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Abstract. The most difficult form of male infertility to treat is azoospermia. It is identified as a complete absence
of sperm in the ejaculate. Depending on the nature and causes of impaired spermatogenesis, azoospermia is divided into
obstructive (excretory, OA) and non-obstructive (secretory, NOA). Testicular biopsy is the most effective method of
diagnosis and a component of possible treatment for azoospermia. It is the only objective method of differential diagnosis
between non-obstructive and obstructive forms of azoospermia.

The aim: histological analysis of testicular biopsies of men with various forms of azoospermia.

Materials and Methods. 78 infertile men with azoospermia were examined. They were divided into two groups:
the first group, men with NOA (n = 28); the second group, men with OA (n = 50). The biopsy was preceded by a manda-
tory ultrasound diagnosis of the portal system. The biopsy was performed using the method of open operative access.
Biopsies were mostly taken from the more palpable testicle or from both testicles. Biopsies were fixed in buffered 10%
formalin (pH 7.2). After 1 day, they were dehydrated in 70% ethanol and embedded in paraffin. For histological studies,
sections with a thickness of 5 pm were stained with hematoxylin and eosin. Biopsies were evaluated in accordance with
previously described methods.

Results. Histological analysis of testicular biopsies from 28.7% of patients with a non-obstructive form of azo-
ospermia showed swelling of the testicular stroma, destructive changes in testosterone-producing cells, disruption of the
structure of the syncytial complexes of the spermatogenic epithelium, and the complete absence of the process of sper-
matogenesis in individual tortuous seminiferous tubules, the absence of contacts between sustentocytes, and in erythro-
cyte sludge in the lumen of vessels. 42.8% of patients had fibrosis of the testicular stroma, stroma swelling, thinning of
the wall of convoluted seminiferous tubules, violation of the structure of the syncytial complexes of the spermatogenic
epithelium, proliferation of the wall of the convoluted seminiferous tubules into their lumen, and infiltration of the testic-
ular stroma with lymphocytes. In 54.0% of patients with preserved spermatogenesis and an obstructive form of azoo-
spermia, it was possible to find a history of orchoepididymitis in the anamnesis; one patient (2.0%) underwent bilateral
orchopexy at the age of 5 years due to cryptorchidism; 6.0% recalled the trauma calculi in the anamnesis; and 38.0%
denied any factors affecting fecundity in the anamnesis.

Conclusions. The non-obstructive form of azoospermia is characterized by the following parameters: mostly a
violation of the structure of the spermatogenic epithelium, a complete absence of the process of spermatogenesis in indi-
vidual convoluted seminiferous tubules, a violation of the structure of the hematotesticular barrier, and a violation of
blood microcirculation. The histological picture of preserved spermatogenesis is of the same type in 88.0% of patients
with an obstructive form of azoospermia. In most tubules, a fixed number of cell rows is preserved, and cells of various
stages of spermatogenesis are determined in them: spermatogonies, spermatocytes, a moderate number of spermatids.

In the lumen of the tubules, exfoliated cells and a moderate number of spermatozoa are found.
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Introduction. According to research by the
WHO [3, 28] and the European Association of Urologists
[21], the incidence of infertility is increasing worldwide.
The male factor causes up to 50% of all cases of infertility
in married couples and approximately 7% of men world-
wide suffer from infertility [8, 11, 21].

Infertility is defined as the inability to conceive
after one year of regular unprotected sex with the same
partner [11, 21].
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The most difficult form of male infertility to treat
is azoospermia [5, 10, 11, 13, 17, 21, 24]. Azoospermia is
defined as the complete absence of spermatozoa in the
ejaculate. Depending on the nature and causes of impaired
spermatogenesis, azoospermia is divided into obstructive
(excretory, OA) and non-obstructive (secretory, NOA)
[11, 21, 25]. In male infertility, azoospermia is detected in
10-15% of cases, while the share of obstructive and non-
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obstructive forms is approximately 40 and 60%, respec-
tively [11, 21, 26].

