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ABSTRACT
A limited number of  individuals with non-obstructive azoospermia (NOA) may recover spermatozoa through tra-
ditional testicular sperm extraction (TESE) techniques. There is an ongoing debate over the effectiveness of  micro-
dissection TESE compared to standard TESE methods. Microdissection TESE (micro-TESE) techniques enable the 
identification of  spermatogenesis foci in non-obstructive forms of  azoospermia. Only histological examination can 
provide an objective and definitive assessment of  the testicular phenotype. This study aimed to evaluate the correla-
tion between histopathological findings after microdissection TESE (micro-TESE) and the predictive role of  various 
factors in determining the success of  sperm retrieval. We evaluated 24 patients with azoospermia who underwent 
micro-TESE and considered the patient's hormonal profile, testis ultrasound, genetic evaluation, histology, and im-
munohistology (PLAP antibody) of  collected testis biopsies. The preoperative blood FSH level, in conjunction with 
other parameters, may aid in the prediction of  micro-TESE success. Sensitivity increases, and specificity decreases 
with higher FSH levels. Furthermore, testicular volume and FSH levels are typically normal in patients with mat-
uration arrest. In conclusion, hormones, ultrasound evaluation of  the testicles, testis volume, and available genetic 
tests have a predictive value in differentiating obstructive azoospermia (OA) from NOA with various sensitivity and 
specificity rates. Histological and immunohistochemical evaluation establishes the testicular phenotype accurately 
and guides patient management.

KEYWORDS: azoospermia, non-obstructive azoospermia, maturation arrest, Sertoli only cells syndrome, micro-TESE, 
conventional TESE.

ABBREVIATIONS: AZF microdeletions – azoospermia factor microdeletions; CFTR mutations – cystic fibrosis 
transmembrane conductance regulator; FSH – follicle-stimulating hormone; ICSI – intracytoplasmic sperm 
injection; IVF – in vitro fertilisation; LH – luteinizing hormone; Micro-TESE – microdissection testicular sperm 
extraction; NOA – non-obstructive azoospermia; OA – obstructive azoospermia; PBS – phosphate-buffered saline; 
PLAP – anti-placental alkaline phosphatase; SHBG – sex hormone binding globulin; SOCS – Sertoli only cells 
syndrome; SSR – successful sperm retrieval; TESE – testicular sperm extraction.

Author Affiliations
1. Department of  Urology and Surgical Nephrology, Nicolae Testemiţanu State University of  Medicine and Pharmacy, 

Chisinau, Moldova 
2. Laboratory of  Andrology, Functional Urology and Sexual Medicine, 

Nicolae Testemiţanu State University of  Medicine and Pharmacy, Chisinau, Moldova 

DOI
10.25122/jml-2022-0336

Dates
Received: 1 December 2022 

Accepted: 8 January 2023

INTRODUCTION

Non-obstructive azoospermia (NOA) is distinguished by 
a complete absence of  spermatozoa in semen due to minimal 
or no spermatogenesis, as opposed to obstructive azoospermia 

(OA), which is defined by an obstruction in the ductal system. 
Genetic conditions such as sexual chromosomal abnormalities, 
Y chromosome translocations and microdeletions, cryptorchi-
dism, testicular torsion, radiation, and toxins are potential causes 
[1, 2]. NOA accounts for about 10% of  all male infertility [3]. 
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Fine needle aspiration, which may be ultrasound-guided, tradi-
tional testicular sperm extraction (TESE), and microdissection 
TESE, are all alternatives for collecting viable spermatozoa in 
these patients. The first line of  treatment for people with NOA 
is now TESE combined with intracytoplasmatic sperm injection. 
The recovery of  spermatozoa in NOA appears to be more suc-
cessful with testicular biopsy than with FNA [4, 5]. 

Conventional TESE was once considered the gold standard 
for sperm recovery in these individuals. However, the procedure 
involves exposing the testis by a tiny incision and taking one or 
more blind biopsies, with an average retrieval rate of  about 50% 
in NOA patients [6]. Though rare, potential side effects could 
include hematoma, inflammatory changes, irreversible devascu-
larization, and severe testicular tissue loss [7]. 

