ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

BknroyveH B nepeYveHb BegyLLX
peueH3vipyeMbiX XXypHanoB v nsgaHuin BAK 2025 * TOM 19 e N(-) 6

OBSTETRICS, GYNECOLOGY AND REPRODUCTION

2025 Vol. 19 No 6 https://[gynecology.su



26

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAPEEE VS X

860

ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

OpuruHanbHoe UccnepoBaHue Original article

(ec (LRESEE https://doi.org/10.17749/2313-7347/0ob.gyn.rep.2025.679

Azoospermia: etiology, pathogenesis,
prevalence of forms and algorithm
for differential diagnostics

Nikita V. lvanov'?3, Komoliddin Z. Amandullaev®, Shakhnoza K. Yusupova?,
Sergei V. Vykhodtsev', Ekaterina V. Medvedeva'

"Mechnikov North-Western State Medical University, Ministry of Health of the Russian Federation;
41 Kirochnaya Str., Saint Petersburg 191015, Russia;

2Andijan State Medical Institute; 1 Atabekov Str., Andijan 170127, Republic of Uzbekistan;
3Medsi Group of Companies JSC; 33 bldg. 1, Gakkelevskaya Str., Saint Petersburg 197227, Russia;
“‘Genotechnology LLC; 42a Kukcha-Darvoza Str., Tashkent 100020, Republic of Uzbekistan

Corresponding author: Nikita V. lvanov, e-mail: baltic.forum@gmail.com

Abstract

Introduction. Azoospermia, defined as the absence of spermatozoa in the ejaculate after centrifugation, is one of the leading
causes of male infertility, affecting approximately 1,0 % of men in the general population and up to 15,0 % of infertile
patients. Timely differentiation between obstructive (OA) and non-obstructive (NOA) azoospermia is critical for selecting
appropriate treatment strategies, determining prognosis, and applying assisted reproductive technologies (ART).

Aim: to investigate the prevalence of different azoospermia forms in infertile men, within the context of real-world clinical
practice at a non-specialized endocrine outpatient department, including personal observations, in comparison with the
results of international and Russian epidemiological studies.

Materials and Methods. A comprehensive analysis of literature, clinical guidelines, and original data was performed. The
study included 450 men aged 25-45 years with confirmed azoospermia. All patients underwent a comprehensive examination,
including collection of anamnesis (reproductive, somatic, surgical); physical examination with assessment of secondary
sexual characteristics, size and consistency of the testicles; double examination of ejaculate (centrifugation, microscopy);
examination of blood hormone levels (follicle-stimulating hormone, luteinizing hormone, total testosterone, prolactin, anti-
Miillerian hormone, sex hormone-binding globulin, inhibin B; if indicated — estradiol, thyroid-stimulating hormone, thyroxine);
scrotum ultrasound examination with Doppler ultrasonography; genetic testing — karyotyping, testing for microdeletions of
Y chromosome azoospermia factor (AZF) of the Y chromosome, CFTR (cystic fibrosis transmembrane conductance regulator)
gene testing; when indicated, testicular sperm extraction (TESE) biopsy was performed.

Results. NOA and OA were identified in 63.3 % and 30,0 % of patients, respectively. Among NOA cases, the leading causes
were idiopathic forms (19.6 %), Klinefelter syndrome (8.4 %), Y-chromosome microdeletions (5.8 %), and hypogonadotropic
hypogonadism (6.7 %). Varicocele was associated with NOA in 12,0 % of cases. These findings are consistent with global
data, although minor ethnic and methodological differences were observed.

Conclusion. Azoospermia is a clinically and etiologically heterogeneous condition. Timely differentiation between its
forms and the inclusion of genetic testing improve diagnostic accuracy and help optimizing management strategies.
Standardization of diagnostic algorithms and a personalized approach increase ART effectiveness and the likelihood of
fertility restoration.

Keywords: azoospermia, male infertility, obstructive azoospermia, OA, non-obstructive azoospermia, NOA, hypogonadism,
Klinefelter syndrome, Y chromosome microdeletions, hypogonadotropic hypogonadism, varicocele
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Pestome

Beepenue. Asoocnepmus, onpepensemas Kak 0TCyTCTBME CNepMaTo30M0B B 3AKyNATE NOC/e LeHTPUQYrnpoBaHus, ass-
eTCs OAHOI 13 BEOYLLMX MPUYMH MYXCKOro 6ecnnofus, Bctpedascs npumepHo y 1,0 % MyX4uH B 06LLei nonynauum n o
15,0 % y nauneHToB C HapyLieHuem eptunbHOCTU. AudpepeHunaums o6¢cTpykTusHom (OA) u HeobcTpykTUBHOM (HOA)
a300CnepMnm UMeeT KPUTUYECKOE 3HaYeHne 4519 BbI6opa TakTUKW JIeYeHNs, NPOrH031poBaHns NCXOA0B W MiaHMPOBaHMA
MPUMEHEHNS BCMIOMOraTesbHbIX PENPOAYKTUBHbIX TexHosoruii (BPT).

Llenb: n3y4nTb pacnpoCTPaHEHHOCTb Pa3fNyHbIX hOPM a300CMEPMUM Y MYXHUH C GECnoAMeM B YCNOBUAX PeasibHOM
K/IMHWUYECKON NPaKTUKKU HeCreunan3npoBaHHoro SHAOKPMHONOMMYECKOro am6ynaTopHO-NOAUKIIMHNYECKOTO OTAESIeHMs
B CPaBHEHW C pe3ynsratamMmn MeXayHapoLHbIX U POCCUACKUX 3NUAEMUONOTNYECKIUX UCCNES0BaHUN.

Matepuanbl u meTofbl. [IpoaHann3npoBaHbl NUTEPaATYPHbIE JaHHbIE, KNMHWUYECKNE PYKOBOLACTBA W pe3ynbraTbl COOCTBEH-
HOro uccnegoBaHus, BKItoYaroLlero 450 My>XX4ynH ¢ a3oocnepmMuent B Bospacrte 2545 net. Bcem nauyeHTam npoBoAMI0OCH
KOMMNNeKCHOe 06cneaoBaHme, BKNoYaBLlee c60p aHaMHe3a (penpoayKTUBHOIO, COMATUYECKOr0, XMPYPrinveckoro); usn-
KanbHoe 06Ccnea0BaHNe C OLIEHKO BTOPUYHBIX NONTOBbIX MPM3HAKOB, PA3MEPOB M KOHCUCTEHLNN ANYEK; ABYKPATHOE UCChe-
N0BaHNe dgKynaTa (LeHTpudyrnpoBaHmne, MUKPOCKONKS); MCCNEA0BaHIE COAEPXKAHNA B KPOBN FOPMOHOB ((DONNMKYNOCTU-
MYNUPYIOLLEr0 FOPMOHA, MOTENHU3UPYIOLLEr0 TOPMOHA, 06LLEro TECTOCTEPOHA, NPONaKTIHA, aHTUMIONEPOBA FOPMOHA,
rno6ynuHa, CBA3bIBAOLLEr0 MOJSIOBbIE FOPMOHbI, WHMMOMHA B; MO nokasaHusaM — 3CTpafguona, TMPeOTPOMHOr0 rOPMOHa,
TUPOKCUHA); yNbTpa3BykoBoe nccnefoBanue (Y31) opraHoB MOLLIOHKM ¢ aonneporpadueii; reHeTuyeckoe 06cneaoBaHme —
KapumoTUnupoBaHue, TECTMPOBAHME HA MUKPoLeSieuun pakTopa azoocnepmuin (aHrn. azoospermia factor, AZF) Y-xpomo-
COMbI, UccrnefoBaHue reHa CFTR (anrn. cystic fibrosis transmembrane conductance regulator; TpaHcMeMOpaHHbIN peryns-
TOP MYKOBMCLA03a); NPK NOKa3aHWAX NpoBoAuNIack buoncma auyek (aHrn. testicular sperm extraction, TESE).

