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Abstract
We aimed to find a correlation between the intraoperative diameters of the seminiferous tubules evaluated at high magni-
fication during micro-testicular sperm extraction (micro-TESE) and total motile sperm count (TMSC) in non-obstructive 
azoospermic (NOA) patients. Five hundred four consecutive NOA patients were included and underwent micro-TESE. The 
change in the mean TMSC and different seminiferous tubular diameters was of high statistical significance (p < 0.001). It 
should be noted that the highest mean TMSC was reported in the dilated tubules (DTs) group followed by the other study 
groups 941.72 ± 196.97, 487.37 ± 443.57, and 34.54 ± 60.79, respectively. Furthermore, 21 naïve cases had dilated tubules 
(DTs) and 18 (85.7%) of them had shown eventful micro-TESE. Conversely, 186 naïve cases had slightly dilated tubules 
(SDTs), and 101 (54.3%) of them had eventful micro-TESE. Only 8 (24.25%) cases of the 33 cases had non dilated tubules 
(NDTs) and showed eventful micro-TESE. The frequency of intrasurgical seminiferous tubular diameter and micro-TESE 
outcome among the naïve cases had demonstrated a highly statistical significance (p < 0.001). Interestingly, all salvaged cases 
(100%) with DTs and a previous eventful TESE had shown eventful TESE in the current study. The most dilated intrasurgical 
seminiferous tubular diameter is associated with the highest TMSC in NOA patients including SCO cases.

Keywords  Micro-TESE · Non-obstructive azoospermia (NOA) · Seminiferous tubular diameter · Sperm retrieval rate 
(SRR)

Introduction

Microdissection testicular sperm extraction (micro-TESE) 
is the gold standard surgical technique for non-obstructive 
azoospermia (NOA) patients with variable sperm retrieval 
rates (SRRs) among centers [1]. The probability of success-
ful sperm retrieval (SSR) is 1.5 times using micro-TESE 
compared to conventional TESE [2]. This higher SSR is 
due to the optical magnification (15–24 ×) of the testicu-
lar parenchyma that helps the identification of dilated and 
sometimes opaque tubules, which are presumed to contain 
mature germ cells [3, 4]. Detection of the prevalent seminif-
erous tubule caliber pattern using high optical magnification 

has attracted the attention of few authors in the past decade 
due to it’s potential ability to explain the outcome of micro-
TESE in NOA subjects [5–7]. Consistently, a previous study 
had shown that selecting and isolating the most dilated and 
opaque seminiferous tubules using the surgical loop coupled 
with laboratory stereoscopic dissection led to better sperm 
retrieval in NOA men [8]. We aimed in this prospective 
cohort study to find a correlation between the intrasurgical 
diameter of the seminiferous tubules evaluated at high mag-
nification during micro-TESE and total motile sperms count 
(TMSC) in NOA patients either naïve or salvaged cases.

Methods

A prospective cohort study was conducted where it included 
504 consecutive patients attending Adam International 
Hospital. All participants were males complaining of pri-
mary infertility diagnosed as NOA. An informed consent 
was signed by all participants in the study which explained 
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thoroughly the steps of the study and the possible beneficial 
outcomes expected which was approved by our institutional 
review board (I-071018) and conformed to Helsinki declara-
tion (2013) [9].

Inclusion Criteria

Any patient who was diagnosed as NOA by bringing at least 
2 consecutive semen analyses or who had proved spermato-
genesis impairment from a previous diagnostic testicular his-
topathology were included in the current study. Also, there 
should be a time interval 6–12 months from the previous 
TESE (Fig. 1). [10, 11].

Exclusion Criteria

Any patient who was diagnosed as cryptozoospermia or 
bilateral cryptorchidism or finally having abnormal karyo-
typing that contraindicates ICSI was excluded from the cur-
rent study (Fig. 1).

