
homogenous throughout the testis. But as we now know from mi-
crodissection TESE and FNA Mapping procedures that this is not 
true. Thus, the conventional classification of pathology really only 
describes the histological pattern of a local, biopsied area and not 
the overall pattern found throughout the testis. This logistical prob-
lem in testicular pathology should be further considered to correctly 
address the reporting inaccuracies that challenge us in cases of NOA 
azoospermia.

Previous research indicates that cytology obtained by FNA is 
highly correlated with histopathology obtained by simple open bi-
opsy.50–55 However, different diagnostic skills are needed in cytol-
ogy than in pathology because cytology is evaluated independently 
of tissue architecture.56,57 A major advantage of FNA biopsy is that 
all germ line spermatogenic cells derived from a tissue specimen can 
be easily identified, indicating mature sperm with tails. Notably, it is 
often very difficult to see sperm tails on histopathology specimens 

F I G U R E  2 TESA was enough to retrieve testicular sperm for ICSI even in SCO. TESA succeeded in freezing testicular sperm into 10 vials. 
With thawing one of them on the day of retrieving oocytes, the partner in this case became pregnant after the first ICSI cycle. (A) Standard 
FNA Map sample size. It is divided into 18 sites/testis and performed in a grid-like manner. (B) FNA testicular biopsy demonstrating SCO 
histology pattern. (C) An FNA stained cytology slide from a single testicular site showing sperm.

Sperm retrieval procedure
Patients with sperm on 
FNA mapping % of cases

Successful 
sperm retrieval 
(%)

TESA 46 43% 100%

cTESE 35 33% 100%

microTESE 24 23% 92%

Note: Ref: Turek PJ. Non-Microsurgical Testis Sperm Extraction. In: Encyclopedia of Reproduction. 
3rd edition. Ed: Michael Skinner, Academic Press, 2024.

TA B L E  1 Sperm retrieval outcomes 
after FNA Mapping in consecutive NOA 
patients: (n = 223).
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due to cell crowding. As an example, FNA Mapping is far superior to 
testis histopathology in differentiating late maturation arrest at the 
spermatid stage from normal spermatogenesis. Thus, FNA Mapping-
based cytology can more accurately predict the presence of sperm 
on individual testis tissue specimens than can histopathology. One 
of the limitations of the FNA technique is that experienced cytolo-
gists, instead of histopathologists, are needed to accurately inter-
pret and report the results, and expertise in these disciplines does 
not necessarily overlap.

Unlike with FNA Mapping in which information is obtained from 
many sites in the testis by design,58 during microdissection TESE, ex-
cept when a biopsy specimen is taken during the procedure, the only 
information garnered about the process of spermatogenesis within 
the testis is live tissue examination for the presence or absence of 
sperm. There is no objective information learned about any potential 
variations in the histology pattern of the whole testis. Thus, FNA 
Mapping is far superior to microdissection TESE in terms of its infor-
mational and archival capacity regarding NOA testis biology. Such 
global geographical information is likely to be very valuable in the 
future to determine whether individuals with NOA could be candi-
dates for stem cell and other cell-based therapies.

3.5  |  Overview of each current testicular sperm 
retrieval technique

Historically, conventional TESE was introduced via publication in 
1995,59 followed by Testicular Sperm Aspiration (TESA) in 1996.60 
In OA and some NOA cases, these procedures are sufficient to 
retrieve testicular sperm for ICSI.61 The main advantages of these 
procedures are that they are simple and safe and can be done under 
local anesthesia.62 However, in more challenging NOA cases, these 
procedures can fail to find sperm for reasons outlined above, and 
more of the testis must be examined to increase the chance of 
retrieving sperm.63–68

The first reported approach to finding sperm in more complex 
cases in which TESA/TESE procedures failed was systematic FNA 
biopsy, also termed FNA Mapping or Sperm Mapping. This technique 
demonstrated the complex heterogeneity of spermatogenesis in the 
testes in 1997.11 Inspired by the heterogeneity of spermatogenesis, 
microdissection TESE was developed and subsequently published 
in 1998.14 Japanese urologists were also fascinated by this proce-
dure69–71 because, in part, it requires microsurgical skill, which was 
attractive to well-trained reproductive urologists.

In cases of Klinefelter syndrome, the advantages of microdis-
section TESE are obvious.72–74 Because the testicular volume in 
Klinefelter syndrome is diminutive, finding sperm is comparatively 
easy with a surgical microscope. However, in cases of larger testes, 
as with most other NOA cases, it can be more difficult to find sperm 
even with a surgical microscope due to the increased volume of 
testicular tubules that need to be explored.75 Initially, microdissec-
tion TESE was performed concurrently with IVF egg retrieval.26 In 
cases where microdissection TESE failed, oocytes that were initially 