Pesynbtatbl. HOA BbifiBneHa y 63,3 % naumento, OA —y 30,0 %. Cpean npuynH HOA npeobnaganu ngmonatuyeckne
opmbl (19,6 %), cuHapom KnaiHdenstepa (8,4 %), Y-mukpogeneuumn (5,8 %) W rnoroHafgoTponHbIA rMnoroHagmn3m
(6,7 %). Bapukouene covetanocb ¢ HOA'y 12,0 % My»4uH. Mony4eHHble AaHHbIe COOTBETCTBYIOT MEX/AYHAPOAHbIM TEHEH-
UMAM, BbISBSIEHbI HE3HAYNTESbHbIE STHUYECKME I METOAONOMNYECKIe Pasnuyus.

3aknioyenue. Azoocnepmus NpeacTaBnsaeT co060i KIMHUYECKN 1 3TUOSIOrMYECKIM FreTeporeHHoe cocTosHne. CBOeBpeMeHHas
andhdhepeHumnanbHan AMarHoCTUKa OpM U BKIKOYEHWE FeHETUYECKOro TeCTMPOBAHUS MO3BOJIAIOT MOBbICUTb TOYHOCTb
JNArHOCTVKW U ONTUMWU3NPOBATL BbIGOP J1e4e6HOI TakTMKK. CTaHAapTN3aLma anroputMoB 06Ce0BaHNA U NepcoHanu3m-
POBaHHbIN NOAX04 06ecneymBatoT NoBbiLleHe 3DeKTUBHOCTM BPT 1 BEPOATHOCTL BOCCTAHOBNEHUS (PepTUIbHOCTW.

KnioyeBble cnoBa: azoocnepmus, Myckoe 6ecnyiogne, 06CTpykTMBHas azoocnepmus, OA, HEOBCTPYKTUBHAS a3oocnep-
mus, HOA, runoroHagnam, cuHapom KnanHdenstepa, MUKPOAENeLmn XxpoMocombl Y, rMnoroHafoTpONHbIA FMNOroHaamn3m,
BapuKoLene

Ina uutuposanus: saHos H.B., Amanaynnaes K.3., lOcynoBa LL.K., Bbixogues G.B., Measenesa E.B. A3oocnepmus: aTuo-
norus, NatorexHes, pacnpocTpaHeHHOCTb POPM U aNropuT™ AMdepeHLnansHON ANarHoCTUKN. AKyLLepcTBo, [MHEKOI0rns
u Penpogykuynsa. 2025;19(6):860-874. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2025.679.
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What is already known about this subject?

» Azoospermia occurs in approximately 1,0 % of men in the
general population and in 10-15 % of infertile patients.

» Distinguishing between hypogonadotropic and hypergona-
dotropic forms of non-obstructive azoospermia determines
both prognosis and treatment strategy.

» The standard diagnostic algorithm includes semen analysis,
hormonal testing, ultrasound examination, genetic testing,
and, if necessary, testicular biopsy.

What are the new findings?

» The forms of hypogonadism (hyper- and hypogonadotropic)
and their contribution to developing azoospermia are examined
in detail. Both original and international data on Klinefelter
syndrome, microdeletions of the azoospermia factor (AZF) loci
of the Y chromosome and hypogonadotropic hypogonadism
are analyzed.

» An algorithm for the differential diagnosis between hypogona-
dotropic and hypergonadotropic azoospermia is presented.

How might it impact on clinical practice in the foreseeable

future?

» Standardization of diagnostic algorithms will help reduce the
number of diagnostic errors. The use of algorithms and
markers for the differential diagnosis of azoospermia will
enable successful application of pharmacological stimulation
of spermatogenesis.

» Taking into account regional data will increase effectiveness of
assisted reproductive technologies and support a personalized
approach to patients with azoospermia.

Introduction / BBeagenue

Azoospermia (the absence of spermatozoa in the
gjaculate after centrifugation) is identified in about 1,0 %
of men in the general population and in 10-15 % of men
seeking medical evaluation for infertility [1, 2]. Timely
differentiation between obstructive azoospermia (OA)
and non-obstructive azoospermia (NOA) determines the
management strategy, including microsurgical testicular
sperm extraction (TESE) followed by intracytoplasmic
sperm injection (ICSI), hormonal therapy in cases of
hypogonadism, use of assisted reproductive technologies
(ART), and assessment of future fertility potential with
appropriate genetic counseling [1, 3, 4].

Current international guidelines proposed by the
European Association of Urology (EAU, 2024), the
American Urological Association/American Society for
Reproductive Medicine (AUA/ASRM, 2024), and the World
Health Organization (WHO, 2021) provide a standardized
algorithm for managing such patients. However, they
insufficiently address the distinct forms of non-obstructive
azoospermia (hypogonadotropic and hypergonadotropic)
which can markedly influence clinical decision-making
and treatment strategy [1, 3, 5].

OCHOBHbIE MOMEHTbI

Yr0 yXe u3BecTHO 06 3ToM TEME?

» Azoocnepmus BcTpedaetcs y ~1,0 % MyX4uH B nonynsumm
ny 10-15 % cpeau nauneHToB ¢ 6ecnnogmnem.

» PasfesieHne rmnoroHagoTPONHON U runeproHagoTponHoni
(bopm HEOOBCTPYKTUBHOM a300CNepMuUn OnpesesifeT NporHo3
11 BbI6OP TAKTUKM JIEHEHUS.

» CTaHaapTHbIA anroputm 06CneAoBaHus BKIOYAET Crepmo-
rpamMmy, ropMOHaIbHbIE TECTbI, YIbTPA3BYKOBOE MCCNEA0BAHME,
TEHeTUYEeCKOe TECTUPOBAHME U NPU HEO6XOAMMOCTM 6MOMNCUI0
TECTUKYI.

Y70 HOBOrO f1a€T CTaThA?