In 1999, MicroTESE was first made available [8]. In this 
method, the tunica albuginea is extensively opened, and the tes-
ticular tissue is examined under an operating microscope at a 
magnification of  20 to 25x, enabling the visualization of  whitish, 
bigger, and more opaque tubuli. This method is based on the 
assumption that these tubuli have active spermatogenesis, and 
by identifying sub-tunical vessels, the risk of  devascularization is 
reduced. Multiple studies have been conducted to compare the 
effectiveness of  conventional TESE and micro-TESE. 

Testicular volume and testicular germ cell content are re-
flected in serum FSH levels. Men may be diagnosed with NOA 
if  their FSH level is less than 7.6 mIU/mL or their testicular 
long axis measures less than 4.6 cm [9]. If  these men consent 
to advanced reproductive care, therapeutic testicular biopsy and 
sperm extraction, processing, and cryopreservation for IVF/ICSI 
are the recommended course of  action [9]. 

A different, perhaps more effective strategy is required due 
to the high likelihood of  failure, which includes the 30%–60% 
of  men without sperm and the 50%–91% of  IVF/ICSI couples 
who do not become pregnant [10–12]. Currently, there is a lack 
of  consensus on the best approach for selecting patients and tim-
ing for surgery [13]. Although the effectiveness of  micro-TESE 
in comparison to other sperm retrieval methods has been widely 
acknowledged, it is still unclear and controversial how to deter-
mine who may benefit from the technique prior to surgery [12].

MATERIAL AND METHODS

The study included 24 patients, representing the first treat-
ment experience using micro-surgical methods in patients with 
azoospermia in the Republic of  Moldova. Patients underwent 
investigations according to the pre-established algorithm: sperm 
evaluation accordingly to the WHO 2010 guide recommenda-
tions, hormonal testing (LH, FSH, testosterone, SHBG, prolac-
tin, and estradiol), ultrasound of  the scrotum and relevant ge-
netic examination (karyotype, AZF microdeletions, and CFTR 
mutations) before surgical treatment. Azoospermia was estab-
lished when the absence of  spermatozoa was confirmed in two 
semen samples. Thus, according to WHO guidelines, sediment 
analysis was performed after 600 g centrifugation for 15 minutes 
and screening at 400x magnification using an inverted micro-
scope. The same team worked on all interventions and post-in-
tervention tissue analyses. The tissue removed during microsur-
gery was carefully examined using a combination of  mechanical 
and enzymatic maceration techniques. Samples were preserved 
by freezing and then subjected to both histological and immu-
nohistochemical testing to obtain detailed information about 
the tissue.

Surgical procedure 

All patients underwent surgery according to the same algo-
rithm and surgical technique. The surgical intervention was per-
formed under spinal anesthesia. The tunica vaginalis is opened 
following a midline scrotal incision. The testis is opened widely 
in an equatorial plane in the middle, revealing the testis covered 
with the tunica albuginea. As a result, seminiferous tubules can 
be exposed widely in a natural manner that mimics intratesticu-
lar blood flow. The remaining steps of  the operation are carried 
out under a 20–25x operating microscope. The tubules are re-
moved for small samples. Sperm are more likely to be found in 
bigger and more opaque tubules. Depending on the size of  the 
testicles and the condition of  the tubules, up to 15 biopsies may 
be collected from each side. Once all visible parenchymal regions 
have been examined under a microscope or when additional dis-
section is deemed likely to endanger the testicular blood supply, 
the surgery is over. All the fragments were collected in 3 sam-
ples: sample 1 – intended for the preliminary control, carried out 
on the day of  the intervention; sample 2 – intended for gradual 
cryo-freezing; and sample 3 – intended for the histological exam-
ination, which was taken and fixed in Bouin's solution. 

