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Abstract
Purpose The purpose of this study is to assess a potential association between FSH levels and testicular volumes with 
the severity of testicular histopathology on testicular biopsy in men with non-obstructive azoospermia (NOA) undergoing 
microdissection testicular sperm extraction (microTESE).
Methods A retrospective chart review was performed from the electronic health records of men who underwent microTESE 
with NOA.
Results Eighty-six men with NOA underwent microTESE with concomitant testicular biopsy for permanent section to 
assess the testicular cellular architecture. The histopathological patterns were categorized by severity indicating the odds 
of sperm retrieval into 2 categories. The unfavorable category included Sertoli cell only pattern and early maturation arrest 
(n = 50) and the favorable category included late maturation arrest and hypospermatogenesis patterns (n = 36). In the men 
with unfavorable histopathologic patterns, the mean FSH level was 22.9 ± 16.6 IU/L, and the mean testicular volume was 
10.4 ± 6.0 cc. This was in comparison to men with favorable histopathologic patterns revealing a mean FSH level of FSH 
13.3 ± 12.0 with a mean testicular volume of 13.3 ± 5.9 cc. There was a statistically significant higher FSH level in men with 
unfavorable histopathology than favorable (p = 0.004) as well as a significant smaller mean testicular volume in men with 
unfavorable histopathology (p = 0.029).
Conclusions Higher serum FSH levels and smaller testicular volumes are associated with more severe testicular histopatho-
logical patterns in men with NOA.
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Introduction

One percent of men in the general population and 5–10% 
of men undergoing evaluation for infertility in the USA are 
azoospermic [1, 2]. Microdissection testicular sperm extrac-
tion (microTESE) offers the largest number of sperm cells 
retrievable from men with non-obstructive azoospermia 
(NOA) with primary testicular dysfunction, for use with 
in vitro fertilization/intracytoplasmic sperm injection (IVF/
ICSI) [3–6]. The combination of an elevated serum follicle 
stimulating hormone (FSH) level greater than 7.6 IU/L and 
smaller testicular volumes with a long axis of 4.6 cm or less 

predicts the etiology of azoospermia being due to spermato-
genic dysfunction [7]. This has led to testis biopsy rarely 
being indicated in the diagnostic evaluation to differentiate 
between obstructive azoospermia and NOA. However, it is 
common practice for a testicular biopsy to be obtained for 
permanent section at the time of microTESE to help define 
the testicular histopathology and the severity of the testicular 
dysfunction.

The 4 testicular histopathological tissue diagnoses in men 
with NOA include hypospermatogenesis, early maturation 
arrest, late maturation arrest, and Sertoli cell only pattern. 
The least severe histopathology seen in NOA testicular 
biopsy samples is hypospermatogenesis, which reveals gen-
eral depopulation of the seminiferous epithelium, but a vari-
ety of germ cells in all stages of spermatogenesis are visual-
ized, with the seminiferous epithelium appearing atrophic 
with diminished luminal caliber. Maturation arrest describes 
patterns with complete interruption of spermatogenesis 
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across all seminiferous tubules. Late maturation arrest refers 
to varying stages of spermatogenesis without completely 
formed sperm during or after meiotic division, such as sper-
matids but no spermatozoa. Alternatively, early maturation 
arrest refers to varying stages of spermatogenesis without 
completely formed sperm prior to meiotic division at the 
spermatogonia or the spermatocyte stage. The most severe 
histopathology is Sertoli cell only pattern, characterized by 
entirely absent germ cells with only Sertoli cells visible in 
the germinal epithelium by low-power light microscopy. It 
has been demonstrated that men with more severe histo-
pathological architecture have lower sperm retrieval rates 
[8–13].

Although a number of studies have examined multiple 
clinical factors as predictors of microTESE sperm retrieval 
rates and few have evaluated predictors of fertilization, preg-
nancy, and live birth rates, this study aims to assess whether 
there is an association between FSH levels and testicular 
volumes with the severity of the testicular histopathology 
in men with NOA [9, 10, 12, 14–25].

Materials and methods

Between January 2012 and April 2021, 86 men who pre-
sented for infertility evaluations at a couple’s fertility center 
were diagnosed with NOA by a single reproductive urologist 
(PKK). The diagnostic evaluation included a thorough his-
tory and physical examination, including testicular volume 
measurements by Prader orchidometer, 2 semen analyses 
with centrifugation revealing azoospermia, serum hormone 
testing, and genetic testing including a karyotype and a Y 
chromosome microdeletion assay. The diagnosis of NOA 
was made by the findings of atrophic testicular volumes on 
physical examination, normal semen volumes, and elevated 
FSH levels, consistent with primary testicular dysfunction. 
Men with any sperm isolated in the centrifuged semen sam-
ple consistent with cryptozoospermia were excluded from 
the data. The data included were from consecutive NOA 
patients who opted for microTESE/IVF/ICSI. Patients who 
did not choose to move forward with these treatments due to 
cost, religious reasons, or simply not interested in that level 
of treatment opted for other routes of building their family 
such as therapeutic donor sperm insemination or adoption 
and were excluded from the data. The men who elected to 
proceed underwent microTESE by a single reproductive 
urologist, at which time a testicular biopsy was performed 
and prepared for pathology for permanent section. Histo-
pathology was interpreted by a pathologist at the operat-
ing hospital as well as confirmed by a second pathologist 
at Mayo clinic. Our technique for isolating sperm from the 
microTESE specimens includes having 2 embryologists pre-
sent in the operating room during microTESE processing 

samples and searching for sperm intraoperatively. The speci-
mens were then taken back to the IVF laboratory and further 
processed and assessed for a number of hours and left to 
culture overnight with further processing and assessment 
the following day.