discarded, but with advances in egg freezing, including vitrification, 
they can now be frozen, eliminating unnecessary IVF cycles per-
formed during failed sperm retrieval cases, and retrieved sperm are 
frozen and thawed for future use. However, it is still controversial 
whether using frozen–thawed testicular sperm results in equivalent 
ART outcomes compared to fresh sperm.76,77 In most cases, espe-
cially when abundant numbers of sperm are found, there is no disad-
vantage to using frozen–thawed testicular sperm with IVF-ICSI. But, 
in cases of harvesting (a) very few sperm or (b) sperm with no mo-
tility or (c) in poor female responders with few eggs, frozen–thawed 
sperm may be suboptimal when compared to fresh testicular sperm. 
This is primarily because although TESE sperm is largely immotile 
whether fresh or frozen–thawed, sperm viability (and therefore us-
ability) approaches 90% when fresh and only 45% when thawed. 
An alternative approach now employed to reduce egg “wastage” in 
cases of failed sperm retrieval is to harvest and vitrify oocytes in 
advance of testicular sperm extraction and thaw eggs only if fresh 
sperm are found. This approach has met with favorable outcomes.78 
While these issues are always a consideration with microdissection 
procedures, they are largely avoided with FNA Mapping and map-
directed TESE techniques as sperm retrieval procedures are uni-
formly successful (80%–100%) if the presence of sperm is known in 
advance. Through its ability to reliably allow fresh TESE sperm to be 
used with freshly retrieved eggs, FNA Mapping dramatically reduces 
the need to use frozen–thawed TESE sperm and the need to freeze 
uninjected oocytes.

There are other logistical disadvantages of microdissection TESE: 
it requires advanced surgical microscopy equipment, and proficiency 
in microsurgery. The testicular sperm retrieval rate depends on the 
skill and experience of the microsurgeon, and thus a high level of mi-
crosurgical skill is required.79 FNA Mapping is a procedure requiring 
only standard needles and a syringe holder, microscope slides and 
slide containers and is performed under local anesthesia. Expertise 
in cytological interpretation is critical for FNA Mapping, but since 
stained and fixed testis tissue slides can be shipped, this can and has 
been delegated to centers of excellence.

Interestingly, the sperm detection rate with FNA Mapping ap-
pears to have increased with the number of samples taken, a phe-
nomenon not known to be true with microdissection TESE.43 It has 
been shown that when performing up to 18 aspiration FNA sites per 
testis, the ability to find testicular sperm reaches a plateau, and fur-
ther sampling is unlikely to yield sperm.44 The false-negative rate for 
FNA Mapping is currently unpublished but appears to be <5% in ex-
perienced hands. The low false-negative rate with FNA Mapping is 
important, as NOA patients with negative diagnostic FNA Mapping 
can comfortably avoid unnecessary and more invasive testicular 
sperm extraction surgeries. The disadvantage of FNA Mapping is 
that it requires training of providers to be able to consistently and 
reliably retrieve quality cytology samples and to produce good cy-
tologic smears.

What about the outcome in cases of patients with NOA azo-
ospermia and clinical varicocele? It was reported that 2 out of 10 
varicocele repairs in azoospermic patients resulted in pregnancies.80 
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A case was reported where, even after microdissection TESE failure, 
microsurgical varicocelectomy resulted in the appearance of ejacu-
lated sperm.81 In azoospermic cases with varicocele, the decision to 
repair the varicocele before TESE/microdissection TESE is contro-
versial,82–89 although the majority of reports support the advantages 
of varicocele repair. Varicocele repair is reported to improve the his-
topathology of testes90; however, such cases are limited. The rate of 
ejaculated sperm appearance after varicocele repair is quite low. ART 
outcomes may improve after varicocele repair if TESE/microdissec-
tion TESE successfully retrieves testicular sperm.91–93 However, in 
cases where ejaculated sperm do not appear or TESE/microdissec-
tion TESE does not succeed in retrieving testicular sperm, varicocele 
repairs are deemed completely without merit, which is the outcome 
in the majority of cases.

If testicular sperm are found with diagnostic FNA Mapping, then 
varicocele repair could be more rationally recommended based on 
the cytologic findings to improve testicular sperm production. This 
could either (a) reduce the invasiveness of microdissection TESE 
procedures or (b) eliminate the need for invasive microdissection 
TESE procedures if ejaculated sperm appear after repair.

What do international societies think about the various ap-
proaches to testicular sperm retrieval in NOA cases? The European 
Association of Urology (EAU) Guidelines note that there is “low-
quality evidence” supporting the routine use of testicular fine-needle 
mapping as an alternative diagnostic and predictive tool before 
TESE in men with NOA.94 The American Urological Association and 
American Society of Reproductive Medicine (AUA/ASRM) guidelines 
recommend microdissection TESE for NOA,95 but these recommen-
dations are also based on low-quality evidence. Meanwhile, the EAU 
guidelines comment that there is no distinct difference between con-
ventional TESE and microdissection TESE for NOA.94 This discrep-
ancy has led to dispute,96,97 which has thus far been unproductive.

The JUA published its Clinical Practice Guideline for Male 
Infertility29 and noted that microdissection TESE received a grade 
A recommendation despite having only level II evidence. In sum-
mary, the evidence used for societal recommendations on the best 
method of sperm detection and retrieval in NOA cases is based on 
low-quality evidence and therefore weakens any generalizable rec-
ommendation, as well as making them subject to change with more 
data over time. This opens the possibility for considering viable al-
ternatives to microdissection TESE, including FNA Mapping.