Preliminary evaluation of testicular tissue

After the initial samples were taken, the tissue was examined 
intraoperatively, and a preliminary assessment of  the presence or 
lack of  spermatozoa in the samples was made. Before centrifu-
gation, the tissue was mechanically macerated and suspended in 
the washing solution (Sperm Air, Ginemed). The sediment was 
inspected under a phase contrast microscope at x200 magnifi-
cation. The outcome was reported intraoperatively. If  no sperm 
were discovered, the tissue was then exposed to the enzymatic 
lysis procedure. The collagenase solution and tissue suspension 
were combined in a 1:1 ratio, and the mixture was shaken every 
10–15 minutes throughout an incubation period of  60 minutes 
at 37℃. After the incubation, the undigested tissue was pelleted, 
and the supernatant was separated using centrifugation at 50 g 
for 5 minutes. Enzymes were taken out by adding an equivalent 
amount of  wash media. The supernatant was separated using 
two 1800 g/5-minute centrifugations to separate the sample. The 
sediment was checked with a micro drop on the day of  the inter-
vention, and the results were recorded.

Testicular tissue freezing

The collected testicular tissue (2nd sample) was frozen in or-
der to preserve fertility and short-term storage until the histology 
results with the determination of  the histological phenotype were 
available. Therefore, the testicular tissue was fixed using a spe-
cial sperm-freezing media (Sperm Freezing Medium, ORIGIO, 
Denmark). Additionally, programmed freezing was carried out 
on the fixed tissue using freezing equipment (in our case Freeze 
Control CL 8800i, Cryologic, Australia). The recommended 
procedure consisted of  cooling the tissue to -10℃ for the first 
10 minutes, then cooling the content to -40℃ in the following 
7 minutes before the samples were placed in liquid nitrogen stor-
age. This was followed by a 5-minute plateau period.

Histological and immunohistochemical examination

The tissue (3rd sample) was fixed using Bouin's solution for 
24 hours. The tissue in the fixative was dried after many rinses. 
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Cleaning, embedding medium (paraffin) infiltration, microtome 
sectioning, transfer to slides, and drying the sections were per-
formed after dehydration. It was then deparaffinized in xylene, 
rehydrated, stained with hematoxylin, thoroughly rinsed, stained 
with eosin, rinsed with ethanol, dehydrated, cleaned, and covered.

As previously mentioned, paraffin-embedded tissue blocks 
were sliced into pieces that were between three and five microme-
ters thick, and these sections were then put on silane-coated slides. 
Tissue section-containing slides were incubated for 20 minutes at 
60℃. Following deparaffinization, the sections were heated for 
3–5 minutes at 800 and 400 W in a microwave with 10 mmol/L 
of  citrate buffer (pH 6.0) in order to retrieve antigens. The tissue 
slides were then rinsed with phosphate-buffered saline (PBS), and 
the endogenous peroxidase activity was suppressed by a 5-min 
treatment with H2O2. After being cleaned with PBS buffer, the 
slides were incubated with the primary antibody (placental al-
kaline phosphatase, PLAP) for 30 minutes at room temperature. 
The secondary biotinylated antibody was added for a 30-min in-
cubation after washing in PBS. Following a PBS buffer wash, the 
slides were incubated with streptavidin-horseradish peroxidase 
for 30 minutes. After a second PBS wash, chromogen was applied 
to the tissue slices for five minutes. The slides were dehydrated 
with alcohol (96%), cleaned with xylene, rinsed in distilled water, 
stained with hematoxylin for one minute, washed with water, and 
mechanically covered. This protocol was simultaneously done 
with the positive control tissue slides. 

Testicular biopsy evaluation and scoring

The sections were evaluated according to the following mor-
phological criteria [14]:

•	 Absence of  seminiferous tubules (tubular sclerosis);
•	 Absence of  germ cells (Sertoli cell only syndrome);
•	 Maturation arrest – spermatogenesis arrested at different 

stages (spermatogonia, spermatocytes, or spermatids);

•	 Hypospermatogenesis – all cell types up to spermato-
zoa are present, but there is a distinct decline in repro-
ducing spermatogonia;

•	 Mixed atrophy can be global (present in all tubules) or 
focal, with a variable percentage of  tubules displaying 
various stages of  qualitatively and quantitatively limited 
spermatogenesis.