» [Tofp0o6HO paccMOTpeHbl hOPMbI FMNOrOHAAU3Ma (runep-
1 TMNOrOHAAOTPOMHBINA), WX BKNaL B PasBUTMe a300CMepMUm.
lpoaHanu3mpoBaHbl COBCTBEHHbIE U MeXAYHAPOAHbIE AaHHbIE
0 cuHapome KnailHdenbtepa, MUKPOAENELNsx JIOKYCoB
thaktopa azoocnepmumn (AZF) Y-XpoMOCOMbI 1 FAMOrOHAA0-
TPOMHOM FMMNOrOHAAN3ME.

» [lpuBefeH anroputM U epeHLnansHON AMarHoCTUKIN TANo-
rOHaZ0TPOMHOI 1 rUNeproHagoTPONHON a300CNepMUL.

Kak 30 MOXET NOBAUATL HA KIMHNYECKYH) NPAKTUKY

B 0603pumom byaywem?

» CTaHAapTu3auns anroputmoB 06C/eA0BAHMA MO3BOAUT
CHW3UTb YNCNO AMArHOCTMYECKMX OLWN60K. cnonb3oBaHue
anropuTMa n MapkepoB AucepeHUmanbHoi JUarHoCTUKM
a300CNepMUN MO3BOJSIUT YCMELIHO UCMOMb30BaTh METO/bI
thapmakonornyeckom CTUMynsLMM CrnepMaToreHesa.

» V4eT pernoHanbHbIX AaHHbIX NOBbICUT 3h(PEKTMBHOCTb BCMO-
MoraTefibHbIX PenpoAayKTUBHbIX TEXHOMOMNIA N MepCoHann3m-
POBAHHOr0 NOAX0AA K MauneHTam C a300CnepMueli.

The modern azoospermia classification includes the
following categories [1, 3]:

1. pre-testicular azoospermia (hypogonadotropic
hypogonadism) — primarily hypothalamic or pituitary
causes leading to insufficient gonadotropin stimulation;

2. testicular azoospermia — primary impairment of
spermatogenesis due to intrinsic testicular pathology;

3. post-testicular (obstructive) azoospermia — obstruc-
tion or ejaculatory dysfunction in the presence of pre-
served spermatogenesis.

In clinical practice, NOA is more frequently represented
by testicular forms rather than pre-testicular (hypogona-
dotropic) variants, with proportions varying across co-
horts from 40 to 60 %.

The modern diagnostic algorithm for evaluating men
with azoospermia includes the following steps:

1. repeat semen analysis (> 2 samples) with mandatory
pellet assessment after centrifugation to exclude
cryptozoospermia, along with evaluation of ejaculate
volume, pH, and measurement of fructose and alpha-
glucosidase levels [6, 7];

2. medical history and physical examination:
assessment of pubertal development; use of androgens;

m hitps://www.gynecology.su
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exposure to gonadotoxic agents; history of infectious—
inflammatory diseases; prior surgeries (hernia repair,
vasectomy); evaluation for retrograde ejaculation;
examination of testicular volume and consistency;
assessment of epididymal status, presence of vas
deferens, and varicocele [1, 3, 5];

3. hormonal evaluation: serum levels of follicle-
stimulating hormone (FSH), luteinizing hormone (LH),
total testosterone (morning sample), and prolactin; when
indicated — measurement of estradiol, inhibin B, and anti-
Mdllerian hormone (AMH) levels [1, 3, 8, 9];

4. imaging studies: scrotal ultrasonography with
Doppler assessment (varicocele, focal lesions), transrectal
prostate ultrasonography (TRUS) (cysts/obstruction of
ejaculatory ducts, seminal vesicles), and post-ejaculatory
urinalysis when retrograde ejaculation is suspected [1, 3,
o;

5. genetic testing: karyotyping and assessment for
azoospermia factor (AZF) microdeletions — regions
of the Y chromosome long arm (Yq11) bearing genes
essential for spermatogenesis (recommended in NOA
or severe oligozoospermia); analysis of the CFTR gene
(cystic fibrosis transmembrane conductance regulator) in
cases of congenital bilateral absence of the vas deferens
(CBAVD) [1, 3, 10];

6. diagnostic/therapeutic TESE: after risk stratification
and counseling with the couple, TESE is performed in NOA
cases [1, 3, 5].

Domestic reviews and case series highlight common
diagnostic pitfalls in differentiating OA from NOA and
emphasize the importance of an integrated approach
(hormonal assessment + ultrasonography + genetic
testing + testicular biopsy when indicated) [11]. Russia-
wide studies also report a significant proportion of CFTR-
associated CBAVD, supporting the need for routine CFTR
testing in this patient cohort [12].

Obstructive azoospermia /
O6cTpykTHBHAA (hOpMa A300CIIEPMUH

Obstructive azoospermia occurs in approximately
30-40 % of men with azoospermia and is characterized
by preserved spermatogenesis with impaired sperm
transport. One of the key causes of OA is congenital
bilateral absence of the vas deferens (CBAVD), considered
a “genital form of cystic fibrosis” [1, 2]. Up to 80-90 %
of men with CBAVD carry mutations in the CFTR gene,
located on chromosome 7q31.2 [2, 3]. The most common
variants include AF508, the 5T/7T/9T polymorphism in
intron 8 (IVS8-5T), R117H, and W1282X [3, 4].

Clinical picture / Knunnyeckas kapTuHa

Pubertal development and secondary sexual
characteristics are typically normal. Ejaculate volume is

often reduced (< 1.5 mL), with acidic pH (< 7.2), and
fructose lacked in the ejaculate. On physical examination,
the vas deferens is not palpable, frequently accompanied
by bilateral agenesis of the seminal vesicles, which is
confirmed by TRUS or magnetic resonance imaging (MRI)
[5]. Spermatogenesis is preserved: testicular volume and
FSH levels are generally within normal ranges.

Diagnostics / [lnarHocTuka 3a6onesanus

Confirmed by physical examination (absence of the
vas deferens) and imaging methods (TRUS - agenesis
of the seminal vesicles, cysts); CFTR genetic testing
is mandatory. Modern diagnostic panels include more
than 30 variants, as the mutation spectrum varies across
ethnic groups [2, 6]. Russian cohorts demonstrate a high
frequency of the AF508 mutation (a 3-nucleotide deletion
in CFTR resulting in the loss of phenylalanine at position
508 the most common pathogenic variant) and the 1VS8-
5T allele (a variant in intron 8 of CFTR impairing mRNA
splicing), as well as several rare variants, which justifies
the use of extended sequencing approaches [7, 8].

Genetic counseling / TeHeTUYECKOE KOHCYNbTUPOBAHUE

Men with CBAVD may be clinically healthy but they
carry CFTR mutations. Partner testing is essential: if both
partners carry pathogenic variants, the risk of having a
child with cystic fibrosis is 25 % [1, 2]. Upon such risk,
preimplantation genetic testing within ART programs is
recommended.

Treatment and prognosis / Jle4eHne n nporHos

Because spermatogenesis is preserved, spermatozoa
can be obtained with high efficiency using percutaneous
epididymal sperm aspiration (PESA), microsurgical
epididymal sperm aspiration (MESA), or testicular sperm
extraction (TESE). The use of ICSI allows achieving
reproductive outcomes comparable to those in men
without CBAVD [9]. Long-term outcomes regarding the
birth of healthy children are favorable, provided that
appropriate genetic counseling is performed and bilateral
carrier status in the female partner is excluded [2, 9].