One issue of concern is that Japanese and other Asian males have 
been reported to have lower testicular sperm retrieval rates with 
microdissection TESE compared to rates reported in the USA and 
Europe.98 The reasons for this might be complex and could involve 
ethnic variations in disease. It could also reflect the fact that micro-
surgery training is not generally required to perform microdissection 
TESE procedures among Japanese providers, so the quality of micro-
dissection TESE procedures could vary more widely. This observation 
is supported by the fact that repeat microdissection TESE procedures 
have found sperm when initial procedures have failed.99,100 The lack 
of a “standard of care” in expertise for microdissection TESE proce-
dures is in marked contrast to the way in which FNA Mapping was 

originally published with its inherent quality control mechanisms built 
into the procedure. FNA Mapping proposed a quality control model in 
which each aspiration sample is individually judged by defined cellular 
criteria as “adequate” or “inadequate” before being formally analyzed 
for sperm.9,10 The idea behind this quality control concept is that sam-
ples with insufficient cells present do not reflect the true potential of 
that area of the testicle to harbor sperm. In addition, likely due to con-
cerns about inducing hypogonadism, there are some reports which 
argue the validity of performing microdissection on the contralateral 
testis in cases where microdissection on the unilateral testis failed to 
retrieve testicular sperm.101,102 However, with the far less invasive 
procedure, performing bilateral procedures is always recommended 
given the 19% published rate of side-to-side variation in sperm pres-
ence using this technique.

3.6  |  What Else can we Learn from FNA 
mapping and microdissection TESE?

In the era of testicular sperm-ICSI, new terminology describing 
spermatogenesis throughout the entire NOA testes is needed 
beyond the current single-site pathological classification. SCO cases 
with focal spermatogenesis could be termed SCO dominant. Because 
there are no strict criteria to differentiate between MA with and 
without sperm, MA cases with no mature sperm should be called 
uniform MA8 and MA cases with limited mature sperm production 
might be called dominant MA. In this respect, FNA Mapping 
is the only comprehensive method to demonstrate this global 
heterogeneity of spermatogenesis. In microdissection TESE, all the 
tissues without sperm except biopsy specimen are discarded, which 
makes it difficult to evaluate the heterogeneity of spermatogenesis 
throughout the entire testes in an objective way for reproductive 
purposes. FNA Mapping does not compete with, but rather is 
complementary to, microdissection TESE because both methods 
aim at the same purpose: higher sperm retrieval success with lower 
complication. Thus, all physicians could relearn the pathophysiology 
of azoospermia through FNA Mapping and microdissection TESE.

4  |  CONCLUSION

In the absence of randomized trial data and according to the best 
(Cochrane) data to date, there is no definitive “gold standard” proce-
dure for testicular sperm retrieval in NOA cases.94,95 In this setting, 
microdissection TESE and FNA Mapping followed by directed TESE 
procedures are both viable approaches to finding sperm in NOA 
men. The advantages and disadvantages of these two approaches 
to testicular sperm retrieval were reviewed here. Although micro-
dissection TESE is a single-step procedure for finding and retriev-
ing testicular sperm, FNA Mapping is a two-step method to predict 
the success of retrieving testicular sperm in advance of an intended 
sperm retrieval procedure. Despite demonstrating similar overall 
sperm retrieval rates, these two approaches differ widely in (a) their 

 14470578, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12632 by SA
T

O
R

U
 K

A
N

T
O

 - C
ochrane Japan , W

iley O
nline L

ibrary on [07/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  7 of 9KANTO et al.

level of invasiveness, (b) their degree of induced hypogonadism, (c) 
their ability to predict successful sperm retrieval, and (d) their reli-
ability in avoiding unnecessary sperm retrieval procedures. A large 
advantage of FNA Mapping in NOA patients at higher risk for hy-
pogonadism is that it is the only method that predicts testicular 
sperm retrieval in advance and also guides physicians in choosing 
potentially less invasive procedures (i.e. TESA, TESE) for retrieving 
testicular sperm. We propose that, instead of recommending either 
microdissection TESE or FNA Mapping to all patients, clinicians 
should thoughtfully determine which procedure is best for each 
individual patient. This also requires that physicians be trained and 
experienced in both techniques, which will improve patient care and 
significantly enhance outcomes in the field of andrology.

ACKNOWLEDG MENTS
We acknowledge the help and expertise of Dr. Paul J. Turek of The 
Turek Clinic in San Francisco and Los Angeles for his unwavering 
guidance and support in the development and writing of this 
manuscript.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflicts of interest for this article.

ORCID
Satoru Kanto   https://orcid.org/0009-0002-5145-7839 
Kentaro Ichioka   https://orcid.org/0000-0002-5395-0240 

R E FE R E N C E S
	 1.	 Palermo G, Joris K, Devroey P, Van Steirteghem AC. Pregnancies 

after intracytoplasmic injection of single spermatozoon into an oo-
cyte. Lancet. 1992;340(8810):17–8.

	 2.	 Wosnitzer M, Goldstein M, Hardy MP. Review of azoospermia. 
Spermatogenesis. 2014;31(4):e28218.

	 3.	 Paulson DF, Lindsey CM, Anderson EE. Simplified technique for 
vasography. Fertil Steril. 1974;25(10):906–7.

	 4.	 Gepi-Attee S, Gingell JC. Bilateral vasography—a simplified 
method. Br J Urol. 1994;73(6):709–10.

	 5.	 Silber SJ, Van Steirteghem AC. Devroey P. Sertoli Cell Only 
Revisited Hum Reprod. 1995;10(5):1031–2.

	 6.	 Leslie SW, Mejiias SG, Ramphul K. Sertoli Cell-Only Syndrome. 
Treasure Island (FL): StatPearls; 2023.

	 7.	 Martin-du Pan RC, Campana A. Physiopathology of spermatogenic 
arrest. Fertil Steril. 1993;60(6):937–46.

	 8.	 Hung AJ, King P, Schlegel PN. Uniform testicular maturation ar-
rest: a unique subset of men with nonobstructive azoospermia. J 
Urol. 2007;178(2):608–12.

