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Purpose: This study assessed the outcomes of microsurgical testicular sperm extraction (mTESE) and potential preoperative pre-
dictors of sperm retrieval (SR) in patients with non-obstructive azoospermia (NOA).

Materials and Methods: Clinical data of 111 NOA patients who underwent mTESE was reviewed retrospectively. Baseline patient
characteristics, including age, body mass index (BMI), testicular volumes, and preoperative endocrine levels, such as testosterone
(T), follicle-stimulating hormone (FSH), serum-luteinizing hormone (LH), prolactin, sex hormone-binding globulin (SHBG),
FSH/LH ratio along with T/LH ratio, were analyzed. After categorizing the patients into two groups based on SR success or failure,
logistic regression analysis was performed to identify the preoperative predictors of successful SR.

Results: Sixty-eight patients had successful SR (61.3%), whereas 43 patients (38.7%) showed negative results. Failed SR group had
elevated serum FSH and LH levels, whereas successful SR patients had a significantly larger testicular volume (p<0.001). More-
over, the successful group had a higher T/LH ratio (p<0.001). Multivariate logistic analysis showed that the T/LH ratio, serum FSH
levels, and bilateral testicular volumes were significantly associated with successful sperm extraction.

Conclusion: In addition to traditional predictors, such as testicular volume and preoperative FSH levels, the T/LH ratio is a po-

tential independent predictor of successful SR in infertile patients with NOA.
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INTRODUCTION

Due to infertility, approximately 15%-20% of married couples
have difficulty starting a family."* Male infertility factors account
for half of all couple infertility cases, either as the sole cause or
in combination with female factors.’* Male infertility can be
caused by congenital conditions, such as Klinefelter syndrome
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or cryptorchidism, and external factors, such as medication, ex-
posure to radiation or chemicals, and previous surgical histo-
ries.* The prevalence of azoospermia is estimated to be 1% of
all males and 10%-15% of infertile men.*

Azoospermia has two etiologies: obstructive azoospermia
(OA) and non-obstructive azoospermia (NOA). Although nor-
mal spermatogenesis occurs in OA patients, the semen sample
contains no spermatozoa due to anatomical obstruction. In
comparison, NOA azoospermia is caused by testicular failure
and impaired spermatogenesis.®” NOA is responsible for ap-
proximately 60% of the etiological causes of azoospermia.®
Microsurgical testicular sperm extraction (mTESE) is the stan-
dard retrieval method in patients with NOA due to higher suc-
cessful sperm retrieval (SR) rates and less testicular damage.’
mTESE has a 45%-63% higher SR rate than conventional TESE
or surgical SR methods, according to various studies.'" Since
the vast majority of NOA patients undergoing mTESE will have
successful SR, identifying biological predictors and patients
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with a high prospect of successful sperm extraction is crucial
in fertility preservation counseling.'*"* However, more clinical
studies and research are needed to identify reliable predictors
of mTESE outcome.'*"®

This study aimed to assess the clinical factors and other po-
tential preoperative factors that would predict the success of
SR in infertile patients with NOA.

MATERIALS AND METHODS

Patient population and study design

From March 2014 to March 2021, 111 patients with azoospermia
who underwent mTESE were studied retrospectively. Clinical
assessment of the patients, including medical history, physical
examination, semen analyses, and hormone profile evaluation,
were performed. Patients with a surgical history, such as a va-
sectomy or inguinal surgery, were excluded, as were those with
other etiologies, such as ongoing hormonal treatments. Chro-
mosomal studies were performed to assess the cytogenetic prop-
erties and microdeletion of the Y chromosome. Patients with
abnormal karyotypes were also excluded from this study. A
Prader orchidometer was used to measure testicular volumes.
Previous studies have shown that 85% of the testicular volume
is associated with sperm production and a decrease in testicu-
lar size correlates with impaired spermatogenesis. The testes of
NOA patients have been reported to measure less than 15 cm?
in volume; therefore, patients with a testis volume greater than
15 cm® were excluded from this study.'