All patients were subjected to a complete medical history 
and both general and local genital examinations to evalu-
ate potentially correctable causes of infertility. Testicular 
volume was determined sonographically using Lambert for-
mula = length × width × height × 0.71 as it is more sensitive 
than Prader orchidometery [12, 13]. Moreover, a testicular 
volume of ≥ 12.5 cm3 was considered normal and less than 
that as small [14]. Additionally, serum follicle stimulat-
ing hormone (FSH), luteinizing hormone(LH), prolactin, 
estradiol (E2), total testosterone, and free testosterone lev-
els were evaluated using chemiluminescence immunoassay 
(CLIA) technique (1.5–14 mIU/ml for FSH, 1.5–8 mIU/ml 
for LH, 2.5–17 ng/ml for prolactin, 2.4–8.3 ng/ml for total 
testosterone, and 20–47 pg/ml for estradiol). A fasting morn-
ing serum sample for basal hormones determination was 
obtained prior to the micro-TESE attempt. All assays were 
performed using Cobas E411 immunoassay analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany).

Moreover, Giemsa Karyotype was used for standard 
cytogenetic procedure in all cases by analysis of at least 20 

ka ryotyping

46-XY 141 27.1%

46-XX 1 0.2%

47-XXY 26 5.0%

No 352 67.7%

Y chromosome  mi cro -

de l e � on

Mi cro -de l e � ons 1 0.2%

l ong a rm de l e � on 1 0.2%

AZFc de l e � on 3 0.6%

AZFb de l e � on 1 0.2%

No 515 98.8%

Inclusion criteria

Any pa�ent who was  diagnosed as  NOA by bringing at least 2 consecu�ve semen 
analyses  or who had proved spermatogenes is  impairment from a  previous  diagnos�c 
tes�cular his topathology were included in the current s tudy. Also, there should be a  
�me interva l  6 -12 months  from the previous  TESE

Exclusion criteria

Any pa�ent who was  diagnosed as  cryptozoospermia  or bi latera l  
cryptorchidism or final ly having abnormal  karyotyping that 
contra indicates  ICSI was  excluded from the current s tudy.

Fig. 1   Flowchart of the inclusion and exclusion criteria of the study
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G-banded metaphases from a peripheral blood lymphocyte 
culture, and in all cytogenetically normal cases, molecular 
screening for Yq microdeletions was carried out on DNA 
extracted from peripheral blood using PCR [15]. Micro-
TESE was performed under general anaesthesia with the 
patient in a supine position. A floor-standing operating 
microscope (Leica M500; Leica microsystems Pty Ltd, 
Gladesville, NSW, Australia) was used throughout the pro-
cedures. A micro meter was placed on the eye pieceusing 
X24 (dual-headed binocular tube and eyepieces 200-, 300-, 
350-mm objective lens, motorised foot-operated zoom sys-
tem) to determine the diameter of the seminiferous tubules 
[7]. During micro-TESE, if present, dilated tubules (DTs) 
were retrieved; otherwise, slightly dilated tubules (SDT) 
(× 24) than that of the surroundings wereremoved. If no 
DT or SDT were found, not dilated tubules (NDTs) were 
excised. Testicular tissues were taken in a Petri dish 1 ml 
HEPES-buffered sperm medium (Ham’s F10 medium, Gibco 
BRL, Grand Island, NY, USA), and testicular biopsies were 
minced using sterile glass slides and shredded with 2 Jew-
eller forceps’s under an Olympus stereo microscope (SZ-
PT, Tokyo, Japan) to separate individual tubules and then 
examined immediately under an inverted microscope (Olym-
pus IMT2) with Hoffman optics modulation (× 400) for the 
presence of testicular spermatozoa in the entire Petri dish. 
Finally, testicular samples were processed using the eryth-
rocyte lysing buffer [16]. The patients were followed up to 

1 month in the form of weekly visits to detect any potential 
postoperative complications.

Statistical Methods

Data were coded and entered using the statistical package for 
the Social Sciences (SPSS) version 26 (IBM Corp., Armonk, 
NY, USA). Data was summarized using frequencies (number 
of cases) and relative frequencies (percentages) for categori-
cal variables. Comparisons between groups were done using 
unpaired t test [17]. Furthermore, Pearson’s correlation coef-
ficient was used to determine the correlation between total 
motile sperms count and seminiferous tubular diameter.