Post-infectious or post-traumatic obstruction /
MocTUH(heKUMOHHAA UM NocTTpaBMaTHyecKas
o6eTpyKums

Male post-infectious and post-traumatic lesions
in reproductive tract are among the most common
causes of obstructive azoospermia. Damage or scarring
of the vas deferens or epididymis may result from
inflammatory diseases (epididymitis, orchiepididymitis,
prostatitis, vesiculitis) caused by bacterial pathogens
such as Chlamydia trachomatis, Neisseria gonorrhoeae,
Mycoplasma genitalium, ets., as well as genital
tuberculosis. Post-inflammatory fibrosis of the epididymis
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or vas deferens leads to impaired sperm transport despite
preserved spermatogenesis.

Post-traumatic obstruction may occur after surgical
procedures in the inguinal region (hernia repair,
vasectomy, scrotal surgery, prostate or bladder surgery),
or after pelvic or scrotal trauma. In some patients,
infectious—inflammatory and traumatic factors coexist.

Diagnosis is based on medical history, palpation of
the epididymis (induration, enlargement, tenderness),
ultrasonographic imaging, and biochemical analysis
of the ejaculate (low volume, decreased pH, absence
of fructose in cases involving seminal vesicles). When
required, vasography or microsurgical reproductive ducts
exploration is performed.

Surgical treatment includes microsurgical reconstruc-
tion of the reproductive tract (vasoepididymostomy, va-
sovasostomy). When reconstruction is not feasible or is
unsuccessful, sperm retrieval techniques (PESA, MESA)
followed by ART are utilized [2].

Hypergonadotropic non-obstructive
azoospermia / HeoOCTpyKTHBHAA
THIIEPIOHAKOTPONHAA (hopma
a2300CIEepPMHH

Hypergonadotropic (primary) hypogonadism is one
of the leading causes of NOA and is characterized by
azoospermia, elevated FSH/LH levels, and low serum
testosterone and inhibin B [1, 4, 10].

Klinefelter syndrome / Cuigpom Knaiinenotepa

Klinefelter syndrome (KS) is the most common
chromosomal cause of male infertility, with a prevalence
of ~1:600-1:800 male births [5]. More than 90 % of
affected individuals present with NOA due to progressive
atrophy and sclerosis of the seminiferous tubules. In
mosaic forms (47,XXY/46,XY), the phenotype is milder,
and severe oligozoospermia or cryptozoospermia may
be found. In young adults (20-30 years), micro-TESE
enables sperm retrieval in approximately 30-50 % of
cases [6, 7].

De la Chapelle syndrome / Cuigpom pe nq Lanens

De la Chapelle syndrome (46,XX testicular disorders
of sex development) is a rare form of sex-development
disorder caused by translocation of the SRY gene (sex-
determining region Y) onto the X chromosome in 46,XX
males [8]. The estimated prevalence is ~1:20,000-25,000
male births.

The phenotype typically includes normal male
external genitalia, small testes, hypergonadotropic
hypogonadism, and infertility. Severe spermatogenic
failure is characteristic, often presenting as a Sertoli-
cell-only syndrome. Diagnosis is based on karyotyping

(46,XX) and molecular testing for SRY. In most cases,
treatment includes testosterone replacement therapy.
Virtually no potential for sperm retrieval via TESE is
reported [8].

Reifenstein syndrome / Cunapom PeiitheHwuteiiHa

Reifenstein syndrome results from mutations in the
AR gene (androgen receptor) and manifests with varying
degrees of androgen resistance [9]. The classic phenotype
includes hypospadias, micropenis, cryptorchidism,
gynecomastia, and reduced body hair. The karyotype
is typically 46,XY, but the degree of virilization varies
widely. In reproductive age, most affected men exhibit
hypergonadotropic hypogonadism and azoospermia.
Lifelong endocrine follow-up and andrological
management are essential. Testosterone therapy corrects
no the underlying defect and is generally ineffective [9].

Y-microdeletions (AZFa/b/c) / Y-mukpopeneuuu
(AZFa/b/c)

Microdeletions within the AZF regions of the Y
chromosome are among the most common genetic
causes of male infertility and NOA.

AZFa deletions are most often associated with a Sertoli
cell-only syndrome phenotype, making sperm retrieval
by TESE virtually impossible and the prognosis extremely
poor.

AZFb deletions typically present with complete meiotic
arrest; the chance of successful sperm retrieval is also
minimal.

AZFc deletions show substantial phenotypic variability,
ranging from severe oligozoospermia to azoospermia.
This group has the highest likelihood of successful
surgical sperm retrieval (TESE), with reported success
rates averaging up to 50 % in large studies.

However, sperm obtained from men with AZFc
deletions transmit the same microdeletion to male
offspring when used in ICSI, accounting for conducting
mandatory thorough genetic counseling for couples [2,
10-12].

Russian studies report Y-microdeletion prevalence
among men with pathozoospermia to be about 15-20%,
varying depending on patient selection criteria [13, 14].

Miillerian duct persistence syndrome / Cuigpom
NepcucTEHLNN MIONNEPOBbIX NPOTOKOB

Persistent Mdllerian duct syndrome (PMDS) is a
rare autosomal recessive disorder in which Millerian
duct derivatives (uterus, fallopian tubes, upper vagina)
persist in genetically and phenotypically male individuals
(46,XY). The primary cause is mutations in the AMH (anti-
Mdallerian hormone) gene or the AMHRZ2 (anti-Mullerian
hormone type 2 receptor) gene, resulting in absent or
ineffective AMH activity [15]. The karyotype is 46,XY,
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with normal development of the external genitalia. The
most common manifestation is unilateral or bilateral
cryptorchidism, frequently accompanied by developing
inguinal or abdominal masses. During surgical treatment
for cryptorchidism, Mllerian structures (uterus/tubes)
are often identified.

In some patients, hypergonadotropic hypogonadism
develops due to testicular damage caused by cryptor-
chidism and fibrosis, with profound spermatogenic im-
pairment and common secretory azoospermia. PMDS is
suspected when cryptorchidism is combined with pelvic
masses. Diagnosis is confirmed by laparoscopy and his-
tological examination.

Due to cryptorchidism and testicular tissue damage,
most patients exhibit severely impaired spermatogenesis.
The likelihood of retrieving sperm via TESE is extremely
low. The primary management goals include surgical
removal of Mallerian structures (when there is a risk of
malignancy), orchiopexy, and testosterone replacement
therapy for hypogonadism [15].

Cryptorchidism idiopathic / Kpuntopxusm
MaMonaTUYeckun

Idiopathic cryptorchidism is a pathological condition in
which one or both testes fail to descend into the scrotum,
with prevalence comprising 2—-4 % and up to 30 % in full-
term newborns and preterm infants, respectively, although
in most cases spontaneous descent occurs within the first
year of life. Persistent cryptorchidism is observed in about
1.0 % of adult men [16].

