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Review

ARTIFICIAL INTELLIGENCE IN DIAGNOSIS AND TREATMENT OF INFERTILITY

BEHITAYKA UHTEJIMT'EHIIAJA BO JUJATHOCTUKA U TPETMAH HA UHOEPTUJIMTET

Gligor Tofoski, Iskra Krstevska Dukova, Rosa Naumovska, Natasa Ilieva and Onur Dika

University Clinic for Gynecology and Obstetrics, Faculty of Medicine, Ss. Cyril and Methodius University

in Skopje, Skopje, Republic of North Macedonia

Abstract

Before the emergence of artificial intelligence (Al),
infertility care relied heavily on manual, clinician-
dependent, and often subjective approaches. Although
these methods laid the foundation of modern reproduc-
tive medicine, they were inherently limited in accu-
racy, reproducibility, and predictive capacity.

In the diagnostic evaluation of the infertile couple,
semen analysis was traditionally performed manually
by technicians or embryologists. Key parameters -
including sperm concentration, motility, and morpho-
logy-were assessed under light microscopy, resulting
in considerable inter- and intra-laboratory variability.
Female evaluation similarly depended on hormone
assays (FSH, LH, estradiol) and transvaginal ultra-
sound measurement of antral follicle count (AFC),
both of which were subject to operator bias and
offered only moderate predictive value. Conditions
such as endometriosis or tubal pathology often re-
quired expert interpretation of imaging or invasive
laparoscopic assessment.

In assisted reproductive technologies (ART), em-
bryo selection was historically based on morphological
grading under light microscopy. Embryologists assessed
blastomere symmetry, fragmentation, and overall mor-
phology, yet the process remained subjective and in-
consistent across observers. Sperm selection for intra-
cytoplasmic sperm injection (ICSI) was similarly ma-
nual, relying on visual identification of motile, mor-
phologically normal sperm - an approach that was labor-
intensive and imprecise.

Personalization of ovarian stimulation was also limited
before Al. Gonadotropin dosing was determined largely
by clinical experience, age, and body habitus, often
leading to suboptimal responses, including poor stimu-
lation, excessive follicular development, or risk of
ovarian hyperstimulation syndrome (OHSS). Predic-
ting the number of retrievable oocytes was challen-
ging, and dose adjustments were frequently reactive
rather than anticipatory.

In summary, infertility diagnostics and treatment prior
to Al were grounded in human expertise, direct obser-

Correspondence to:  Onur Dika, University Clinic for Gynecology and
Obstetrics, 1000 Skopje, R. N. Macedonia; E-mail: dikaonur@gmail.com

vation, and clinical judgment. While these practices
established the core principles of ART, they suffered
from variability, limited reproducibility, and restricted
predictive accuracy. The introduction of Al represents
a transformative shift - from subjective, experience-
dependent evaluation to standardized, data-driven, and
personalized reproductive care.

Keywords: Artificial intelligence, infertility, assisted
reproductive technologies (ART), in vitro fertilization
(IVF), embryo selection; semen analysis, ovarian stimulation,
reproductive medicine, ICSI, personalized medicine

AncrTpakrt

[Ipen mojaBaTa Ha Bemraukara uHTenurennuja (BN),
TPETMAaHOT Ha WHQEPTHIMTETOT BO TrojeMa Mepa ce
MOTIHpaNle Ha PadvyHH, KIMHAYAP-3aBUCHH M YECTO
cyOjeKTUBHU mpucTany. Mako oBue MEeTOIu I'M MocTa-
BHja TEMEJINTE HAa COBpEMEHaTa PENPOAYKTHBHA MEIH-
uHA, THEe 0ca WHXEPEHTHO OTPaHWYCHH BO OIJHOC Ha
TOYHOCTA, PETIPOLYLIUOMITHOCTA U TPEAUKTHBHATA MOK.
Bo nujarHocTHukaTa eBanyanuja Ha WHQEPTUIHHUOT
map, aHajJm3ara Ha criepMara TPaJAuIHOHaTHO CE H3Be-
JyBallle padHo Of JabOpaTOPUCKH TEXHUUYAPU MU eM-
6puono3u. KiyuHuTe mnapaMmeTpu-BKIydyBajKH KOH-
HEeHTpanrja Ha CIEPMATO30HMIN, TOABIKHOCT H MOP-
(hosoruja-ce MpoIrieHyBaa co CBETIIOCHA MUKPOCKOIIH]a,
IITO pe3yiTHpaIle cO 3Ha4YajHa MHTEpP- U MHTpanado-
paropucka BapujabmiaHOCT. EBanyanujara Ha XeHaTa
UCTO Taka 3aBHcenie on XxopMoHckn aHamm3u (FSH,
LH, ectpaguon) u TpaHCBarMHaJEH YJITPa3BYK 3a Me-
peme Ha aHTpaHUOT QoiukyiapeH O6poj (AFC), kou
Oea IOJIOKHY Ha OIepaTopcka MPHUCTPACHOCT U Hyiea
caMo yMepeHa NpeJMKTHBHA BpenHocT. CocT0jON Kako
EH/IOMETpHO3a WM TyOapHa marojiordja 4ecto Oapaa
eKCIIepTCKa HHTepIIpeTalyja Ha CIIMKOBHU METOIH N
HMHBa3MBHA JIATIAPOCKOTICKA MPOIICHKA.

Bo acuctupanure penpoxyktuBHu TexHomoruu (APT),
ceJieKnHjaTa Ha eMOPHOHHN NCTOPHUCKH ce Gasuparie Ha
MOP(}OJIOIIKO OIEHYBabE 10]] CBETIIOCEH MHKPOCKOIL.
EmOpuono3ure ja mpoueHyBaa cuMeTpHjaTta Ha Ojac-
TOMepHUTe, (pparMeHTaIMjaTa U MEIOKYyITHaTa MOP(O-
JIOTHja, HO TPOLECOT OCTaHyBalle CYOjeKTHBEH WU
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HEKOH3UCTEHTEH Mery pasinyHu HaOspyayBaun. Ce-
JIeKIMjaTa Ha CIEPMAaTO30MAN 332 WHTPAIUTOILIA3MAaT-
cka uHjekuuja Ha crnepmaro3ous (ICSI) ucro Taka
Oemie payHa, 3aCHOBaHA Ha BU3yeJIHA HIICHTU(DUKAIIT]A
Ha MOJBIDKHU W MOP(OIIOMIKM HOPMAJIHH CIIEPMAaTO-
30HMIM-TIPUCTAN KOj Oellle TPYAOMHTEH3MBEH U Helpe-
ITM3EH.

[lepconanu3anujata Ha oOBapHjajHaTa CTHMYJIAIUja
UCTO Taka Oemie orpaHwueHa npen BU. losupamero
Ha TOHAJOTPOIMHHM TJIaBHO C€ OIpe/esTyBalle Bp3 OC-
HOBa Ha KJIMHUYKO HCKYCTBO, BO3PACT U TeIeCHa KOH-
CTUTYIIH]ja, MTO YECTO JOBEAyBaIle 10 CyOONITHMAITHI
OJITOBOPH, BKIIyuyBajku ci1ad OATOBOpP Ha CTUMYNa-
Mja, MpeKyMepeH (OIUKYIapeH pa3Boj WIH PH3HK O]
OBapHjaJieH xunepcTumynanucku cuaapom (OHSS).
[IpensunyBameTo Ha OpOjOT HAa JOOMEHH OOLUTH Oe-
IIe OTEeXKHATO, a KOPEKIMUTE Ha Ji03aTa HajuecTto Oea
PEaKTUBHU, HAMECTO MTPEAUKTHBHH.

Kako 3aKkiIydok, qUjarHOCTHKATa U TPETMAHOT Ha WH-
¢deprrnuteror npex BU Oea 3acHoBaHM Ha 4YoBedKa
eKCIepTH3a, TUPEKTHO HAOJbyIyBame W KIMHHYKA
nporeHka. Mako oBue MpaKkTUKU TH BOCIIOCTaBHja OC-
HoBHUTEe nmpuHUUIK HAa APT, THe ce xapakrepusupaa
€O BapHjabWIIHOCT, OTpaHUYEHA PENPOIYIIHOMIHOCT U
HaMaJeHa NpPEAWKTUBHA TOYHOCT. BoBemyBameTo Ha
BeIlITaYKaTa WHTEJIWICHIMja NpPEeTCTaByBa TpaHchop-
MaTHBEH IIPECBPT -0 CyOjeKTHBHA, UCKYCTBEHO 3a-
BHCHA TIPOICHKA KOH CTaHAApIU3UpaHa, ITOJATOIH-
BOJICHA U MEPCOHAIM3UPAHA PENTPOYKTHBHA IPHIKa.

Kayynu 300poBu: BemTayka  HMHTEJIUTCHINM]A,
MH(EPTWINTET, ACUCTUPAHH PEIPOLYKTUBHU TEXHOJIOTHH
(APT), un Butpo ¢deprunuzanyja (IVF), cenexuuja Ha
eMOpHOHY; aHAJIM3a Ha CTIiepMa, OBapHjaTHa CTHMYJIAIIH]a,
penponyktuBHa MeauuuHa, [CSI, nmepconanusupana
MEJIUIMHA

Introduction

Infertility affects approximately 10-15% of couples of
reproductive age worldwide and represents one of the
most prevalent chronic reproductive disorders, ca-
rrying substantial medical, psychological, and socio-
economic consequences. Despite significant advances
in assisted reproductive technologies (ART)-including
in vitro fertilization (IVF), intracytoplasmic sperm in-
jection (ICSI), and cryopreservation-global pregnancy
rates per ART cycle remain modest, averaging 30-40%
even in optimal clinical conditions. Conventional in-
fertility diagnostics, such as hormonal testing, semen
analysis, ultrasound evaluation, and laparoscopy, have
long served as the clinical foundation of reproductive
medicine. However, these approaches are frequently
limited by subjectivity, operator dependency, and res-
tricted predictive capacity, which can impede precise
diagnosis and individualized treatment planning.

Prior to the integration of artificial intelligence (Al),
infertility assessment relied heavily on clinician expe-
rience and manual interpretation. Semen analysis, for
instance, was performed under light microscopy to
evaluate concentration, motility, and morphology, yet
results often varied across observers and laboratories.
Female infertility evaluations based on anti-Miillerian
hormone (AMH), follicle-stimulating hormone (FSH),
and antral follicle count (AFC) were similarly affected
by inter-operator variability and provided only mode-
rate predictive insight into ovarian responsiveness. In
ART laboratories, embryologists traditionally graded
embryos by assessing blastomere symmetry, fragmen-
tation, and overall morphology-a process inherently
subjective and inconsistent.

The emergence of Al technologies has introduced a
paradigm shift in infertility management by enabling
standardized, data-driven, and personalized reproduce-
tive care. Machine learning (ML) and deep learning
(DL) systems can analyze large, multidimensional da-
tasets including clinical, hormonal, laboratory, and
imaging parameters, to identify complex patterns asso-
ciated with reproductive outcomes. In male infertility,
DL algorithms now automate sperm morphology and
motility assessments with greater accuracy and repro-
ducibility than manual or conventional computer-assis-
ted systems [2,5]. In female infertility, Al models
integrate clinical and hormonal data to predict ovarian
stimulation response, thereby supporting individua-
lized gonadotropin dosing and reducing the risks of
both poor and excessive ovarian response [1,6].

Al has also transformed embryo evaluation and selec-
tion. Deep learning models trained on time-lapse ima-
ging can extract morphological and morphokinetic
features associated with implantation potential, outper-
forming traditional subjective grading systems [4].
These tools enable consistent embryo ranking and may
improve pregnancy outcomes while reducing the need
for multiple embryo transfers. In reproductive ima-
ging, Al-based diagnostic systems have demonstrated
improved sensitivity for the detection of endometriosis
and subtle pelvic pathologies on ultrasound and MRI,
while reducing operator-dependent variability [3].
Beyond enhancing diagnostic precision, Al supports
clinical decision-making and introduces new ethical
dimensions to reproductive care. Predictive models
assist in estimating live birth probabilities, guiding
treatment sequencing, and improving patient coun-
seling. As Al systems expand in complexity and clini-
cal relevance, ethical and regulatory challenges-inclu-
ding concerns regarding data privacy, algorithmic bias,
transparency, and explainability-have become in-
creasingly important. Professional and regulatory bo-
dies, such as the European Society of Human Repro-
duction and Embryology (ESHRE) and the U.S. Food
and Drug Administration (FDA), have introduced
guidelines to ensure safe, equitable, and evidence-ba-
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sed deployment of Al-enabled reproductive technolo-
gies [7-9].

In summary, artificial intelligence is redefining inferti-
lity diagnosis and treatment by reducing human sub-
jectivity, improving diagnostic accuracy, and enabling
personalized therapeutic strategies. This review provi-
des a comprehensive evaluation of current and emer-

Table 1. Traditional vs. Al-based approaches in infertility care

ging Al applications across infertility diagnostics,
ART procedures, and clinical decision support, while
addressing the ethical and regulatory frameworks re-
quired for their responsible integration into reproduce-
tive medicine. The transition from conventional infer-
tility care toward Al-assisted reproductive medicine is
summarized in Table 1.

Aspect Traditional Method

Al-Based Innovation

Key Benefit

Manual microscopic

Semen Analysis evaluation
. .. Based on age, FSH,
Ovarian Response Prediction AMH
Morphological grading

Embryo Selection .
under microscope

2D ultrasound, MRI
interpretation
Empirical, physician-
dependent

Endometriosis Detection
Stimulation Protocols

Outcome Counseling Population averages

ML models using multi-
CNN-based time-lapse
Al image segmentation and

Reinforcement learning and

Deep learning-based
morphology and motility

Objective, reproducible results
detection
Personalized dosing, fewer OHSS

variable data cases

. . Predictive embryo ranking
image analysis

. Early, non-invasive diagnosis
pattern recognition
Optimized outcomes, cost

predictive dosing reduction

Al-based individualized

.. Better patient guidance
success prediction p &

I. Diagnostic Evaluation of the Infertile Couple
1. Male Factor

Male infertility contributes to approximately 40—50%
of infertility cases and encompasses a broad spectrum
of etiologies, including genetic, hormonal, environ-
mental, and idiopathic factors. Historically, semen
analysis has been the cornerstone of male fertility
evaluation. Embryologists manually assessed sperm
concentration, motility, and morphology under light
microscopy-methods that, while foundational, are
limited by subjectivity, intra-observer variation, and
reduced reproducibility. Even with the introduction of
computer-assisted sperm analysis (CASA) systems,
significant inter-laboratory variability persists [2,5].

The integration of artificial intelligence (Al) into andro-
logy has markedly enhanced diagnostic precision. Com-
parative diagnostic accuracy between manual, CASA,
and Al-based methods is demonstrated in Figure 2.

Colrgé)grative Accuracy: Manual vs. Al-Based Methods
80T
601

40

Diagnostic Accuracy (%)

20

0 Manual CASA Al-Based

Fig. 2. Comparative accuracy of diagnostic methods

Deep learning algorithms trained on high-resolution
microscopy images and video data can automatically
quantify sperm motility and classify morphological
abnormalities with exceptional consistency. Lee et al.
[2] demonstrated that Al-based sperm morphology
classification surpasses manual scoring in speed,
accuracy, and inter-operator reliability. Convolutional
neural network (CNN)-based systems have also been
applied to dynamic motility pattern recognition,
identifying subtle motility phenotypes correlated with
fertilization potential [10].

Al innovations extend beyond diagnostic analysis to
real-time sperm selection for intracytoplasmic sperm
injection (ICSI). Automated imaging platforms now
employ deep neural networks to detect viable, mor-
phologically normal sperm within seconds-an advan-
cement particularly beneficial for patients with severe
oligozoospermia or non-obstructive azoospermia [5,11].
Emerging Al-integrated microfluidic technologies fur-
ther combine image-based recognition with biophysi-
cal sorting, enabling the selection of sperm based on
motility, DNA integrity, capacitation status, and other
functional parameters. These platforms improve fertili-
zation efficiency while reducing operator dependency
and procedure time.

Machine learning approaches are also being developed
to incorporate endocrine and genetic biomarkers into
male infertility assessment. Predictive models trained
on hormonal parameters (FSH, LH, testosterone) and
genetic datasets can differentiate obstructive from non-
obstructive azoospermia and estimate the likelihood of
successful testicular sperm retrieval [10]. Collectively,
these advancements mark the transition from descrip-
tive, operator-dependent evaluation to predictive, stan-
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dardized, and data-driven diagnostics in male repro-
ductive medicine.

2. Female Factor

Female infertility results from diverse etiologies,
including ovulatory disorders, tubal pathology, uterine
anomalies, and endometriosis. Traditional diagnostic
approaches, such as hormone assays, pelvic ultra-
sound, and laparoscopy, are essential yet limited by
variability in interpretation and modest predictive
accuracy. Al technologies provide advanced analytical
capabilities that integrate hormonal, imaging, and
clinical data, thereby enhancing diagnostic reliability
and efficiency.

Al in Ovarian Reserve and Ovarian Response
Prediction

Al-driven models have demonstrated strong perfor-
mance in predicting ovarian reserve and response to
controlled ovarian stimulation. By integrating parame-
ters such as age, AMH, FSH, LH, estradiol, and antral
follicle count (AFC), machine learning algorithms
including gradient boosting, random forests, and
neural networks, can forecast ovarian responsiveness
with high precision [1,6]. Alsaad et al. [1] showed that
ML-based dosing models can individualize gonado-
tropin regimens, minimizing risks of suboptimal
response or ovarian hyperstimulation syndrome
(OHSS). Such models are increasingly embedded
within IVF cycle planning platforms to optimize
dosing strategies and improve oocyte yield.

Al in Imaging and Endometriosis Detection

In reproductive imaging, Al-enhanced ultrasound and
MRI systems have significantly improved the detec-
tion of endometriosis and uterine pathologies. Smith et
al. [3] demonstrated that CNN-based segmentation al-
gorithms can identify subtle endometriotic implants,
characterize lesion depth, and decrease inter-operator
variability compared to standard imaging interpreta-
tion. Automated ovarian follicle segmentation using
deep learning further standardizes AFC measurement,
reducing the subjectivity inherent to manual ultra-
sound assessment [12].

Radiomic Al models capable of extracting thousands
of quantitative imaging features enable non-invasive
phenotyping of endometriosis and other pelvic disor-
ders. These tools reduce reliance on diagnostic laparo-
scopy and support earlier identification, risk stratifica-
tion, and personalized treatment planning.

Al in Endometrial and Tubal Evaluation

Al applications are also advancing assessment of
endometrial receptivity and tubal patency. Machine
learning models that integrate time-lapse imaging,
Doppler flow patterns, and clinical data can evaluate
endometrial thickness, volume, vascularity, and pre-
dict optimal implantation windows [13]. In hysterosal-
pingography (HSG) and sonohysterography, Al-assis-
ted interpretation enhances detection of tubal occlu-
sion and intrauterine abnormalities, providing a faster,
more consistent, and standardized approach to female
factor infertility evaluation.

3. Multimodal Risk Stratification

Infertility frequently involves overlapping male and
female factors, highlighting the need for integrated and
holistic diagnostic approaches. Multimodal artificial
intelligence (AI) models address this complexity by
combining clinical, hormonal, imaging, and, increasin-
gly genetic and molecular data to generate indivi-
dualized diagnostic profiles. These systems can classify
infertility etiologies, such as ovulatory dysfunction,
tubal disease, endometrial pathology, or unexplained
infertility, and predict the probability of natural con-
ception or success with assisted reproductive techno-
logies (ART).

Recent work utilizing ensemble learning and federated
Al frameworks has demonstrated enhanced diagnostic
robustness by aggregating data from multiple clinical
centers while preserving patient privacy [14]. Fede-
rated models overcome the limitations of single-in-
stitution datasets, reducing the risk of overfitting and
improving generalizability across diverse populations.
These integrated Al platforms are now being incur-
porated into clinical decision-support systems, provi-
ding fertility specialists with real-time predictions, risk
assessments, and personalized treatment recommend-
dations.

I1. Assisted Reproduction (ART)

Assisted reproductive technologies (ART) constitute
the cornerstone of infertility treatment, encompassing
procedures such as in vitro fertilization (IVF), intracy-
toplasmic sperm injection (ICSI), and embryo transfer
(ET). Despite their transformative impact, ART su-
ccess rates have plateaued over the past decade, lar-
gely due to persistent inter-observer variability in
embryo grading, empirical ovarian stimulation strate-
gies, and inconsistent sperm selection methods. The
advent of artificial intelligence (Al) has redefined
these workflows by promoting automation, standar-
dization, and predictive optimization across every
stage of the reproductive cycle.

1. Embryo Assessment and Selection
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Embryo quality evaluation remains one of the most
critical determinants of ART success. Traditionally,
embryos have been graded manually under a light
microscope based on parameters such as blastomere
number, fragmentation, and symmetry. While widely
practiced, this process is inherently subjective and
often inconsistent between embryologists and across
IVF centers. Al-driven time-lapse imaging and deep
learning systems have now revolutionized embryo
assessment by providing reproducible, quantitative,
and predictive evaluation tools.

Convolutional neural networks (CNNs) trained on
time-lapse image sequences can automatically extract

morphokinetic parameters-such as cleavage timing,
cell symmetry, compaction, and blastocyst expansion-
and convert these into implantation probability scores
[4,15]. The workflow of Al-assisted embryo selection
is illustrated in Figure 1. These algorithms outperform
traditional manual grading by identifying subtle deve-
lopmental signatures that are imperceptible to the
human eye. Boucret et al. [4] demonstrated that deep
learning—based embryo evaluation models achieved
significantly higher predictive accuracy for clinical
pregnancy and live birth compared to morphology-
based selection alone.