Beckground of the research. The problem is the
differential diagnosis of OA and NOA. Obstructive azoo-
spermia is the absence of spermatozoa and germinogenic
cells in the ejaculate due to bilateral obstruction of the vas
deferens [11, 16, 19-21, 26]. OA is less common than non-
obstructive azoospermia. Among the causes of excretory
aspermia are epididymitis of a specific and non-specific
nature. Often, the cause of excretory aspermia is an abnor-
mality in the development of various parts of the vas def-
erens. Excretory-obstructive infertility in men is also
caused by damage to the accessory gonads. The most com-
mon cause of this is a chronic inflammatory process with
impaired secretory function.

Secretory infertility is caused by hypogonadism,
which means a decrease or absence of the hormone-pro-
ducing function of interstitial endocrinocytes or the sper-
matogenic function of the germinogenic epithelium with
reduced incretory and excretory functions of the testi-
cles [5, 10, 11, 14, 22].

Testicular biopsy is the most effective method of
diagnosis and a component of possible treatment of azoo-
spermia [1, 2, 4, 7, 9, 27, 29]. It is the only objective
method of differential diagnosis between non-obstructive
and obstructive forms of azoospermia. This method can be
used for both diagnostic and therapeutic purposes in case
of obtaining spermatozoa in sufficient quantity for ICSI
(intracytoplasmic sperm injection) [1, 2, 12, 23]. To eval-
uate the testicular tissue, a testicular biopsy is performed,
the stage of spermatogenesis is determined, signs of ob-
struction of the vas deferens are detected, and the possibil-
ity of obtaining material for the ICSI program is evaluated
[4, 23, 29].

The aim: histological analysis of testicular biop-
sies of men with various forms of azoospermia.

Materials and Methods. The material for carry-
ing out the assigned tasks was the results of the examina-
tion of patients with infertility who were under observation
at the Department of Urology of the Danylo Halytsky Lviv
National Medical University, the regional consultative
polyclinic of the Lviv Regional Clinical Hospital, and the
«Salyutas» Medical Center. 33 men aged 22 to 45 years,
average age 32.7+4.3 years (group I), were diagnosed with
«idiopathic infertility».

Patients with azoospermia were divided into two
groups based on the analysis of spermograms, physical ex-
amination methods, and ultrasound diagnostics: those with
secretory infertility characterized by a non-obstructive
form of azoospermia (group 1, n = 28) and excretory-ob-
structive infertility characterized by an obstructive form of
azoospermia (group 1, n = 28) group 2, n = 50). Inclusion
and exclusion criteria were taken into account when select-
ing the research groups.

These patients did not undergo any treatment
course, had regular sexual contact with their partners, but
they could not get pregnant within 12 months. There were
no varicocele, hypogonadism, or leukocytospermia. The
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anamnesis excluded smoking, alcohol, and long-term ill-
nesses. A detailed anamnesis was made for both the hus-
band and the wife.

The diagnosis of infertility was carried out at the
outpatient stage according to the standards of the European
Association of Urologists [21] and WHO [3, 28].

Biopsy is performed for both diagnostic and ther-
apeutic purposes in the case of obtaining spermatozoa for
assisted reproductive technologies. The biopsy was pre-
ceded by a mandatory ultrasound diagnosis of the portal
system [15, 18]. The biopsy was performed using the
method of open operative access. Biopsies were mostly
taken from the more palpable testicle, or from both testi-
cles [1]. Biopsies were fixed in buffered 10% formalin (pH
7.2). After 1 day, they were dehydrated in 70% ethanol and
embedded in paraffin. For histological studies, sections
with a thickness of 5 um were stained with hematoxylin
and eosin. Biopsies were evaluated in accordance with pre-
viously described methods [6].

Results are presented as the arithmetic mean
(M) = standard error of the mean (m). The number of ex-
periments (n) corresponds to the number of persons exam-
ined in each case (blood lymphocytes from one patient or
a practically healthy donor were used each time). The
equation of a straight line, which best approximates the ex-
perimental data, was calculated using the method of least
squares. The absolute value of the correlation coefficient r
was between 0.90 - 0.98. The reliability of the calculated
parameters of the straight line was checked by Fisher's F-
criterion: an approximation with p<0.05 was considered
reliable.