Idiopathic cryptorchidism is diagnosed when no genetic
or anatomical cause can be identified. It is considered a
polyetiological disorder resulting from impaired testicular
differentiation and migration [16]. Prolonged cryptorchidism
leads to progressive damage to the spermatogenic
epithelium. As early as 1-2 years of age, undescended
testes show a reduced spermatogonia count. In adulthood,
30-60 % of men with untreated bilateral cryptorchidism
develop NOA. In unilateral cases, the risk of infertility is
lower, but approximately 20 % of patients exhibit reduced
fertility despite a normal contralateral testis [16].

Adult men with cryptorchidism frequently present
with hypergonadotropic hypogonadism (elevated FSH,
reduced inhibin B), reflecting loss of spermatogenesis.
Clinical trials indicate that 50-70% of men with bilateral
cryptorchidism have azoospermia, while the remainder
exhibit severe oligozoospermia [16]. Early orchiopexy
(before 12—-18 months of age) significantly improves the
likelihood of preserving spermatogenesis. In adults with
idiopathic cryptorchidism, the fertility-enhancing effect
of orchiopexy is limited. The probability of successful
sperm retrieval via TESE in men with untreated bilateral
cryptorchidism remains low (10-30 %), although in
selected cases fertilization via ICSI is achievable [16].

Autoimmune orchitis / AyTOUMMYHHbI# OpXUT

Autoimmune orchitis is a chronic testicular inflammatory
disorder associated with the production of antibodies
targeting antigens of spermatogenic cells (anti-testicular
antibodies). Under normal conditions, spermatozoa are
immunologically protected by the blood-testis barrier;
however, infections (mumps, tuberculosis, human
papillomavirus), trauma, scrotal surgeries, varicocele, and
systemic autoimmune diseases can disrupt this barrier and
trigger an autoimmune response [17].

Clinical manifestations / KnuHn4eckne npossneHns

Primary infertility is the most common presentation.
Hypergonadotropic hypogonadism (elevated FSH and
LH, low testosterone) is typical. Medical history often
includes episodes of epididymo-orchitis, trauma, or prior
scrotal surgery. Occasionally patients report testicular
pain or enlargement, but in most cases the disease is
subclinical [17].

Diagnostics / [inarHoctuka

« Semen analysis: azoospermia or severe oligoastheno-
teratozoospermia.

« Detection of antisperm antibodies: MAR test (Mixed
Antiglobulin Reaction test), immunofluorescence test.

« Testicular ultrasound: diffuse hypoechoic changes,
focal fibrotic areas.

« Testicular biopsy: lymphocytic infiltration, seminife-
rous tubule sclerosis, replacement of germinal epithelium
with connective tissue [17].

Prognosis and treatment / [IDOrH03 v ig4eHne

TESE is generally ineffective in the presence of
pronounced testicular fibrosis. In selected cases,
cryopreservation of spermatozoa may be possible
during early disease stages. When spermatozoa are
present in the ejaculate, ICSI is the method of choice,
as antisperm antibodies markedly impair natural
fertilization [17]. Glucocorticoid therapy may temporarily
reduce antibody levels, but its clinical efficacy is limited.
Immunomodulators and antioxidant therapy are used,
although the evidence base is weak. For most patients,
ART programs (ICSI) represent the primary route to
biological fatherhood [17].

Varicocele / Bapukouene

Varicocele is a common finding in infertile men. In some
patients with NOA and clinical varicocele, micro-surgical
correction may lead to the reappearance of spermatozoa
in the ejaculate and improved pregnancy rates, including
following TESE [18, 19]. Meta-analyses report the return
of ejaculated sperm in approximately 20-45 % of men with
NOA after varicocelectomy, along with an increased rate of
conception (spontaneous or ART-assisted) compared with

poxdoy pue A307000uAx) ‘so111915sq() [EENEEI M X 14it4

uonon




26

Azoospermia: etiology, pathogenesis, prevalence of forms and algorithm of differential diagnostics

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PAPEEE VS X

866

observation alone [15]. Russian reviews confirm clinical
benefit in this patient subgroup [20, 21].

Varicocele and Klinefelter syndrome / Bapukouene
u cuiapom Knaitndpenbtepa

Varicocele is diagnosed in ~15-20% of men in
the general population and in 30—-40 % of infertile
patients [1]. In Klinefelter syndrome, its prevalence
reaches 20-25 % according to various series
[5]. In KS patients,spermatogenic impairment is
primarily attributed to chromosomal aneuploidy and
seminiferous tubule atrophy. Nonetheless, varicocele
may exacerbate local hyperthermia, oxidative stress,
and apoptosis of spermatogenic cells, further
reducing the likelihood of successful sperm retrieval
during micro-TESE [5].

A few studies report that although varicocele does
not modify the core pathogenic mechanism of infertility
in KS, its correction may provide limited improvement
in testicular function. Among young patients (mosaic
karyotype or residual spermatogenesis), isolated
cases of ejaculated sperm appearance have been
documented after varicocelectomy, facilitating
subsequent ICSI attempts. However, there is no
systematic evidence showing substantial improvement
in ART outcomes following varicocele repair in KS.

Most experts agree that surgical correction of
varicocele in KS is justified only in the presence of
prominent clinical symptoms (pain, progressive testicular
atrophy), but not as a fertility-restoring intervention [5].

In Russian patient series, varicocele was present in 18—
20 % of men with KS. Surgical treatment was performed
in a limited number of cases and did not restore
spermatogenesis but alleviated pain and slow testicular
atrophy progression [22].

Hypogonadotropic non-obstructive
azoospermia / HeoOCTpyKTHBHAA
THIIOTOHATOTPOIHAA (popMma
a300CIEePMHUH

Congenital and acquired hypogonadotropic
hypogonadism / BpoxpeHHbli U Npuo6GpeTeHHbIi
rMNoroHafoTPONHbIHA FMNOroHagu3M

Congenital and acquired hypogonadotropic
hypogonadism (HGG) is characterized by insufficient
secretion of gonadotropins (FSH and LH) due to
dysfunction of the hypothalamic—pituitary axis. This
results in decreased testosterone production by Leydig
cells and impaired spermatogenesis, often progressing
to azoospermia. Unlike hypergonadotropic hypogonadism,
HGG manifests with low or “inappropriately normal”
FSH/LH levels and reduced testosterone.

The form of the disorder accompanied by anosmia

is known as Kallmann syndrome. Its etiology involves
mutations in genes such as KAL7 (Kallmann syndrome
1 sequence gene), FGFR1 (fibroblast growth factor
receptor 1), PROKRZ (prokineticin receptor 2), CHD7
(chromodomain helicase DNA-binding protein 7), among
others, which disrupt the migration and/or function of
gonadotropin-releasing hormone (GnRH)-secreting
neurons [23].