	 9.	 Meng MV, Cha I, Ljung B-M, Turek PJ. Testicular fine needle aspi-
ration in infertile men: correlation of cytologic pattern with biopsy 
histology. Am J Surg Pathol. 2001;25:71–9.

	 10.	 Bachtell NE, Conaghan J, Turek PJ. The relative viability of human 
spermatozoa from the vas deference, epididymis and testis before 
and after cryopreservation. Hum Reprod. 1999;14(12):3048–51.

	 11.	 Turek PJ, Cha I, Ljung BM. Systematic fine-needle aspiration of the 
testis: correlation to biopsy and results of organ "mapping" for ma-
ture sperm in azoospermic men. Urology. 1997;49(5):743–8.

	 12.	 Turek PJ, Ljung BM, Cha I, Conaghan J. Diagnostic findings from 
testis fine needle aspiration mapping in obstructed and nonob-
structed azoospermic men. J Urol. 2000;163(6):1709–16.

	 13.	 Silber SJ, Nagy Z, Liu J, Tournaye H, Lissens W, Ferec C, et al. The 
use of epididymal and testicular spermatozoa for intracytoplasmic 
sperm injection: the genetic implications for male infertility. Hum 
Reprod. 1995;10(8):2031–43.

	 14.	 Schlegel PN, Li PS. Microdissection TESE: sperm retrieval in non-
obstructive azoospermia. Hum Reprod Update. 1998;4(4):439.

	 15.	 Schlegel PN. Testicular sperm extraction: microdissection im-
proves sperm yield with minimal tissue excision. Hum Reprod. 
1999;14(1):131–5.

	 16.	 Schlegel PN, Dabaja AA. Microdissection testicular sperm ex-
traction: an update. Asian J Androl. 2013;15(1):35–9.

	 17.	 Flannigan R, Bach PV, Schlegel PN. Microdissection testicular 
sperm extraction. Trans Androl Urol. 2017;6(4):745–52.

	 18.	 Schwarzer JU, Steinfatt H, Schleyer M, Kohn FM, Fiedler K, von 
Hertwig I, et al. Microdissection TESE is superior to conventional 
TESE in patients with nonobstructive azoospermia caused by Y 
chromosome microdeletions. Andrologia. 2016;48(4):402–5.

	 19.	 Schiff JD, Palermo GD, Veeck LL, Goldstein M, Rosenwaks Z, 
Schlegel PN. Success of testicular sperm extraction [corrected] 
and intracytoplasmic sperm injection in men with Klinefelter syn-
drome. J Clin Endocrinol Metab. 2005;90(11):6263–7.

	 20.	 Boitrelle F, Robin G, Marcelli F, Albert M, Leroy-Martin B, Dewailly 
D, et al. A predictive score for testicular sperm extraction quality 
and surgical ICSI outcome in non-obstructive azoospermia: a ret-
rospective study. Hum Reprod. 2011;26(12):3215–21.

	 21.	 Vloeberghs V, Verheyen G, Haentjens P, Goossens A, Polyzos NP, 
Tournaye H. How successful is TESE-ICSI in couples with non-
obstructive azoospermia? Hum Reprod. 2015;30(8):1790–6.

	 22.	 Romano M, Cirillo F, Ravaioli N, Morenghi E, Negri L, Ozgur B, 
et al. Reproductive and obstetric outcomes in TESE-ICSI cycles: A 
comparison between obstructive and non-obstructive azoosper-
mia. Andrology. 2023;13:159–68. https://​doi.​org/​10.​1111/​andr.​
13568​. Online ahead of print.

	 23.	 Kanto S, Sugawara J, Masuda H, Sasano H, Arai Y, Kyono K. Fresh 
motile testicular sperm retrieved from nonobstructive azoosper-
mic patients has the same potential to achieve fertilization and 
pregnancy via ICSI as sperm retrieved from obstructive azoosper-
mic patients. Fertil Steril. 2008;90(5):2010.

	 24.	 Karacan M, Alwaeely F, Erkan S, Cebi Z, Berberoglugil M, Batukan 
M, et al. Outcome of intracytoplasmic sperm injection cycles with 
fresh testicular spermatozoa obtained on the day of or the day be-
fore oocyte collection and with cryopreserved testicular sperm in 
patients with azoospermia. Fertil Steril. 2013;100(4):975–80.

	 25.	 Zhang Z, Jing J, Luo L, Li L, Zhang H, Xi Q, et al. ICSI outcomes 
of fresh or cryopreserved spermatozoa from micro-TESE in pa-
tients with nonobstructive azoospermia: CONSORT. Medicine. 
2021;100(12):e25021.

	 26.	 Kanto S, Uto H, Toya M, Ohnuma T, Arai Y, Kyono K. Fresh tes-
ticular sperm retrieved from men with spinal cord injury retains 
equal fecundity to that from men with obstructive azoospermia via 
intracytoplasmic sperm injection. Fertil Steril. 2009;92(4):1333–6.