An endocrine evaluation was performed 1-2 months before
the mTESE procedure. After ensuring all aseptic and antisep-
tic precautions, blood samples were obtained from the antecu-
bital vein between 8 am and 10 am. Separated serum was used,
and tests were done within 8 hours of sample collection. The
hormone profile evaluation included serum follicle-stimulat-
ing hormone (FSH), luteinizing hormone (LH), sex hormone-
binding globulin (SHBG), prolactin and testosterone (T) levels.
The immune assay method was used to evaluate the patient ve-
nous blood samples. Total T levels were determined using ra-
dioimmunoassay. According to the results of a previous study,
96% of men with OA had FSH levels of 7.6 mIU/mL or less,
while 89% of patients with NOA had FSH levels greater than
7.6 mIU/mL." Patients with FSH levels higher than 7.6 mIU/mL
were included in the study cohort, and patients with a history of
hypogonadotropic hypogonadism and other endocrinopatho-
logical disorders were excluded from this study. Two separate
semen analyses were performed on the study population. Azo-
ospermia was diagnosed when spermatozoa were absent in
two consecutive semen samples after centrifugation and screen-
ing with an inverted microscope, according to the World Health
Organization laboratory guidelines.'®

The study procedure was conducted according to the Decla-
ration of Helsinki and was approved by the Institutional Review

434

Testosterone to Luteinize Hormone Ratio

Board of CHA University School of Medicine (protocol code
2022-12-007-001) and ethics committee. Since the study data
were obtained from our database, consent of participation was
waivered.

mTESE surgical procedure

Participants were subjected to mTESE using a previously es-
tablished technique." The patient was positioned supine un-
der general anesthesia, and a transverse scrotal incision was
made to deliver the larger testicle. To visualize the testicular pa-
renchyma without disrupting the testicular vasculature, a sin-
gle incision was made near the median section of the testis. The
larger and whiter tubules were identified after focusing a sur-
gical microscope at 20-25 g magnification on the seminiferous
tubules. Surgical samples of testicular tissues with large and
opaque tubules were obtained. Technicians at the laboratory
evaluated spermatozoa from these samples. If no spermatozoa
were obtained, mTESE on the contralateral testis was performed.
When suitable sperm samples were recovered or when further
surgery would potentially impair testicular blood supply, sur-
gical retrieval was discontinued. When the sperm samples were
deemed adequate, rapid sperm freezing was performed ac-
cording to standard laboratory protocols."

Statistical analysis
Student’s t test or chi-squared test was used to perform statis-
tical analyses of various factors between patients who had suc-
cessful and failed SR. The independent variables under con-
sideration were binary variables and continuous variables. For
statistical analysis, continuous variables were presented as
meanztstandard deviation, and the independent sample t test
was used. Chi-squared test was used to analyze categorical vari-
ables, whereas nonparametric methods were used to compare
quantitative data distribution. The association of clinical pa-
rameters with SR rates was investigated using univariate and
multivariate logistic regression analyses. The optimal cutoff
value for the T/LH ratio was evaluated by the receiver operating
characteristic (ROC) curve analysis.

Statistical analyses were performed using SPSS version 18.0
(SPSS Inc., Chicago, IL, USA), and a two-sided p value <0.05
was considered significant.

RESULTS

Patient demographics and baseline characteristics

Patient demographics and clinical and laboratory characteris-
tics are presented in Table 1. The average age of the successful
group was 39.9+5.4 years, whereas the mean age of the failed
group was 36.7+4.7 years. The mTESE success group had a mean
body mass index (BMI) of 26.3+4.2, whereas the mTESE fail-
ure group had a mean BMI of 26.5+3.1. The successful SR group
included 18 (26.9%) patients with a history of diabetes mellitus
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Table 1. Patient Characteristics of Infertile Male Patients and Compari-
son of Factors According to Sperm Retrieval Results after mTESE

Success (n=68) Failure (n=43) pvalue

Demographics

Age (yr) 39.9454 36.7+4.7 0.002
Height (cm) 173.8£7.1 176.7+6.8 0.032
Weight (kg) 79.5%15.1 83.1£12.3 0.199
BMI (kg/m?) 26.314.2 26.5£3.1 0.699
DM 18(26.9) 7(16.3) 0.196
HTN 13(19.4) 5(11.6) 0.282
Hormone profile
FSH (mlIU/mL) 11.349.9 3164136  <0.001
LH (mlU/mL) 6.0+5.1 12.6+7.8 <0.001
T(ng/mL) 45%17 38+22 0.102
Free T (ng/mL) 8.1£2.0 7.3%33 0.199
Prolactin (ng/mL) 8.14£5.03 9.47+4.36 0.216
LH/FSH 0.62+0.30 0.41+0.18  <0.001
T/LH 1.10+0.79 0434029  <0.001
SHBG (nmol/L) 38.17+21.46 413742209 0.678
Anatomical factors
Volume of right testis (mL) 11.06%5.36 3.25+1.83  <0.001
Volume of left testis (mL) 11.14£5.49 350+£149  <0.001
Varicocele 5(7.7) 6(14.3) 0.273
Hydrocele 2(3.7) 5(11.9) 0.071
Histopathology
Focal spermatogenesis 46 (67.6) 1(2.3) 0.032
Tubular hyalinization 9(13.2) 0(0) 0.579
Hypospermatogenesis 9(13.2) 9(20.9) 0.494
Maturation arrest 0(0) 4(9.3) 0.568
Sertoli cell only 4(5.9) 29(67.4) 0.538