Men with HGG/Kallmann syndrome typically
present with azoospermia, but 60-70 % can achieve
spermatogenesis with prolonged gonadotropin
therapy — human chorionic gonadotropin (hCG) with
or without recombinant FSH or with pulsatile GnRH
administration.

Acquired vs. congenital HGG is more common and
may develop at any age. The main causes include:

1. tumors of the hypothalamic—pituitary region.
Pituitary adenomas (especially macroadenomas),
craniopharyngiomas, and germinomas. Mechanism:
compression or destruction of hypothalamic—pituitary
tissue — reduced gonadotropin secretion. Clinical
manifestations: decreased libido, erectile dysfunction,
azoospermia, and often concomitant deficiency of other
pituitary hormones;

2. hyperprolactinemia. Causes: prolactinomas;
medication-induced hyperprolactinemia (antipsychotics,
antidepressants, metoclopramide). Mechanism:
prolactin suppresses GnRH secretion. Treatment:
dopamine agonists (cabergoline, bromocriptine)
— restoration of spermatogenesis is possible in the
majority of patients [23];

3. systemic diseases. Hemochromatosis (iron
deposition in the pituitary and testes), sarcoidosis,
histiocytosis, HIV infection. These conditions frequently
lead to combined hypopituitarism;

4. trauma and medical interventions. Traumatic brain
injury, pituitary surgery, radiotherapy, and chemotherapy.
Such insults may cause transient or permanent
gonadotropin deficiency and azoospermia;

5. functional HGG. Stress, chronic systemic illness
(cirrhosis, chronic kidney disease), anorexia, and
excessive physical exertion disrupt GnRH secretion,
resulting in hypogonadotropic azoospermia.

Diagnosis is based on low or “inappropriately normal”
FSH/LH levels in the presence of low testosterone. A lack
of gonadotropin elevation after GnRH stimulation points at
the central defect. Pituitary MRI is mandatory to exclude
tumours.

Unlike hypergonadotropic hypogonadism, congenital
and acquired HGG are fundamentally distinct in that
spermatogenesis can be stimulated with relevant
therapy [23]. In 60-70 % of men, spermatogenesis can
be induced using gonadotropin therapy (hCG + FSH) or
pulsatile GnRH administration [23].
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In HGG, hCG monotherapy stimulates Leydig cells and
increases testosterone, but spermatogenesis typically is
not initiated without FSH. The addition of FSH (urinary
or recombinant) is essential for Sertoli cell stimulation
and induction of meiosis [23]. FSH preparations: urinary
FSH (containing both FSH and LH) and recombinant
FSH (follitropin alfa, follitropin beta). Typical regimen:
treatment begins with hCG (1500-2500 IU twice
weekly) to normalize testosterone. If no spermatozoa
appear following 3-6 months, FSH (75-150 IU three
times weekly) is added. Total duration: 6-24 months,
sometimes longer. In men with congenital or acquired
HGG, successful induction of spermatogenesis is achieved
in 60-80 % of cases [23]. The mean time to spermatozoa
appearance in the ejaculate is 6-12 months. FSH is
the key hormone in HGG therapy: without it, complete
recovery of spermatogenesis is impossible. Predictors
of successful FSH-based treatment in HGG-associated
azoospermia larger baseline testicular volume (> 8 mL),
absence of former cryptorchidism, shorter duration of
hypogonadism in acquired hypopituitarism, spontaneous
pubertal development [23].

Altogether, such considerations underscore the
relevance of studying patient cohorts from endocrinology
centers in Saint Petersburg and Tashkent to identify
a target group of infertile men managed jointly by
endocrinologists and urologists-andrologists in real-world
clinical practice.

Aim: to investigate the prevalence of different
azoospermia forms in infertile men, within the context of
real-world clinical practice at a non-specialized endocrine
outpatient department, including personal observations,
in comparison with the results of international and
Russian epidemiological studies.

Materials and Methods / MaTepuaxst
M METO/IbI

Study objectives / 3agaun uccnegosanus

To achieve this aim, it is necessary to summarize
current epidemiological data on the prevalence of
different azoospermia forms, analyze personal findings
after assessing patients with azoospermia and compare
them with international and Russian data, and to develop
a practical algorithm for the differential diagnosis of
azoospermia for routine clinical use by urologists,
endocrinologists, and reproductive specialists.

Study design / ln3aitH uccnepfoBaHus

The retrospective cohort observational study enrolled
450 men aged 25 to 45 years who presented with
complaints of infertility, with azoospermia confirmed by
semen analysis. Examination and treatment were carried
out at the following centers: MEDSI Group Clinic (Saint

Petersburg, Russia), Center for Academic Medicine
LLC (Saint Petersburg, Russia), Genotechnology LLC
(Tashkent, Republic of Uzbekistan), and Andijan State
Medical Institute (Andijan, Republic of Uzbekistan).

Inclusion and exclusion criteria / Kpurepuu BknroveHus
U UCKNHOYEHUS

Inclusion criteria: age 25-45 years; clinical diagnosis of
infertility (no pregnancy in the partner after > 12 months
of regular unprotected sexual intercourse); azoospermia
confirmed by at least two semen analyses; written
informed consent to participate in the study.

Exclusion criteria: age < 25 or > 45 years; prior
vasectomy or other surgical interventions intentionally
causing obstruction; severe somatic or oncological
disease precluding full evaluation; refusal to participate
in the study.

Study methods / MeToabl 06¢cnegoBaxus

All patients underwent a comprehensive evaluation
including:

— detailed medical history (reproductive, general
medical, surgical);

— physical examination by assessing secondary
sexual characteristics, testicular size and consistency;
duplicate semen analysis (centrifugation and microscopy)
performed according to the WHO methodology [1];
serum hormone quantitation: FSH, LH, total testosterone,
prolactin, AMH, sex hormone-binding globulin (SHBG),
inhibin B; when indicated — estradiol, thyroid-stimulating
hormone (TSH), thyroxine (T4), and hCG; scrotal
ultrasonography with Doppler assessment;

— genetic testing: karyotyping, screening for AZF
microdeletions of the Y chromosome, and CFTR gene
analysis when congenital absence of the vas deferens
was suspected;

— within ART programs: testicular biopsy (TESE/
micro-TESE) with histological examination and sperm
cryopreservation.

Results and Discussion / Pe3yapTaTst
H O0CY KIeHHE

Based on the results from the comprehensive
evaluation, all 450 patients were classified into diagnostic
groups presented in Table 1.

The data obtained confirm that non-obstructive
azoospermia predominates in this cohort (63.3 %), which
is consistent with international reports (60-70 %) [2, 5,
10]. Among NOA cases, idiopathic NOA accounted for the
largest percentage (19.6 %), slightly lower than global
estimates of 30-40 % [2].