	 27.	 Iwahata T, Shin T, Shimomura Y, Suzuki K, Kobayashi T, Miyata 
A, et al. Testicular sperm extraction for patients with spinal cord 
injury-related anejaculation: A single-center experience. Int J Urol. 
2016;23(12):1024–7.

	 28.	 Ishikawa T. Surgical recovery of sperm in non-obstructive azo-
ospermia. Asian J Androl. 2012;14(1):109–15.

	 29.	 Japanese Urological Association. Clinical practice guideline for 
male infertility. Tokyo: Medical View; 2024. p. 65–72.

	 30.	 Achermann APP, Pereira TA, Esteves SC. Microdissection testic-
ular sperm extraction (micro-TESE) in men with infertility due to 
nonobstructive azoospermia: summary of current literature. Int 
Urol Nephrol. 2021;53(11):2193–210.

	 31.	 Chiba K, Enatsu N, Fujisawa M. Management of non-obstructive 
azoospermia. Reprod Med Biol. 2016;15(3):165–73.

 14470578, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12632 by SA
T

O
R

U
 K

A
N

T
O

 - C
ochrane Japan , W

iley O
nline L

ibrary on [07/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0009-0002-5145-7839
https://orcid.org/0009-0002-5145-7839
https://orcid.org/0000-0002-5395-0240
https://orcid.org/0000-0002-5395-0240
https://doi.org/10.1111/andr.13568
https://doi.org/10.1111/andr.13568


8 of 9  |     KANTO et al.

	 32.	 Turek PJ. Non-microsurgical testis sperm extraction. In: 
Skinner MK, editor. Encyclopedia of reproduction, 2nd edi-
tion. Volume 4. Amsterdam: Academic Press; 2018. p. 385–91. 
ISBN:9780128151457.

	 33.	 Godart ES, Turek PJ. The evolution of testicular sperm extraction 
and preservation techniques. Fac Rev. 2020;9:2. https://​doi.​org/​
10.​12703/​b/​9-​2

	 34.	 Van Peperstraten A, Proctor ML, Johnson NP, Philipson G. 
Techniques for surgical retrieval of sperm prior to ICSI for azo-
ospermia. Cochrane Database Syst Rev. 2006;3:CD002807.

	 35.	 Van Peperstraten A, Proctor ML, Johnson NP, Philipson G. 
Techniques for surgical retrieval of sperm prior to intra-cytoplasmic 
sperm injection (ICSI) for azoospermia. Cochrane Database Syst 
Rev. 2008;2:CD002807.

	 36.	 Vieira M. Bispo de Andrade MA, Santana-Santos E. Is testicular mi-
crodissection the only way to retrieve sperm for non-obstructive 
azoospermic men? Front. Reprod Health. 2022;4:980824. https://​
doi.​org/​10.​3389/​frph.​2022.​980824 eCollection 2022.

	 37.	 Jarvis S, Yee HK, Thomas N, Cha I, Prasad KC, Ramsav JWA, et al. 
Sperm fine-needle aspiration (FNA) mapping after failed microdis-
section testicular sperm extraction (TESE): location and patterns 
of found sperm. Asian J Androl. 2018;21(1):50–5.

	 38.	 Turek PJ. Non-microsurgical testis sperm extraction. In: Skinner 
MK, editor. Encyclopedia of reproduction. 3rd edition. Amsterdam: 
Academic Press; 2024. p. 1–9. ISBN:9780128151457.

	 39.	 Yang Y, Xi Q, Wang R, Zhang H, Li L, Liu R, et al. Heterogenicity of 
testicular histopathology and tubules as a predictor of successful 
microdissection testicular sperm extraction in men with nonob-
structive azoospermia. Medicine (Baltimore). 2018;97(22):e10914.

	 40.	 Herndon CC, Godart ES, Turek PJ. Testosterone levels among 
non-obstructive azoospermic patients 2 years after failed bilateral 
microdissection testicular sperm extraction: a nested case-cohort 
study. J Assist Reprod Genet. 2022;39(6):1297–303.

	 41.	 Ishikawa T, Yamaguchi K, Chiba K, Takenaka A, Fujisawa M. 
Serum hormones in patients with nonobstructive azoospermia 
after microdissection testicular sperm extraction. J Urol. 2009;​
182(4):1495–9.

	 42.	 Eliveld J, van der Bles I, van Wely M, Meißner A, Soufan AT, 
Heijboer AC, et al. The risk of hypogonadism after testicular sperm 
extraction in men with various types of azoospermia: A prospec-
tive cohort study. Reprod Biomed Online. 2023;46:973–81.

	 43.	 Yu Y, Xi Q, Wang R, Zhang H, Li L, Zhu H, et al. Intraoperative as-
sessment of tubules in predicting microdissection testicular sperm 
extraction outcome in men with Sertoli cell-only syndrome. J Int 
Med Res. 2019;47(2):722–9.

	 44.	 Beliveau ME, Turek PJ. The value of testicular 'mapping' in men with 
non-obstructive azoospermia. Asian J Androl. 2011;13(2):225–30.

	 45.	 Turek PJ, Givens CR, Schriock ED, Meng MV, Pedersen RA, 
Conaghan J. Testis sperm extraction and intracytoplasmic sperm 
injection guided by prior fine-needle aspiration mapping in patients 
with nonobstructive azoospermia. Fertil Steril. 1999;71(3):552–7.