Workflow of Al-Assisted Embryo Selection

Time-lapse Imaging

I | IMage Preprocessing & Segmentation

— | Feature Extraction (Morphokinetics)

J—— | Dcep Learning Model (CNN)

J—-— | Implantation Probability Scaring

Fig. 1. Workflow of Al-assisted embryo selection

Recent multimodal approaches integrate metabolomic,
proteomic, and even genetic data with morphokinetic
features to further enhance prediction reliability [16].
Such multi-omics embryo selection systems may re-
duce the need for invasive preimplantation genetic
testing (PGT), supporting the move toward fully non-
invasive embryo viability assessment. However, per-
sistent challenges remain, including limited dataset
diversity, inconsistencies in annotation standards, and
the need for rigorous external validation across IVF
centers worldwide [17].

2. Sperm Selection for ICSI

Sperm selection for ICSI has traditionally relied on
embryologist judgment to identify morphologically
normal, motile sperm under high magnification. This
manual process is time-consuming, subjective, and
dependent on operator expertise. Al-assisted sperm
selection tools now provide automated detection, tra-
cking, and classification capabilities that significantly
enhance both efficiency and objectivity.

Deep learning systems can identify viable spermatozoa
from microscopy images and microfluidic video data
in real time, classifying them on the basis of motility
patterns, head morphology, acrosomal status, and
structural integrity [2,5,11,18]. Al-guided sperm selec-
tion has proven especially valuable in cases of severe
male-factor infertility or non-obstructive azoospermia,

where motile sperm are difficult to locate manually.
Integration of AI with advanced microfluidic plat-
forms has enabled sperm sorting based on motility
trajectories, capacitation markers, and DNA fragmen-
tation indices, improving fertilization potential while
reducing oxidative and mechanical stress during
handling [18,19].

Moreover, novel prototypes of Al-assisted micromani-
pulators have been developed to autonomously cap-
ture, position, and inject selected sperm during ICSI
while remaining under embryologist supervision [20].
Although these technologies are currently in early ex-
perimental phases, they represent a major step toward
semi-automated fertilization workflows designed to
reduce operator variation and improve consistency
across IVF laboratories.

3. Personalization of Ovarian Stimulation

Controlled ovarian stimulation (COS) aims to recruit
multiple mature oocytes, but determining the optimal
gonadotropin dose remains one of the most challen-
ging components of IVF cycle management. Tradi-
tionally, dosing has been based on clinician expe-
rience, patient age, baseline hormone levels, and antral
follicle count, often leading to variable responses and
risks such as ovarian hyperstimulation syndrome
(OHSS). AI has emerged as a transformative tool for
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predicting ovarian response and tailoring stimulation
protocols.

Machine learning models integrate a broad array of
variables including age, AMH, FSH, BMI, AFC, estra-
diol dynamics, and prior cycle characteristics, to fore-
cast the expected number of retrievable oocytes and
recommend individualized gonadotropin doses [1,6,
21]. Patel et al. [6] demonstrated that Al-guided
stimulation protocols significantly reduced medication
requirements and decreased OHSS incidence without
compromising oocyte yield or clinical pregnancy rates.
More advanced reinforcement learning models dyna-
mically adjust gonadotropin dosing in real time as
follicular development progresses, providing fully
adaptive stimulation strategies tailored to each pa-
tient's cycle-specific response [21].

These data-driven approaches signal a shift from
empirical, heuristic dosing toward precision-controlled
ovarian stimulation. Integration of Al models with
electronic medical records and ultrasound monitoring
platforms enables real-time clinical alerts, cycle
forecasting, and decision support during stimulation.

4. Outcome Prediction and Counseling

Beyond diagnosis and treatment optimization, Al plays
an increasingly critical role in predictive counseling
and patient communication. Al-based predictive mo-
dels estimate probabilities of fertilization, blastocyst
formation, implantation, clinical pregnancy, and live
birth by incorporating clinical data, embryologic para-
meters, laboratory metrics, and sometimes genetic or
metabolic markers [16,22]. These tools support pa-
tient-centered decision-making by enabling realistic

Table 2. Al applications by domain in infertility medicine

expectation-setting and facilitating informed choices
regarding fresh versus frozen embryo transfer, cycle
continuation, or donor gamete options.

Modern outcome prediction platforms frequently
integrate explainable Al (XAI) frameworks that high-
light which variables (such as embryo morphology,
endometrial characteristics, patient age, or ovarian re-
serve markers) most influence the predicted outcome.
This transparency enhances clinician trust, supports
ethical use, and strengthens communication with
patients.

Clinical integration of these systems has already
demonstrated improvements in patient satisfaction,
decision-making efficiency, and treatment adherence
[23]. However, widespread adoption still requires
rigorous external validation, standardized reporting
metrics, regulatory oversight, and structured imple-
mentation guidelines to ensure safe and equitable
clinical deployment.

III. Emerging and Frontier Uses

The scope of artificial intelligence (Al) in reproductive
medicine is rapidly expanding beyond traditional
diagnostics and assisted reproduction. Novel frontiers
now include genomic prediction, microrobotics for
gamete manipulation, Al-assisted fertility surgery, and
digital health applications for patient interaction. These
advancements illustrate the convergence of compu-
tational science, bioengineering, and clinical fertility
care, signaling a transition toward precision, automa-
tion-driven reproductive medicine. The major domains
and clinical applications of artificial intelligence in
infertility medicine are summarized in Table 2.

Domain Example Application

Al Model / Technique

QOutput / Advantage

Male Factor Sperm detection, motility analysis
Female Factor  Ovarian reserve prediction

Embryology Time-lapse embryo grading
Genomics Non-invasive aneuploidy detection
Surgery Endometriosis detection
Telehealth Al chatbots, patient counseling

CNN, object detection
Regression, ensemble learning
Deep CNN

Multi-omics deep learning
Computer vision (segmentation)
NLP models

Objective sperm scoring
Personalized stimulation plans
Embryo viability score
Genetic risk prediction
Intraoperative guidance
Better access and education

1. AI Integration in Reproductive Genomics

The incorporation of Al into genomic and multi-omics
analysis represents a major advance toward indivi-
dualized reproductive care. Traditional preimplanta-
tion genetic testing (PGT) requires embryo biopsy and
invasive analysis. Recent breakthroughs in Al-driven
genomics allow for non-invasive prediction of ploidy
status using time-lapse imaging and spent culture
medium metabolomics [24,25].

Deep learning algorithms trained on embryo imaging
and metabolomic signatures can detect molecular
patterns associated with chromosomal abnormalities,
reducing dependence on invasive biopsy techniques.

Khosravi et al. [16] demonstrated that integrating
imaging, transcriptomic, and metabolomic features
allows for highly precise prediction of embryo viabi-
lity. Similarly, genomic prediction models have been
applied to polygenic risk scoring (PRS) in embryos,
estimating the likelihood of complex disorders and in-
herited diseases [26].

While the potential of genomic Al is substantial, it
introduces profound ethical considerations, including
risks of misuse for non-medical selection, trait opti-
mization, or eugenic applications. Ethical frameworks
emphasize that genomic Al must prioritize disease
prevention, reproductive autonomy, and clinical justi-
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fication, avoiding enhancement-oriented or socially
discriminatory uses [7,26,27].

2. Microrobotics and AI-Assisted Fertility Procedures

Al-powered microrobotics is emerging as one of the
most transformative technological innovations in rep-
roductive medicine. Microrobots equipped with com-
puter vision, magnetic navigation, and Al-based con-
trol systems can autonomously transport sperm toward
the oocyte, offering new possibilities for severe male-
factor infertility or impaired tubal physiology [28].
Fernandez et al. [20] reported early experimental
success using Al-guided micromanipulators capable of
autonomously performing key steps of ICSI, including
sperm capture, positioning, and microinjection. These
devices employ reinforcement learning algorithms to
navigate microscopic environments, recognize oocy-
tes, and execute microinjection maneuvers under
embryologist supervision. Other experimental systems
combine Al-controlled magnetic microrobots with
real-time imaging feedback to deliver sperm directly to
the target site, minimizing manual manipulation time
and reducing mechanical trauma to gametes [28,29].
Although still in preclinical development, these tech-
nologies represent a future direction for semi-auto-
nomous reproductive microsurgery, in which Al
augments rather than replaces embryologist and
surgical expertise.

3. Real-Time Surgical Video Analysis

In reproductive surgery, particularly laparoscopy and
hysteroscopy, Al is being applied to enhance intra-
operative visualization, anatomical recognition, and
surgical precision. Deep learning-based computer vi-
sion models can identify pelvic structures, endomet-
riotic lesions, adhesions, and vascular networks in
real-time video streams, providing surgeons with con-
tinuous visual guidance during complex fertility-pre-
serving procedures [3,30].

Al-assisted image segmentation tools allow quantita-
tive mapping of lesion size, vascularity, and organ
boundaries, improving diagnostic accuracy and redu-

cing operative risk. Early developments in augmented
reality (AR) integration enable the overlay of critical
structures-such as ureters, ovarian vessels, and bowel
loops-onto the surgical field, potentially decreasing
iatrogenic injury during difficult dissections [30,31].

Additionally, AI systems analyzing post-operative
surgical videos can perform automated skill assess-
ment, identifying instrument trajectories, gesture pa-
tterns, and tissue handling quality. Such feedback pro-
vides objective metrics for surgical training, contribu-
ting to standardized education and continuous impro-
vement in minimally invasive reproductive surgery [31].

4. Patient-Facing AI and Digital Fertility Support

Beyond laboratory and surgical applications, Al tech-
nologies are increasingly integrated into patient-facing
fertility platforms. Natural language processing (NLP)-
based chatbots and mobile health applications assist
patients with cycle tracking, hormonal monitoring,
medication adherence, and lifestyle optimization, whi-
le also providing evidence-based responses to fertility-
related questions [32,33].

Moussa et al. [23] demonstrated that Al-enhanced
counseling tools improve patient satisfaction, engage-
ment, and understanding by offering personalized in-
sights and empathetic interactions. Digital platforms
can triage infertility complaints, guide patients through
preliminary assessments, and facilitate referrals to
reproductive specialists, potentially expanding access
to fertility care in underserved populations.

However, reliance on patient-generated data intro-
duces challenges related to data accuracy, privacy, and
cybersecurity. Regulatory authorities, including the
FDA and ESHRE, stress that patient-facing Al sys-
tems must comply with strict data protection standards
and function exclusively as decision-support tools ra-
ther than replacements for professional medical care
[8,9,33].

IV. Limitations, Ethics, and Regulation

While artificial intelligence (Al) is transforming infer-
tility diagnosis and treatment, its integration into routine

Table 3. Ethical and regulatory considerations in reproductive Al

Ethical / Legal Aspect

Example

Clinical Relevance

Bias & Fairness :
populations

Transparency & Explainability

Data Privacy & Security standards

Validation & Clinical Safety enabled devices

Accountability & Oversight .
practice

Training data may not represent all

Al models limit interpretability
Compliance with GDPR and HIPAA

FDA/ESHRE guidelines for Al-

Human-AlI decision-sharing in clinical

May affect diagnostic accuracy and
fairness

Reduces clinician trust and patient
understanding

Ensures confidentiality of sensitive
reproductive data

Protects patient safety and promotes
reliability

Maintains ethical responsibility and
professional control
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clinical practice remains constrained by fundamental
challenges related to data quality, algorithmic
transparency, ethical governance, and regulatory com-
pliance. For Al to progress from proof-of-concept stu-
dies to widespread clinical adoption, these limitations
must be addressed through rigorous validation and
multidisciplinary oversight. Key ethical and regulatory
considerations associated with reproductive Al are
presented in Table 3.

1. Data Quality and Generalizability

A major limitation in reproductive Al research is the
lack of standardized, diverse, and high-quality data-
sets. The majority of existing models are trained on
retrospective, single-center data that lack demographic
and geographic diversity, thereby limiting generalize-
bility and external validity [10,17,34]. Variations in
laboratory workflows, imaging equipment, and clinical
documentation also contribute to inconsistencies in
algorithm performance across fertility centers.
Federated learning has emerged as a promising so-
lution. This approach allows Al models to be trained
collaboratively on decentralized datasets while main-
taining privacy and avoiding data transfer [14,35]. Lin
et al. [14] demonstrated that federated models trained
across multiple fertility clinics achieved predictive
performance comparable to centralized datasets. Colla-
borative initiatives such as the Reproductive Al Net-
work (RAIN) have been proposed to harmonize data
labeling, curation, and benchmarking standards [35].
Ensuring transparency and reproducibility requires
adherence to standardized reporting frameworks. Jour-
nals and institutions increasingly mandate compliance
with TRIPOD-AI and CONSORT-AI guidelines, which
provide structured requirements for reporting diagnos-
tic and interventional Al trials [36].

2. Algorithmic Bias and Explainability

Al systems are inherently vulnerable to algorithmic
bias, as their performance depends on the character-
ristics of the datasets used for training. Underrep-
resentation of specific populations, whether based on
ethnicity, socioeconomic status, or geographic region,
can result in biased predictions and widen disparities
in infertility care [7,26,37]. For example, models
trained predominantly on data from high-income
countries may perform poorly when applied to patients
from underrepresented ethnic groups or regions with
different clinical profiles.

Explainability further complicates the issue. Many
deep learning systems function as “black boxes,” ge-
nerating predictions without interpretable reasoning,
which undermines clinician trust and poses challenges
for regulatory approval [13,37].

Recent advances in Explainable Al (XAI) address
these concerns. XAl methods provide interpretable
outputs such as:

e heatmaps highlighting image regions influencing
embryo classification,

o feature-importance analyses revealing which
hormonal, clinical, or imaging variables drive
predictions,

e counterfactual explanations illustrating how
small changes in input data alter outcomes
[14,37,38].

These tools enhance transparency, help clinicians vali-

date model reasoning, and support accountable use in

patient care. However, their integration into clinical-
grade systems remains in early development stages.

3. Data Privacy and Cybersecurity

Infertility care involves exceptionally sensitive perso-

nal, reproductive, and genetic information such as ga-

mete characteristics, embryo videos, and detailed rep-

roductive histories. Breaches of such data could lead to

significant ethical, psychological, and legal conseq-

uences.

While regulatory frameworks like the General Data

Protection Regulation (GDPR) in the EU and HIPAA

in the United States set foundational data protection

standards, Al introduces additional risks through cloud-

based analytics, decentralized computation, and auto-

mated decision-making pipelines [8,9,39].

Emerging privacy-preserving solutions include:

¢ Federated learning to avoid centralizing data

e Blockchain-based audit trails ensuring data in-
tegrity and traceability [40]

¢ Advanced encryption protocols for secure model
training across networks [39,40].

Clinicians and institutions must verify that commercial

Al vendors meet institutional security standards and

obtain specific patient consent for Al-assisted data

processing.

Novel privacy-preserving Al architectures are being

developed to enable real-time analytics within secure

clinical networks without exposing raw patient data,

balancing innovation with confidentiality.

4. Regulatory Oversight and Clinical Validation

Regulatory classification of Al-based reproductive
systems remains a significant barrier to clinical deplo-
yment. Unlike static medical devices, Al models
evolve as they learn from new data, complicating
approval pathways and post-market surveillance.

The U.S. Food and Drug Administration (FDA) has
introduced a regulatory framework for AI/ML-based
Software as a Medical Device (SaMD), emphasizing
transparency, change-control plans, and real-world per-
formance monitoring [8,41]. Similarly, the European
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Society of Human Reproduction and Embryology
(ESHRE) requires robust validation and clinical trials
prior to clinical integration [9,42].

Despite these regulatory advances, few reproductive
Al tools have obtained clearance due to:

e limited multicenter trials,

e heterogeneous outcome metrics,

e lack of standardized benchmarks.

Establishing harmonized performance metrics-such as
AUC thresholds, calibration indices, and clinically
meaningful endpoints-is critical for ensuring compara-
bility, reproducibility, and patient safety [42,43].

5. Ethical Governance and Human Oversight

Ethical governance is central to responsible implemen-
tation of Al in reproductive medicine. The principle of
Al-augmented care, where Al provides recommend-
dations but clinicians retain full responsibility for cli-
nical decisions, remains the most ethically defensible
model [7,9,27].
Core ethical principles include:
e Beneficence: Al should enhance patient outcomes.
e Non-maleficence: Algorithms must not introduce
harm through bias or inaccuracy.
e Autonomy: AI tools should support informed
decision-making, not limit reproductive choice.
e Justice: Al systems must promote equitable
access and avoid exacerbating disparities.
Rolfes et al. [7] and Harris et al. [27] emphasize the
moral implications of embryo selection algorithms,
noting that Al should support, not constrain, reproduc-
tive autonomy. Transparent reporting of algorithm
design, performance, and limitations is essential for
maintaining patient trust.
Institutions are increasingly encouraged to establish
Al Ethics Committees to oversee deployment, ma-
nage conflicts of interest, and ensure continuous
auditing. With the introduction of the EU Artificial
Intelligence Act (2024), legal accountability now
extends to Al developers, distributors, and healthcare
institutions, underscoring the importance of com-
pliance with international ethical and regulatory
standards [44].

Conclusion

Artificial intelligence (Al) has emerged as a transfor-
mative force in the diagnosis and treatment of infer-
tility, driving a paradigm shift from subjective, expe-
rience-based medicine toward objective, data-driven,
and personalized reproductive care. Its integration ac-
ross diagnostic evaluation, assisted reproduction, and
clinical decision support has already begun to redefine
standards of precision, efficiency, and equity in ferti-
lity medicine.

In diagnostic evaluation, Al-based algorithms have
enhanced the accuracy and reproducibility of semen
analysis, ovarian reserve estimation, and imaging-
based detection of pelvic pathologies. By automating
interpretation and integrating multimodal data-inclu-
ding hormonal, clinical, and imaging inputs-these
systems enable earlier and more reliable identification
of both male and female infertility factors. Machine
learning models further allow prediction of ovarian
stimulation outcomes, empowering clinicians to indi-
vidualize gonadotropin dosing and minimize risks
such as ovarian hyperstimulation syndrome (OHSS).
Within assisted reproduction, deep learning has revo-
lutionized embryo and sperm selection, offering objec-
tive and reproducible alternatives to manual grading.
Al-assisted time-lapse imaging systems can now pre-
dict embryo implantation potential with high precision,
while Al-guided sperm selection technologies improve
ICSI outcomes, particularly in severe male-factor in-
fertility. Machine learning models for ovarian stimu-
lation and treatment personalization are moving ART
toward true precision reproductive medicine, impro-
ving both clinical efficiency and patient satisfaction.
Emerging and frontier applications, such as genomic
prediction, microrobotics for sperm delivery, and Al-
assisted reproductive surgery, illustrate the expanding
interdisciplinary potential of Al in fertility care. These
innovations are pushing the field toward automation
and non-invasive assessment, creating opportunities
for safer, more accessible, and more personalized
interventions. Likewise, patient-facing Al platforms
are empowering individuals to engage actively in their
reproductive health, enhancing counseling, adherence,
and education.

However, these advances are accompanied by signify-
cant challenges. Data heterogeneity, algorithmic bias,
limited generalizability, and regulatory uncertainty
continue to restrict the widespread clinical adoption of
Al Ethical concerns regarding transparency, privacy,
and equitable access remain central to responsible im-
plementation. Ensuring rigorous validation, explaina-
bility, and clinician oversight is essential to maintain
trust and uphold medical integrity.

Looking ahead, the future of infertility care will likely
be shaped by collaborative intelligence, a partnership
between clinicians and algorithms in which Al serves
as an extension of human expertise rather than its
replacement. As technology continues to evolve, the
overarching goal remains constant: to enhance repro-
ductive outcomes while preserving the ethical founda-
tions of compassion, autonomy, and patient-centered
care. With sustained innovation, robust regulation, and
interdisciplinary collaboration, Al has the potential to
transform infertility treatment into a model of truly
personalized, predictive, and equitable reproductive
medicine.
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Abstract

Introduction. Inherited thrombophilia has been asso-
ciated with adverse reproductive outcomes, but its role
in infertility remains insufficiently clarified.

Methods. A case-control study including women with
infertility (n=38) and a control group (n=36) was con-
ducted at the Institute for Transfusion Medicine- Skop-
je (ITM-Skopje). Genetic testing for Factor V Leiden
G1691A, Prothrombin G20210A and MTHFR C677T
mutations was performed in the Laboratory for mole-
cular testing in ITM-Skopje. Statistical significance
was set at p<0.05.

Results. The absence of thrombophilic mutations was
significantly lower in infertile women compared to
controls. MTHFR C677T homozygosity was markedly
more frequent in the infertility group (39.5%) compa-
red to controls (5.5%) (p<0.001). Factor V Leiden mu-
tation was more prevalent in infertile women (10.5%)
compared to controls (2.8%), although without strong
statistical significance. Prothrombin G20210A muta-
tion was also more frequent in the infertility group
(13.2%) compared to controls (5.5%). Combined
mutations were observed more frequently in infertile
women (21.1%) compared to controls (5.6%).
Conclusion. Inherited thrombophilia, particularly
MTHEFR C677T homozygosity and combined mutations,
may contribute to female infertility.

Keywords: infertility, thrombophilia, Factor V Leiden,
prothrombin, MTHFR

TaTUBHU PENPONYKTUBHH HCXOIH, HO HEj3MHATA YIIOTa
BO MH(EPTHIIUTETOT OCTaHyBa HEAOBOIIHO MTOjaCHETA.
MeTtoan. HarpaBeHa e cTyuja Ha citydaj U KOHTPOJIa,
KOja BKJIy4yBa Xe€HH cOo MHPepTHInTeT (n=38) U KOH-
Tpona rpymna (n=36) Bo MHCTUTYTOT 3a TpaHCc(y3UOHA
MeaunuHa-Ckornje. Bo maboparopujata 3a MoJieKyap-
HO TECTHpame € U3BPLICHO T'€HETCKO TECTHUpame 3a
myTanuu Ha Factor V Leiden G1691A, Prothrombin
G20210A u MTHFR C677T. Cratuctuukara 3Hauaj-
HOCT e noctaBeHa Ha p<0.05.