Spermatogenesis was assessed using Johnsen's score. The 
Johnsen criteria convert the cell profile found along the seminifer-
ous tubules into a ten-point score system for assessing spermato-
genesis. Johnsen scores range from 1 to 10, with 1 representing 
the complete absence of  germ cells and 10 representing maxi-
mum spermatogenesis activity.

RESULTS

The study included 24 patients with an average age of  34, 
ranging from 23 to 42 years old. All patients were diagnosed 
with azoospermia after at least 2 semen analyses. Surgery was 
performed with informed consent after fully explaining the risks 
and success rates to the patients. Before the intervention, 10 pa-
tients received chorionic gonadotropin to adjust their testoster-
one levels, which were initially below 8 mmol/L. The results of  
hormonal investigations, testicular volume, and genetic diagnosis 
can be found in Table 1.

Hypergonadotropic hypogonadism (FSH >8 mIU/mL or/
and LH >7.6 mIU/mL) was confirmed in 16 patients (66.7%), 
while 8 patients (34.3%) were diagnosed with normogonadotrop-
ic hypogonadism. In patients with non-obstructive azoospermia, 
the average value of  FSH was 27.4 mIU/mL, with values rang-
ing from 11.7 and 48.3 mIU/mL. Only 6 patients (37.5%) in 
the hypergonadotropic hypogonadism group had FSH values 
<20 mIU/mL, which is considered the upper limit of  FSH with 
a higher success rate for sperm retrieval. In the NOA group, only 

P FSH  
(mIU/mL)

LH  
(mIU/mL)

Testosteron 
(nmol/L)

Right testis 
volume (ml)

Left testis 
volume (ml) Cariotype AZF  

micro-deletions
CFTR 

mutations

Hypergonadotropic azoospermia

1. 15.3 8.9 7.4 8.3 10.7 46,XY No deletions Absent

2. 24.5 12.1 10.1 7.5 6.4 46,XY No deletions Absent

3. 11.7 15.9 5.4 10.9 7.2 46,XY No deletions Absent

4. 35.1 18.4 11.3 6.8 8.9 46,XY No deletions Absent

5. 30.5 9.4 15.6 10.4 7.3 46,XY No deletions Absent

6. 39.0 21.6 10.6 5.2 4.2 46,XY No deletions Absent

7. 12.2 11.9 13.5 14.6 10.4 46,XY No deletions Absent 

8. 16.2 6.3 9.8 18.2 16.9 46,XY sY254, sY255, 
sY1291, sY242 Absent

9. 48.3 23.9 7.7 7.3 8.7 46, XY No deletions Absent

10. 27.5 12.9 8.2 8.5 8.4 46,XY No deletions Absent

11. 19.7 6.9 14.9 14.9 7.2 46,XY No deletions Absent

12. 30.1 19.4 4.5 5.8 8.7 46,XY No deletions Absent

13. 34.5 23.4 5.8 9.4 7.3 46,XY No deletions Absent

14. 45.0 21.6 13.0 6.2 4.6 46,XY No deletions Absent

15. 15.2 10.9 16.9 12.6 9.4 46,XY No deletions Absent 

16. 34.2 17.3 8.7 3.4 3.0 47,XXY No deletions Absent

Table 1. Hormonal, testis volume, and genetic findings in the studied group.
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one patient had sperm cells, with an FSH value of  19.7 mIU/mL. 
The average value of  LH in the NOA group was 15.05 mIU/mL, 
with values ranging from 6.3 and 23.4 mIU/mL. The average 
value of  FSH and LH in patients with a presumptive diagnosis of  
obstructive azoospermia was 5.0 mIU/mL and 4.85 mIU/mL, 
respectively. The average testosterone value in patients with NOA 
was 10.2 nmol/L compared to 16.7 nmol/L in those with OA.

The average testicular volume in patients with NOA was 
9.4 ml and 8 ml on the left and right, respectively. In patients 
with OA, the testicular volume was significantly increased, with 
an average value of  17.5 ml on the right and 15.4 on the left. In 
one patient, the only surgical testicle on the right was operated 
on; the left was removed in childhood for unknown reasons.