The Bioethical Expertise Committee of the
Danylo Halytsky Lviv National Medical University did
not find any violations of moral and ethical norms during
the dissertation work.

Results. In the first group of studies, all patients
with NOA (n = 28) had a biopsy performed on one side,
with testicles of different sizes and consistency, but from
a palpably fuller testicle.

Histological analysis of testicular biopsies from 8
patients (28.7%) with a non-obstructive form of azoo-
spermia showed (Fig. 1): swelling of the testicular stroma,
destructive changes in testosterone-producing cells, dis-
ruption of the structure of the syncytial complexes of the
spermatogenic epithelium, and the complete absence of the
process of spermatogenesis in some tortuous families of
tubules, absence of contacts between sustentocytes (viola-
tion of the structure of the hemato-testicular barrier), and
erythrocyte sludge in the lumen of vessels (violation of
blood microcirculation).

In the other 12 patients (42.8%) (Fig. 2), fibrosis
of the testicular stroma, edema of the stroma, thinning of
the wall of the convoluted seminiferous tubules, disruption
of the structure of the syncytial complexes of the sper-
matogenic epithelium, proliferation of the wall of the con-
voluted seminiferous tubules into their lumen, infiltration
were observed testicular stroma lymphocytes.
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Fig. 1. Morphology of the testicle. Staining with hematoxylin and eosin. A - coll. x 300, B - coll. x 600.

A
Fig. 2. Morphology of the patient's testicle. Staining with hematoxylin and eosin. A and B - coll. x 300.

Also, 5 patients (17.8%) had destructive changes
in the convoluted seminiferous tubules, thickening of the
wall of the convoluted seminiferous tubules, proliferation
of the wall into the lumen of the tubule, infiltration by lym-
phocytes, and absence of spermatogenic cells in the lumen
of the convoluted tubules. 3 patients (10.7%) had fibrosis
of the testicular stroma and lymphocyte infiltration, prolif-
eration of the testicular wall into the lumen of the convo-
luted seminiferous tubules, and absence of spermatogenic

B

epithelium in the lumen of the convoluted seminiferous tu-
bules.

50 patients with preserved spermatogenesis were
diagnosed with "excretory-obstructive infertility" (ob-
structive azoospermia). Among the examined, 27 (54.0%)
revealed a history of orchoepididymitis, one (2.0%) patient
underwent bilateral orchopexy at the age of 5 due to cryp-
torchidism, three (6.0%) recalled the trauma calculus in the
anamnesis, the remaining 19 (38.0%) denied any factors
affecting fecundity in the anamnesis (Table 1).

Table 1

Indicators of the condition of patients with excretory-obstructive infertility (n = 50)

The diagnosis Number/percentage
Preserved spermatogenesis 50 (100 %)
Orchoepididymitis 27 (54,0 %)
Orhopexy due to cryptorchidism 1 (2,0 %)
Injury of the wicket 3 (6,0 %)
Unknown anamnesis 19 (38,0 %)

Testicular hypoplasia (less than 4 cm in the larg-
est dimension) was observed in 6 (12.0%) patients (Table
2). Also, only five (10.0%) patients had palpable rosary
areas of compaction at the level of the distal parts of the
vas deferens and the excretory duct of the epididymis. In 2
(4.0%) patients, according to ultrasound, strongly calcified
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vas deferens were visualized. In 6 (8.0%) patients, the dis-
tal divisions of the vas deferens were not palpated, in the
other 33 (66.0%) patients, palpation of the organs of the
portal vein revealed no pathology, even after 16 of them
had orchoepididymitis.
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Table 2
State of the testicles according to ultrasound diagnosis and palpation (n = 50)

State Number/percentage

Testicular hypoplasia 6 (12,0 %)

Sealing of the vas deferens 5 (10,0 %)

Calcified ducts 2 (4,0 %)

The distal sections of the vas deferens are not palpable 4 (8,0 %)

Palpation of the portal vein revealed no pathology 33 (66,0 %)

In 49 (98.0%) patients in the group with OA, azo-
ospermia was detected, in one (2.0%) - persistent leukocy-
toazoospermia was detected.