After St. David’s Healthcare Institutional Review Board 
exemption (1,759,181–1) for electronic health record 
review and maintenance of data in a deidentified manner 
was obtained, a retrospective chart review was performed on 
records of these men. Statistical analysis was performed with 
the Student t test, with a p value of < 0.05 considered statisti-
cally significant. Results were expressed as means ± standard 
deviations.

Results

Of the total of 86 men who underwent microTESE for 
NOA, 61/86 (71%) had sperm retrieved. The mean age of 
the men was 35.6 ± 7.3 years of age, and they had a mean 
testicular volume of 11.6 ± 7.3 CC, with a mean FSH level 
of 18.9 ± 15.5  IU/L. The permanent section pathology 
results from these men revealed that 29/86 (34%) had tes-
ticular architecture consistent with hypospermatogenesis, 
7/86 (8%) with late maturation arrest, 1/86 (1%) with early 
maturation arrest, and 49/86 (57%) with Sertoli cell only 
pattern. The results were then categorized by favorable tes-
ticular histopathology for sperm retrieval (n = 36) including 
hypospermatogenesis and late maturation arrest patterns 
which had a combined 91.7% sperm retrieval rate, versus 
unfavorable testicular histopathology patterns (n = 50) 
including early maturation arrest and Sertoli cell only pat-
terns which had a combined 56% sperm retrieval rate. FSH 
levels and testicular volumes were compared between the 
favorable histopathology and the unfavorable histopathology 
groups. Men with unfavorable histopathology had statisti-
cally significant higher levels of FSH and smaller testicular 
volumes (Table 1). Overall, 68/86 (79.1%) of the men had 
elevated FSH levels, and 68/86 (79.1%) had testicular atro-
phy. Of those with unfavorable testicular histopathology, 
47/50 (94%) had elevated FSH levels, and 42/50 (84%) had 

Table 1  Comparison of testicular volumes in cubic centimeters and 
FSH levels in IU/L for men with NOA with testicular histopathology 
that was favorable (hypospermatogenesis and late maturation arrest) 
versus unfavorable (early maturation arrest and Sertoli cell only pat-
tern). Results expressed as means ± standard deviations. Statistical 
analysis for p values performed by Student t test

Testis volume FSH

Favorable pathology (n = 36) 13.3 ± 5.9 13.3 ± 12.0
Unfavorable pathology (n = 50) 10.4 ± 6.0 22.9 ± 16.6
P value 0.029 0.004
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testicular atrophy, while 21/36 (58.3%) had elevated FSH 
levels, and 26/36 (72%) had testicular atrophy in the favora-
ble pathology group.

The mean serum total testosterone level in the men with 
unfavorable histopathology was 300 ng/dL ± 173, and the 
mean in the favorable group was 310 ng/dL ± 148. There was 
not a statistically significant difference between testosterone 
levels in the 2 groups, p value 0.78.

Discussion

NOA is considered the most challenging scenario in couples 
fertility care and requires a high level of treatment for both 
partners. The advent of microTESE significantly improved 
the odds for these couples to have an opportunity to conceive 
with autologous gametes. The odds of sperm retrieval with 
microTESE have been associated with severity of the testicu-
lar histopathological architectural pattern in the parenchyma 
of the testis [8–13]. The outcomes of the men in this study 
were consistent with a significantly higher sperm retrieval 
rate of 91.7% in men with favorable histopathological pat-
terns as opposed to 56% sperm retrieval rates in the men 
with unfavorable histopathological patterns.

The differentiation between azoospermia due to obstruc-
tion and NOA due to spermatogenic dysfunction previously 
required a diagnostic testicular biopsy to assess the level 
of spermatogenesis prior to offering definitive therapeutic 
options. More recently, the clinical findings of an elevated 
serum follicle stimulating hormone (FSH) higher than 
7.6 IU/L and smaller volume testicles with a long axis of 
4.6 cm or less has been established to predict the etiology 
of azoospermia to be due to spermatogenic dysfunction, or 
NOA [7]. The objective of this study was to assess whether 
the clinical findings of testicular volumes and FSH levels 
correlate with the severity of the histopathology identified in 
the testes of men with NOA undergoing microTESE.

The findings of more severe histopathological patterns of 
early maturation arrest and Sertoli cell only not only signifi-
cantly correlated with higher FSH levels and smaller testicu-
lar volumes, but revealed great significance statistically with 
p values of 0.004 and 0.029, respectively. Therefore, FSH 
and testicular volumes may not only assist in differentiating 
between obstructive azoospermia and NOA but may also 
indicate the severity of and testicular cellular architecture 
in men with NOA.

A limitation to this study is the sample size; however, 
appropriate statistical analysis was performed. Another limi-
tation is the understanding that the testicular histopathology 
may be heterogeneous throughout the parenchyma of the 
testis, although it has been well established that a testicular 
biopsy such as those performed in the men in this study 

is the standard for assessment of testicular histopathology 
[7–9, 11–13].

Conclusions

Higher serum FSH levels and smaller testicular volumes are 
associated with more severe testicular histopathology in men 
with NOA.
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