Genetic causes were identified in a substantial number
of patients. Klinefelter syndrome was diagnosed in 8.4 %,
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§ Table 1. Prevalence of different forms of azoospermia in infertile men — comparison of own data with results of international studies.
. Ta6bnuua 1. YactoTta pasnuyHbix (hOpPM a300CNEPMIN Y MYXXYIH C BECTIOANEM — CPaBHEHIE COOCTBEHHbIX AAHHbIX C pe3yNbTaTamu
L:) MEXAYHAPOLHbIX UCCNEA0BaHMIA.
g Frequency according Own data
o\ Azoospermia form to research data, % [references] Co6CTBEHHbIE JaHHbIE
®dopma asoocnepmuu YacToTa no AaHHbIM UCCNEA0BaHHiA, %o n=450
[oN [nepBoncTouHKKM] n (%)
S tructi ia (total
= Obstructive azoospermia (total) ~30-40 [1, 2] 135 (30.0)
¢ 06cTpyKTUBHAZsA a3oocnepmus (CymMapHo)
> Mucoviscidosis/CFTR-related CBAVD 10
217 204
é[ MykoBucumnaos/CFTR-accouumposanHas BOOCH [7.8] (0.4)
o Post-infectious or post-traumatic obstruction or
u [TocTUHEKLMOHHASA UK NOCTTPaBMaTUYecKas 06CTpyKUms 25-302] 133(296)
(D) Non- - - |
Ql on-obstructive azoospermia (total) ~60-70 [2, 5, 10] 285 (63.3)
N Heob6cTpykTuBHAA asoocnepmus (CyMMapHo)
Klinefelter syndrome (47,XXY)
E Cunapom KnaitHdbensTepa (47,XXY) ~1016] 38(8.4)
e de la Chapelle syndrome (46,XX) <10 10(22)
(@) Cvnapom e na LLanens (46,XX) : ’
g Reifenstein syndrome (46,XY) <10 8(1.8)
N4 Cvnapom PeitdbeHiuTerina (46,XY) ’ :
) . :
Y-chromosome microdeletions (AZFa, AZFb, AZFc)
E Y-mukpogeneunun (AZFa, AZFb, AZFc) ~8-12[7] 26 (5.8)
- Persistent Miillerian duct syndrome <10 4(09)
oa CrHZPOM NepcucTeHLMI MIONINIEPOBLIX NPOTOKOB
e} Idiopathic cryptorchidism in history o
= Kpuntopxuam nauonatnieckuini B aHaMmHese S-10116] 42(93)
4 Autoimmune orchitis
oF ) 2-3[17] 15 (3,3)
() AyTOMMMYHHBbIN OPXUT
E Varicocele (associated with non-obstructlvevazoospermla) ) 10-15 [16, 17] 54 (12,0)
{gu Bapukouene (covetaHne ¢ HeO6CTPYKTUBHOI a3oocnepmuent)
< Idiopathic non-obstructive azoospermia -30-40 [2, 5, 10] 88 (19,6)
lanonatunyeckas Heo6CTPYKTUBHASA a300Ccnepmus
Hypogonadotropic hypogonadlsm (total) ~2.55] 30 (6.7)
[MnoroHaaoTPONHbLIA FMNOroHaau3m (CyMMapHo)
Congenital forms (HGG/Kallmann syndrome)
BpoxaeHHble hopmbl (TTT/cungpom Kannmana) ~1.0123] 1221
Acquired forms (hyperprolactinemia) 1-2 23] 10(22)
Mpuro6peteHHble P opMbl (TUNEPNPONAKTUHEMUS)
Acquired forms (post-traumatic/post-surgical hypopituitarism)
Mpuro6peTeHHble P OpMbI (MOCTTPABMATUYECKNIA/ 1,0 [23] 5(1,1)
NnoCneonepaLmoHHbIA TUNonuTyuTapu3m)
Acquired forms (idiopathic HGG)
MpurobpeteHHble popMbl (Manonatuyeckuin M) <1.0023] 3(0.7)
Total / Beero 450 (100,0)
Note: CFTR - cystic fibrosis transmembrane conductance regulator; CBAVD — congenital bilateral absence of the vas deferens, AZF — azoospermia factor;
HGG - hypogonadotropic hypogonadism.
lpumeyanmne: CFTR — TpaHcMeMbpaHHbIi perynarop mykosucymgosa, BAOCIT — Bpox[eHHOe BYCTOPOHHEE OTCYTCTBUE CEMABLIHOCALUMX MPOTOKOB;
AZF — chaktop azoocnepmuu; [TT — runoroHagoTpOMHbIA rNNOroHaAN3M.
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consistent with large cohort studies reporting 8-10 % [6].
Y-chromosome microdeletions were found in 5.8 % of
men - slightly below the international range (8-12 %) [71],
likely due to ethnic factors and limitations of the marker
panel used. Rare etiologies — de la Chapelle syndrome
(2.2 %), Reifenstein syndrome (1.8 %), and persistent
Millerian duct syndrome (0.9 %) were less prevalent, yet
remain critically important for accurate diagnosis and
genetic counseling.

A history of cryptorchidism was recorded in 9.3 %
of patients, aligning with published data (9-10 %)
[21]. Autoimmune orchitis accounted for 3.3 %, some
higher than the expected 2-3 % [22], possibly reflecting
variability in diagnostic criteria, as detection of anti-
testicular antibodies is not always reliable. Varicocele
associated with NOA was observed in 12 %, consistent
with its known prevalence among infertile men [16, 17].

Obstructive azoospermia was somewhat less
common in our study (30 %) than in a number of
international publications (up to 40 %) [1, 2]. Among OA
etiologies, post-infectious or post-traumatic obstruction
predominated (29.6 %). CFTR-associated CBAVD was
identified in only 0.4 % of patients, below the international
estimate of 1-2 % [7, 8], potentially due to restricted
genetic testing or population-specific factors.

Hypogonadotropic hypogonadism was found in 6.7 %
of men, exceeding typical published studies (2-5 %) [5].
Both congenital forms (Kallmann syndrome — 2.7 %)
and acquired forms (hyperprolactinemia, post-traumatic
hypopituitarism) were represented, underscoring the
need for thorough neuroendocrine evaluation in men with
azoospermia [23].

Thus, the results confirm that azoospermia is a clinically
and etiologically heterogeneous condition. The data for
our patient cohort are consistent with global trends, but
the discrepancies identified (a higher proportion of HGG,
a slightly lower frequency of CFTR-associated CBAVD and
Y microdeletions) may reflect population characteristics
and methodological differences.

Practical algorithm for the diagnostic
workup and management of patients with
azoospermia / IIpakTUIECKHUH AITOPUTM
0 O0CIE€JOBAHHIO H TAKTHKE BEICHHUS
MAIMEeHTOB C 2300CIIEPMHUEH

Based on conducted study of men with azoospermia,
taking into account international data, we developed an
algorithm for examining men with azoospermia, which
we present to readers.

1. Confirm azoospermia according to the WHO
Laboratory Manual for the Examination and Processing
of Human Semen.

2. Differentiate obstructive (OA) from non-obstructive
azoospermia (NOA) using:

— testicular volume;

— presence or absence of the vas deferens;

- serum levels of FSH, LH, total (and free) testosterone,
inhibin B, AMH, prolactin;

— scrotal ultrasound / transrectal prostate ultrasound,;

— CFTR mutation testing.