Pesyaratu. OTCcycTBOTO Ha TPOMOO(DWIHH MYyTalluu
Oele 3HAYMTETHO MOMAJO Kaj JKEHUTE CO MH(EpTH-
JIUTET BO cropenda co KOHTPOJHMTE. XOMO3UTOTHATA
mytanmja Ha MTHFR C677T Geme 3a0enexinuBo 1mo-
gecra BO rpymnara co uHpeprmwmuret (39.5%) Bo crmo-
penda co xontponure (5.5%) (p<0.001). MyranujaTa
Ha Factor V Leiden Oemre modecra Kaj >KCHHTE CO MH-
¢deprumurer (10.5%) BO cmopemba co KOHTPOJIHTE
(2.8%), naxo 6e3 cuiIHA CTaTHCTHYKA 3Ha4ajHOCT. My-
tanujara Prothrombin G20210A ucto Taka Oeme 1o-
gecra BO rpymnara co uHpeprmwmmret (13.2%) Bo crmo-
penbda co korTposuTe (5.5%). KomOuHMpanu Mytarmu
Ce pEerucTpHpaa ImouyecTo Kaj >KeHH cO MH(EPTHIUTET
(21.1%) Bo criopenoda co xouTpoauTe (5.6%).
3akaydok. Hacnemnata TpombOodunuja, ocobeHo
MTHFR C677T xoMo03uroTHara myTanuja U KOMOH-
HUpPAHUTE MyTallld, MOXKE JIa TIPUIOHECE 32 JKCHCKHOT
HHQPEPTHIIATET.

Kayunn 360poBu: napepTmntet, TpOMOOQIIIH]ja,
dakrop V Leiden, mporpombun, MTHFR

AncrpakT

Bosen. Hacnennarta tpomboduija e moBp3ana co He-

Correspondence to:
Elena Petkovikj, Institute for Transfusion Medicine - Skopje, 1000,
Skopje, R. S. Macedonia; E-meil:elena.petkovic@yahoo.com

Introduction

Thrombophilia arises from a disruption in the normal
balance of the coagulation system, leading to an
increased tendency for thromboembolic events. It may
be inherited, representing a genetic predisposition to
venous or arterial thrombosis, often occurring at a
younger age and characterized by a tendency for recu-
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rrence [1]. Although not a disease per se, thrombo-
philia is a laboratory-defined condition that may be
associated with various clinical states, including ma-
lignancy, medication use, or pregnancy [2]. Impor-
tantly, most individuals with thrombophilia do not
develop thrombosis, and its clinical significance de-
pends on the presence of additional risk factors [3].
Thrombophilia has been implicated in a range of clini-
cal manifestations, most commonly venous thrombo-
embolism, but also in adverse pregnancy outcomes
such as recurrent pregnancy loss, stillbirth, and placen-
tal complications [4,5]. However, the role of thrombo-
philia testing remains controversial and is generally
recommended only when results are expected to in-
fluence clinical management [6].

Infertility is a multifactorial condition affecting a
significant proportion of women of reproductive age.
While hormonal, anatomical, and immunological fac-
tors are well established, increasing attention has been
directed toward the potential contribution of hemosta-
tic disorders [7]. Inherited thrombophilia, characteri-
zed by genetic mutations such as Factor V Leiden,
Prothrombin G20210A, and MTHFR polymorphisms,
may contribute to infertility through microvascular
disturbances, impaired uterine perfusion, and altered
endometrial receptivity [8,9].

The role of inherited thrombophilia in pregnancy loss
and vascular complications has been extensively stu-
died; however, findings remain inconsistent. While so-
me studies have demonstrated an association between
thrombophilia and adverse reproductive outcomes,
others have failed to confirm these relationships [10].
The relationship between inherited thrombophilia and
infertility remains controversial. Some studies have
suggested that a prothrombotic tendency may be
associated with unexplained infertility [11], whereas
others have not confirmed this association [12].
Current evidence does not support a consistent link
between inherited thrombophilia and infertility, except
possibly in cases of recurrent implantation failure.

A systematic review and meta-analysis by Di Nisio et
al. demonstrated a significant association only for
Factor V Leiden mutation, which was linked to an
increased risk of implantation failure (OR 3.08; 95%
CI 1.77-5.36), while no consistent association was
found for other thrombophilic mutations [13].

The aim of this study was to evaluate the prevalence of
inherited thrombophilia in women with infertility
compared to a healthy control group and to investigate
its possible role as a contributing factor.

Materials and methods

The case-control study was conducted at the Institute
for Transfusion Medicine-Skopje (ITM-Skopje). The
study included 74 women, divided in two groups. The
data from the performed examinations and analyses in

the outpatient clinic at ITM-Skopje were processed for

the women with diagnoses according to the inclusion

criteria.

Inclusion criteria:

- Women aged 18-45,

- Women with diagnosed primary and secondary
infertility according to the criteria of the World
Health Organization (WHO).

Exclusion criteria:

- Women who had a previous history of venous
thromboembolism,

- Women with pre-existing causes of secondary
thrombophilia: autoimmune disorders (such as
systemic lupus erythematosus, rheumatoid arthritis,
Hashimoto thyroiditis), positive antiphospholipid
antibodies (APA), positive lupus anticoagulant (LA),
extreme obesity, dyslipidemia, nephrotic syndrome,

- Women who refused to participate in the study or
gave up at some point in the study.

In the study group, 38 women with diagnosed primary

and secondary infertility according to the WHO crite-

ria were included.

The control group included 36 women, age-matched,

who gave birth to at least one healthy child without

obstetric complications. Presence of gene mutations
for factor II Prothrombin G20210A, factor V Leiden

G1691A and methylenetetrahydrofolate reductase

(MTHFR C677T) was examined in both groups.

Sociodemographic data, along with data on personal,

family and obstetric history were collected with a

standardized questionnaire. Blood samples from the

included women were examined in the Molecular

Biology Laboratory at ITM-Skopje, with previously

given informed consent before taking blood samples

and using the results in the preparation of the study,
approved by the Ethics Committee at the Faculty of

Medicine in Skopje. The method used to examine

factor II factor G20210A, factor V Leiden G1691A

and MTHFR C677T was molecular detection of point
mutations using the Operon kit. A total of 2 ml of
venous blood was collected in a vacutainer K2EDTA.

Statistical analysis was performed with the statistical

package STATISTICA 7.1; SPSS 13.0. Numerical

series were analyzed with measures of central
tendency and measures of dispersion of data. The

Student's t-test (t) was used for testing the significance

of difference between groups. A p-value less than 0.05

was considered statistically significant.

Results

The distribution of nationality was homogeneous bet-
ween the study and control groups and was broadly
consistent with the national demographic structure of
the Republic of North Macedonia. Macedonians com-
prised 78.9% of the study group (n=30) and 69.5% of
the control group (n=25). Albanians accounted for 7.9%
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of the study group and 19.4% of the controls, while
participants of other ethnicities represented 13.2% and
11.1% of the study and control groups, respectively.
No statistically significant differences were observed
between the groups with respect to baseline sociode-
mographic characteristics (Table 1).

Table 1. Ethnicity

Infe Contr
Ethnicity/ -
Group rtility ol group
N % %
Macedonia

ns 30 78.9 25 69.5
Albanians 3 7.9 7 194
Other 5 13.2 4 11.1

Total 38 100.0 36 100.0

The average age of the study group was lower than
that of the control group (mean 33.8, range 24-45
versus mean 32.8, range 23-44 respectively), but the
difference did not reach statistical significance
(p>0.05). The 38 women in the infertility group had a
total of 39 pregnancies (mean 1.2+0.9), whereas the 36
women in the control group had a total of 77
pregnancies (mean 2.1+0.5), and this difference was
statistically significant (p<0.05). The mean number of
spontaneous abortions was higher in the infertility
group (0.5£0.88) compared to the control group
(0.1+0.23); however, this difference did not reach
statistical significance (p>0.05) (Table 2).

Table 2. Clinical characteristics of women with infertility and controls

Variable Group Mean N Std. Dev. p-value

Age (years) Infertility 30.5 38 4.62 >0.05
Control 32.8 36 4.67

Number of pregnancies Infertility 1.2 38 0.94 <0.05
Control 2.1 36 0.48

Number of spontancous Infertility 0.5 38 0.88 >0.05

abortions
Control 0.1 36 0.23

Significant differences were observed between women
with infertility and controls. A significantly lower pro-
portion of women without thrombophilic mutations
was found in the infertility group compared to controls
(6/38, 15.8% vs. 13/36, 36.1%; p=0.04).

With respect to individual mutations, the prevalence of
MTHFR C677T homozygous mutation was markedly
higher in infertile women, detected in 15 out of 38
patients (39.5%), compared to 2 out of 36 controls
(5.5%), representing a statistically significant differ-
rence (p<0.001).

In contrast, the MTHFR C677T heterozygous mutation
was observed in 15 infertile women (39.5%) and 20
controls (55.6%), with no statistically significant diffe-

rence between groups (p=0.16). Factor V Leiden hete-
rozygous mutation was identified in 4 women in the
infertility group (10.5%) and in 1 control subject (2.8%)
(p=0.36). Similarly, Prothrombin G20210A heterozy-
gous mutation was present in 5 infertile women (13.2%)
compared to 2 controls (5.5%), without statistical sig-
nificance (p=0.43).

The homozygous Prothrombin (F II G20210A) muta-
tion was detected in only one patient in the infertility
group (2.6%) and in none of the controls, with no sta-
tistically significant difference between groups (p=1.00).
Due to the very low frequency of this mutation, this
result should be interpreted with caution (Table 3).

Table 3. Prevalence of thrombophilic mutations in women with infertility and

controls
.- . Infertility Control p-value
Thrombophilic mutations N A N A

Without mutation 6 15.8 13 36.1 <0.05
F 11 G20210A heterozygous 5 13.2 2 5.5 >0.05
FV Leiden heterozygous 4 10.5 1 2.8 >0.05
MTHFR C677T heterozygous 15 39.5 20 55.6 >0.05
F II G20210A homozygous 1 2.6 0 0.0 1.00
MTHEFR C677T homozygous 15 39.5 2 5.5 <0.05
Total 38 100.0 36 100.0

Combined thrombophilic mutations were more frequen-
tly observed in women with infertility compared to
controls (8/38, 21.1% vs. 2/36, 5.6%), demonstrating a
borderline association that did not reach statistical
significance (p=0.06). The most common combination
in the infertility group was Prothrombin G20210A

heterozygous with MTHFR C677T heterozygous
mutation (10.5%), which was not detected in the con-
trol group. Other combined mutation patterns, inclu-
ding Prothrombin G20210A heterozygous with MTHFR
homozygous mutation and Factor V Leiden combined
with MTHFR variants, were observed at low frequent-
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cies in both groups, without statistically significant
differences. Overall, individual combined mutation

patterns were rare and did not show significant asso-
ciations with infertility (Table 4).

Table 4. Combined thrombophilic mutations in women with infertility and controls

. . Infertility Control p-value

Combined mutations N % N %
Prothrombin G20210A heterozygous
+ MTHFR C677T heterozygous 4 10.5 0 0.0 =0.05
Prothrombin G20210A heterozygous
+ MTHFR C677T homozygous ! 2.6 ! 2.8 1.00
Factor V Leiden heterozygous +
MTHEFR C677T heterozygous 2 4.3 ! 2.8 1.00
Factor V Leiden heterozygous +
MTHFR C677T homozygous ! 2.6 0 0.0 1.00
Any combined mutation 8 21.1 2 5.6 0.06
Total 38 100.0 36 100.0

The analysis demonstrated that MTHFR C677T homo-
zygosity was strongly associated with infertility, with
an approximately 11-fold increased odds compared to
controls (OR=11.1; 95% CI: 2.3-53.5; p<0.001). This
was the only mutation showing a statistically signi-
ficant association. Prothrombin G20210A and Factor
V Leiden mutations were more frequent in women
with infertility, with odds ratios of 2.6 and 4.1, res-
pectively; however, these associations did not reach
statistical significance, as indicated by wide confi-

dence intervals crossing unity (p>0.05). Combined
thrombophilic mutations were also more prevalent in
the infertility group (OR=4.5; 95% CI: 0.9-22.4), sho-
wing a trend toward increased risk, although this did
not achieve statistical significance (p=0.06).

Overall, these findings suggest that while inherited
thrombophilia may contribute to infertility, particu-
larly through MTHFR homozygosity, the role of other
mutations remains inconclusive and may be limited by
sample size.

Table 5. Association between inherited thrombophilic mutations and infertility

Mutation Infertility (%) Control (%) OR 95% CI  p-value
Prothrombin G20210A 13.2 5.5 2.6 0.5-13.5 >0.05
Factor V Leiden 10.5 2.8 4.1 0.4-39.6 >0.05
MTHFR homozygous 395 5.5 11.1 2.3-53.5 <0.001
Combined mutations 21.1 5.6 4.5 0.9-22.4 0.06

Discussion

In the present study, the distribution of ethnicity and
baseline sociodemographic characteristics was compa-
rable between women with infertility and control
group, reflecting the general population structure of
the Republic of North Macedonia. The absence of
statistically significant differences between groups su-
ggests that the observed associations are unlikely to be
influenced by confounding demographic factors.

The analysis of clinical characteristics demonstrated
that women with infertility had a significantly lower
number of pregnancies compared to controls, which is
expected given the nature of the condition. Although
the mean number of spontaneous abortions was higher
in the infertility group, this difference did not reach
statistical significance, indicating that pregnancy loss
was not the dominant reproductive issue in this cohort.
These findings are consistent with previous reports
suggesting that infertility and recurrent pregnancy loss
represent distinct, although partially overlapping, clini-
cal conditions [4,7].

The most important finding of this study is the strong
association between MTHFR C677T homozygosity

and infertility. Women carrying this mutation had a
significantly higher prevalence and an approximately
11-fold increased odds of infertility compared to con-
trols. This supports the hypothesis that disturbances in
folate metabolism and hyperhomocysteinemia may
lead to endothelial dysfunction, impaired uterine mic-
rocirculation, and reduced endometrial receptivity [8,9].
Similar associations have been reported in recent stu-
dies, although the clinical relevance of MTHFR poly-
morphisms remains a subject of debate [14-16].

The role of MTHFR mutations in reproductive
disorders is controversial. While some authors suggest
a significant association with infertility and implant-
tation failure, others emphasize that MTHFR polymer-
phisms alone may not be clinically meaningful in the
absence of elevated homocysteine levels or additional
risk factors [3,14]. Recent meta-analyses also highlight
considerable heterogeneity among studies, contribu-
ting to inconsistent findings [15,16].

In contrast, Factor V Leiden and Prothrombin
G20210A mutations were more frequent in the infer-
tility group but did not reach statistical significance.
These findings are consistent with existing literature
suggesting that these classical thrombophilic mutations
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are more strongly associated with recurrent pregnancy
loss and thromboembolic complications rather than in-
fertility itself [1,10]. A systematic review by Di Nisio
et al. demonstrated a significant association between
Factor V Leiden and implantation failure, but not with
infertility in general [13].

The analysis of combined thrombophilic mutations
revealed a higher prevalence in women with infertility,
with borderline statistical significance. This finding
supports the hypothesis of a possible cumulative or
synergistic effect of multiple prothrombotic factors on
reproductive function. Similar observations have been
reported in recent studies, suggesting that combined
mutations may confer a higher risk than single muta-
tions alone [19]. However, due to the low frequency of
individual combinations and the limited sample size,
these results should be interpreted with caution.
Importantly, a significantly lower proportion of wo-
men without any thrombophilic mutations was obser-
ved in the infertility group, further supporting the
potential contribution of prothrombotic predisposition
to infertility. The underlying mechanisms may involve
impaired uteroplacental circulation, endothelial dys-
function, and altered implantation processes [2,5].
Despite these findings, the clinical utility of thrombo-
philia screening in infertile women remains controver-
sial. Current guidelines do not recommend routine
testing in the absence of a personal or family history of
thrombosis or pregnancy complications, as there is
insufficient evidence that such testing improves repro-
ductive outcomes [6,18,20]. A more individualized
approach, focusing on selected high-risk patients, has
been suggested in recent recommendations [18,20].
This study has several limitations. The relatively small
sample size is reflected in the wide confidence inter-
vals and limited statistical power, particularly for rare
mutations and combined genotypes. Additionally, ho-
mocysteine levels were not assessed, which may be
important for interpreting the clinical impact of
MTHFR polymorphisms. Larger, well-designed pros-
pective studies are needed to further elucidate the role
of inherited thrombophilia in infertility and its clinical
implications.

Conclusion

The findings of this study suggest that inherited throm-
bophilia may contribute to infertility, particularly
through a strong association with MTHFR C677T
homozygosity. In contrast, Factor V Leiden and Pro-
thrombin G20210A mutations were more frequent in
infertile women but did not demonstrate statistically
significant associations. Combined thrombophilic mu-
tations showed a trend toward increased risk, although
this did not reach statistical significance. Overall, these
results indicate that the role of inherited thrombophilia
in infertility is complex and not uniform across di-

fferent genetic variants. Routine screening for throm-
bophilia in infertile women cannot be universally
recommended; however, a selective approach may be
considered in specific clinical contexts. Further large-
scale, prospective studies are required to clarify the
clinical relevance of thrombophilia in infertility and to
determine its potential implications for diagnosis and
management.

Conflict of interests: None declared.
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LABORATORY DIAGNOSIS AND DISTRIBUTION OF TOXIGENIC CLOSTRIDIOIDES
DIFFICILE IN ADULTS AND CHILDREN: A ONE-YEAR STUDY

JJABOPATOPUCKA JIUJATHO3A U JUCTPUBYIIMJA HA TOKCHUI'EH CLOSTRIDIOIDES
DIFICILE KAJ BO3PACHHU U JELA: EJHOTI'OAUIIIHA CTYAUJA
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Abstract

Clostridioides difficile is a major cause of antibiotic-
associated diarrhea, with increasing clinical importan-
ce in pediatric and adult populations where asympto-
matic colonization is common. This study evaluated
the laboratory detection of Clostridioides difficile in
pediatric and adult patients using a multistep diagnos-
tic algorithm and analyzed the distribution of toxigenic
and non-toxigenic strains across healthcare institutions.
During a one-year period (January-December 2024),
767 stool samples from public and private healthcare
facilities were analyzed at the Institute of Microbiolo-
gy and Parasitology, Faculty of Medicine, Skopje.
Diagnostic testing included enzyme immunoassays for
glutamate dehydrogenase (GDH) and toxins A and B,
with polymerase chain reaction (PCR) testing perfor-
med in cases of discordant results.

C. difficile was not detected in 85.5% of samples.
Toxigenic strains were identified in 8.07% of samples,
while non-toxigenic strains were detected in 5.07%.
Among pediatric patients (n=165), toxigenic C. difficile
was detected in 6.06%, in comparison with 8.64% in
adults (n=602). Higher detection rates were observed
in nephrology, surgical, and gastroenterology clinics,
with public healthcare institutions accounting for the
majority of positive cases.

These findings emphasize the importance of a multi-
step diagnostic approach and careful clinical correla-
tion, particularly in pediatric patients, to differentiate
active infection from asymptomatic colonization and
to ensure appropriate management of Clostridioides
difficile infection.

Keywords: Clostridioides difficile infection (CDI),
antibiotic-associated diarrhea, laboratory diagnosis,
multistep diagnostic algorithm
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AncrTpakrt

Clostridioides difficile npeTcTaByBa 3Ha4aeH NpUYHU-
HUTENI Ha aHTUOMOTHK-acOIMPaHa Jujapeja, co ¢ Io-
rojieMoO KIWHHYKO 3HAa4YeHe Kaj TeaujaTpuckara u
BO3pacHara MOIMyalyja, Kaje IITO aCHMIITOMaTcKara
KOJIOHW3aIja ¢ decra mnojaBa. OBaa cTymdja ja eBa-
nmyupaiie Jraboparopuckara aerekiuja Ha Clostridioides
difficile xaj meaMjaTpUCKX M BO3PAcCHH IMALUEHTH CO
MPUMEHA HA MYJITHCTEIICH JUjarHOCTHYKU aJTOPUTaM
W ja aHalM3upalie pacrpenesidara Ha TOKCUTCHUTE W
HETOKCUTCHUTE COCBU BO PA3JIUYHU 3[PABCTBEHHU yC-
TaHOBH.

Bo TexoTr Ha emHOTrOAMIIEH NEepHOA (jaHyapU—IeKeM-
Bpu 2024), 6ea ananmusupanu 767 mpumeponu Qerec
O]l jaBHM W NPUBATHU 37PABCTBEHH YCTaHOBU Bo UH-
CTUTYTOT 32 MHUKPOOHMOJIOTHja M MapasuToJIOTHja MPH
MenaunuackuoT ¢akynter Bo Ckormje. JlujarHoCTHY-
KOTO TECTUpAE€ BKIIydyBalll€ CH3MMCKU HWMYHOaHa-
nu3u 3a riytamat gexuaporeHasa (GDH) u toxcunm
A u B, noneka PCR tectupame Oelie CripoBeIeHO Kaj
CJIy4YaH CO AUCKPETIAaHTHHU PE3YJITaTH.

C. difficile ne 6eme nerextupan kxaj 85.5% ox mpu-
MeporuTe. TOKCHTeHH coeBU Oea WaeHTH()UKYBaHU Kaj
8.07% ox mpumMeponuTe, J10/1eKa HETOKCUTEHU COEBH
Oea nerektupanu kaj 5.07%. Kaj megujarpuckure na-
nuentd (n=165), toxcuren C. difficile Geme neTexTH-
paH kxaj 6.06%, Bo criopenda co 8.64% kaj Bo3pacHHUTE
narueTd (n=602). TIOBHCOKM CTamku Ha AETeKIHja
Oca 3a0enekaHd BO HE(PPOJOIIKUTE, XUPYPIIKATE H
racTPOCHTEPOJIOMIKUTE KIMHUKH, MPH IITO HAjrOJIeM
A€ O MO3UTUBHUTE ClIydau MOTCKHYBaa O jaBHI/ITe
3IIpaBCTBCHU YCTaHOBH.