	 46.	 Birowo P, Tendi W, Rasyid N, Turek PJ, Sini IR, Rizal M. Successful 
targeted testicular sperm extraction using microsurgical tech-
nique (microTESE) following fine needle aspiration (FNA) mapping 
in a non-obstructive azoospermia (NOA) patient: A case report. J 
Reprod Infertil. 2021;22(1):65–9.

	 47.	 Utlu A, Ozkaya F, Aksakalli T, Cinislioglu AE, Demirdogen SO, Altay 
MS, et al. Comparison of unilateral and bilateral microdissection 
testicular sperm extraction (MD-TESE) in patients with non-
obstructive azoospermia: a prospective study. Int Urol Nephrol. 
2023;​55(9):​2177–82.

	 48.	 Billa E, Kanakis GA, Goulis DG. Endocrine follow-up of men with 
non-obstructive azoospermia following testicular sperm ex-
traction. J Clin Med. 2021;10(15):3323.

	 49.	 Eliveld J, van Wely M, Meißner A, Repping S, van der Veen F, 
van Pelt AMM. The risk of TESE-induced hypogonadism: A 

systematic review and meta-analysis. Hum Reprod Update. 2018;​
24(4):442–54.

	 50.	 Qublan HS, Al-Jader KM, Al-Kaisi NS, Alghoweri AS, Abu-Khait 
SA, Abu-Qamar AA, et  al. Fine needle aspiration cytology com-
pared with open biopsy histology for the diagnosis of azoosper-
mia. J Obstet Gynaecol. 2002;22(5):527–31.

	 51.	 Mahajan AD, Walwalkar SJ, Rege JD, Pathak HR. The role of fine-
needle aspiration cytology of the testis in the diagnostic evalua-
tion of infertility. BJU Int. 1999;84(4):485–8.

	 52.	 Adhikari RC. Testicular fine needle aspiration cytology in azo-
ospermic males. Nepal Med Coll J. 2009;11(2):88–91.

	 53.	 Jha R, Sayami G. Testicular fine needle aspiration in evaluation of 
male infertility. JNMA J Nepal Med Assoc. 2009;48(173):78–84.

	 54.	 Mehrotra R, Chaurasia D. Fine needle aspiration cytology of 
the testis as the first-line diagnostic modality in azoospermia: a 
comparative study of cytology and histology. Cytopathology. 
2008;19(6):363–8.

	 55.	 Jashnani K, Gundawar R, Kavishwar V, Parameshwar V. Fine-
needle aspiration cytology of the testes for the classification of 
azoospermia and its value in the assessment of male infertility. 
Acta Cytol. 2020;64(3):216–23.

	 56.	 Chhieng DC, Talley LI, Roberson J, Gatscha RM, Jhala NC, Elgert 
PA. Interobserver variability: comparison between liquid-based 
and conventional preparations in gynecologic cytology. Cancer. 
2002;96(2):67–73.

	 57.	 Simsir A, Hwang S, Cangiarella J, Elgert P, Levine P, Sheffield MV, 
et al. Glandular cell atypia on Papanicolaou smears: interobserver 
variability in the diagnosis and prediction of cell of origin. Cancer. 
2003;99(6):323–30.

	 58.	 Kapadia A, Walsh TJ. Testicular mapping: A roadmap to sperm 
retrieval in nonobstructive azoospermia? Urol Clin North Am. 
2020;47(2):157–64.

	 59.	 Silber SJ, Steirteghem ACV, Liu J, Nagy Z, Tournaye H, Devroey P. 
High fertilization and pregnancy rate after intracytoplasmic sperm 
injection with spermatozoa obtained from testicle biopsy. Hum 
Reprod. 1995;10(1):148–52.

	 60.	 Lisek EW, Levine LA. Percutaneous technique for aspiration of 
sperm from the epididymis and testicle. Tech Urol. 1997;3(2):81–5.

	 61.	 Deruyver Y, Vanderschueren D. Outcome of microdissection TESE 
compared with conventional TESE in non-obstructive azoosper-
mia: a systematic review. Andrology. 2014;2(1):20–4.

	 62.	 Sacca A, Pastore AL, Roscigno M, Naspro R, Pellucchi F, Fuschi 
A, et al. Conventional testicular sperm extraction (TESE) and non-
obstructive azoospermia: is there still a chance in the era of micro-
dissection TESE? Results from a single non-academic community 
hospital. Andrology. 2016;4(3):425–9.

	 63.	 Dabaja AA, Schlegel PN. Microdissection testicular sperm ex-
traction: an update. Asian J Androl. 2013;15(1):35–9.

	 64.	 Janosek-Albright KJC, Schlegel PN. DabajaAA. Testic Sperm 
Extraction Asian J Urol. 2015;2(2):79–84.

	 65.	 Klami R, Mankonen H, Perheentupa A. Successful microdissection 
testicular sperm extraction for men with non-obstructive azo-
ospermia. Reprod Biol. 2018;18(2):137–42.

	 66.	 Tsujimura A. Microdissection testicular sperm extraction: predic-
tion, outcome, and complications. Int J Urol. 2007;14(10):883–9.