3. In cases of NOA, perform extended genetic testing,
including:

— karyotyping;

— SRY mutations;

—Y-chromosome AZF microdeletions;

— AR gene mutations.

4. Identify reversible causes of NOA, such as varicocele
or hydrocele.

5. For NOA: discuss the role of micro-TESE and ART.

6. For hypogonadotropic azoospermia: induce
spermatogenesis with gonadotropins (hCG + FSH); for
hyperprolactinemia: initiate dopamine agonist therapy.

7. Provide genetic counseling for the couple.

Notes on the algorithm / lMoscHenus Kk anroputmy

{A} Azoospermia or oligozoospermia must be
assessed only after excluding medication use that
affects the reproductive system, chronic intoxications,
and occupational hazards. In cases of azoospermia,
differential diagnosis with obstructive azoospermia is
essential, particularly in men with a history of epididymo-
orchitis, vasectomy, or cystic fibrosis. Measurement of
a-glucosidase (and fructose) in the ejaculate is helpful, as
it is markedly reduced in obstruction.

{B} In this situation, it is necessary to differentiate
among the various forms of hypogonadotropic
hypogonadism. In most cases these represent congenital
disorders, including idiopathic hypogonadotropic
hypogonadism and Kallmann syndrome (when anosmia
is present). However, hypogonadism may also result from
tumors or malformations of the hypothalamic—pituitary
region. If a craniopharyngioma or another neoplasm is
diagnosed, neurosurgical intervention may be required.

{C} Hyperprolactinemia and prolactin-secreting
pituitary adenoma (prolactinoma) are fairly common
causes of male infertility. Treatment with dopamine
receptor agonists (cabergoline, bromocriptine) leads
to normalization of sexual function and restoration of
spermatogenesis. In resistant cases, neurosurgical
management may be necessary.

{D} Testicular tumors producing estrogens or hCG are
increasingly encountered among men seeking medical
attention for infertility. Progressive tumor growth within
the testis suppresses spermatogenesis and disrupts
steroidogenesis, leading to sexual dysfunction and
infertility. Sperm cryopreservation is recommended,
as subsequent treatment may further impair germinal
epithelium or necessitate gonadectomy (in some cases,
bilateral).
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{E} In this case, the cause of infertility is
hypergonadotropic hypogonadism, which may result
from congenital (e.g., karyotype abnormalities) or
acquired factors. Among the latter, scrotal disorders that
provoke testicular atrophy are most prominent, including
varicocele, hydrocele, trauma, and testicular torsion.

{F} Isolated elevation of FSH in infertile men most often
indicates isolated damage to the germinal epithelium
(spermatogenesis), which may result from both congenital
and acquired causes. In congenital forms, impaired
spermatogenesis is most commonly associated with
Y-chromosome microdeletions (AZF gene deletions).
Acquired forms of spermatogenic dysfunction are more
often related to developing autoimmune process in the
testes — autoimmune orchitis or to testicular damage
resulting from varicocele or hydrocele.

{G} A twofold increase in estradiol levels or elevated
hCG in the blood indicates a possible testicular tumor,
which manifests with gynecomastia, reduced sexual
desire, and infertility (oligozoospermia or azoospermia).

{H} Dopaminergic receptor agonists allow for
to normalizing serum prolactin levels and restore
spermatogenesis. If no recovery occur, the cause of
infertility may be due to accompanying pituitary adenoma
(more commonly a macroadenoma), development of
hypogonadotropic hypogonadism, or a combination with
other factors.

{I} Klinefelter syndrome most often presents clinically
with infertility of varying severity: from azoospermia
and hyalinization of the seminiferous tubules to
oligozoospermia. Even cases of normozoospermia have
been described. However, pharmacological treatment
options for Klinefelter syndrome are not available. Sperm
cryopreservation and ART are indicated to overcome
infertility.

{J} De la Chapelle syndrome is a rare cause of male
infertility, but such patients may present in the practice
of endocrinologists, andrologists, and reproductive
specialists. In most cases, men with a 46,XX karyotype
have severe spermatogenic dysfunction: azoospermia,
hyalinization of the seminiferous tubules, and treatment
of such infertility is not feasible. Testicular biopsy is not
recommended in these patients for sperm retrieval.

{K} Microdeletions of the Y chromosome are a
common finding in infertile men. Loss of the critical AZF
region essential for spermatogenesis leads to infertility.
Pharmacological treatments are not available. ART are
indicated. In patients with azoospermia, testicular biopsy
(TESE) is recommended to attempt sperm retrieval.

{L} In patients with normal gonadotropin levels,
differential diagnosis between OA and NOA is required.
Measurement of a-glucosidase and fructose in the
gjaculate may assist in diagnosis. Genetic testing for

CFTR mutations is also indicated, as cystic fibrosis may
cause infertility. The mechanism of OA formation relies
on congenital underdevelopment of the vas deferens.
Treatment of infertility is possible only with ART (IVF).
Sperm retrieval is performed using TESE. If OA is
caused by acquired obstruction, fertility may be restored
surgically by reconstructive repair of the vas deferens.

{M} Treatment of infertility in hypogonadotropic
hypogonadism requires the use of FSH and hCG. The
duration of therapy is at least 1 year. Complete restoration
of spermatogenesis has been demonstrated in these
patients. However, treatment failure occurs in about 10 %
of cases.

{N} Pharmacotherapy for infertility in patients
with hypergonadotropic hypogonadism has not been
developed. In most cases, ART is required, so that male
patients should undergo sperm cryopreservation.

{0} Testosterone replacement therapy in men with
hypogonadism is lifelong. Testosterone preparations
suppress FSH production in the anterior pituitary and
may worsen semen parameters. Therefore, sperm
cryopreservation is recommended before onset of
androgen replacement therapy.

{P} Assisted reproductive technologies allow infertility
to be overcome in the majority of male reproductive
disorders. However, the choice of method depends on
the expertise of the reproductive center, its technical
capabilities, and the patient’s specific diagnosis. If sperm
retrieval is unsuccessful, donor sperm is indicated.
Genetic testing and counseling of the couple are
recommended in most ART cases.

Conclusion / 3ak1oueHue

Among the 450 men with azoospermia, the non-
obstructive form predominated (63.3%), with idiopathic
NOA being the most frequent subtype. Genetic factors
(Klinefelter syndrome, Y-chromosome microdeletions,
and rare disorders of sex development) were identified
in nearly one out of six patients, confirming the need for
mandatory genetic testing in the diagnostic algorithm
for azoospermia. Obstructive azoospermia (30 %) was
most often associated with post-infectious and post-
traumatic changes, whereas GBAVD associated with CFTR
mutations was less common than in international cohorts.
The proportion of hypogonadotropic hypogonadism
was higher than expected (6.7 %), underscoring the
importance of comprehensive hormonal evaluation in all
men with azoospermia.

Altogether, our results agree with international data but
highlight certain regional characteristics that should be
taken into consideration while developing national clinical
guidelines.
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