OBue HAOIW ja HArJIaCyBaaT BaKHOCTA HA MYJITHCTE-
IICHUOT JII/IjaFHOCTI/ILIKI/I IpucTal 1 BHUMAaTEJIHaTa KJIU-
HUYKa Kopelnaiuja, ocoOeHO Kaj MeJujaTpPUCKUTE Ia-
[UCHTH, CO LEJ Pa3NKyBambe HA aKTUBHA WH(EKIIH]ja
O]l acCUMIITOMATCKa KOJIOHW3anuja U 00e30emyBame
coozBeTeH TpeTMaH Ha uHdeknujara co Clostridioides

difficile.

Kayuynan 306opoBu: wundekuuja co Clostridioides
difficile (CDI), anTHOHMOTHK-acollMpaHa Idjapeja,
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nabopaTopucka JAMjarHOCTHKA, TOKCUTE€HU
MYJITUCTETIEH INjarHOCTUYKH aJiTOpUTaM.

COEBH,

Introduction

Clostridioides difficile (C. difficile) is an anaerobic [1],
Gram-positive, spore-forming bacterium capable of
producing potent toxins that are a leading cause of
antibiotic-associated diarrhea. Although C. difficile
infection (CDI) predominantly affects adult popula-
tions, its incidence among pediatric patients has been
increasing in recent years, particularly in hospital
environments and among children with underlying
medical conditions or compromised immune systems.
The clinical presentation of CDI ranges from mild,
self-limiting diarrhea to severe, life-threatening com-
plications, including toxic megacolon and sepsis.

In pediatric patients, CDI presents unique diagnostic
challenges, as colonization with C. difficile is frequent-
tly asymptomatic, especially in neonates and young
children. Numerous studies have demonstrated that
newborns and infants commonly harbor C. difficile
without exhibiting clinical signs of infection. This
phenomenon is attributed to the immaturity or absence
of functional toxin-binding receptors in the intestinal
epithelium of children under two years of age, which
limits the pathogenic effects of the toxins.
Consequently, the interpretation of laboratory findings
in pediatric cases requires particular caution. As em-
phasized in the National Clinical Guidelines of NHS
Scotland (2022) [2], the mere detection of C. difficile
or its toxins does not necessarily confirm active infec-
tion in children, underscoring the importance of corre-
lating laboratory results with clinical presentation.

Materials and methods

A total of 767 stool samples were collected between
January and December 2024 from public and private
healthcare institutions and analyzed at the Institute of
Microbiology and Parasitology, Faculty of Medicine,
Skopje. Routine diagnostics included enzyme immu-
noassays (EIA) for glutamate dehydrogenase (GDH)
and toxins A and B [3], followed by polymerase chain
reaction (PCR) testing (Amplex method) in cases of
discordant results.

Accurate laboratory diagnosis of Clostridioides difficile
infection (CDI) is essential for appropriate patient
management and effective infection control, particu-
larly in the pediatric population. Diagnostic assays are
designed to detect the presence of C. difficile, its toxins,

or toxin-encoding genes in stool samples, thereby
aiding in the differentiation between active infection
and asymptomatic colonization. However, laboratory
results must always be interpreted in conjunction with
the clinical presentation.

Glutamate Dehydrogenase (GDH) Test: The glutamate
dehydrogenase (GDH) test is a highly sensitive screening
assay used to detect the presence of C. difficile through
identification of a specific enzyme produced by both
toxigenic and non-toxigenic strains. Although the test
is valuable as an initial step in diagnostic algorithms, it
lacks specificity for active infection, as it cannot
distinguish between colonization and toxin-mediated
disease. Consequently, GDH positivity requires confir-
matory testing.

Enzyme Immunoassay (EIA) for Toxins A and B:
Enzyme immunoassays (EIA) are among the most
commonly employed methods for the detection of C.
difficile toxins A and B [4,5]. These assays are rapid,
cost-effective, and widely available; however, they
demonstrate only moderate sensitivity, which may
result in false-negative results and underdiagnosis of
CDI when used as a standalone test.

Polymerase Chain Reaction (PCR): Polymerase chain
reaction-based assays detect genes encoding GDH and
major toxins, including tcdA and fcdB. These molecu-
lar methods offer high sensitivity and specificity and
have become increasingly integrated into routine diag-
nostic workflows. Nevertheless, as PCR detects toxin
genes rather than active toxin production, positive
results must be carefully interpreted, particularly in
pediatric patients where colonization is common.

Diagnostic Algorithm for Clostridioides difficile
Infection

Clinicians should suspect CDI in patients with acute
diarrhea (=3 loose stools in 24h) without an alternative
explanation such as laxative use or tube feeds. CDI
should particularly be suspected in the setting of
relevant risk factors: recent systemic antibiotic use,
hospitalization, advanced age, or use of proton pump
inhibitors. At the Institute of Microbiology and Para-
sitology, a combination glutamate dehydrogenase
(GDH) plus toxin assay is used, arbitrated by a nucleic
acid amplification test (NAAT) which assists in
determining colonization versus infection (Figure 1).
Test of cure is not recommended as C. difficile may
still be detectable after a course of appropriate therapy
and does not indicate persistent disease.
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Fig. 1. Diagnostic algorithm for Clostridioides difficile infection

Results

Figure 2 shows all tested samples for the presence of
C. difficile during 2024. In 657(85.5%) out of 767
samples, C. difficile was not detected; in 62(8.07%)
out of 767 samples, toxic C. difficile was detected; in
39 (5.07%) out of 767 samples, non-toxic C. difficile

Fig. 2. Display of all tested samples

A total of 45 samples obtained from the University
Clinic for Nephrology were analyzed, of which C.
difficile was not detected in 35 samples, toxic C.
difficile was detected in 7 samples, and non-toxic C.
difficile was detected in 3 samples. From a total of 165
samples obtained from the University Clinic for
Pediatric Diseases (UCPD) and the Institute for Pul-
monary Diseases Kozle, C. difficile was not detected

was detected. In 4(0.52%) samples, the toxin was
detected but not the bacteria (GDH was negative);
therefore, a new sample was requested to repeat the
analysis. In 5(0.65%) out of 767 samples, further
testing with the Amplex test was needed to detect the
genes encoding GDH and toxins A and B.

EC. difficile Not Detected
EDetected Toxic C. difficile
@Detected Non-toxic C. difficile
ORepeat Analysis

EAmplex Test

in 146 samples, toxic C. difficile was detected in 10
samples, and non-toxic C. difficile was detected in 9
samples. From a total of 165 samples obtained from
the University Clinic for Infectious Diseases, C.
difficile was not detected in 141 samples, toxic C.
difficile was detected in 13 samples, and non-toxic C.
difficile was detected in 7 samples. In 3 samples, the
analysis needed to be repeated, and in one sample,
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further testing with the Amplex test was required to
detect genes encoding GDH and toxins A and B.

At the University Clinic for Gastroenterohepatology, a
total of 144 samples were processed, with C. difficile
not detected in 122 samples, toxic C. difficile detected
in 14 samples, and non-toxic C. difficile detected in 4
samples. For one sample, the analysis needed to be
repeated, and in 3 samples, testing was continued with
the Amplex test. A total of 114 samples obtained from
other clinics were analyzed, and C. difficile was not

detected in 93 samples, toxic C. difficile was detected
in 14 samples, and non-toxic C. difficile was detected
in 7 samples. A total of 120 samples obtained from
private health institutions were processed, and C.
difficile was not detected in 120 samples, toxic C.
difficile was detected in 4 samples, non-toxic C.
difficile was detected in 9 samples, and in one sample,
further testing with the Amplex test was performed to
detect genes encoding GDH and toxins A and B.

Table 1. Distribution of samples obtained from various institutions

C. difficile Not Dete.cted Detectefl Repeat Amplex Total Samples
Institution Detected Toxic C. Non-toxic Analysis Test (n, %)
difficile C. difficile ’
# % # % # %
Infectious Diseases 141 85.5 13 7.87 7 4.24
Pediatric Clinic and Kozle 146 88.5 10 6.06 9 5.45
Gastroenterohepatology 122 84.7 14 9.72 4 2.77
Surgical Clinics 93 81.6 14 12.3 7 6.14
Nephrology 35 77.7 7 15.5 3 6.66
Private Health Institutions 120 89.6 4 2.98 9 6.71

Table 2 shows the number of analyzed samples for C.
difficile from private health institutions (PHI) compa-
red to the number of samples obtained from other
clinics. Out of a total of 767 samples, 134(17.4%)
were from PHI, while 633 (82.5%) samples were from
other clinics. In 120(89.5%) samples from PHI and
537(84.8%) samples from other clinics, C. difficile

was not detected. Non-toxic C. difficile was detected
in 9 (6.7%) out of 134 samples from PHI and in
30(4.7%) out of 633 samples from other clinics. Toxic
C. difficile was detected in 58 (9.16%) out of 633
samples and 4(2.98%) out of 134 samples from other
clinics and PHI, respectively.

Table 2. Display of C. difficile samples from PHI compared to C. difficile samples from other clinics

C. difficile Not Detected Toxic Detected Non- Repeat Amplex Total
Institution Detected C. difficile toxic C. difficile  Analysis Test Samples
# % # % # %
PHI 120 89.55 4 2.98 9 6.71
Other Clinics 537 84.83 58 9.16 30 4.73
Discussion symptoms and patient evaluation. This combined diag-

Clostridioides difficile infection (CDI) in the pediatric
population represents a significant clinical and public
health concern, particularly in hospital settings where
exposure risk is increased among hospitalized and
immunocompromised patients. Accurate diagnosis of
CDI is highly dependent on appropriate specimen
collection, with liquid stool being the recommended
sample type. Diagnostic testing should be performed
in accordance with established protocols in cases of
nosocomial diarrhea, as well as in suspected infectious
diarrhea after exclusion of other common enteric
pathogens.

Current standard diagnostic practice relies on a
multistep algorithm. The initial step includes testing
for glutamate dehydrogenase (GDH) and toxins A and
B, followed by nucleic acid amplification testing to
detect genes encoding GDH and the toxins in cases of
discordant results. Importantly, laboratory findings
must always be interpreted in conjunction with clinical

nostic approach enables timely and accurate identi-
fication of CDI and contributes significantly to impro-
ved patient management and clinical outcomes. Al-
though C. difficile frequently colonizes the intestinal
tract® of neonates and young children without causing
clinical disease, its pathogenic potential-mediated
through toxin production and spore formation-renders
it a serious pathogen when active infection develops.
Risk factors such as prior antibiotic exposure and
disruption of the normal gut microbiota further in-
crease susceptibility to CDI, highlighting the critical
role of antimicrobial stewardship in both pediatric and
adult populations [7].

Advances in diagnostic methodologies, including toxin
detection assays and molecular techniques, have
enhanced the precision of CDI diagnosis. Neverthe-
less, these tools are not sufficient in isolation and must
be interpreted within the broader clinical context [8].
Therapeutic strategies, such as treatment with metroni-
dazole or vancomycin and, in selected cases, fecal
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microbiota transplantation, have demonstrated effecti-
veness [9,10]. However, preventive measures remain
the cornerstone of long-term CDI control.

Prevention strategies, including strict adherence to
hand hygiene, environmental disinfection, patient iso-
lation, and rational antibiotic use, are essential for
reducing the incidence of CDI. Furthermore, education
of healthcare professionals and caregivers plays a
pivotal role in the effective implementation of infec-
tion control measures.

In the present study, the high proportion of samples in
which C. difficile was not detected (85.5%) suggests
that specimens were collected from a broadly unselec-
ted patient population. Of the samples originating from
clinics within the University Clinical Center “Mother
Teresa” (82.5% of all samples), C. difficile was detec-
ted in 9.16%. In contrast, among samples obtained
from private health institutions (17.4%), only 2.98%
tested positive. Notably, both the number of samples
and the number of detected toxigenic C. difficile
strains from public clinics were approximately four
times higher than those from private institutions, likely
reflecting differences in patient profiles, hospitaliza-
tion rates, and underlying risk factors.

When stratified by clinical specialty, the distribution
of detected toxigenic C. difficile strains revealed the
highest prevalence in nephrology (15.5%), followed
by surgical clinics (12.3%), gastroenterology and he-
patology (9.72%), and infectious diseases (7.87%).
However, the elevated percentage observed in nephro-
logy should be interpreted with caution due to the re-
latively small sample size (n=45). Overall, the findings
underscore the importance of an integrated approach
combining accurate diagnosis, appropriate therapy,
and robust preventive strategies to reduce the burden

of CDI, particularly in the pediatric population, and to
improve health outcomes across all age groups.

Conflict of interests: None declared.
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BLADDER TUMOR MORPHOLOGY AS A PREDICTOR OF RECURRENCE

MOP®OJIOI'HJA HA TYMOPUTE HA MOYHHNOT MEYP KAKO IIPE/IUKTOP HA PEIIN/IB
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Abstract

Introduction. Bladder cancer is one of the most
common urological malignancies worldwide and is
characterized by high rates of recurrence and progre-
ssion. These two fundamental phenomena make the
evaluation and management of this disease particularly
challenging for the urologist. Identification of reliable
prognostic factors is therefore essential for optimizing
treatment strategies and follow-up protocols. Among
the potential prognostic determinants, the morpholo-
gical characteristics of bladder tumors may influence
the risk of recurrence and progression; however, their
precise prognostic value remains incompletely defined.
Aim. To evaluate the association between morpholo-
gical parameters of bladder tumors, particularly tumor
size and focality, and tumor recurrence in patients with
low-risk non-muscle-invasive bladder cancer (NMIBC).
Methods. A total of 72 patients with primary bladder
tumors classified as low risk according to EORTC cri-
teria were included in this study. The follow-up period
was one year. Tumor size was primarily assessed by
CT urography, while cystoscopic evaluation was used
as a complementary method when precise measure-
ment was not feasible. Tumor focality was assessed
during diagnostic cystoscopy and confirmed intraope-
ratively during transurethral resection of bladder tumor
(TURBT). Tumors were classified as unifocal or
multifocal. Tumor recurrence during follow-up was
recorded as present or absent.

Results. Tumor recurrence was observed in 14 of 72
patients (19.4%) during the one-year follow-up. Tumor
size showed no statistically significant association with
recurrence, with similar recurrence rates in tumors <3
cm and >3 cm. In contrast, tumor focality was signify-
cantly associated with recurrence, with a markedly
higher recurrence rate in patients with multifocal tu-
mors compared to those with unifocal tumors.

Correspondence to:  Josif Janchulev, University Clinic of Urology,
1000 Skopje, R. N. Macedonia; E-mail: janculev@yahoo.com

Conclusion. In patients with low-risk NMIBC, tumor
size did not significantly influence recurrence risk,
whereas tumor focality emerged as a strong predictor
of recurrence. These findings underline the prognostic
importance of tumor focality and support closer sur-
veillance in patients with multifocal bladder tumors.

Keywords: bladder cancer, non-muscle-invasive
bladder cancer, tumor focality, tumor size, recurrence

AncrTpakrt

Bosen. KapnuHoMOT Ha MOYHHOT MEYp € €A€H O]
HAjUECTUTE YPOJOIIKH MAIUTHUTETH BO CBETOT H CE
KapaKTepH3HUpa CO BUCOKH CTAIKH HAa PEIUANB U IIPOT-
pecuja. OBue nBe (yHIAMEHTAIHU TI0jaBU ja IMpaBat
eBaJlyalfjata 1 MEHAaIMEHTOT Ha oBaa OonecT ocole-
HO TpeAN3BUKYBAUYKH 3a yponorot. Unentudukarija-
Ta Ha CUT'YPHH TPOTHOCTHYKU (DAKTOPH € OJ] CYIITHH-
CKO 3HAueHE 3a ONTHUMI3MPAamE Ha TEPaNeBTCKUTE
CTpaTeruy W MPOTOKOJIHTE 3a cliefeke. Mery moTeH-
[UjaTHATE TIPOTHOCTUYKY ACTCPMUHAHTH, MOP(OIIOII-
KUTE KapaKTePUCTUKU Ha TYMOPUTE HAa MOYHHOT MEyp
MOJKaT J1a BIMjaaT BpP3 PU3UKOT Ol PEHUAWB H IIPOT-
pecHja; cerak, HUBHATA TPEI3Ha MPOTHOCTHYKA BpPEI-
HOCT c€ YIIITe He € LIENOCHO JAeduHupaHa.

Hen. /la ce eBamympa moBp3aHocTa 1momery Mopdo-
JIOUIKHUTE MapaMeTpH Ha TYMOPHTE HA MOYHHOT MEYp,
0co0eHO ToleMHHaTa M (POKATHOCTA HA TYMOPOT, H
PELMINBOT Kaj MAlleHTH CO HHUCKOPU3MYCH HEMYCKYJI-
HO-MHBAa3UBEH KapLUMHOM Ha MOYHHOT Meyp (NMIBC).
Metoau. Bo oBaa ctyamja 6ea BKIIy4eHH BKYHHO 72
MAIlMeHTH CO MPUMApHU TYMOPH HA MOYHHOT MEYyp
Kiacu(UIMpaHu Kako HucKopu3udHH criopen EORTC
kputepuymute. Ilepuonor Ha cieneme H3HeCyBalle
enHa roauHa. ['oneMuHaTa Ha TYMOpPOT MpUMapHO Oe-
mre nporenera co KT yporpaduja, nomexa mucTockon-
CKaTa eBallyaluja ce KOpUCTEIIe Kako KOMIUIEMEHTap-
Ha MeToJa Kora NPEennu3HOTO Mepeme He Oemie BO3-
MoxHO. DoKaHOCTa Ha TYMOPOT Oellle MpoleHeTa MpH
JIMjarHOCTUYKA IMCTOCKOMMja U MOTBPJCHA HHTPAOTIC-
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PaTHBHO IIpH TPaHCYpeTpajHa PEeceKfja Ha TyMOp Ha
mounuot meyp (TURBT). Tymopute Oea knacuduiim-
paHu Kako yHupoKamHu win MynTudokamHu. Permmm-
BOT 3a BpeMe Ha CIIeJICHeTO Oellle eBUISHTUPaH KaKko
IPUCYTEH WIIH OTCYTEH.

Pesyaratu. Perunus Gemre 3a0enexan kaj 14 ox 72
nanuentu (19,4%) Bo TEKOT Ha €IHOTOIUIIHOTO Clie-
Ieme. ['oneMuHara Ha TYMOPOT He MTOKa)Ka CTaTUCTHY-
KM 3HAa4YajHa MOBP3aHOCT CO PEUUAWBOT, CO CIUYHHU
CTAallKi Ha peuuAuB Kaj TymMopu <3 cm u >3 cm.
CrnpotuBHO Ha TOa, (POKAIHOCTa Ha TyMOpOT Oerie
3HAYajHO ITIOBp3aHa CO PELHUAWBOT, IPU INTO 3HAYH-
TEJIHO IIOBUCOKA CTalKa Ha penuauB Oelle 3abenexa-
Ha Kaj MAaIlMeHTH CO MYJITH(POKATHU TYMOPH BO CIO-
penba co yHU(pOKAITHHTE.

3akay4ok. Kaj nauuentu co Huckopusznden NMIBC,
rojieMHHaTa Ha TYMOpPOT HE BIMjaellle 3HA4YajHO BP3
PHBHKOT O PEUUANB, ToJeKa (DOKATHOCTAa HAa TyMOPOT
ce MOKaka KaKo CHJIEeH NpeauKTop 3a peunans. Opue
HAaoJIM ja HarjacyBaaT NPOTHOCTHYKATa BAXHOCT Ha
(hokaTHOCTa M MTOIPXKYBAAT oTpeda o]l MOMHTEH3UB-
HO CJeliekhe Kaj MAIeHTH CO MYJITH(OKAIHA TYMOPH
Ha MOYHHOT Meyp.

Kiyynu 300poBU: KapmwHOM Ha MOYEH MeEyp,
HEMYCKYJIHO-UHBa3MBEH KapIIMHOM Ha MOYEH Meyp,
(hokanHOCT Ha TYMOD, TOJIEMHUHA Ha TYMOp, PELUINB

Introduction

Bladder cancer (BC) remains a significant global health
concern. With an estimated 614,298 new cases BC was
the ninth most commonly diagnosed cancer worldwide
in 2022 [1]. In the same year, bladder cancer ranked
13th in mortality worldwide, caused over 220,000
deaths, reflecting its prevalence and clinical impact
[1]. Bladder cancer not only poses a substantial burden
on health-care systems, but is also associated with high
economic costs; for example, in the European Union
the total health care expenditure related to bladder
cancer was estimated at €2.9 billion in 2012 [2]. Bla-
dder cancer is a malignancy with a significant propen-
sity for high rates of recurrence and the potential for
progression to more aggressive disease [3].

Recurrence is defined as the reappearance of bladder
cancer at the same site or elsewhere in the bladder
after initial treatment, even following complete resec-
tion of all visually detectable tumors [4]. Bladder can-
cer progression is defined as the development of mus-
cle-invasive disease (>T2), the occurrence of regional
or distant metastases, or an increase in tumor grade to
high-grade disease during follow-up [5-7].

Recurrence and progression are two pivotal phenome-
na in bladder cancer, profoundly influencing patient
evaluation, the selection of therapeutic strategies, and
prognosis. Accurate prediction of recurrence and prog-

ression is essential for optimizing clinical management,
surveillance, and patient outcomes. Several models
and tools have been developed to estimate individual
patient risk based on clinical, pathological, and, in so-
me cases, molecular factors.

The European Organization for Research and Treat-
ment of Cancer (EORTC) Risk Tables are a widely
used clinical tool developed to predict the risk of recu-
rrence and progression in patients with non—muscle-
invasive bladder cancer (NMIBC). They were derived
from a large multicenter dataset including over 2,500
patients, integrating key tumor and patient characteris-
tics [8]. The tables provide quantitative estimates of
recurrence and progression at 1, 5, and 10 years, allo-
wing clinicians to stratify patients into low-, inter-
mediate-, and high-risk groups based on key variables
-including tumor number, tumor size, prior recurrence
rate, T stage, histological grade, and the presence of
concomitant carcinoma in situ (CIS)-and serve as a
standard reference in both clinical practice and research.
The aim of our study was to analyze the correlation
between the morphological parameters of bladder
tumors, particularly tumor size and number of tumors,
and tumor recurrence and progression.