Results

The age and smoking status and hormonal profile and char-
acteristics of the seminiferous tubular diameters and infer-
tility history of the participants are detailed in Table 1. 
The participant’s testicular histopathology and testes vol-
umes are listed in Table 2. The current study had demon-
strated that 240 patients who underwent micro-TESE had 
eventful micro-TESE where they were naïve and salvage 
TESE. Dominating testicular histopathology in the group 
who had eventful micro-TESE were round spermatids 
arrest in 101 cases (42.1%) followed by SCO in 87 cases 

Table 1   Age and smoking status and hormonal profile and characteristics of the seminiferous tubular diameters and infertility history of the par-
ticipants

Mean Standard deviation Median Minimum Maximum
Male age (years) 36.98  ± 7.63 36.00 17.00 75.00
FSH mIU/ml 20.15  ± 15.58 16.31 0.10 83.97
LH mIU/ml 10.40  ± 7.56 7.74 0.01 48.54
Total testosterone ng/ml 3.77  ± 1.92 3.48 0.23 12.76
Free testosterone ng/ml 24.27  ± 14.37 21.99 1.10 125.00
Prolactin ng/ml 11.35  ± 11.10 9.61 2.85 227.20
Estradiol pg/ml 30.26  ± 15.96 29.00 2.60 184.00
Testosterone\E2 ratio 14.27  ± 9.61 12.16 1.24 87.10
Right seminiferous tubule diameter 178.22  ± 48.45 200.00 100.00 300.00
Left seminiferous tubule diameter 171.63  ± 43.82 150.00 100.00 300.00

Count %
Cigarette smoking Yes 218 41.9%

No 302 58.1%
Family history of infertility Positive 11 2.1%

Negative 509 97.9%
Previous assisted conception history Positive 87 16.7%

No 433 83.3%
Naïve/salvage micro-TESE Salvage 278 53.5%

Naïve 242 46.5%
Result of the current TESE Positive 240 46.2%

Negative 280 53.8%
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(36.3%) then primary spermatocytes in 33 cases (13.7%) 
and finally tubular hyalinization and atresia in 3 cases only 
(1.3%) (Table 2). The distribution of different seminiferous 
tubular diameters in different testicular histopathology is 
listed in Table 3. It should be noted that the highest mean 
TMSC was reported in the DTs group followed by the 
other study groups 941.72 ± 196.97, 487.37 ± 443.57, and 
34.54 ± 60.79, respectively (Table 4). The change in the 
mean TMSC and different seminiferous tubular diameters 
was of high statistical significance (p < 0.001) (Table 4, 
Fig. 2).

Intergroup correlations between different seminiferous 
tubular diameters and TMSC were as follow: NDT versus 
SDT p < 0.001, NDT versus DT p < 0.001, and SDT versus 
DT p < 0.001, respectively (Fig. 3). Furthermore, 15 naïve 
cases had DTs and 12 (80.0%) of them had shown event-
ful micro-TESE. Conversely, 176 naïve cases had SDTs, 
and 91 (51.7%) of them had eventful micro-TESE. Only 8 
(24.25%) cases of the 33 cases had NDTs and showed event-
ful micro-TESE (Table 5). The frequency of intrasurgical 
seminiferous tubular diameter and micro-TESE outcome 
among the fresh cases had demonstrated a highly statistical 

Table 2   Testicular histopathology of the participants and right and left testes volumes

Count %

Histopathology Tubular hyalinization and atresia 10 2.0%
Severe hypospermatogenesis 224 44.4%
Severe hypospermatogenesis with the dominating histopa-

thology as follow
(N = 224)

Sertoli cell only 87 38.8%
Round spermatids 101 45.1%
Primary spermatocytes 33 14.7%
Tubular hyalinization and atresia 3 1.4%

Sertoli cell only 166 33.0%
Mixed arrest 104 20.6%
Mixed arrest (N = 104) Sertoli cell only + round spermatid 2 0.4%

Sertoli cell only + primary spermatocytes 18 3.5%
Round spermatid 19 3.7%
Primary spermatocytes + round spermatid 45 8.6%
Primary spermatocytes 20 3.8%