Genetic investigations revealed that 2 patients had genetic 
issues: one had Klinefelter syndrome (47, XXY) and one had 
an incomplete AZF microdeletion of  the Y chromosome (type b 
and c). Additionally, all patients were tested for cystic fibrosis gene 

mutations with the absence of  mutations in the study group. At 
the same time, a single patient was identified intra-operatively 
with bilateral vas deferens atresia, with confirmed obstructive 
azoospermia and the absence of  cystic fibrosis gene mutations.

The results of  the histological and immunohistochemical 
investigations are presented in Table 2. A total of  47 biopsies 
were obtained from 24 patients, with one surgical testicle biopsy 
taken from one patient. In the group of  patients with hypergo-
nadotropic hypogonadism, 8 patients (50%) were identified with 
Sertoli cell syndrome only (Figure 1), 4 patients (25%) with fi-
brosis and SOCS, and only one patient was identified with total 
fibrosis (Figure 2) of  the testicular parenchyma, this patient was 
diagnosed with Klinefelter syndrome. Mixed atrophy (Figure 3) 
was identified in 2 patients with a pre-intervention diagnosis of  
NOA, and these were the only patients in whom spermatozoa 
were identified after the intervention. Maturation arrest was 
identified in only one patient from the group of  patients with 

P FSH  
(mIU/mL)

LH  
(mIU/mL)

Testosteron 
(nmol/L)

Right testis 
volume (ml)

Left testis 
volume (ml) Cariotype AZF  

micro-deletions
CFTR 

mutations

Normogonadotropic azoospermia

17. 3.9 4.4 14.7 15.5 14.3 46,XY No deletions Absent 

18. 4.3 3.3 19.1 16.7 18.3 46,XY No deletions Absent 

19. 6.3 4.5 17.2 20.4 15.4 46,XY No deletions Absent 

20. 7.1 5.2 16.5 14.5 13.2 46,XY No deletions Absent 

21. 3.4 6.4 18.3 14.5 12.3 46,XY No deletions Absent 

22. 5.2 2.3 16.0 18.7 19.3 46,XY No deletions Absent 

23. 2.3 4.5 15.3 20.4 none 46,XY No deletions Absent 

24. 7.8 8.2 16.3 16.5 15.2 46,XY No deletions Absent 

Table 1. Continued.

P Histology Imunohistochemistry PLAP Johnsen's score Sperm retrival 

Hipergonadotropic azoospermia

1. Fibrosis, SCOS Negative 1-2 None

2. SCOS Negative 2 None

3. Mixed atrophy: SCOS, fibrosis, 
normal morphology Negative 1-9 Succesful

4. Fibrosis, SCOS Negative 1-2 None

5. SCOS Negative 2 None

6. SCOS Negative 2 None

7. Fibrosis, SCOS Negative 1-2 None

8. Maturation arest, spermatide stage Negative 2-7 None 

9. SCOC Negative 2 None

10. SCOC Negative 2 None

11. Mixed atrophy: SCOS, fibrosis, 
normal morphology Negative 1-9 Succesful

12. SCOC Negative 2 None

13. SCOS Negative 2 None

14. Fibrosis Negative 1 None

15. Fibrosis, SCOS Negative 1-2 None

16. SCOS Negative 2 None

Table 2. Histological and immunohistological findings, Johnsen score, and sperm retrieval results.
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NOA, who was also diagnosed with Y chromosome microdele-
tion type b and c, with normal testicular volume, normal LH, 
and FSH value of  16.2 mIU/mL.

From the group of  patients with OA, only 5 were confirmed 
with completely normal morphology of  the tubules (Figure 4), 
and in 2 patients, the histological phenotype of  mixed atrophy 
was established. A patient with absolutely normal testicular vol-
ume and hormonal values within the normal limits, presumed to 
be a patient with OA, was identified with a histological pheno-
type of  maturation arrest with spermatids stage.

Patients with hypergonadotropic hypogonadism and NOA 
were additionally tested using immunohistochemistry techniques 
for PLAP antigen. All tested patients had negative results, the 
control sample being positive in all cases.