	 67.	 Shin DH, Turek PJ. Sperm retrieval techniques. Nat Rev Urol. 
2013;10(12):723–30.

	 68.	 Westlander G. Utility of micro-TESE in the most severe cases 
of non-obstructive azoospermia. Ups J Med Sci. 2020;​125(2):​
99–103.

	 69.	 Okada H, Dobashi M, Yamazaki T, Hara I, Fujisawa M, 
Arakawa S, et  al. Conventional versus microdissection testic-
ular sperm extraction for nonobstructive azoospermia. J Urol. 
2002;168(3):1063–7.

	 70.	 Tsujimura A, Matsumiya K, Miyagawa Y, Tohda A, Miura H, 
Nishimura K, et  al. Conventional multiple or microdissection 

 14470578, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12632 by SA
T

O
R

U
 K

A
N

T
O

 - C
ochrane Japan , W

iley O
nline L

ibrary on [07/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:x-wiley/isbn/9780128151457
https://doi.org/10.12703/b/9-2
https://doi.org/10.12703/b/9-2
https://doi.org/10.3389/frph.2022.980824
https://doi.org/10.3389/frph.2022.980824
info:x-wiley/isbn/9780128151457


    |  9 of 9KANTO et al.

testicular sperm extraction: a comparative study. Hum Reprod. 
2002;17(11):2924–9.

	 71.	 Hibi H, Taki T, Yamada Y, Honda N, Fukutsu H, Yamamoto M, 
et al. Testicular sperm extraction using microdissection for non-
obstructive azoospermia. Reprod Med Biol. 2002;1(1):31–4.

	 72.	 Okada H, Goda K, Muto S, Maruyama O, Koshida M, Horie S. 
Four pregnancies in nonmosaic Klinefelter's syndrome using 
cryopreserved-thawed testicular spermatozoa. Fertil Steril. 
2006;84(5):1508.

	 73.	 Koga M, Tsujimura A, Takeyama M, Kiuchi H, Talao T, Miyagawa Y, 
et al. Clinical comparison of successful and failed microdissection 
testicular sperm extraction in patients with nonmosaic Klinefelter 
syndrome. Urology. 2007;70(2):341–5.

	 74.	 Ozveri H, Kayabasoglu F, Demirel C, Donmez E. Outcomes of 
micro-dissection TESE in patients with non-mosaic Klinefelter's 
Syndrome without hormonal treatment. Int J Fertil Steril. 
2015;8(4):421–8.

	 75.	 Barookhim BM, Palermo GD, Zaninovic N, Rosenwaks Z, 
Schlegel PN. Microdissection testicular sperm extraction in men 
with Sertoli cell-only testicular histology. Fertil Steril. 2014;​
102(5):1282–6.

	 76.	 Tavukcuoglu S, Al-Azawi T, Al-Hasani S, Khaki AA, Khaki A, 
Tasdemir S. Using fresh and frozen testicular sperm samples in 
couples undergoing ICSI-MicroTESE treatment. J Reprod Infertil. 
2013;14(2):79–84.

	 77.	 Zhang H-L, Mao J-M, Liu D-F, Zhao L-M, Tang W-H, Hong K, et al. 
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(2):211–4.

	 78.	 Okuyama N, Obata R, Oka N, Nakamura Y, Hattori H, Nakajo Y, 
et al. Long-term clinical outcomes of testicular sperm extraction 
and intracytoplasmic sperm injection for infertile men. Reprod 
Med Bio. 2017;17(1):82–8.

	 79.	 Ishikawa T, Nose R, Yamaguchi K, Chiba K, Fujisawa M. Learning 
curves of microdissection testicular sperm extraction for nonob-
structive azoospermia. Fertil Steril. 2010;94(3):1008–11.

	 80.	 Mehan DJ. Results of ligation of internal spermatic vein in the 
treatment of infertility in azoospermic patients. Fertil Steril. 
1976;27(1):110–4.

	 81.	 Alharbi M, Zini A. Is there a role for varicocelectomy after micro-
dissection testicular sperm extraction? Case report and literature 
review. Urol Case Rep. 2019;27:100994.

	 82.	 Takeshima T, Yumura Y, Kuroda S, Kato Y, Noguchi K, Iwasaki A. 
Effect of varicocele repair in patients with nonobstructive azo-
ospermia. J Reprod Med. 2017;62(5–6):311–6.

	 83.	 Elzanaty S. Non-obstructive azoospermia and clinical varicocele: 
therapeutic options. Int Urol Nephrol. 2013;45(3):669–74.

	 84.	 Youssef T, Abd-Elaal E, Gaballah G, Elhanbly S, Eldosoky E. 
Varicocelectomy in men with nonobstructive azoospermia: is it 
beneficial? Int J Surg. 2009;7(4):356–60.

	 85.	 Mehta A, Goldstein M. Varicocele repair for nonobstructive azo-
ospermia. Curr Opin Urol. 2012;22(6):507–12.

	 86.	 Esteves S, Miyaoka R, Roque M, Agarwal A. Outcome of varicocele 
repair in men with nonobstructive azoospermia: systematic review 
and meta-analysis. Asian J Androl. 2016;18(2):246–53.

	 87.	 Kirby EW, Wiener LE, Rajanahally S, Crowell K, Coward RM. 
Undergoing varicocele repair before assisted reproduction im-
proves pregnancy rate and live birth rate in azoospermic and 
oligospermic men with a varicocele: a systematic review and meta-
analysis. Fertil Steril. 2016;106(6):1338–43.