mTESE, microsurgical testicular sperm extraction; BMI, body mass index;
DM, diabetes mellitus; FSH, follicle-stimulating hormone; HTN, hypertension;
LH, luteinizing hormone; T, testosterone; SHBG, sex hormone-binding globulin.
Data are presented as mean=standard deviation or n (%).

(DM) and 13 (19.4%) patients with hypertension (HTN) as an
underlying disorder, whereas the failure group included 7 (16.3%)
patients with DM and 5 (11.6%) patients with HTN. Overall, 68
of 111 (61.3%) mTESE patients had successful sperm extrac-
tion. Although various infertility conditions were not studied
independently, the overall SR rate of this study corresponded
with success rates reported in the literature.'

Anatomical factors

The right and left mean testicular volumes for the successful
SR group were 11.06+5.36 mL and 11.14+5.49 mL, respectively,
whereas the right and left testicular volumes for the negative
SR subjects were 3.25+1.89 mL and 3.50+1.49 mL, respective-
ly. A total of 18 (16.2%) of 111 patients had a history of medical
conditions that had a negative impact on fertility outcomes. Five
patients (7.7%) in the positive SR group had a history of vari-
cocele, whereas 6 (14.3%) were diagnosed in the failure group.
Hydroceles were found in 2 (3.1%) patients in the successful
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SR group and 5 (11.9%) men were diagnosed in the SR failure
group. Hydrocelectomy was performed in all NOA patients
while undergoing mTESE, while only one patient in the SR fail-
ure group had surgical correction of varicoceles. This study pop-
ulation had no history of urinary tract infections, mumps orchi-
tis, chemotherapy, or exposure to hormonal treatments.

Hormone profiles

The serum hormone profiles of the successful and unsuccess-
ful SR groups are shown in Table 1. Compared to the negative
retrieval patients, the serum FSH levels in the successful SR
group were lower (11.319.9 mIU/mL). Moreover, the failed SR
group showed higher levels of serum LH and a lower serum
concentration of T (3.8+2.2 ng/mL) compared to the success-
ful SR group. Although there were no statistical differences in
sex hormone-binding globulin (SHBG), serum prolactin, and
free T levels between the comparison groups, the T/LH ratio
was lower in the SR failure patients than in the successful SR
study population.

Histological profiles

The majority (67.6%) of patients in the successful sperm extrac-
tion group showed histopathological findings consistent with
focal spermatogenesis, whereas only 1 (2.3%) patient in the fail-
ure group had localized foci of normal testicular histopatholo-
gy. Moreover, tubular hyalinization was observed in 9 (13.2%)
men in the successful sperm extraction population. Both groups
had nine cases of hypospermatogenesis, but the negative SR
group only had 4 (9.3%) patients with maturation arrest. Sertoli
cell-only histopathology was the most common in the failure
group, accounting for 29 (67.4%) patients, and only 4 (5.9%)
were observed in the successful SR population.

Predictors of SR success

Univariate and multivariate logistic regression analyses were
performed to identify preoperative predictors of SR success in
azoospermia patients who underwent mTESE. As shown in
Table 2, univariate analysis revealed age, serum FSH and LH
levels, LH/FSH ratio, T/LH ratio, and bilateral testicular volumes
as significant predictors of successful SR. In a multivariate model,
serum FSH levels (p=0.009), T/LH ratio (p=0.043), and bilateral
testicular volumes (p=0.004 and p=0.003, respectively) were in-
dependently associated with successful SR. The optimal cutoff
value for the T/LH ratio which was obtained from the ROC anal-
ysis is presented in Fig. 1. After selecting successful SR as a state
variable, the cutoff value for the T/LH ratio was 0.68, with a
sensitivity of 72.1% and a specificity of 81.4% (p=0.001), with an
area under the curve of 0.830.