Histological samples were evaluated using Johnsen's score 
criteria to determine the presence or absence of  germline cells. 
Thus, the maximum Johnsen score of  9–10 points was assessed in 
only 5 patients out of  8 presumed to have OA. Only one patient 
had a score of  6–7, specific to maturation arrest, and 2 other 
patients had a score of  1–9, indicating mixed atrophy. From the 
group of  patients with NOA, the Johnsen score 1–2 was assigned 
to 13 patients, one patient was assigned a score of  1, indicating 
complete fibrosis, and the other 2 patients were assigned a score 
of  1–9, specific to mixed atrophy.

DISCUSSIONS 

While traditional TESE is a blind operation, microTESE 
has the potential advantage of  allowing direct visualization of  
testicular tissue during the procedure. Unfortunately, there have 
not been any properly randomized comparative studies to date 
that compare microTESE to standard TESE in patients with 
non-obstructive azoospermia (NOA) due to the complexity of  the 
study design. However, the published retrospective and prospec-
tive pseudo-randomized studies covering both methods generally 
demonstrate increased SRR after microTESE. It is improbable 
that the choice of  patients has anything to do with a better out-
come. Nevertheless, it is difficult to reach firm conclusions due 
to the paucity of  studies contrasting the two approaches. The 
microTESE technique appears to be particularly beneficial for 
patients with Sertoli-only cells syndrome, as it allows for the iden-
tification of  isolated areas of  spermatogenesis, which may be the 
reason for the higher success rate in these patients [6]. It is gener-

ally known that some men with NOA still have patchy spermato-
genesis, whereas other men with NOA lack germ cells and/or fail 
to mature spermatozoa in all tubuli.

Contrary to popular belief, patchy spermatogenesis may still 
be present in people with a histological diagnosis of  SCOS. This 
discovery explains why the results of  traditional TESE cannot 
be predicted by inadequate histology categorization. Further-
more, two studies have shown that microTESE in patients with 
Sertoli-only cells syndrome (SCOS) results in a higher sperm re-
trieval rate, suggesting that the use of  microscopic magnification 
during the procedure allows for the identification of  isolated ar-
eas of  spermatogenesis in these patients. 

MicroTESE appears less advantageous in maturation arrest, 
where all tubuli are microscopically homogeneous despite active 
spermatogenesis [15]. It is debatable whether serum FSH levels 
can accurately predict successful sperm retrieval, as studies have 
shown that higher FSH levels tend to result in lower success rates 
for both MicroTESE and other procedures. A major retrospec-
tive study showed that NOA males with elevated FSH have an 
equal chance of  sperm retrieval as men with reduced FSH [16, 
17]. Because spermatogenesis is irregular, the testicular volume 
has a poor predictive value. After the microTESE surgery, fewer 
sonographic problems were seen, including fibrosis and hemato-
ma. However, given that no discernible difference in the rate of  
clinical complications is mentioned in any of  the articles includ-
ed, these findings appear to have little clinical significance. The 
serum testosterone levels revert to their initial levels following 
both treatments. 

Several studies have been conducted to examine the use of  
preoperative factors in predicting sperm retrieval outcomes us-
ing conventional methods. Conventional TESE has been found 
to result in marked differences in FSH levels between patients 
where sperm retrieval is successful and those where it is not [18, 
19]. Additionally, azoospermic men with high FSH have been 
demonstrated to have decreased sperm retrieval rates [20]. Sev-
eral researchers have proposed that the administration of  recom-
binant FSH prior to a sperm retrieval operation may improve 
the success rate of  the procedure [21]. A study was conducted 
on 108 males with non-obstructive azoospermia (NOA) and nor-
mal FSH levels, where the study group received pure FSH ther-
apy three times a week for three months prior to micro-TESE, 
while the control group received no therapy. The results of  this 
study suggest that the preoperative FSH level, in combination 
with other parameters, may be useful in predicting the success of  

Table 2. Continued.