Materials and methods

This study comprised 72 patients with primary bladder
tumors treated at the University Clinic for Urology in
Skopje between January 2021 and December 2023.
They were classified according to the EORTC low-risk
criteria for recurrence and progression. Muscle-inva-
sive tumors, high-grade pT1 tumors treated with intra-
vesical Bacillus Calmette—Guérin (BCG), as well as
patients with carcinoma in situ (CIS) were excluded
from the study. The follow-up period was one year.
The mean age of patients was 65.85 years (range 41-
86 years). The study population was predominantly
male, comprising 59 men (81.94%) and 13 women
(18.06%).

All patients underwent preoperative ultrasonography
(USG) and CT urography prior to transurethral resec-
tion of bladder tumor (TURBT). Our observation was
that in a considerable number of cases, USG was not
performed according to standardized bladder imaging
protocols. Therefore, due to the substantial number of
examinations lacking valid and adequately document-
ted findings, this method was excluded from the analysis.
Tumor size assessment was primarily based on CT
urography measurements. In cases where accurate tu-
mor size measurement was not feasible on CT urogra-
phy, tumor size was determined cystoscopically as a
complementary method, particularly for small or flat
lesions and in situations where the tumor could not be
clearly delineated due to technical limitations of CT
urography.
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Bladder tumor morphology

Tumor focality was assessed during diagnostic cysto-
scopy and confirmed intraoperatively during TURBT.
Based on cystoscopic findings, patients were classified
as having unifocal or multifocal tumors. Unifocal tu-
mors were defined as a single visible lesion, whereas
multifocal tumors were defined as the presence of two
or more synchronous tumors, irrespective of their
exact number. Cystoscopy was considered the gold
standard for the initial assessment of tumor focality.
Tumor recurrence was evaluated during the one-year
follow-up period and recorded as present or absent.
Associations between tumor focality and recurrence
were analyzed using the chi-square test. Due to the
small number of cases in some categories, Fisher’s
exact test was additionally applied. A p value <0.05 was
considered statistically significant. Statistical analyses
were performed using standard statistical software.

Results

During the one-year follow-up period, tumor recurrence
was documented in 14 of 72 patients (19.4%) and was
significantly associated with tumor focality (chi-square
test p=0.0066, Fisher’s exact test p=0.016).

Table 1. Relationship Between Tumor Size and Recurrence
During Follow-up

p=0.92). As shown in Table 2 and illustrated in Figure
2, recurrence rates were substantially higher in patients
with multifocal tumors (40.0%) compared to those with
unifocal tumors (11.5%). The association between tu-
mor focality and recurrence was statistically significant
(chi-square test, p=0.0066; Fisher’s exact test, p=0.016).

Table 2. Relationship Between Tumor Focality and
Recurrence During Follow-up
Tumf) r No Recurrence Total  p value
focality recurrence
Unifocal 46 6 52
Multifocal 12 8 20
Total 58 14 72 0.0066*

Tumor No

. Recurrence Total p value
size recurrence
<3cm 22 5 27
>3 cm 37 9 46 0.92

Tumor Size and Number of Recurrences
19.6%

Number of recurrences

o

=3 cm =3 cm

Fig. 1. Tumor size and number of recurrences ne ja gledam
vo tekstot

Bar chart illustrating the absolute number of
recurrences according to tumor size; percentages
indicate recurrence rates within each size category.

Analysis of tumor size demonstrated similar recurren-
ce rates between the two size categories, as shown in
Table 1 and illustrated in Figure 1. Recurrence occu-
rred in 5 of 27 patients (18.5%) with tumors <3 cm
and in 9 of 46 patients (19.6%) with tumors >3 cm. No
statistically significant association was observed bet-
ween tumor size and recurrence (chi-square test,

Tumor Focality and Number of Recurrences
40.0%

Number of recurrences

Multifocal

Unifocal

Fig. 1. Tumor Focality and Number of Recurrences
Bar chart showing the absolute number of recurrences
by tumor focality; percentages indicate recurrence
rates within each group.

Discussion

Tumor recurrence was observed in 19.4% of analyzed
patients during the one-year follow-up period, which is
consistent with previously reported recurrence rates in
patients with low-risk non-muscle-invasive bladder
cancer (NMIBC). Despite favorable pathological featu-
res, recurrence remains a common event in NMIBC,
underlining the importance of identifying reliable
prognostic factors even in low-risk disease [5,8]. Tu-
mor size did not demonstrate a significant association
with recurrence in the present cohort. Patients with
tumors <3 cm and >3 c¢cm showed nearly identical re-
currence rates (18.5% vs. 19.6%), and statistical ana-
lysis confirmed the absence of a significant correla-
tion. Although tumor size is included as a variable in
established risk stratification models such as the
EORTC risk tables, its prognostic value appears to be
limited in selected low-risk groups [8,9].

Similar findings have been reported in studies sugges-
ting that tumor size alone may not independently pre-
dict early recurrence when other favorable characteris-
tics are present [10]. In contrast, tumor focality emer-
ged as a strong and statistically significant predictor of
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recurrence. Patients with multifocal tumors exhibited a
substantially higher recurrence rate compared to those
with unifocal disease (40.0% vs. 11.5%). This finding
is in line with previous reports indicating that multifo-
cality reflects a field cancerization effect of the urothe-
lium, predisposing patients to tumor recurrence at mul-
tiple sites within the bladder [11-13]. The consistent
statistical significance observed using both chi-square
and Fisher’s exact tests supports the robustness of this
association.

The prognostic relevance of tumor focality has been
well documented and is incorporated into current clini-
cal risk stratification systems. Multifocal tumors are
associated with increased recurrence risk due to the
presence of widespread urothelial alterations and the
potential persistence of microscopic lesions following
transurethral resection [14]. These findings emphasize
the need for careful cystoscopic assessment and close
surveillance in patients with multifocal tumors, even
when classified as low risk according to EORTC criteria.
Several limitations of this study should be acknow-
ledged. The relatively short one-year follow-up period
may underestimate late recurrences, and the single-
center design limits the generalizability of the results.
Additionally, the modest sample size may reduce the
power to detect weaker associations with other clinico-
pathological variables. Nevertheless, the standardized
diagnostic approach and homogeneous patient selec-
tion strengthen the internal validity of the study.

Conclusion

In conclusion, while tumor size did not significantly
influence recurrence in this low-risk NMIBC cohort,
tumor focality was strongly associated with an in-
creased risk of recurrence. These findings support the
role of tumor focality as an important prognostic factor
and highlight the need for intensified surveillance
strategies in patients with multifocal disease.

Conflict of interests: None declared.
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Case report

GRANULOMATOSIS WITH POLYANGIITIS: SUCCESSFUL REMISSION WITH
CYCLOPHOSPHAMIDE AND MONTHLY METHYLPREDNISOLONE PULSES
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Abstract

Granulomatosis with polyangiitis (GPA) is a rare auto-
immune disorder causing inflammation of small and
medium blood vessels. Most often affecting the upper
and lower respiratory tracts alongside the kidneys, it
may affect any other organ. The formation of granu-
lomas, with necrotizing but not caseous appearance is
also a key hallmark. Lung affection is the most
common presentation in these patients, occurring up to
95%. Treatment mostly involves corticosteroids with
immunosuppressants, either rituximab or cyclophos-
phamide, many achieving remission, but relapses are
often, and hence close monitoring is paramount. Lung-
dominant GPA with monthly prednisolone pulse doses
is not a standard therapy. Here we present a case of a
patient with heavily affected lungs and proteinuria but
achieved remission with cyclophosphamide and me-
thylprednisolone pulse doses with significant reduction
of C-reactive protein.

Keywords: cyclophosphamide, methylprednisolone,
treatment, remission, vasculitis

Ancrpakr

I'panynomarosa co nmommanruutc (GPA) e petko aB-
TOMMYHO HapyIIyBame KO MPEOM3BHKYBa BOCIAJIC-
HHE Ha Mald ¥ CPeIHH KpBHHU camoBu. Hajuecto ru
3ahaka TOpHUTE W JOJHUTE PECHHPATOPHH IMATHINTA
3aenHO co OyOpesuTte, HO MoXe Ja 3adatu 1 OUIIo KOj
Ipyr oprad. @opMUpamkETO HA TPAHYIIOMH, CO HEKPO-
TU3UPAYKH HO HE Ka3€03€H HM3IJIE, € UCTO TaKa KIIy-
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yen Oener. 3adareHocra Ha OenuTe IPOOOBH € HAaj-
yecTa IIpe3eHTalllja Kaj OBHE MAIMEHTH, jaByBajKH ce
10 95%. TpeTMaHOT HajueCTO BKIyUyBa KOPTHKOCTE-
pOHII CO UMYHOCYIIPEeCHBH, Owiio PuTykcnmad wim
Huknodocdamun, npu mTO MHOTYMHUHA TIOCTUTHYBaaT
peMHcHja, HO PEJalCUTe Ce YeCTH Ia 3aToa BHHUMa-
TEIHOTO CIENCHE € Of CYIITHHCKO 3Haueme. bermo-
npoOHo-noMuHaHTeH GPA co MeceuHM MyJCHH A03U
Ha IPEIHU30JIOH HE INPETCTaByBa CTAaHAAPIACH TPET-
MaH. Tyka mpeTcraByBame CIy4aj Ha IIallHCHT CO
cwiHO 3adaTeHn Oenau APOoOOBH M MPOTEHUHYpHja, KOj
IOCTUTHA peMHCHja CO LUKIopochaMua H IyJICHU
JO3W HAa METWIIPETHU30JIOH CO 3HAYUTEITHO HaMalry-
Bame Ha C-peakTUBHUOT MPOTEHH.

Kuayunu 360poBu: nukinopochamus,
METHIIIPETHU30JI0H, TPETMaH, PEMUCH]a, BACKYJIUTHC

Introduction

Granulomatosis with polyangiitis primarily affects the
small vessels, with necrotizing granulomas and pauci-
immune vasculitis mostly affecting the lungs and
kidneys [1,2]. Detection of antineutrophil cytoplasmic
antibodies directed against proteinase 3 (PR3-ANCA)
strongly suggests GPA [3]. Diagnosis is based on a
combination of clinical features, laboratory results,
and most importantly, biopsy, mainly of the kidneys
unless contraindicated, in which case a different site is
selected, such as lungs, nose or sinuses [4]. The gold
standard of treatment includes corticosteroids and
immunosuppressants, such as cyclophosphamide for
more severe forms, and rituximab as an alternative or
in case of relapses with the former [1,3]. Here we
present the case of a patient with severe affection of
the lungs treated with corticosteroids and cyclophos-
phamide, but monthly methylprednisolone pulse doses
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have also been introduced showing remarkable clinical
improvement.

Case report

A 58-year-old male patient presented at our Clinic
with symptoms of headache, weakness, dyspnea and

productive cough. The symptoms had started almost a
year ago during which period he also reported having
lost about 8 kg of body weight. Until then, he had
always been treated by his primary care physician with
antibiotics and symptomatic therapy.

Table 1. Laboratory results upon admission, showing impaired kidney function,
high inflammatory markers and loss of proteins

Erythrocytes 4.18 10"12/L (3.8-5.8)
Hemoglobin 12.1g/dl (11-16.5)
Platelets 532 10M9/L (150-390)
Leukocytes 14.8 10"9/L (3.5-10)
Proteinuria 0.92g/24h (0.1-0.3)

Urea 8.1 mmol/L (2.5-6.4)
Creatinine 140 mmol/L (62-115)
Albumin 30.3 g/L (34-50)
CRP 86.9 mg/L (<5)
Diuresis 2800 ml

Due to persistent headaches, a neurological examina-
tion was performed, which revealed no neurological
abnormalities. A chest X-ray showed metastatic depo-
sits of varying size and location in the right hilar and
basal regions, and a non-homogeneous oval tumor for-
mation in the right infraclavicular area, with irregular
transparent zones within it (Figure 1). On auscultation,
crepitations were diffusely pronounced, which led to
an urgent referral to the University Clinic for Pulmo-
nology.

Fig. 1. Chest X-ray

Chest ultrasound bilaterally detected several small in-
filtrates, prompting a need for a chest CT scan. Two
chest CT scans were performed in the span of 2
months which showed perihilar bronchiectatic changes
and cavitary changes with thickened walls bilaterally,
cavitary nodular changes with the largest measuring
about 2.8 cm in diameter in the right anterobasal re-
gion. Thickened and inflamed walls of both main bron-
chi were noted, more pronounced on the right, with mild
stenosis of the right interlobar branch. No stenosis of
the trachea was observed (Figures 2, 3, 4 and 5).

Figures (2-5) Nov.2024, showing perihilar bronchiectatic
changes with thickened walls bilaterally, cavitary nodular
changes

Fig. 2

Fig. 3.
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Fig. 4.

A urinary tract ultrasound showed that the kidneys
were in a normal position and had a normal shape. The
right kidney measured 125x56 mm, and the left kidney
measured 133x67 mm, with its parenchyma being 25
mm, with a granular structure, disrupted

Table 2. Laboratory results after 8 months

Fig. 5.

corticomedullary differentiation, and increased echo-
genicity grade 2. No obstruction or stones were detec-
ted, and the urinary bladder showed no proliferative
changes.

Erythrocytes 4.1 10712/L (3.8-5.8)
Hemoglobin  11.9g/dl (11-16.5)
Platelets 451 10"9/L (150-390)
Leukocytes 9.96 10M9/L (3.5-10)
Proteinuria 0.19g/24h (0.1-0.3)

Urea 6.2 mmol/L (2.5-6.4)
Creatinine 137 mmol/L (62-115)
Albumin 32.4 g/L (34-50)
CRP 6.1 mg/L (<5)
Diuresis 2550 ml

A rheumatology consultation was obtained, and sero-
logic tests showed positive PR3-ANCA, further su-
pporting the diagnosis.

With clinical symptoms, imaging and laboratory re-
sults, a kidney biopsy was performed, revealing acute
leukocytoclastic vasculitis and pauci-immune complex
glomerulonephritis, confirming the diagnosis of granu-
lomatosis with polyangiitis.

Treatment with cyclophosphamide at 750 mg and me-
thylprednisolone pulse doses at 500 mg was initiated.
The patient’s work tolerance improved, and his dys-
pnea almost completely resolved.

Discussion

The patient received 6 doses of cyclophosphamide at
750 mg monthly alongside 500 mg of methylpredni-
solone pulse doses. As maintenance therapy, he is
placed on mycophenolate mofetil at 3 g, small doses of
prednisolone, diuretics, nonsteroidal anti-inflammatory
drugs, proton pump inhibitors, and given his age and
high doses of corticosteroids, supplements with vita-
min D and calcium were also prescribed. Induction of
remission with cyclophosphamide and prednisolone with
mycophenolate mofetil as maintenance is generally re-
commended and well tolerated [5,7]. The patient receives

cyclophosphamide every three months now, but he
continues to receive monthly methylprednisolone pulse
doses at 500 mg. Pulse therapy has shown improve-
ment in such cases [6], with our patient showing
improvement as he continues his treatment almost a
year later.

Conclusion

Granulomatosis with polyangiitis causes granulomatous
inflammation in the lungs and glomerulonephritis, in
this case, although the kidneys were affected, the pri-
mary concern were the lungs. Prompt initiation of
therapy resulted in rapid clinical improvement. Cyclo-
phosphamide remains a mainstay treatment, alongside
corticosteroids and other immunosuppressants such as
mycophenolate mofetil. Monthly methylprednisolone
pulse doses are not part of the standard protocol, but in
this case, they have shown good progress, suggesting
potential for future considerations.

Conflict of interests: None declared.
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Case report

STERNBERG’S CANAL AS CAUSE FOR
RHINORRHEA — A CASE REPORT

SPONTANEOUS CEREBROSPINAL FLUID

STERNBERG KAHAJI KAKO IIPUYUHA 3A CIIOHTAHA PUHOPEA - ITIPUKA3 HA CJIYUYAJ

Alenka Shopova Ilieska, Ana Trimoska-Radevska, Ana Zografska Nakjinova

City General Hospital “8" September”, ENT, Skopje, Republic of North Macedonia

Abstract

Sternberg’s canal is an embryological defect where the
posterior basisphenoid and lateral greater wing of the
sphenoid bone fail to fuse, creating an abnormal co-
nnection between the sphenoid sinus and intracranial
space, potentially leading to a meningoencephalocele
in the lateral recess of the sphenoid sinus. We present
the case of a 30-year-old male patient with unilateral
clear nasal discharge, without a history of head trauma
or cranial surgery. A computer tomography (CT) re-
vealed a thickened wall of the left sphenoid sinus,
filled with thick fluid. The constructive interference in
steady state magnetic resonance imaging (CISS MRI)
indicated a defect in the lateral recess of the left
sphenoid sinus consistent with the presence of
Sternberg’s canal, and the B2 transferrin test returned
positive. Given the complexity of the case, a multidis-
ciplinary approach involving otorhinolaryngology and
neurosurgery was undertaken and transnasal endosco-
pic duroplasty was planned. The patient had a good
postoperative recovery and was discharged from the
hospital after 2 weeks. Sternberg’s canal is found in
approximately 4% of adults presenting with sponta-
neous cerebrospinal fluid (CSF) rhinorrhea. We em-
phasize a trans-nasal trans-sphenoidal approach com-
bined with a multi-layer closure technique, utilizing a
fat plug, fascia temporalis and naso-septal flap. These
methods aim to effectively seal the defect and restore
integrity to the skull base. Persistent CSF leaks can be
life-threatening, risking meningitis or brain abscesses.
Repair of intrasphenoidal encephaloceles must prevent
CSF leakage and central nervous system (CNS) infections.

Keywords: cerebrospinal fluid leak, skull base surgery,
Sternberg’s canal, meningoencephalocele, trans-nasal
trans-sphenoid approach

AncrpakT

CrepHOEproBHOT KaHAT € eMOPHOIOIIKY Je(eKT Kajae
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IITO TOCTEPHOPHHUOT Ien on 0a3ara W JIATepaTHOTO
rojieMo KpWJIO Ha CPEHOWJHATa KOCKa HE Ce CIOjy-
Baar, CO3/1aBajku aOHOpMallHa BpcKa romery cheHouI-
HHOT CHHYC W WHTPAKPaHHjaJIHAOT IIPOCTOP, IITO
MMOTEHIIM]jAJTHO JIOBEIyBa JO MEHHHTOCHIIE(aIONeNa BO
JaTepaHUOT perecyc Ha cdeHoumuuor cunyc. [lpe-
3eHTHpaMe cly4aj Ha 30-TofuIleH MAIIKK MalUEeHT CO
eIHOCTpaH OWcTap Ha3aJeH MCIEAOK, 0e3 UCTOpHja 3a
Tpayma uiM kpanujaina omnepauuja. KT ckeHupameTo
OTKpH 3as1e0eieH suj Ha JIEBUOT CeHOMIAJIeH CHHYC,
ucronaet co rycta teunoct. CISS MPU nokaxa me-
(heKT BO JIaTEPATHUOT PEEeCyC Ha JICBUOT CHEHOMTANICH
CHHYC IITO € BO COIIACHOCT CO MPUCYCTBOTO Ha CTEepH-
OeproBHOT KaHaJ, a TeCTOT 3a TpaHchepuH b2 mane
mo3uTUBeH pe3ynrar. Co orie] Ha CJIOKEHOCTa Ha CITy-
4ajoT, Oelle Mpe3eMeH MYJITHAUCIUIUTHHAPEH TPUCTAIT
koj BiryayBa OPJI m HeBpoxmpypruja u Oeme Iuia-
HUpaHa TPaHCHA3aJHAa CHIOCKOIICKA IypOIUTACTHKA.
[MarreHTOT MMaIle J00PO MOCTONEPATUBHO 3aKPEIHY-
Bame W Oelle OTMyIITeH oJf OOJHHIIA MO 2 HENENH.
CrepHOEproBHOT KaHall € MPUCYTEH Kaj MPHOIMKHO
4% ol BO3pacHUTE KOU CE€ jaByBaaT CO CIIOHTaHAa pHU-
HOpeja Ha uepeOpocnHMHanHa TeyHOocT. HarmacyBame
TpaHC-Ha3aJIeH TpaHC-C(HEHOUICH MPHCTAN BO KOMOH-
Halldja CO TEXHWKA Ha IMOBEKECIIOjHO 3aTBOpame, KO-
pUCTEjKM MaceH uem, TeMmropaiHa Qacuuja u Hazo-
centaneH (uan. OBUE METOAM UMaart 3a el eukacHo
Ia TO 3aTBOpaT NePEeKTOT W Ja TO BpaTaT HUHTETPH-
TETOT HA OCHOBaTa Ha uepernoT. [locTojanuTe mpoTe-
KyBama Ha nepedpocnunanmnara Teqaoct (CSF) moxar
Ia OMIaT OIacH| MO KUBOT, PU3UKYBajKH MCHUHTUTHC
WJTA MO30YHH ATCIIECH.

JlexyBameTo Ha WHTpPacCPEHOWIHUTE CHIE(hATOICTH
Mopa Ja crpeun nporekyBame Ha CSF u nndekunu Ha
ITHC.