Right testis volume Normal (> 12.5 ml) 58 11.2%
Small (< 12.5 ml) 449 86.3%
Absent 13 2.5%

Left testis volume Normal (> 12.5 ml) 59 11.3%
Small (< 12.5 ml) 451 86.7%
Absent 10 1.9%

Table 3   Frequency of different seminiferous tubular diameters in different testicular histopathology

Testicular histopathology Different seminiferous tubular diameters

Non-dilated seminiferous 
tubules (NDT) cases (< 110 
um)

Slightly dilated seminifer-
ous tubules cases (SDT) 
(110–300 um)

Dilated seminiferous 
tubules cases (DT) (> 300 
um)

Severe hypospermatogen-
esis

Round spermatid 0 85 16
Sertoli cell only (SCO) 9 77 1
Tubular hyalinization and 

atresia
2 1

Primary spermatocytes 3 24 6
Tubular hyalinization and atresia 5 5 0
Sertoli cell only 35 131 0
Round spermatid 0 17 2
Primary spermatocytes 0 20 0
Mixed pathology 6 58 1
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significance (p < 0.001) (Table 5). Interestingly, all salvaged 
cases (100%) with DTs and a previous eventful TESE had 
shown eventful TESE in the current study (Table 5). Also, 
the majority of salvaged cases (83.87%) with SDTs and a 
previous eventful TESE had shown eventful micro-TESE 
in the current study (Table 5). Only 3 (50%) cases out of 6 
salvaged cases with NDTs and a previous eventful TESE had 
shown eventful micro-TESE in the current study (Table 5). 
The frequency of intrasurgical seminiferous tubular diameter 
and micro-TESE outcome among the salvaged cases with a 
previous eventful TESE had demonstrated a statistical sig-
nificance (p 0.039) (Table 5).

Discussion

The current study had demonstrated that 240 cases who 
were either naïve or salvage had eventful micro-TESE, and 
their histopathology was severe hypospermatogenesis that 
is defined by detecting an extremely low number of mature 
sperm cells to only immotile spermatozoa, detecting sperm 
cells in some (even in a single) of the testicular locations 
together with several hours of careful processing of the sam-
ples by experienced embryologists to retrieve sperm cells in 
the extracted testicular material. [18].

Table 4   Correlation between different intraoperative seminiferous tubule diameters and total motile sperms count (TMSC)

Non-dilated seminiferous 
tubules (NDT) cases (< 110 
um)

Slightly dilated seminiferous 
tubules cases (SDT) (110–300 um)

Dilated seminiferous tubules 
cases (DT) (> 300 um)

p value

TMSC Mean 34.54 487.37 941.72  < 0.001
Standard deviation  ± 60.79  ± 443.57  ± 196.97
Minimum 3.00 0.00 185.00
Maximum 220.00 1000.00 1000.00

Fig. 2   Correlation between 
seminiferous tubule diameter 
and total motile sperms count 
(TMSC)

Fig. 3   Intergroup correlations between different seminiferous tubular 
diameters and TMSC
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Noteworthy, the dominating histopathology in our cases 
with eventful micro-TESE was as follow round spermatids, 
SCO, primary spermatocytes, and finally tubular hyalini-
zation and atresia. In the same context, Yu et al. (2018) 
reported similar findings as they stated that heterogenic-
ity of histopathology is required for sperm retrieval [19]. 
Interestingly, our study had revealed that intraoperative DT 
(> 300 Um) is associated with eventful micro-TESE and 
the highest TMSC in cases with severe hypospermatogen-
esis. In the same context, 2 retrospective studies had shown 
similar findings. The first one was conducted by Caroppo 
et al. (2019) that was performed on naïve NOA patients 
who underwent micro-TESE and found that the pattern of 
seminiferous tubules together with testis histology predicted 
sperm retrieval [20]. Notably, they used that same magni-
fication power (× 24) to evaluate the seminiferous tubules 
like ours in the current study [20]. Additionally, Caroppo 
et al. (2021) conducted another retrospective study on 79 
salvage NOA patients who underwent micro-TESE using a 
higher magnification power (× 36) to evaluate the seminifer-
ous tubules [21]. They stated similar findings delivered out 
by their previous study [20, 21]. Even though, not all fresh 
cases with DT in our study had shown eventful micro-TESE 
as highly dilated tubules (> 400 um) may sometimes be seen 
in testes of NOA patients showing impaired spermatogenesis 
with thickened lamina propria because of the increased extra 
cellular matrix. This could be seen in alignment with the 
morphometric study conducted by Volkmann et al. (2011) 
[22]. Consistently, it is worth mentioning that the apparent 
seminiferous tubules caliber may be misleading in patients 
with maturation arrest due to it’s homogenous appearance 
making it difficult for the surgeon to discriminate dilated 
seminiferous tubules compared to the surroundings. [21].