	 88.	 Birowo P, Prasetyo DT, Atmoko W, Rasyid N, Sini IR. Effect 
of varicocele repair on sperm retrieval rate and testicular 

histopathological patterns in men with nonobstructive azoosper-
mia. Asian J Androl. 2022;24(1):85–9.

	 89.	 Kaltsas A, Markou E, Zachariou A, Dimitriadis F, Mamoulakis C, 
Andareadakis S, et  al. Varicoceles in men with non-obstructive 
azoospermia: the dilemma to operate or not. Front Reprod Health. 
2022;4:811487.

	 90.	 Ustuner M, Yilmaz H, Yavuz U, Ciftci S, Saribacak A, Aynur BS, 
et al. Varicocele repair improves testicular histology in men with 
nonobstructive azoospermia. Biomed Res Int. 2015;2015:1–5.

	 91.	 Kohn TP, Kohn JR, Pastuszak AW. Varicocelectomy before assisted 
reproductive technology: are outcomes improved? Fertil Steril. 
2017;108(3):385–91.

	 92.	 Inci K, Gunay LM. The role of varicocele treatment in the manage-
ment of non-obstructive azoospermia. Clinics. 2013;68:89–98.

	 93.	 Vakalopoulos I, Kampantais S, Lymperi S, Grivas N, Ioannidis A, 
Mykoniatis I, et al. Should we expand the indications for varicocele 
treatment? Trans Androl Urol. 2017;6(5):931–42.

	 94.	 Minhas S, Bettocchi C, Boeri L, Capogrosso P, Carvalho J, Cliesiz 
NC, et al. European Association of Urology guidelines on male sex-
ual and reproductive health: 2021 update on male infertility. Eur 
Urol. 2021;80(5):603–20.

	 95.	 Schlegel PN, Sigman M, Collura B, Jonge CJD, Eisenberg ML, Lamb 
DJ, et al. Diagnosis and treatment of infertility in men: AUA/ASRM 
guideline PART II. J Urol. 2021;205(1):44–51.

	 96.	 Esteves SC, Ramasamy R, Colpi GM, Carvalho JF, Schlegel PN. 
Sperm retrieval rates by micro-TESE versus conventional TESE 
in men with non-obstructive azoospermia-the assumption of in-
dependence in effect sizes might lead to misleading conclusions. 
Hum Reprod Update. 2020;26(4):603–5.

	 97.	 Corona G, Minhas S, Bettocchi C, Krausz C, Pizzocaro A, Vena 
W, et al. Reply: sperm retrieval rates by micro-TESE versus con-
ventional TESE in men with non-obstructive azoospermia-the 
assumption of independence in effects sizes might lead to mis-
leading conclusions. Hum Reprod Update. 2020;26(4):606–9.

	 98.	 Corona G, Minhas S, Giwercman A, Bettocchi C, Dinkelman-Smit 
M, Dohle G, et al. Sperm recovery and ICSI outcomes in men with 
non-obstructive azoospermia: a systematic review and meta-
analysis. Hum Reprod Update. 2019;25(6):733–57.

	 99.	 Ozman O, Tosun S, Bayazit N, Cengiz S, Bakircioglu ME. Efficacy 
of the second micro-testicular sperm extraction after failed first 
micro-testicular sperm extraction in men with nonobstructive azo-
ospermia. Fertil Steril. 2021;115(4):915–21.

	100.	 Schlegel PN. The importance of microdissection testicular sperm 
extraction intervention after prior failed nonobstructive azo-
ospermia treatment. Fertil Steril. 2021;115(4):881.

	101.	 Zhang Z, Xi Y, Liu DF, Mao JM, Zhang HT, Cheng H. Sperm retrieval 
outcomes of contralateral testis in men with nonobstructive azo-
ospermia and unsuccessful unilateral microdissection testicular 
sperm extraction. Fertil Steril. 2024;121(3):540–2.

	102.	 Alkandari MH, Bouhadana D, Zini A. Is a contralateral testicular ex-
ploration required at microdissection testicular sperm extraction 
for men with nonobstructive azoospermia, cryptozoospermia or 
severe oligozoospermia? Andrologia. 2021;53(11):e14208.

How to cite this article: Kanto S, Ichioka K, Sato Y, Uchino Y, 
Tanaka T, Endo M. Revisiting non-obstructive azoospermia: 
Is there a best way to retrieve testicular sperm? Reprod Med 
Biol. 2025;24:e12632. https://doi.org/10.1002/rmb2.12632

 14470578, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12632 by SA
T

O
R

U
 K

A
N

T
O

 - C
ochrane Japan , W

iley O
nline L

ibrary on [07/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/rmb2.12632

	Revisiting non-obstructive azoospermia: Is there a best way to retrieve testicular sperm?
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	3  |  MAIN FINDINGS
	3.1  |  Historical background of azoospermia diagnosis and sperm retrieval techniques
	3.2  |  Evidence against the superiority of microdissection TESE
	3.3  |  Microdissection TESE is not needed in Most NOA cases
	3.4  |  A comparison of current approaches to defining testis pathology in NOA cases
	3.5  |  Overview of each current testicular sperm retrieval technique
	3.6  |  What Else can we Learn from FNA mapping and microdissection TESE?

	4  |  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