Kayunn 3060poBu: ucTeKyBame Ha IepeOpOCITUHATHA
TEYHOCT, XHPypruja Ha 6a3a Ha yepenot, CTepHOSProB
KaHal, MEHHUHTOCHIIe(aIoIena, TpaHCHa3aJCH
TpaHC(ECHOUICH IPUCTAT

Introduction

The sphenoid bone develops from the ossification of
several independent cartilaginous precursors: presphe-
noid and postsphenoid/basisphenoid centers (body of
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the sphenoid bone), orbitosphenoids (lesser wings),
and alisphenoids (greater wings). Union of those ossi-
fied components results in formation of the sphenoid
bone [1,2]. If the posterior portion of the bony fusion
of the greater wings with the bone's body is income-
plete, it creates a lateral craniopharyngeal canal, which
was described by Sternberg in 1888. Sternberg’s canal
is a congenital defect of the lateral craniopharyngeal
wall with a channel coursing through and ends blindly
into the sphenoid sinus. This weak defect allows the
herniation of temporal lobe brain tissue into the lateral
recess of sphenoid sinus. The existence of the Stern-
berg’s canal has been reported only in 4% of adults.
The most common clinical sign of this defect is spon-
taneous cerebrospinal fluid (CSF) rhinorrhea, a pheno-
menon where there is leakage of CSF through nasal
cavity, in patients without previous history of trauma,
surgery, tumor or radiation therapy [3,4]. Typically, it
manifests as persistent, watery rhinorrhea, exacerbated
by forward head flexion and occasionally associated
with posterior nasal drainage. Others signs and sym-
ptoms of this entity are chronic headache, seizures and
vertigo. Radiological assessment is crucial for diagno-
sis and targeting especially the location. Sinus CT with
multiplanar reconstructions enables the identification
of bony defects and pneumocephalus. At the same ti-
me, MRI remains the preferred modality due to its
multiplanar capabilities and superior sensitivity in de-
tecting CSF fistulas, encephaloceles, and arachnoido-
celes, particularly on T2-weighted sequences with thin
sections. The current gold standard to confirm the diag-
nosis of CSF rhinorrhea is Beta 2 transferrin. This test
has a sensitivity of 100% and specificity of 71% [5,6].

Case report

We present the case of a 43-year-old male patient,
referred to our hospital from neurosurgery due to
suspected nasal liquorrhea. A CT scan of the head was
performed, which showed sphenoid sinus filled with
content suspicious for CSF and defect of the bone. On
ENT examination, the patient reported only a dischar-
ge of clear fluid from the nose without previous trauma,
surgery, or radiation. However, a deviation of the nasal
septum to the right was noted, with the presence of a
crista and clear, translucent fluid. To define the diag-
nosis, the nasal contents were sent for examination and
detection of B2 transferrin, and an MRI of the brain
was performed with a cisternography protocol. It sho-
wed complete filling of the left sphenoid sinus with
fluid content and presence of secretion level, asy-
mmetry with slight septation from the inferolateral
aspect. There was a slight nodular protrusion of the
brain parenchyma on the left side at the level of the
sphenoid sinus, which confirmed the existence of the
defect and protrusion of meningoencephalocele in the
left sphenoid sinus. A positive finding for B2 transfe-

rrin was also obtained, which proved nasal cerebro-
spinal fluid. These findings verified a defect in the la-
teral recess of the left sphenoid sinus - in the Stern-
berg's canal.

1.b. Coronal view showing the defect in the lateral recess of the
left sphenoid sinus

1.c. Sagittal view showing level of fluid in the left sphenoid
sinus
Fig. 1. CT scans before surgery
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Sternberg’s canal

2.a. Axial T2 view showing hyperintensity in the left
sphenoid sinus

2.b. Coronal T2 view showing meningoencephalocele
Fig. 2. MRI scans before surgery

The patient was admitted and planned for surgical
treatment - transnasal duroplasty.

Under general endotracheal anesthesia, paraumbilical
fat and fascia from the right temporal muscle were
prepared. Using endoscopic technique and navigation
system, the ostium of the right sphenoid sinus was
identified and a nasoseptal flap was prepared and
placed in the nasopharynx.

A wide antrostomy of the left maxillary sinus was
made, the posterior wall of the maxillary sinus towards
the pterygoid space was partially removed, a.
sphenopalatina was identified and cauterized. Part of
the greater wing of the sphenoid bone was removed.
The posterior part of the septum was removed, which
allowed binostrill approach. The anterior wall of the
sphenoid sinus was completely removed, revealing a
meningoencephalocele, in the lateral recession-
Sternberg’s canal. With the help of cauterization, the

3.a. Placing temporal fascia

3.c. Placing fatty tissue
Fig. 3. Intraoperative view of reconstruction
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meningoencephalocele that had prolapsed into the
sphenoid sinus was reduced. The bone defect was also
shown, the bone irregularities of the sphenoid sinus
and the posterior ethmoids were smoothed.

Then, reconstruction was approached-a overlay temporal
fascia was placed, the sphenoid sinus was filled with
fatty tissue; next, a nasoseptal flap was placed and the
plastic was secured with a gel foam and foley catheter.
Silicone catheters were placed on both sides of nose
and tamponade with iodoform vaseline tampons.

The patient's postoperative course was uneventful and
he was discharged home after 14 days.

Discussion

Sternberg's canal is found in approximately 4% of
adults presenting with spontaneous CSF rhinorrhea.
We emphasize a trans-nasal trans-sphenoidal approach
combined with a multi-layer closure technique, utili-
zing a fat plug, fascia temporalis, and naso-septal flap.
These methods aim to effectively seal the defect and
restore integrity to the skull base. Endoscopic endona-
sal trans-sphenoid surgery (EETS) is increasingly used
for sellar, suprasellar, intraventricular, retro-infundibu-
lar, and invasive tumors. Pre-operative CT and MRI
scans and preoperative endoscopic visualization can
provide useful anatomical information. Then, the ima-
ging for navigation during surgery can be used. The
binostril approach provides a wider working area.
Most of the recent reports favor EETS in terms of
safety, quality of life and tumor resection, hospital stay,
better endocrinological, and visual outcome. Cerebro-
spinal fluid leakage (CSF) can be repaired with fibrin
glue, fat, temporal fascia and vascularized nasoseptal
flap. Multilayer technique, using autologous materials
such as fat, temporal fascia, bone, and mucoperiosteum,
is frequently used for large defects [7,8]. In recent ca-
ses, dural opening has been sutured [9]. The trans-sep-
tal approach preserves the total septum, which can be
used for future reconstructions [10].

Conclusion
This case represents a rare presence of Sternberg's

canal in the sphenoid sinus that caused spontaneous
leakage of cerebrospinal fluid, which interfered with

the normal functioning of the patient and increased the
risk of brain infections, such as meningitis and brain
abscesses.

CT and MRI have an important role in establishing the
diagnosis, giving a detailed view of the patient’s ana-
tomy, which may vary, as well as the location of the
defect. They can also be used for navigation during sur-
gery. However, the most important thing is the repair of
the defect with multilayer closure that must prevent
leakage of cerebrospinal fluid and infections of the CNS.
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Case Report

RARE CASE OF SKENE’S GLAND CYST WITH NON - INVASIVE TREATMENT DURING

PREGNANCY - A CASE REPORT

PEJJOK CJIIYYAJ HA IIUCTA HA CKEHEOBA KJIE3JJA CO HEUHBA3ZUBEH TPETMAH 3A
BPEME HA BPEMEHOCT - IIPUKA3 HA CJIYUYAJ
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Abstract

Introduction. A Skene’s gland cyst is a fluid-filled sac
that develops near the opening of the urethra in wo-
men, caused by a blockage of the Skene’s gland duct.
The cause of an adult onset is barely unknown and this
condition is relatively rare in pregnancy. Non-invasive
management represents a viable treatment option, and
with appropriate clinical care, it can allow for success-
ful continuation of pregnancy and vaginal delivery,
thereby avoiding the need for cesarean section solely
due to Skene’s gland cyst.

Case presentation. We report the case of a 24-year-
old primigravida, with large Skene’s gland cyst SIU+++
(Stress incontinentio urinae) that was diagnosed few
months before pregnancy. During the course of the
pregnancy, the Skene’s gland cyst ruptured sponta-
neously. The patient was managed conservatively with
parenteral antibiotic therapy, meticulous local clean-
sing, and direct instillation of a topical antibiotic into
the cyst capsule. This approach resulted in resolution
of symptoms without further complications and the
pregnancy progressed uneventfully. The patient under-
went successful spontaneous vaginal delivery without
further complications.

Conclusion. Large Skene’s gland cysts may cause sig-
nificant discomfort in pregnant patients and have the
potential to impede vaginal delivery as well as delive-
ry planning. In this case, non-invasive management
achieved a favorable outcome, which was crucial in
the successful continuation of pregnancy. Proper diag-
nosis and appropriate treatment of Skene’s gland cyst
should not be considered a contraindication to sponta-
neous vaginal delivery.

Keywords: Skene’s gland cyst; pregnancy; non-
invasive treatment; vaginal delivery
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AncrTpakrt

Bogen. I{ucrara Ha CkeHeoBara xJie3/ia IpeTcTaByBa
CO TEYHOCT UCHOJIHETa (hopMalija Koja ce pa3BUBa BO
OJIM3MHA Ha OTBOPOT Ha yperpara Kaj KCHHTE, KakKo
pe3yaTaT Ha ONCTPYKIMja Ha W3BOMHHOT KaHal Ha
CkeneoBata >xie3na. [lpmumHara 3a mojaBa BO BO3-
pacHa mo0a HajuecTo € Helo3HaTa, a OBaa cocTojoa e
peNaTHBHO peTKa 3a BpeMe Ha OpeMeHocT. HennBasus-
HHUOT MPUCTAIl BO TPETMAHOT MPETCTABYBa OJPKIIMBA
TepaleBTCKa OMIINja ¥ CO COOJBETHA KIIMHIYKA TPUIKA,
MOXe J]a OBO3MOXKH YCIEIIHO MPOJIOJDKyBamke Ha Ope-
MEHOCTa ¥ BarMHaJHO IOPOAYBame, CO LITO ce H30-
erHyBa morpedara of HApCKU pe3 UCKIIYYUBO MOPaIH
MPHUCYCTBOTO Ha IricTa Ha CKeHeoBaTa XKIe3aa.
IIpuka3 Ha cayuaj. [IpukaxyBame cimydaj Ha 24-
TOAMIIHA TIPAMHUTpaBHAA CO roiema ImcTa Ha CKe-
HeoBaTa XIe3la M H3pa3eHa CTPeC-MHKOHTHUHEHIIH)ja
Ha ypuHa (SIU+++), aujarHocTuIiMpaHa HEKOJKY Me-
cen mpea OpemeHocta. Bo Tekor Ha OpeMeHOCTa,
[UCTaTa CIOHTaHO pynTypupamnie. [lammenTkara Oermre
TpeTUpaHa KOH3EPBATHBHO CO MAapeHTEpalHa AaHTH-
OMOTCKa Tepamuja, TeMelIHa JIOKalHa ToajeTa U -
pEKTHAa WHCTWIAIMja HAa TOMHKAJICH aHTUOMOTHK BO
KarcynaTta Ha nucrata. OBOj mpucTan JoBeJe A0 Ie-
JIOCHA pe30JIylija Ha CUMIITOMHTE 0€3 TIOHaTaMOIIHH
KOMILIHKANWH, a OpeMeHocTa mpoJoinKu ypenHo. [1a-
NUCHTKAaTa UMali€ yCIICIIHO CIIOHTAHO BaruHajHO I10-
poayBarbe 0€3 JOMOTHUTESTHA KOMIUTHKAIHH.
3akayuok. ['omemara mucta Ha CkeHeoBaTa Kie3zia
MOXE J1a TpEeAN3BHKa 3HAYUTENCH IUCKOMQOPT Kaj
OpeMeHHTe MalMeHTKH W Ja MMa TOTeHIWjal Ja To
OTe)KHE BarMHAITHOTO MOPOIYBamke, KaKO W IDIaHUpa-
BETO Ha HAYMHOT HAa MOpOAyBame. Bo mpukaxaHuoT
Clly4yaj, HEMHBAa3UBHUOT MEHAIMEHT PE3yJITHpAIIe CO
MOBOJICH MCXOJ], ITO Oellle KIYYHO 3a YCIICIIHO Mpo-
JIOJDKyBame Ha OpemeHocta. COOIBETHATA IHjarHOC-
TUKa U NIPABUIHUOT TPEeTMaH Ha nucrara Ha CkeHeoBa-
Ta JKJe3/la He Tpeda Jla ce CMeTaaT 3a KOHTPauHANKa-
[I{ja 3a CIIOHTAHO BarMHAJIHO [TOPOAYBabE.
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Kayunn 360poBm: mucra Ha CkeHeoBaTa >XJIe3/a;
OpeMEHOCT; HEMHBA3MBEH TPETMaH; BarMHAIHO
HOpOJlyBambe

Introduction

Skene’s glands, also called paraurethral glands, of the
female prostate are paired glands located in the
anterior vaginal wall adjacent to the distal urethra.
They are situated on the either side of the urethral
meatus, usually at 4 o’clock and 8 o’clock positions.
Their duct open into the urethra or just adjacent to the
external urethral orifice. Embryologically, they are
homologues of the male prostate, both arising from the
urogenital sinus [6,7].

The Skene’s glands play a secretory role; they produce
a clear, mucoid secretion that contributes to vaginal
lubrication. Their secretion contain prostate-specific
antigen (PSA) and prostatic acid phosphatase (PAP),
similar to the male prostate [6]. Secretions may also
include glucose, fructose and creatinine, suggesting a
role in maintaining the local urogenital environment.
The Skene’s glands are also involved in female eja-
culation. Some evidence suggests that Skene’s glands
contribute to the fluid expelled during female ejacu-
lation. PSA and fructose detected in this fluid indicate
their secretory activity. Protection of the lower urinary
tract with their mucous secretion may help protect
against ascending urinary tract infections, acting as a
barrier [6,7].

Skene’s gland cysts are occasionally reported in new-
borns as a congenital abnormality and rarely reported
in adults. The cause of Skene’s gland cyst at birth is
unclear, but in adults, it is speculated that obstruction
of the ducts may be secondary to infection and in-
flammation [1,4]. Skene’s gland cysts are rare at any
age, and the incidence varies from 1 in 7,000 to 1 in
2,000 newborns [3,6]. Obstruction of the Skene’s duct
can result from: infection, inflammation or trauma,
post-surgical or postpartum changes, developmental
anomalies especially in neonates, rarely Skene’s cyst
can form congenitally due to failure of ductal canalize-
tion and idiopathic. Skene’s gland cysts typically are
asymptomatic and found incidentally. However, sym-
ptom cysts may include: dyspareunia, dysuria, frequent
urination, recurrent urinary tract infections, palpable
periurethral mass and rarely acute urinary retention

[5,7]. The diagnosis of Skene’s gland cyst can be made
on physical examination plus imaging, especially MRI
and ultrasound, to determine location and its association
with adjacent organs. Because Skene’s gland cysts are
rare, it is crucial to distinguish them from other more
common or clinically significant lesions. Differential
diagnosis of Skene’s gland cysts is Bartholin’s gland
cyst, Gartner duct cyst, urethral diverticulum, urethral
caruncle, Miillerian cyst, imperforated hymen with
hydrocolpos, and rarely, congenital lipoma, epithelial
inclusion cysts, ureterocele, endometriosis, ectopic
ureterocele, uterovaginal prolapse, and adenocarcino-
ma. There is no standard management of Skene’s gland
cyst, it depends on symptoms, cyst size and presence
of infection. Skene’s gland cysts require individualized
management. However, there are two methods-conser-
vative management and surgical management [1,2,6].
The aim of this case report was to present the case of
a female with a large, symptomatic Skene’s gland cyst
during pregnancy.

Case report

The patient was a 24-year-old woman, gravida 1, para
0, with no comorbidities in her past medical history
and beef allergy. Pre-pregnancy, the patient first was
diagnosed with TU cysticum vaginae suburethralis, re-
ferred for urology consultation and cyst removal.

MRI on pelvis presented 2x3 cm Skene’s gland cyst,
inflamed, filled with thick content, with mild compre-
ssion on posterior urethral wall. In the meantime, the
patient unexpectedly conceived, and her next visit was
for the first trimester screening.

After the first trimester screening, the patient remained
asymptomatic until the 28" week of gestation, when
she presented with dysuria, urinary frequency with in-
voluntary leakage, and progressive enlargement of the
cyst. The Skene’s gland cyst was enlarged (3x4 cm), with
yellowish color, soft, non-tender, with capillary vascu-
larization. At that time, urine culture and vaginal /cer-
vical swabs were recommended, and conservative mo-
nitoring of the cyst was continued. Initial urine analy-
sis demonstrated bacteriuria, and the patient was ma-
naged with antibiotics and anti-edematous therapy.
Although a subsequent urine culture was sterile, the
patient continued to experience persistent dysuric
symptoms.
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At her next follow-up visit, at 35+2 weeks of gestation,
spontaneous rupture of the cyst was noted. The patient
was hospitalized with diagnosis graviditas ml 1X
(35+2 g.w); cystis glandula Skene’s rupta, stress
incontinentio urinae gr 11 / 1II. Upon admission, all
clinical and laboratory investigations were performed
according to protocol.

Laboratory findings: Le=9.52 x 109/L, Hgb=118 g/L,
HCT=0.35 %, PLT=242 x 109/L CRP-11.8, LDH-273,
and urinary status was normal. An ultrasound was per-
formed and it showed single live fetus, adequate am-
niotic fluid volume, placenta located on the posterior
wall, cervical length 36 mm, and fetal biometry BPD=90
mm, HC-314 mm, AC=310 mm, FL=74 mm. Vaginal
examination showed portio vaginalis uteri (PVU)-sac-
ralized, external cervical os (OUE)-fingertip dilated,
membranes intact. NST-reactive, without uterine activity.
During hospitalization, the patient received systemic
antibiotic therapy (lendacin 2 gr/24 h), thrombopro-
phylaxis, local antiseptic and local antibiotic treatment
(garamycin), and meticulous local vulvar and vaginal
cleansing and hygiene. Microbiological swabs from
the cervix and vagina were obtained, which returned
negative.

The patient was discharged in a good general condi-
tion; the symptoms of stress urinary incontinence fo-
llowing cyst rupture and drainage resolved sponta-
neously, with no progression of obstetric findings, and
normal local examination. She was prescribed oral
antibiotic therapy (tbl. pancef of 400 mg) for 7 days,
probiotic supplementation and regular vulvar hygiene.
At her subsequent follow-up visits, both cardiotoco-
graphy (CTG) and ultrasound findings were within
normal ranges.

Fig. 3. Few weeks after treatment
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On August 29, 2025, the patient was admitted to our
clinic with diagnosis graviditas ml X (39+6 g.w); RVS
29.08.25/03:40h); cystis glandula Skene rupta; obesitas.
Fetal growth parameters remained within normal ran-
ge. At the final ultrasound, fetal biometry showed:
BPD-94 mm, HC-335 mm. AC-350 mm, FI-79 mm.
Labor progressed spontaneously. A healthy female in-
fant weighing 3800 g and measuring 52 cm was deli-
vered with an Apgar score 8/9 at one and five minutes.
A small spontaneous vaginal laceration occurred du-
ring delivery, and an episiotomy was performed. Both
the laceration and the episiotomy were sutured
postpartum.

Fig. 4. During labor

Fig. 5. Postpartum where vaginal laceration and episiotomy
were performed

The postpartum period proceeded without complications,
and the patient and the newborn were discharged on
day 3 postpartum, both in stable condition.

Fig. 6. The partograph of the delivery

Discussion

Skene’s gland cysts are rare paraurethral lesions, and
their occurrence or exacerbation during pregnancy is
even less commonly reported [1,5]. These cysts can
remain asymptomatic but may present with dysuria,
urinary frequency, or stress urinary incontinence when
enlarged or inflamed. In this case, the patient’s cyst
enlarged during pregnancy, causing dysuric symptoms
and stress incontinence. MRI was essential in confir-
ming the diagnosis and differentiating the cyst from
urethral diverticula or other paraurethral masses [4,6].
Conservative management during pregnancy, inclu-
ding monitoring, pelvic hygiene, and antibiotic therapy
in case of infection, is preferred due to the risks asso-
ciated with surgical intervention [1,5,6]. Spontaneous
rupture, as observed in this case, is uncommon but can
be managed successfully with local wound -care,
antibiotics, and close monitoring [1,6].

A significant outcome of this case is the successful re-
solution of the symptoms with non-invasive, pharma-
cological approach, avoiding the risks of surgery du-
ring pregnancy. Furthermore, the patient delivered va-
ginally without complications, demonstrating that
Skene’s gland cysts should not be considered a contra-
indication to spontaneous vaginal delivery when ma-
naged appropriately [1,5].

Conclusion

Skene’s gland cysts during pregnancy are rare but can
lead to urinary symptoms and local complications.
Conservative management with careful monitoring is
safe, with definitive surgical treatment deferred until
postpartum [1,5,6]. Spontaneous rupture can occur but
may resolve with appropriate local and systemic the-
rapy.

This case emphasizes that a significant therapeutic su-
ccess can be achieved with a non-invasive, medical
management, and that the presence of a Skene’s gland
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cyst should not be regarded as a contraindication to
spontaneous vaginal delivery [1,5]. Early recognition,
appropriate imaging and a multidisciplinary approach
are key to favorable maternal and fetal outcomes.
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Case report

WERNICKE ENCEPHALOPATHY IN YOUNG PATIENT AFTER GASTIC SLEEVE SYRGERY

BEPHUKOBA EHIE®AJIOIIATHJA KAJ MJIAZJA HAHUMEHTKA IIO OIIEPAIIMJA 3A
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Abstract

Introduction. Wernicke encephalopathy is an acute
neurological disorder caused by thiamine deficiency
and classically presents with confusion, ataxia, and
ocular abnormalities. Although commonly associated
with chronic alcoholism, WE is increasingly recog-
nized in patients following bariatric surgery due to
malnutrition, reduced nutrient absorption, and persis-
tent vomiting. Early diagnosis is essential to prevent
irreversible neurological damage and progression to
Korsakoff syndrome.