DISCUSSION

Prior to the initiation of mTESE, male infertility patients with
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Table 2. Predictive Factors in Infertile Male Patients for Successful Sperm Retrieval Prior to mTESE

Univariate analysis

Multivariate analysis

Parameters OR (95% CI) pvalue OR (95% CI) pualue
Age 1.140 (1.044-1.245) 0.003 1.120(0.982—1.276) 0.091
BMI 0.980 (0.886—1.084) 0.980
DM 1.889 (0.714-5.000) 0.200
HTN 1.830 (0.602—5.562) 0.287
FSH 0.878 (0.838-0.920) <0.005 0.895 (0.824-0.973) 0.009
LH 0.839(0.771-0.914) <0.005 1.122 (0.980-1.284) 0.096
T 1.191 (0.965-1.470) 0.104
Free testosterone 1.146 (0.931-1.411) 0.200
SHBG 0.994 (0.965-1.023) 0.670
LH/FSH 9.376 (9.190-86.918) 0.002 5.400(0.161-180.729) 0.346
T/LH 26.842 (6.984—103.156) <0.005 6.274 (1.064-37.005) 0.043
Prolactin 0.891(0.701-1.332) 0.089
Right testis volume 1.801(1.401-2.316) <0.005 1.545 (1.152-2.071) 0.004
Left testis volume 1.771 (1.378-2.276) <0.005 1.496 (1.152—1.942) 0.003
Varicocele 0.280(0.142-1.757) 0.280 0.487 (0.032-7.377) 0.604
Hydrocele 0.235(0.043-1.272) 0.093 0.061 (0.002—2.391) 0.135

mTESE, microsurgical testicular sperm extraction; BMI, body mass index; Cl, confidence interval; DV, diabetes mellitus; FSH, follicle-stimulating hormone; HTN, hy-
pertension; LH, luteinizing hormane; T, testosterone; OR, odds ratio; SHBG, sex hormone-binding globulin.
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Fig. 1. Receiver operating characteristic curve depicting the relationship
between successful sperm retrieval and the T/LH ratio. When the T/LH
ratio cutoff value was 0.68, sensitivity was 72.1% and specificity was
81.4%. T, testosterone; LH, luteinizing hormone.

azoospermia were devised to consider donor insemination or
adoption. With the advancements and development of repro-
ductive medicine, mTESE now allows couples to have their
own biological offspring when combined with intracytoplas-
mic sperm injection (ICSI). SR rate of mTESE is approximately
50% for men with NOA, whereas some studies have reported

436

success rates of up to 100% for men with OA."*" However, since
mTESE is invasive, patients who undergo the procedure are at
risk of postoperative complications, such as scrotal or testicular
hematoma, devascularization, and inflammation of the testis,
which can lead to calcification and scar formation.* Therefore,
this study aimed to determine the predictive value of preoper-
ative factors in NOA patients prior to surgery.

The study population’s baseline characteristics showed an
age difference between the successful SR (39.9 years) and SR
failure (36.7 years) groups, with the mTESE-positive study pop-
ulation being slightly older. The results of this study were con-
sistent with those of Giinerij, et al.," who found that the age of
the failure and successful groups was 38 and 42 years old, re-
spectively. A lower SR would be expected in elderly patients.
As with aging, underlying diseases or comorbidities that impair
testicular vascularity and cause germ cell loss are likely. How-
ever, the results of this study revealed that age and SR rates have
no statistical relationship, which was consistent with the results
of other previous studies.”**

The normal range for serum FSH levels is 1.3 to 13.58 mIU/
mL, whereas the mean FSH level of the successful SR patients
in our study group was within normal limits (11.3+9.9 mIU/mL),
serum FSH levels of the SR failure group were relatively high
(31.6+ 13.6 mIU/mL). The right and left mean testicular vol-
umes of the SR positive population were 11.06+5.36 mL and
11.14+5.49 mL, which were slightly smaller than normal val-
ues, and the mean bilateral testicular volumes of the SR fail-
ure group were significantly smaller (3.25+1.83 mL and 3.50+
1.49 mL) than normal parameters. The results of the study re-
vealed that patients with negative SR had elevated levels of se-
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rum FSH and LH. Although both study groups experienced a
decrease in serum T levels, the differences in T levels were not
statistically significant between the study population. Numer-
ous clinical studies have examined various factors, such as se-
rum FSH levels, T profiles, testicular volume, and pathology
along with genetic factors, and study results indicate that FSH
and testicular volume have a positive correlation to successful
SR.24-27

Elevated serum FSH levels and small testicular volumes are
associated with patients who have testicular failure and de-
creased spermatogenesis.”® Our results showed that patients
with negative SR had higher levels of FSH and the difference was
statistically significant, which were consistent with the results
of other studies. Yildirim, et al.’ investigated the perioperative
predictors of successful SR and concluded that FSH levels could
be used as a predictor of positive SR. Moreover, bilateral testi-
cle volumes were greater in positive SR patients than in SR fail-
ure patients. Our findings were consistent with those reported
in the literature, which showed that testicular volume is posi-
tively related to successful mTESE results.”**