According to the results of the histological analy-
sis of testicular biopsies, it was found that in 44 (88.0%)
patients of the group with an obstructive form of azoo-
spermia, the histological pattern of preserved spermato-
genesis is of the same type (Table 3).

In most of the tubules, the number of cell rows is
preserved, and cells of different stages of spermatogenesis

are determined in them: spermatogonies, spermatocytes,
and, in particular, with single division figures, a moderate
number of spermatids. In the lumen of the tubules, exfoli-
ated cells and a moderate number of spermatozoa are
found. In some tubules, the number of cell rows was re-
duced, although cells of different stages of spermatogene-
sis were also identified in them, as were spermatozoa in
the lumen. Sertoli cells are preserved. Small clusters of
Leydig cells are found in the stroma. Interstitial edema was
found in three of these 50 patients.

Table 3

Histological analysis of testicular biopsies in excretory-obstructive infertility
(obstructive form of azoospermia) (n = 50)

Histological analysis Number/percentage
Preserved spermatogenesis (cells of different stages of spermatogenesis: spermat-

ogonia, spermatocytes, spermatids, spermatozoa in the lumen of tubules). Sertoli 44 (88,0 %)
cells are preserved. In the stroma, there are small clusters of Leydig cells.

Spermatogenesis and sclerosis are preserved. 6 (12,0 %)

Six (12.0%) patients had preserved spermatogen-
esis and focal tubular sclerosis, probably due to obstruc-
tion of the vas deferens. In more than half of the tubules,
the number of cell rows is preserved; they contain cells of
different stages of spermatogenesis: spermatogonies, sper-
matocytes, and a moderate number of spermatozoa. Exfo-
liated cells are found in the lumen of some tubules. In some
tubules, the number of cell rows is reduced, and Sertoli
cells are preserved; in others, only one cell row is found.
The walls of such tubules are thickened and sclerosed. Fi-
brosis persists around many tubules. Focal lympho-macro-
phagic inflammatory infiltration, focal sclerosis, and sin-
gle groups of Leydig cells are determined in the stroma.

Discussion. Patients with an obstructive form of
azoospermia are suggested to contact the clinic of repro-
ductive medicine to perform appropriate procedures for
obtaining spermatozoa and subsequent in vitro fertilization
of partners. Patients with acquired epididymal obstruction
can be offered unilateral or bilateral microsurgical end-to-
end or end-to-side vasoepididymoanastomoses. Before
microsurgery, it is necessary to cryopreserve sperm from
the epididymis for further ICSI needs in the event of un-
successful surgery.

Anatomical recanalization usually occurs at 3—18
months in 60-87% of men, and its success rate for subse-
quent pregnancies ranges from 10-43% [11, 16].

During the histological examination of testicular
biopsies of patients with OA, various caliber and deformed
convoluted tubules were found. A significant part of them
contained spermatogenic cells at different levels of matu-
ration, including spermatogonia, spermatocytes, and sper-
matozoa. This histological picture is considered to reflect
weakened spermatogenesis [10].

In testicular biopsies of patients with NOA,
groups of convoluted tubules with a thin basement

membrane, single Sertoli cells, and spermatogonia were
found. Spermatogenic cells at various stages of develop-
ment were determined in the lumen of tubules, but not be-
yond spermatids. Therefore, the ultrastructural changes of
the testicular parenchyma play a leading role in under-
standing the prospects for performing in vitro fertilization
with one's own spermatozoa.

Conclusions. Obtaining testicular tissue samples
is much more difficult than obtaining ejaculate or blood
samples for research. Therefore, there is a need to search
for biomarkers of spermatogenesis in seminal plasma and
venous blood.