Case presentation. We report the case of a 35-year-
old woman who developed Wernicke encephalopathy
two months after laparoscopic gastric sleeve surgery.
The patient experienced prolonged vomiting, poor oral
intake, vertigo, progressive confusion, gait instability,
and bilateral horizontal nystagmus. Initial brain com-
puted tomography was unremarkable. Magnetic reso-
nance imaging (MRI) subsequently demonstrated sy-
mmetrical T2 and FLAIR hyperintensities within the
medial thalami and periaqueductal gray matter, patho-
gnomonic for Wernicke encephalopathy. Prompt treat-
ment with high-dose intravenous thiamine and suppor-
tive nutritional therapy was initiated, resulting in gra-
dual neurological improvement, although mild residual
memory impairment persisted at discharge.
Discussion. Wernicke encephalopathy is a neurology-
cal emergency resulting from thiamine deficiency and
impaired cerebral energy metabolism. The condition
remains frequently underdiagnosed because the classic
triad is not always fully present. Untreated Wernicke
encephalopathy can progress to irreversible neurology-
cal damage, including Korsakoff syndrome. Early ad-
ministration of intravenous thiamine is essential to im-
prove outcomes and prevent permanent sequelae.
Conclusion. Wernicke encephalopathy remains a po-
tentially fatal yet reversible condition when recognized
early. Clinicians should maintain a high suspicion in any
patient that had gone bariatric surgery and presents with

Correspondence to:  Ana Mihajlovska-Rendevska, University Institute of
Radiology, 1000 Skopje, R. N. Macedonia; E-mail: mihajlovskaana@yahoo.com

vomiting, especially if it is associated with neurologi-
cal symptoms. Increased awareness and early interven-
tion are essential to reducing the morbidity associated
with this underrecognized neurological disorder.

Keywords: Wernicke encephalopathy, vitamin Bl,
thiamine deficiency, gastric sleeve surgery, MRI

AncTpakT

Bogen. Bepraukeosata ennedanonaryja (BE) e akyTHo
HEBPOJIOIIKO HAPYIIYBAE IIPETU3BUKAHO O Ae(HUIHUT
Ha THaMHH, CO KJIACHYCH TpHUjac o KOH(Y3Hja, aTak-
CHja W OKyJIapHH aOHOopMayiHOCTH. Mako HajuecTo ce
TOBP3yBa CO XpoHWYeH anmkoxonu3aMm, BE c¢ mouecto
ce jaByBa II0 OapHjaTpUdHa XUpPypruja Mopagu Mai-
HYTpHIIMja, HamalieHa arcopiifja W TEP3UCTEHTHO
moBpakame. PaHara nujaraosa e KiIy4yHa 3a CIpedyBa-
e Ha KopcakoB cUHIIpOM.

IIpuka3 Ha cay4aj. [IpuxaxyBame ciydaj Ha 35-ro-
JIMIITHA KeHa Koja pasBwia BE nBa mecenm mo rac-
TpexTomuja. [To monroTpajHo MmoBpakame u ciaad opa-
JICH BHEC, MallMeHTKaTa pa3BHja BEPTUTO, TPOTrPECHB-
Ha KoH(Yy3HWja, HECTAOWITHO OJICHhE¢ M OHMJIaTepaJieH XO-
pusoHTaIeH Huctarmyc. Mozounnor CT cken Owi
ypeneH, Ho marHeTHara pe3oHaHma (MRI) mokaxana
cumetrpuuad T2/FLAIR XuTnepuHTEH3UTETH BO MEIU-
JATHUTE TaJaMyCH ¥ MepUaKBeIyKTaHATa CHBa Maca,
narornomoHnyHy 3a BE. Ilo uten tpetmaHn co BUCOKH
JO3W WHTPABEHCKH THAMHH W CYNOPTHUBHA TEpaImja,
CIIEZIEIIO HEBPOJIOIIKO MO00pYBambe co Oy1aro pesnyan-
HO OIITETYBamke HA MEMOPH]jaTa IPH UCITHIITYBambE.
Jduckycuja. BepHukeoBata eHiedanonatija € HeBpo-
JIOIIKA UTHOCT KaJie¢ HEHABPEMEHOTO JIEKYBame BOAH
IO WpeBep3nOMIHM omTeTyBama. CocrojdaTta decTo
OCTaHyBa HEIHMjarHOCTUIMpaHa OHIEjKH KIACHYHUOT
TpHjac HE € CeKOTall [EJOCHO NMPHUCYTEH, & YPeIHHOT
CT ckeH He ja uckirydyBa Oosecta. Panata agmunmc-
Tpallyja Ha THAMHH € O] CYLIITHHCKO 3HaueHe 3a M03H-
THUBEH UCXO]I.

3akayuok. BepHukeoBara ennedanonarija e moreH-
[HjaTHO (paTajHa, HO peBep3uOmiIHa cocTojoa. Knnau-
YapuTe MOpa J]a MMAaaT BHUCOK CTEICH Ha COMHEXK Kaj
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MAIMEHTH cO OapHjaTpUvHa XUPYPTHja U MEP3UCTCH-
THO TIOBpakame, 0COOEHO aKo € IPHUIPYNKEHO CO HEeB-
posomku cuMmnrToMu. [loronema cBecHOCT U Op3a HH-
TEpBEHIIMja ce KIYYHH 332 HaMalyBambe Ha MOPOUIM-
TETOT.

Kayuynu 30opoBu: BepHukoBa eHiedaionaryja,
Buramun b1, HemocTaTOKk Ha THAMUH, OIepaiuja 3a
CTECHYBamb-€ Ha JKeIyJHUK, MarHETHA PE30HAHIIA.

Introduction

Wernicke encephalopathy (WE) is a relatively rare but
potentially life-threatening neurological disorder caused
by a deficiency of vitamin B1 (thiamine). Thiamine
plays an essential role in cerebral energy metabolism,
and its deficiency leads to brain lesions primarily in
regions such as the mammillary bodies, thalamus, and
brainstem. The classic clinical triad includes ataxia, ocu-
lar motor dysfunction (ophthalmoplegia or nystagmus),
and cognitive impairment, particularly memory loss
and confusion [1].

Despite the well-defined clinical features, Wernicke
encephalopathy often remains an underrecognized con-
dition. The estimated prevalence in the general popu-
lation varies between 0.4% and 2.6%, but autopsy stu-
dies suggest that up to 80% of cases remain undiag-
nosed during patients’ lifetime [2]. This substantial un-
derdiagnosis contributes significantly to morbidity and
mortality, as timely treatment with thiamine can lead
to substantial recovery, whereas delays may result in
irreversible brain damage or progression to Korsakoff
syndrome-a chronic neuropsychiatric condition cha-
racterized by severe memory impairment [3].
Wernicke encephalopathy is most commonly asso-
ciated with chronic alcoholism due to the effects of
ethanol on thiamine absorption and metabolism. Ho-
wever, non-alcoholic cases are increasingly recognized
in a variety of clinical settings, including malnutrition,
hyperemesis gravidarum, malignancies, hemodialysis,
and conditions of prolonged vomiting or poor nutria-
tional intake [4-6]. One particularly important and gro-
wing context for Wernicke encephalopathy is in pa-
tients who have undergone bariatric surgery, such as
laparoscopic gastric sleeve surgery. Postoperative
dietary restrictions, vomiting, and reduced nutrient
absorption can precipitate thiamine deficiency in these
patients, posing a risk for development of Wernicke
encephalopathy [7,8].

Case Presentation
A 35-year-old female was admitted to our clinic app-

roximately four days after the initial onset of neuro-
logical symptoms. Her medical history was significant

for laparoscopic gastric sleeve surgery performed two
months prior as a treatment for morbid obesity. Post-
operatively, the patient experienced difficulty tolera-
ting solid food and had frequent episodes of vomiting,
which significantly reduced her oral intake and contri-
buted to a state of poor nutrition.

Initially, the vomiting was sporadic and somewhat ma-
nageable but later became more recurrent and accom-
panied by severe vertigo. The patient was treated with
intravenous fluids and antiemetic medication, which
temporarily improved her symptoms. However, over
the subsequent days, her condition deteriorated with
the emergence of neurological deficits.

Concerned about the possibility of an acute intracra-
nial event, an immediate computed tomography (CT)
scan of the brain was performed, which showed no evi-
dence of hemorrhage, infarct, or other acute pathology.

Fig. 1. MRI T2 with bilateral thalamic lesions

Given the progressive neurological signs and her re-
cent history of gastric surgery with nutritional compro-
mise, the patient was transferred to our tertiary care
facility for further evaluation. On examination, the pa-
tient demonstrated marked confusion and disorienta-
tion. She was unable to stand independently due to
worsening ataxia and exhibited bilateral horizontal
nystagmus. Detailed neurological assessment revealed
persistent disorientation, memory loss, and ophthalmo-
logic findings consistent with ophthalmoplegia. An
urgent magnetic resonance imaging (MRI) scan was
performed, which demonstrated lesions characteristic
of classic Wernicke encephalopathy, particularly sy-
mmetrical hyperintensities in the medial thalami and
periaqueducl gray mater on T2-weighted and FLAIR
sequences.



Mihajlovska-Rendevska A. et al.

94

- F—
t2_space_dark-fluid_sag_p2_ns-t2prep

Fig. 2. FLAIR showing periaqueductal

Upon establishing a presumptive clinical and radiolo-
gical diagnosis of Wernicke encephalopathy, prompt
treatment with intravenous thiamine was initiated (300
mg daily for the first three days, transitioned to 200 mg
daily for the subsequent three days, followed by 100
mg daily for 10 days until discharge). Supportive care,
including hydration and nutritional supplementation,
was also provided. Over the following weeks, the pa-
tient showed gradual improvement in cognitive functions
and motor coordination, although some residual mild
memory impairment persisted at the time of discharge
[9-11].

Discussion

Wernicke encephalopathy is an acute neuropsychiatric
emergency primarily caused by thiamine deficiency,
which disrupts key enzymatic processes in brain meta-
bolism. The condition can present with varying symp-
toms, but the classic triad of ataxia, encephalopathy
(confusion, memory loss), and ophthalmoplegia re-
mains a hallmark of diagnosis. Early recognition and
intervention are critical to prevent irreversible neuro-
logical damage.

This case underscores the significant risk of develop-
ping WE in patients following bariatric surgery, parti-
cularly laparoscopic gastric sleeve procedures. Such
surgeries are increasingly common worldwide due to
the rising prevalence of obesity and represent effective
interventions for weight loss and metabolic improve-
ments. However, the resulting alterations in gastroin-
testinal anatomy can severely compromise nutrient ab-
sorption, leading to deficiencies in essential vitamins
and minerals, including thiamine.

Vomiting is a common postoperative complication that
further exacerbates nutritional deficiencies by reducing
oral intake and causing losses of nutrients. Prolonged

t2_space_dark-fluid_sa

vomiting, as observed in this patient, is particularly
concerning and should raise suspicion for potential
thiamine depletion. Many case reports and series have
documented WE and other micronutrient deficiencies
developing in the weeks to months following bariatric
surgery.

The diagnosis of WE remains clinical, supported by
neuroimaging findings but often challenging due to
variability in presentation and lack of specific labora-
tory tests. In this case, MRI was instrumental in confir-
ming the diagnosis, showing typical lesions in the tha-
lami and brainstem regions. However, absence of fin-
dings on CT scan should not exclude the diagnosis,
emphasizing the importance of clinical judgment in
initiating empiric thiamine treatment.

Treatment with high-dose parenteral thiamine is the
mainstay of therapy and should be started promptly
once Wernicke encephalopathy is suspected. Delays
can result in permanent neurological sequelae, inclu-
ding Korsakoff syndrome, which is characterized by
profound and irreversible memory deficits and confa-
bulation.

Our case serves as a reminder for clinicians to maintain
a high index of suspicion for Wernicke encephalopa-
thy in any patient with risk factors for malnutrition and
neurologic symptoms, especially those with recent
bariatric surgery. Routine monitoring of nutritional
status and thiamine levels after surgery may aid early
detection, and prophylactic thiamine supplementation
should be considered in high-risk individuals.

Conclusion

We emphasize the critical need for awareness among
healthcare professionals regarding the risk of Wernicke
encephalopathy following gastric sleeve surgery. Per-
sistent vomiting, particularly when coupled with neuro-
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logical symptoms such as confusion, ataxia, or ocular
abnormalities, must prompt immediate evaluation for
potential malnutrition and thiamine deficiency.

Early intervention with intravenous thiamine can pre-
vent irreversible brain damage and significantly reduce
the risk of progression to Korsakoff syndrome. Regular
monitoring, nutritional support, and patient education
about the signs of deficiency are essential in postope-
rative care.

In summary, Wernicke encephalopathy is a preven-
table and treatable condition if identified early. Clini-
cians managing post-bariatric surgery patients should
maintain vigilance for symptoms suggestive of thiami-
ne deficiency and act swiftly to initiate treatment.
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Abstract

Introduction. Follicular lymphoma is an indolent sub-
type of non-Hodgkin lymphoma that commonly pre-
sents with generalized lymphadenopathy and, less
frequently, with atypical extranodal or pelvic involve-
ment. Clinical presentation may mimic primary gyne-
cologic disease, making imaging essential for accurate
characterization and staging. This case emphasizes the
diagnostic value of CT and MRI in evaluating a pelvic
mass with associated lymph node enlargement.

Case Presentation. A 50-year-old woman presented
with abdominal pain and progressive left lower limb
edema. Initial ultrasonography demonstrated an enlar-
ged uterus with multiple myomas and a heterogeneous
vascular pelvic lesion. Contrast-enhanced CT revealed
an enlarged uterus measuring 86x80 mm with altered
morphology and heterogeneous enhancement, accom-
panied by paraaortic, paracaval, iliac, and left inguinal
lymphadenopathy up to 35%30 mm. MRI confirmed
diffuse uterine myomatosis and multiple enlarged
lymph nodes in the left ovarian fossa and inguinal re-
gion with marked diffusion restriction. A diagnostic
uterine curettage was additionally performed in order
to exclude a primary gynecologic malignancy. CT-
guided core biopsy of the left inguinal lymph node was
performed, followed by surgical excision, and histopa-
thological analysis confirmed follicular lymphoma.
Discussion. The imaging findings represented a diag-
nostic challenge, as the pelvic mass initially suggested
primary gynecologic pathology. CT and MRI were
crucial in demonstrating extensive nodal disease and
imaging characteristics suggestive of lymphoprolife-
rative disorder. Although initial core biopsy indicated
reactive changes, surgical excision was required for
definitive diagnosis, highlighting limitations of needle
biopsy in certain cases. The widespread distribution of
lymphadenopathy supported a systemic hematologic
disease rather than isolated pelvic pathology.

Correspondence to:  Ana Mihajlovska-Rendevska, University Institute of
Radiology, 1000 Skopje, R. N. Macedonia; E-mail: mihajlovskaana@yahoo.com

Conclusion

This case highlights the importance of multimodality
imaging in patients presenting with pelvic masses and
atypical features. CT and MRI findings of diffuse
lymphadenopathy and diffusion restriction should raise
suspicion for lymphoma. Histopathological confirma-
tion remains essential for final diagnosis, particularly
when initial biopsy results are inconclusive.

Keywords: follicular lymphoma, pelvic mass,
lymphadenopathy, multimodality imaging, non-
Hodgkin lymphoma

AncTpaxkT

Bogen. ®onukyiaapHHOT TMMGOM MPETCTaByBa OaBHO
HPOrpeAUPAYKH HOATUI HA HOH-XOYKHH JTUM(OM, KOj
HajyecTo Cce TMpe3eHTHpPa CO TeHepaM3upaHo
3rojieMyBamkbe Ha  JUM(QHHATE  ja3nd,  Jo]cKa
eKCTpaHOJIAIHATA W MeJBUYHATA MaHudecTauja ce
penatuBHO peTkH. KIIMHWM4YKaTa Tpe3eHTalja MOoXKe
Ja WMUTHpa NpUMapHa THHEKOJOIIKAa MAaToJIOTH]a,
mopagy [ITO WMHUIIMHT IHjarHOCTHKAaTa WMa KIIydHa
yJiora BO TOYHAaTa KapakTepu3aluja M MPOIEHKa BO
pacnpoctpanerocta Ha Oojecta. OBoj ciydaj ja
HarjacyBa 3HadyajHaTa yJiora Ha KOMIIjyTepU3UpaHa
ToMorpaduja ¥ MarHeTHa Pe30HaHIA BO €BajlyalyjaTa
Ha MeJBUYHA Maca MpHUIPYKeHa co TuMpaeHonaTuja.
IIpuxa3 Ha cayyaj. Ilamuentka Ha 50-ronuiuHa
BO3pACT € ynaTeHa Ha KIMHHMYKa eBayyalyja nopajan
abmomuHanHa OO0JIKa M MIPOTPECHBEH €lIeM Ha JieBaTa
moTkoyieHua. [Ipu THHEKONIOIKY MPETIIe U TPaHCBa-
THHAJIEH YJITPa3ByK Oelle AeTCKTHpPaHa BOJIYMHHO3HO
3roJieMeHa MaTKa CO TOBEKEKPATHH MHOMATO3HH IPO-
MEHH, KaKO M XETepPOreHa COMUIHO-IIMCTHYHA ITEIBHY-
Ha JIe3Wja CO HM3pa3eHa BacKyJapH3alyja Ha JOIUIep-
WHBECTHUTAIHja.

Peammsupana e kommjyrepusupaHa Tomorpaduja co
KOHTPACTHH CEpUM Ha aOJOMEH W Maja Kapiuia, Ipu
LITO C€ BHU3yaJM3Upa BOJYMHHO3HO 3rOJIEMEHa MaTKa
co nuMen3un 86x80 mm u XeTeporeHa CTPYKTypa,
KaKo U JuMpaJecHOMETalija BO MapaaopTaTHUTE, Ia-
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paKkaBaJHUTE, WIMjauHUTE U JIeBaTa WHTBUHAIHA JIO-
»ka. MarHetHata pe30oHaHIA MOTBPIU TU(PY3HA MHO-
MaTo3a W TIOBEKEKPATHO 3rOJISMEHH JTUMQHH ja3IH CO
u3paseHa pecTpukiuja Ha mudysujara. Vs3pemeHa e
JIMjarHOCTHYKa KUpPETaka CO IeNl HMCKIyYyBame Ha
npuMapeH ruHekonomky MamuranteT. KT-Boxena core
Ouorichja Ha TUMGHHUTE ja3li BO JieBaTa WHTBUHAITHA
JOXa TOKa)kKa PEaKTHBHU INMPOMEHU Oe3 Ioka3um 3a
MaJIMTHHUTET, JOJeKa Ne(UHUTHBHATA JAWjarHo3a Oerie
BOCIIOCTaBEHA 10 XHMPYPIIKa EKCIM3Hja, CO XHUCTOIa-
TOJIOIIKA MOTBpa Ha (HOTUKYITAPECH TUMPOM.
Jduckycuja. IMUUUHT HAaoquTE TpETCTaByBaa Iujar-
HOCTHYKH IPEIN3BUK MOPaIl HHUIMjaTHA CYCIECKINja
3a ruHekosomka Heortasma. KT u MPU Gea kimy4yHu
3a JIeTeKIMja Ha TeHepaln3upana JuM@paaeHoOMeranmja
1 KapaKTePUCTHKH CYTeCTHBHH 3a JimMbonponudepa-
THUBHO 3a0o0iyBame. OrpaHuyueHaTa AUjarHOCTHYIKA Bpel-
HOCT Ha core OHMOIICHja ja UCTaKHa MoTpedara o XHu-
pypIIKa eKCIu3uja 3a JeUHUTHBHA aujarHosa. Jluc-
TpuOyIHjaTa Ha MPOMEHUTE YKaXKyBallle Ha CHCTEMCKa
XEeMaToJIoIIKa 60JIecT.

3akiay4ok. MyITUMOTATHAOT UMHUIIUHT € KIY9IeH BO
MPOIIEHKATa Ha MEBUYHN MaCH CO aTHIUYHA KIHHUI-
ka npesenranuja. KT co koHTpacTHH cepuu OBO3MO-
JKyBa IpelM3Ha MPOLeHKa Ha CTENEeHOT Ha Oosecta u
muMdaneHonatijara, foaeka MPU o6e30emnyBa cyre-
pHOpHA TKMBHA KapakTepH3alldja cO JeTeKluja Ha
pecTpuknurja Ha Audys3ujara, HAOA LITO € CYTeCTUBEH
3a auMdonpordepaTiBeH MpoIec. XHUCTOMATOIOII-
KaTa aHaIM3a OCTaHyBa 3JIaTE€H CTaHAap. 3a Je(UHH-
THUBHA JIMjarHO3a.

Kayunn 360poBu: Oonukynapen auMpoM; MenBUIHA
Maca; JTuMQageHOMEeraanja; MyJITHMOIAICH UMHIIUHT;
HOH-XOYKHH JIMM(OM

Introduction

Follicular lymphoma is an indolent B-cell non-Hodgkin
lymphoma characterized by slow progression and a
tendency for widespread nodal involvement. Although
it most commonly presents with generalized lympha-
denopathy, extranodal and atypical pelvic manifestta-
tions may occur and can closely mimic primary gy-
necologic pathology. This overlap often leads to diag-
nostic uncertainty, particularly when a pelvic mass is
the dominant clinical finding. Cross-sectional imaging,
especially CT and MRI, plays a central role in iden-
tifying disease distribution, characterizing tissue mor-
phology, and guiding further diagnostic procedures.
This case highlights the importance of multimodality
imaging in the evaluation of a complex pelvic mass
associated with extensive lymphadenopathy [1,2].

Case Presentation

A 50-year-old female patient presented with abdomi-
nal pain and progressive swelling of the left lower
limb. Initial pelvic ultrasonography revealed an enlar-
ged uterus with multiple myomatous nodules and a he-
terogeneous vascular pelvic lesion, raising suspicion
for a primary pelvic malignancy.