Furthermore, a recent Japanese study had shown that 
preoperative ultrasound determination of seminiferous tubu-
lar diameter is the strongest predictive factor for eventful 

micro-TESE [23]. However, the aforementioned study had 
shown that SRR in SCO was 10.7% which is lower than our 
finding (31.9%) as sperms were retrieved in 87 cases out 
of 273 cases (severe hypospermatogenesis and mixed arrest 
and SCO cases) where the majority of these cases were 
SDT[23]. Noteworthy, our study had shown that the SRR 
in SCO was 31.9% which is comparable to that reported 
by previous studies that were between 22.5 and 41% [1, 2, 
24, 25]. In contrast, this finding could be seen lower than 
that delivered out by Amer et al. (2018) which was 49.8% 
[26]. However, it should be noted that the target popula-
tion in the aforementioned study was threefold higher than 
the target population in the current study [26]. It should be 
mentioned that the current study had delivered out the fol-
lowing SRRs: 60.5% round spermatid cases, 31.9% SCO 
cases, 28.4% primary spermatocytes cases, and 23.1% tubu-
lar hyalinization and atresia cases, respectively. Thus, it had 
asserted that intraoperative seminiferous tubular diameter 
can ensure sperm retrieval with the highest TMSC especially 
in salvage cases. Additionally, SCO cases can be salvaged 
from repeated micro-TESE by using seminiferous tubular 
diameter as a predictive factor for sperm retrieval and to 
ensure the highest TMSC. So, patients will be saved from 
the potential complications such as temporary decrease in 
serum testosterone levels following micro-TESE that may 
warrant subsequent androgen replacement in 5–10% of these 
cases [4, 27]. In addition, hypo-echoic changes as early tes-
ticular ultrasound findings following micro-TESE while 
focal echogenic lesions of fibrosis and calcification as late 
findings at 6 months can be detected as expected complica-
tions [4]. Admittedly, the target population in the current 
study is not large that could be seen as major limitation of 
the current work.

However, the prospective nature of the current work adds 
strength to the current findings in contrast to the retrospec-
tive studies conducted by Caroppo et al. (2019) and (2021) 

Table 5   Correlation between 
sperm retrieval and different 
sizes of intrasurgical 
seminiferous tubular diameter 
in all cases

Cases p value

Non-dilated semi-
niferous tubules 
(NDT) cases 
(< 110 um)

Slightly dilated 
seminiferous 
tubules cases 
(SDT) (110–300 
um)

Dilated seminifer-
ous tubules cases 
(DT) (> 300 um)

Count % Count % Count %

Naïve cases Positive 8 24.25 91 51.7 12 80.0  < 0.001
Negative 25 75.75 85 48.3 3 20.0

Salvage cases with 
previous positive 
sperm retrieval

Positive 3 50 52 83.87 10 100 0.039
Negative 3 50 10 16.13 0 0

Salvage cases with 
previous negative 
sperm retrieval

Positive 3 14.3 46 25.56 1 100 0.149
Negative 18 85.7 134 74.44 0 0
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[20, 21]. Also, the sample size was larger than the 2 afore-
mentioned studies. [20, 21].

Conclusion

Micro-TESE is still the gold standard surgical procedure 
together with the most dilated intra-operative seminiferous 
tubular diameter being essential for obtaining the highest 
TMSC in NOA patients including SCO cases.
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