Previously, FSH was considered such a marker;
currently, additional markers are needed to determine male
infertility. Thus, in connection with the polyetiological na-
ture of forms of azoospermia, there is a need to search for
universal markers (biochemical,cytogenetic). The change
in level of which would allow determining the manage-
ment tactics of patients with impaired fertility and the per-
spective of their treatment.
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Pestome. Haiicknamnimow s JTiKyBaHHS
(hOpMOIO YOJIOBIUOTO HEIUTIIA € a300CIePMist. 3alaKHO
BiJI XapakTepy Ta NMPUYMH MOPYILIEHHs CIepMaTOTeHe3y
a300CIepMiI0 TOAUISIOTh Ha OOCTPYKTHUBHY (E€KCKpe-
TopHy, OA) Ta HeoOcTpykTHBHY (cekperopHy, HOA).

Mera. [icronoriunuii anajii3 GlONTATIB S€YOK
YOJIOBIKIB 13 pi3HUMH (popmMamu azoocriepmii.

Martepianu i MeTonu. O0cTexeHo 78 Her THIX
YOJIOBIKIB 13 a30ocnepmiero. Bonu Oynu posjisieni Ha ABi
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rpynu: nepia rpymna — gonosiku 3 HOA (n = 28); npyra
rpymna—ugosoBiku 3 OA (n= 50). biorciro BuUKOHYBa! Me-
TOJIOM BIJIKPUTOTO OIIEPATHBHOTO JIOCTYITY.

PesyabraTn. [icronoriunnii anami3z OionTaTiB
sedok 28,7 % nanientiB i3 HOA nokazaB HaOpsik cTpoMu
s€9Ka, JAECTPYKTHBHI 3MIiHH TECTOCTEPOH-IPOIYKYIOUHX
KIITHH, TOPYIIEHHS CTPYKTypH CHHIMTIANGHUX KOM-
IUICKCIB CIIEPMATOTCHHOTO EIITeNiI0 Ta IOBHY BiJl-
CYTHICTh TIpPOIIECY CIIepMaTOreHe3y, BiJCYTHICTh KOH-
TaKTIB MiX CyCTEHTOIIUTAMH, Y TIPOCBITaX CyJHH EPUTPO-
nuTapHi crmamki. Y 42,8 % mTalieHTiB CIOCTEpirauch
¢$ibpo3 cTpomH si€uka, HAOpSK CTPOMH, BHUTOHUCHHS
CTIHKHU CiM’SHUX KaHAJbIiB, TOPYLIEHHS CTPYKTYpPH CHH-
IUTIATBHUX KOMIUIEKCIB CHEPMAaTOI€HHOTO EMiTelIito,
nposidepartist CTIHKA 3BUBUCTHX CiM’STHUX KaHAJIBIIB y iX
mpocBiT. Y 54,0 % martieHTiB 31 30epeKeCHIM CIIepMaTore-
HezoM npu OA BAanoch BUSBUTH NEPEHECEHHH opxoe-
miguIaMiT B anamHe3si. 38,0 % marfieHTiB OyIb-sKi BpaXka-
1041 (PeTHITBHICTH (h)aKTOPH B aHAMHE31 3arepeyyBally.

BucHoBkn:

1. HOA xapakTepu3yeThcsi 31€01IBIIOTO Mopy-
HICHHSIM CTPYKTYPH CIIEPMATOT€HHOTO EIiTeli 0, TOBHOIO
BIJICYTHICTIO TpOIECYy CIIEpMATOreHe3y, IMOPYLICHHIM
MIiKpOIMPKYJIALIT KPOBI.

2.Y 88,0 % martienTiB i3 OA ricToj0OTiIYHA Kap-
THHA 30€peKEHOr0 CrepMaTOreHe3y OJHOTUIHA. Y Ollib-
IIOCTI KaHAMBI[IB KiIJIBKICTh KIITHHHUX PAMIB 30epekeHa,
y HUX BU3HAYaIOThCS KJIITUHM Pi3HUX CTaill cepmarore-
He3y: CIIepPMaTOTOHii, CIepMaTOLUTH, TOMIpHA KUIBKICTh
criepMaTH/I.

KarouoBi cjoBa: d4oJioBiue HEILTIA, a300C-
nepMmis, csiM’SIHUKH, O10MTaTH.

Cratrrs Hagidunia B pepaxiito 04.02.2023 p.
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