The results of this study showed that serum LH levels in the
SR failure group were higher than those in the positive SR group.
Clinical data from a study conducted by Giineri, et al.*! also re-
vealed that higher LH levels in the TESE-negative group were
statistically significant when compared with the TESE-positive
group, and a positive correlation was found between serum
FSH levels and LH. Although our study results showed a higher
LH value in the SR failure groups, the correlation between SR
and LH levels were not statistically significant. Moreover, vari-
ous studies investigating the relationship between serum LH
levels and TESE outcomes have found no significant differenc-
es; therefore, the SR rates of mTESE cannot be accurately pre-
dicted based on serum LH levels.'**3!

Additional findings of this study showed that both study
groups had a lower T/LH ratio. Moreover, the T/LH ratio in the
SR failure groups was significantly lower than that in the posi-
tive group (0.43+0.29 vs. 1.10+0.79). These findings support the
results of previous studies that have reported a correlation be-
tween impaired spermatogenesis and a lower T/LH ratio.* Sev-
eral studies showed that male infertile patients with elevated
serum LH levels can maintain normal T levels, indicating hor-
monal compensation due to dysfunctional Leydig cells.*** Al-
though the underlying pathophysiology and mechanisms of
male infertility and Leydig cell dysfunction are unknown, Fisher,
et al.*® found that hormonal disruption during the fetal stage
may affect testicular development and spermatogenesis. There-
fore, a dual impairment of Leydig cells and spermatogenesis
indicate congenital infertility caused by testicular dysgenesis
during the fetal or infant stages. Both study groups showed a
decrease in serum T levels while increasing LH levels, with the
SR failure group showing a stronger tendency. Lardone, et al.*’
found that testicular tissue with severely impaired spermato-
genesis had larger Leydig cell clusters and a lower total volume,
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resulting in an altered density ratio between seminiferous tu-
bules and Leydig cells. Although this pathological change in-
creases intratesticular steroid levels, it is insufficient to com-
pensate for serum T levels, implying a hormonal impairment of
Leydig cells.

This study had some significant limitations, including its ret-
rospective design and small number of patients. Since this was
a single-center study, the study cohort did not fully represent
the various clinical backgrounds of patients with NOA, and the
results of this study may have limited applicability in the clinical
setting. Further prospective and larger-scale studies are needed
to fully understand the findings of this study. In addition, the
relatively low serum FSH levels and a large proportion of focal
spermatogenesis in the successful SR group may indicate a
likelihood of the inclusion of patients with OA. A possible ex-
planation for this discrepancy is due to the advances in mTESE.
This surgical method has shown higher SR rates compared to
conventional TESE. With this microsurgical approach, localiz-
ing seminiferous tubules with spermatogenesis can be achieved
with higher precision and accuracy.'” Moreover, histopatholo-
gy of NOA patients have been found to have localized foci of
sperm production within the testicles." This observation has
resulted in a paradigm shift to the conventional concept that
the testes produces sperm in a uniform fashion, and has also led
to a new understanding of focal spermatogenesis. Although
testicular histology is the only definitive way to diagnose azo-
ospermia, due to the heterogeneous nature of testicular tissue
and spermatogenesis most often occurring in a focal pattern,
a testicular biopsy prior to TESE is rarely used as a diagnostic
tool.*** In the clinical setting, testicular characteristics and lab-
oratory findings are usually adequate for the diagnosis of NOA.
However, variation in the results of this study along with the
aforementioned limitation further advocates the necessity of
clinical investigations to define reliable predictors and prog-
nosticators concerning SR rates in NOA patients. Moreover, this
study did not examine the ICSI success rates and the associated
clinical factors for pregnancy outcomes. Another missing com-
ponent is the evaluation of other hormones, such as adrenal
and thyroid components, which have the potential to affect fer-
tility outcomes.

This study demonstrated that the successive SR rate of mTESE
in patients with NOA was 61.3%. Preoperative serum FSH lev-
els, bilateral testicular volumes, and the T/LH ratio were posi-
tive predictors of successful SR in NOA patients undergoing
mTESE in the positive and negative SR groups. Although there
are no definitive predictors of successful SR after surgical inter-
vention, the addition of the T/LH ratio as a clinical prognosti-
cator along with traditional factors would improve the predic-
tive accuracy of SR outcomes in patients with azoospermia.
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