P Histology Imunohistochemistry PLAP Johnsen's score Sperm retrival 

Normogonadotropic azoospermia

17. Normal morphology Not done 9-10 Succesful

18. Normal morphology Not done 9-10 Succesful 

19. Normal morphology Not done 9-10 Succesful

20. Mixed atrophy: SCOS, maturation arest, 
normal morphology Not done 1-9 None

21. Maturation arest, spermatide stage Not done 6-7 None

22. Normal morphology Not done 9-10 Succesful 

23. Normal morphology Not done 9-10 Succesful

24. Mixed atrophy: SCOS, maturation arest, 
normal morphology Not done 1-9 Succesful
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Figure 1. Sertoli only Cells Syndrome – most of the tubules can be found with a total absence of the germ cells and their precursors.

Figure 2. Testicular fibrosis – complete testicular fibrosis found in a patient with Klinefelter Syndrome.
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Figure 3. Mixt atrophy – completely normal tubules, with Johnsen score 9–10, near the Sertoli-only Cells Syndrome tubules and testicular 
fibrosis.

Figure 4. Obstructive azoospermia - multiple tubules with normal spermatogenesis, Johnsen score 9–10.
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micro-TESE [22]. The sensitivity of  FSH levels ranged from 9% 
to 71%, while specificity ranged from 40% to 90%. 

Testicular volume cut-off  values as low as 5 mL ranged from 
7.6% to 50% in sensitivity and 6.7% to 71% in specificity. The 
sensitivity of  FSH in predicting effective testicular sperm ex-
traction (TESE) is poor within the range of  normal FSH values. 
Sensitivity increases and specificity decreases with higher FSH 
levels [22].

Furthermore, testicular volume and FSH levels are typ-
ically normal in patients with maturation arrest [22, 23]. In 
other studies, patients with a high FSH level and a tiny testicle 
(26 mIU/mL and 5 mL, respectively) had spermatozoa or ma-
ture spermatids extracted from them or described in testicular 
biopsies [23–25]. More recently, sperm retrieval rates for TESE 
attempts in 42 men with Klinefelter syndrome and mean FSH 
levels of  33.2 IU/L were 72% [26]. 

However, most research indicates that FSH levels have min-
imal or no predictive value for the success of  TESE and other 
sperm retrieval procedures [27–29], except for these outlier re-
ports. In terms of  micro-TESE, it was previously demonstrated 
that males with higher FSH levels had comparable or superior 
sperm retrieval to those with lower FSH levels [16, 30]. It is im-
portant to note that even among males with normal FSH levels, 
there may be instances where a consistent histological pattern of  
maturation arrest is present, resulting in extremely low rates of  
sperm retrieval [31]. 

Previous research has established a correlation between el-
evated FSH levels and poor histological characteristics, as well 
as lower rates of  sperm retrieval in the testicular biopsy. [16, 32] 
These apparent inconsistencies can be explained by the fact that 
FSH serves as an indicator of  overall testicular function. Since 
only a few seminiferous tubules in the testis may contain sperm, 
a high FSH level may not accurately reflect the amount of  germ 
cells in the testis [33]. The utilization of  micro-TESE has demon-
strated the ability to achieve successful sperm retrieval in indi-
viduals with high levels of  follicle-stimulating hormone (FSH). 
This surgical technique allows for the identification of  regions 
of  advanced spermatogenesis within the testicle, thereby increas-
ing the likelihood of  obtaining viable sperm. High or abnormal 
FSH levels should not be considered as a contraindication for the 
application of  micro-TESE, particularly when performed by a 
skilled and experienced practitioner. In perspective, new factors 
for male infertility causes are expected to be considered for better 
prediction of  SSR rate [34].

CONCLUSIONS

The probability of  successfully recovering sperm during 
surgery is complex and cannot be accurately predicted by any 
single factor or variable. Despite this, recent research suggests 
that a combination of  preoperative factors can be used to inform 
patient counseling and guide clinical decision-making. However, 
more research is needed to develop a comprehensive strategy for 
predicting the outcomes of  sperm retrieval in men with non-ob-
structive azoospermia (NOA) using genetic, molecular, and im-
aging techniques.
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