Fig. 1. Axial computed tomography (CT) scans demonstrate enlarged lymph nodes with
altered morphology in the left inguinal region
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Fig. 2. Coronal computed tomography (CT) scans demonstrate enlarged
lymph nodes with altered morphology in the left inguinal region

Fig. 3. Sagittal coute tomography (CT) scans demonstrate elarged
lymph nodes with altered morphology in the left inguinal region

Fig. 5. Axial diffusion-weighted imaging (DWI) MRI sequence

Fig. 4. Sagittal T2-weighted MRI sequence of the pelvis
demonstrating an enlarged myomatous uterus with multiple
intramural and subserosal leiomyomas
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Fig. 6. Axial T2-weighted MRI sequence of the pelvis
showing multiple uterine leiomyomas

Contrast-enhanced CT of the abdomen and pelvis de-
monstrated a significantly enlarged uterus measuring
86x80 mm with altered morphology, heterogeneous
post-contrast enhancement, and poorly defined endo-
metrial structures. In addition, extensive lymphadeno-
pathy was identified involving paraaortic, paracaval,
iliac, and left inguinal regions, with the largest nodal
conglomerates measuring up to 35x30 mm. Diagnostic
curettage of the uterine cavity was performed in order
to exclude primary gynecologic disease [3,4].
Subsequent MRI of the pelvis confirmed diffuse ute-
rine myomatosis and multiple enlarged lymph nodes in
the left ovarian fossa and inguinal region. These lymph
nodes demonstrated marked diffusion restriction, su-
ggesting a high likelihood of lymphoproliferative di-
sease. No definite signs of direct invasive pelvic organ
infiltration were observed.

An ultrasound- and CT-guided core biopsy of the left
inguinal lymph node was performed; however, due to
persistent clinical and radiologic suspicion, surgical
excision was subsequently undertaken. Histopatholo-
gical and immunohistochemical analysis confirmed the
diagnosis of follicular lymphoma [5,6].

Discussion

This case illustrates a significant diagnostic challenge,
as the initial imaging findings closely resembled a pri-
mary gynecologic pelvic process. The enlarged uterus
with heterogeneous enhancement and associated pelvic
mass effect initially raised concern for primary uterine
pathology. However, the presence of widespread lym-
phadenopathy across multiple anatomical regions was
a key feature suggesting a systemic process rather than
isolated pelvic disease.

CT provided essential information regarding disease
extent and nodal distribution, while MRI contributed
superior soft-tissue characterization and demonstrated

diffusion restriction within affected lymph nodes, a
finding commonly associated with high cellularity le-
sions such as lymphoma.

Although initial core needle biopsy suggested reactive
lymphadenitis, this was not concordant with imaging
findings. This discrepancy underscores the known li-
mitations of small-sample biopsies in lymphoprolife-
rative disorders, particularly in heterogeneous or par-
tially involved nodes. Definitive diagnosis required
surgical excision, which allowed adequate tissue sam-
pling for accurate histopathological and immunophe-
notypic assessment.

The case emphasizes the importance of correlating ima-
ging findings with clinical and pathological data, espe-
cially in cases with discordant biopsy results. Multisite
lymphadenopathy, including paraaortic and inguinal
involvement, further supported a systemic hematologic
malignancy rather than localized pelvic disease.

Conclusion

This case demonstrates the critical role of CT and MRI
in the evaluation of patients presenting with pelvic
masses and atypical clinical features. Imaging findings
such as diffuse lymphadenopathy, nodal conglomeration,
and diffusion restriction should prompt consideration of
lymphoproliferative disease in the differential diagnosis.
While imaging is essential for detection and staging,
histopathological confirmation remains mandatory for
definitive diagnosis. In cases where core biopsy results
are inconclusive, surgical excision should be conside-
red to avoid diagnostic delay and ensure appropriate
management.
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Abstract

Introduction. Chronic Achilles tendon rupture (CATR)
is a neglected or inadequately treated Achilles tendon
rupture persisting for 4-6 weeks after injury, resulting
in incomplete or abnormal healing.

Case Description. A 59-year-old man presented with
persistent right ankle pain and limping 6 weeks after
conservative treatment of a right Achilles tendon rup-
ture. Examination revealed a step-like deformity over
the distal posterior lower leg, inability to bear weight,
stand on toes, or push off the ground, and positive
Thompson’s and Matles’ tests, consistent with CATR.
Given the patient’s good general condition and mo-
derate activity level, surgical treatment was indicated.
V-Y tenoplasty with Bunnell tenorrhaphy was perfor-
med through a posterior approach. After 6 weeks of
immobilization in a below-knee cast with 30° plantar
flexion, physical therapy was initiated. Two months
postoperatively, the patient reported mild pain, dis-
comfort, and a 10° plantar flexion deficit. He sub-
sequently received three ultrasound-guided peritendi-
nous platelet-rich plasma (PRP) injections followed by
an additional rehabilitation cycle. Two months later,
he was pain-free, with full right ankle joint range of
motion and complete triceps surae muscle strength.
Discussion. CATR commonly results from delayed or
inadequate initial treatment, leading to tendon retrac-
tion, muscle atrophy, and impaired push-off strength.
V-Y tenoplasty with Bunnell tenorrhaphy restores ten-
don length and provides biomechanical stability to su-
pport healing. Residual postoperative pain and limited
plantar flexion prompted adjuvant PRP therapy to
enhance tendon recovery. Combined rehabilitation and
biologic augmentation resulted in pain relief, restored
ankle joint range of motion, and full triceps surae
muscle strength.

Correspondence to:  Damjan Pavlov, Faculty of Medical Sciences,
“Goce Delchev” University—Shtip, R. N. Macedonia;  E-mail:
damjanpavlov98@yahoo.com

Conclusion. Most CATRs require surgical manage-
ment, while non-operative treatment is reserved for
patients with poor prognostic profiles. PRP may redu-
ce pain and support functional tendon regeneration.
This case highlights the importance of timely diagno-
sis, appropriate surgical technique selection, and the
potential benefit of biologic augmentation combined
with rehabilitation in optimizing functional outcomes.

Keywords: chronic Achilles tendon rupture (CATR),
V-Y tenoplasty, Bunnell tenorrhaphy, platelet rich
plasma (PRP), rehabilitation

AncTpaxkT

BoBen. XpoHnuHaTta pynTypa Ha AXWIOBaTa TETHBA
(XPAT) mpercraByBa 3aHeMapeHa WM HECOOABETHO
TpeTupaHa pyntypa Ha AXHWIoBaTa TETHUBA INTO OIl-
CTOjyBa 4-6 CEIMUIIM TI0 TIOBpenaTa, Pe3yITUPajKH CO
HETIeJIOCHO MJT HECOOBETHO 3a3/IpaByBabe.

IIpuka3 Ha cayuyaj. Max 59 roguimHa BO3pacT ce
JKaJIM Ha TIOCTOjaHa OOJIKA OKOJIY JECHHOT CKOYCH
31100 W HaKpHBYBamkbe O CEIMHUIH IO CIIPOBEACH
KOH3EpBaTHBEH TPETMaH MOPaa PYNTypa HA JecHara
AxwunoBa tetuBa. KinmHuuku Oele yTBpeHa ckanecra
nedopMalyja Ha AUCTAIHATA IMOCTEPUOPHA perHja Ha
JICCHATA MOTKOJICHHUIIATa, HEMOXKHOCT 3a ONTOBapyBa-
BE Ha HOTAaTa, CTOCH-E¢ HA IPCTU WK OTTYPHYBAE CO
CTOTAJIOTO O] IOJUIoraTa, Kako W MO3UTHBHH Thom-
pson-oB u Matles-0B TecT, IITO OXM BO IMPWIOT HA
XPAT. Co ornen Ha moOpara omiTa 3IpaBCTBEHA COC-
T0j0a U YMEPEHOTO HUBO Ha (pU3MUIKA aKTUBHOCT, Oe-
e MHIUIUPAH XHUPYPUIKU TpeTMaH. Co MocTepruopeH
MpUCTAal, Ce HampasH ,,V-Y* TeHOIUIaCTHKA | ,,Bunnell*
teHopadwuja. [To 6 cemmuI IMOOMIHM3AIIHja CO TTOTKO-
JICHA THIICEHA YM3Ma CO JIECHOTO CTOIAJ0 MOCTaBEHO
Bo 30° rurantapHa Qruekcuja, Oeme 3amouHata GuU3M-
KajgHa Tepanuja. J[Ba Mecenu IMOCT-ONEepPaTUBHO, Ma-
LUEHTOT Ce *aJelle Ha MUHOPHA 00JKa, TUCKOM(Op U
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3aocTaHyBame Ha 10° mmantapHa ¢aekcuja. Tpu no3u
wiazma 6orata co Tpombormtu (IIBT) Oea armmumm-
paHH MIEPUTCHIMHO3HO O BOACTBO HAa YATPa3BYK, a
[I0TOA CIIEAyBAaIle JOTOMHHUTENEH IIUKIyC Ha pexadu-
nautanuja. J[Ba Meceny NOAOLHA, TALUEHTOT Oerle 6e3
0oNKa, CO IIETIOCEH OICEeT Ha ABIKCH:E BO ICCHUOT
CKOYEH 317100 W KOMIUIETHAa MYCKYJIHa CHJia Ha triceps
surae.

Juckycuja. XPAT HajuecTo HacTaHyBa Kako pe3yd-
TaT Ha OJUIOKEH WJIM HECOOIBETEH MHUIIMjalICH TpeT-
MaH, IITO JOBeIyBa 70 peTpakiuja Ha TeTHBaTa, Myc-
KyJlHa arpoduja M HapylleHa cujia 3a IUIaHTapHa
(dnekcuja. ,,V-Y* TeHoIutactikara co ,,Bunnell* TeHo-
paduja 0BO3MOXKYBa pecTaBpalfja Ha JOJDKMHATA Ha
TeTUBaTa 1 OMOMEXaHNYKa CTAOMIIHOCT IITO TO HOAP-
JKyBa 3a3[paByBameTo. PesmayanHara mocT-onepaTiBHA
0oJKka W OorpaHHYEHaTa IUIaHTapHa ¢uiekcHja Oea WH-
mukandja 3a agjysantHa [IBT Tepamuja co men mo-
Jno0pyBame Ha TETHBHOTO 3a3/[paByBamke. KoMOMHMpa-
HaTa pexaOwInTaIja U OHOJIOIIKa Tepanuja pe3yiTh-
paa co oTcTpaHyBame Ha OoiikaTa, Bpakame Ha IIOT-
TIOJICH OTICET Ha JBWKEH-E BO JECHUOT CKOYEH 300 U
IeJIOCHA MYCKYITHA CHJIA Ha triceps surae.

3axuydok. [Tosekero XPAT Gapaat XupypIuku TpeT-
MaH, JJoieKa KOH3epBaTHBHO Ce JIEKyBaaT MallueHTH CO
HEIoBOJICH MporHocTuiky npodwi. [IBT moxe na npu-
JIOHEece 3a HaMallyBame Ha OoJIKaTa M MOTTHKHYBabC
Ha (yHKIMOHAJIHA pereHepanuja Ha tetunara. OBOj
CJIy4aj ja HarJlacyBa BaKHOCTA Ha HaBpeMeHaTa Jujar-
HO3a, COOJBETHHOT M300p Ha XHPYpIIKAa TEXHHUKA U
MOTCHIIMjaTHaTa KOPUCT Of OMOJIONIKA Tepanuja KOM-
OMHHpaHa CO pexaOHWJIUTAlWja 32 ONTHMH3UpAmhE Ha
(hYHKIIMOHATHUOT UCXO/I.

Kuayunu 360poBu: XpoHnuHa pyntypa Ha AXWioBa
terrBa (XPAT), V-Y TeHomnactuka, Bunnell TeHopadwuja,
ma3mMa 6orata co Tpomooruty (I16T), pexabunuranmja

Introduction

Chronic Achilles tendon rupture (CATR) depicts a
complex and often underestimated sequela of acute
Achilles tendon injury, characterized by delayed diag-
nosis or inadequate initial treatment leading to persis-
tent functional impairment. Typically defined as a rup-
ture neglected or untreated for more than 4-6 weeks,
CATR results in retraction of tendon ends, scar tissue
interposition, and muscle atrophy, which collectively
compromise tendon continuity and biomechanical
strength [1-9]. Epidemiological studies indicate that
the incidence of Achilles tendon ruptures has risen
steadily over recent decades, largely due to increased
participation in recreational sports among middle-aged
adults. Among these, up to 25% of cases may evolve
into chronic ruptures when the initial injury is missed
or mismanaged [2].

Patients with CATR usually present with visible and
palpable gap along the tendon course, altered gait, re-
duced push-off power, and weakened plantar flexion.
There are two most commonly used clinical tests that
help in diagnosing a suspected Achilles tendon rup-
ture. The first one is known as Thompson or Si-
mmonds’ test. The patient is positioned prone on the
examination table; the examiner squeezes the calf
muscles on the suspected side, and an absence of
plantar flexion of the same side of the foot indicates a
positive test [9]. The other test is known as Matles test.
The patient is, again, positioned prone on the exam
table, both knees are flexed to 90 degrees and if the
foot on the suspected side falls to its neutral position,
i.e. dorsiflexion, then the test is positive [10]. Imaging
modalities such as ultrasonography and magnetic
resonance imaging aid in characterizing the size of the
tendon defect, the quality of the remaining tissue, and
guiding surgical planning [2]. Contemporary manage-
ment emphasizes surgical reconstruction, as non-
operative treatment rarely restores satisfactory func-
tion in chronic cases. Various reconstructive techni-
ques-including V-Y tenoplasty, fascial turndown flaps,
tendon transfers (notably from the flexor hallucis
longus), and allograft or synthetic augmentation - have
been proposed, with the choice depending on gap
length, tissue quality, and patient-specific functional
demands [1,11,12].

Despite advances in surgical strategies and postope-
rative rehabilitation protocols, there are still no uni-
versal guidelines regarding the optimal approach. Re-
cent literature highlights the importance of indivi-
dualized treatment algorithms that integrate defect size
assessment, biological augmentation, and early func-
tional rehabilitation to optimize outcomes. Neverthe-
less, long-term studies suggest that even after successful
repair, residual calf weakness and reduced endurance are
common, underscoring the need for ongoing refine-
ment of both surgical and rehabilitation protocols [1, 11].

Case report

A 59-year-old male patient presents with persistent
pain around the right ankle and limping. 6 weeks prior,
he suffered from rupture of the right Achilles tendon
which was treated conservatively. The patient has a
visible step-like deformity on the dorsal distal third of
the lower right leg, is unable to bear weight on his
right leg nor stand on his toes or push-off the ground,
with positive Thompson and Matles tests. A clinical
diagnosis of CATR was made. A decision for surgical
treatment of the ruptured tendon was based upon the
patient’s good condition and moderate physical acti-
vity level. The patient received preoperative right pop-
liteal sciatic nerve block and was positioned prone on
the operating table. The operating field was prepared
and draped in sterile fashion. Using the posterior app-
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roach, an Achilles tendon defect of approximately 4
cm was observed i.e. Myerson type II (2) CATR. The
surrounding superficial fascial and paratenon layer
were carefully preserved to achieve optimal wound
closure while tendon debridement was performed. The
V-Y tenoplasty technique was performed, designing a
V-shaped part in the gastrocnemius aponeurosis. Then,
the V-shaped part was slowly torn and pulled towards
the distal stumps with caution until the gap was bri-
dged. A 1/0 non-absorbable suture was used to repair
the V and the distal stumps together with the Bunnell
technique. A 2/0 absorbable suture was used to suture
the proximal incision in a Y configuration. After re-
construction of the Achilles tendon rupture, the para-
tenon layer was sutured with 2/0 absorbable sutures,
then the skin was closed with 2/0 non-absorbable sutu-
res using the vertical mattress technique. The patient
was immobilized for 6 weeks in a below-knee cast
with the foot in 30° plantar flexion. After removing the
cast, the patient was advised to start physical therapy.
2 months after the surgery, the patient had slight pain
and discomfort, improved range of motion in the right
ankle joint lacking 10° of plantar flexion. A mutual de-
cision for platelet rich plasma (PRP) adjuvant therapy
was agreed upon. In the following three weeks, the
patient received three peritendinous PRP injections un-
der ultrasonographic guidance and went through another
cycle of physical therapy. 2 months after the PRP
treatment and physical therapy, the patient was pain
free, had full range of motion in the right ankle joint
and complete triceps surae muscle force.

Discussion

CATR represents a challenging condition in orthope-
dic practice, often resulting from delayed diagnosis or
failed conservative treatment of an acute rupture [1-9].
In the present case, a 59-year-old male developed per-
sistent pain, weakness, and gait disturbance following
conservative management of an acute Achilles tendon
rupture, leading to a diagnosis of CATR six weeks
post-injury. This timeline aligns with the literature
defining chronic rupture as one diagnosed more than 4
to 6 weeks after the initial injury, during which tendon
ends retract and fibrous tissue interposes, thereby com-
promising healing potential [1-9].

The patient’s clinical findings-step-like deformity, ina-
bility to perform single-leg heel raise, positive Thom-
pson and Matles tests were consistent with a chronic
rupture presentation [2,9-12]. These signs, coupled with
functional impairment, necessitated surgical interven-
tion, given that conservative management in chronic ca-
ses often fails to restore strength and function, particu-
larly in active or middle-aged individuals [1,11,12].
The size of the Achilles tendon defect is a crucial fac-
tor which dictates the surgical reconstruction app-
roach. In 1999, Myerson described a scheme (Table 1)

Table 1. Surgical treatment for CATR according to
Myerson’s classification system based on the size of the
tendon defect [12,13].

Achilles Tendon Surgical Procedure
Defect Size
1-2 cm End-to-end anastomosis and posterior
compartment fasciotomy
2-5cm V-Y lengthening, augmented with
tendon transfer if needed
>5 cm Tendon transfer alone or in

combination with V-Y advancement or
turndown

for surgical treatment of CATR based on the size of
the defect [13]. In addition to the size of the defect,
several other factors contribute to the treatment choice,
including patient’s age, activity level, comorbidities,
and the condition and quality of the soft tissue enve-
lope [1,11,12].

Surgical repair remains the gold standard for CATR,
with the choice of technique depending on the size of
the tendon defect, tissue quality, and patient characte-
ristics. In this case, the combination of V=Y teno-
plasty and Bunnell tenorrhaphy provided both length
restoration and secure end-to-end approximation, based
on Myerson’s classification and patient’s characteris-
tics. The V-Y tenoplasty allows advancement of the
proximal gastrocnemius-soleus aponeurosis to bridge
the tendon gap, while the Bunnell tenorrhaphy ensures
strong longitudinal fiber alignment, promoting effecti-
ve load transmission and healing [1,11,12,14].
Postoperative immobilization in plantar flexion for six
weeks is commonly used to protect the repair and
minimize tension across the tendon [15]. Subsequent
physiotherapy focusing on gradual mobilization, stren-
gthening, and proprioception is crucial for functional
recovery [16]. The patient’s initial postoperative prog-
ress-with residual pain and limited plantar flexion-was
within expected parameters for the early rehabilitation
phase following chronic repair.

The decision to introduce platelet-rich plasma (PRP)
as an adjuvant treatment was clinically reasonable
given the persistent discomfort and suboptimal tendon
flexibility at two months post-surgery.

PRP contains high concentration of autologous growth
factors such as platelet-derived growth factor (PDGF),
transforming growth factor-beta (TGF-f), and vascular
endothelial growth factor (VEGF), all of which enhan-
ce collagen synthesis, neovascularization, and tendon
matrix remodeling [17,18]. Evidence in the literature
regarding PRP efficacy in tendon healing is mixed;
however, several studies suggest it may accelerate
recovery, reduce pain, and improve tendon structure
when used in conjunction with physiotherapy [19].
Following three ultrasound-guided peritendinous PRP
injections and a second cycle of physical therapy, the
patient demonstrated full restoration of ankle range of
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motion and triceps surae muscle strength, with pain
resolution. These outcomes underscore the potential
benefit of PRP as a supportive adjunct in enhancing
tendon healing and optimizing functional outcomes
after surgical reconstruction of chronic Achilles ten-
don rupture.

Conclusion

Overall, this case highlights the importance of indivi-
dualized management strategies in CATR, integrating
surgical repair, structured rehabilitation, and biologic
augmentation. Early recognition of tendon retraction
and appropriate surgical planning are key to restoring
normal biomechanics. Moreover, the successful incor-
poration of PRP therapy in this patient suggests a pro-
mising role for biologic interventions in the multidis-
ciplinary management of chronic tendon injuries.

Conflict of interests: None declared.
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YIHATCTBO 3A ITIPUJABA HA TPY ]l O COPABOTHUIIUTE HA MMII

"Maxkenonckun Meauuuncku Ilpernen” (MMII) e crpyuno cnucanue Ha MakegoHCKOTO
JIEKapCcKO APYUITBO, IPBEHCTBEHO HAMEHETO Ha JIEKapUTE OJ1 OIMILITA MPAKTUKA, CIIELUjATUCTHTE O
OJIICTTHUTE MEIUIIMHCKU TUCHMIUIMHU U UCTPAKyBayUTE BO 0OjacTa Ha O0a3MYHUTE MEAMIIMHCKU U
JpYTU CPOJIHU HAYKH.

CnucaHneTo ru UMa cjiefHNuBe pyOpUKHU U KATerOpuM HAa TPY/I0BU:

1. 3BopHU Tpy10BU

2. CoonuurtyBama 3a KIMHUYKU U J1a00paTOPUCKU UCKYCTBA

3. IIpukasu Ha ciyyau

4. On mpakTHhKa 3a IpakTHKa

5. EnykaTuBHM CTaTUH

6. Bapua e (mucma o penakuujara, OMIITECTBEHA XPOHUKA, MPUKA3W HA KHUTH, U3BEIITAU
0]l KOHT'PECH, CUMIIO3UYMH U JIPYTH CTPYYHHU codupH, pyOpHkara ,,Bo cekaBame,, 1 1p).

W3BopHUTE TpyI0BU MMaatT Oesie3u Ha HAyYHU TPYAOBH, A0JEKa TPYAOBUTE KaTETOpU3UpPaHU
BO pyOpukute 2-5 mmaar Oene3n Ha crpydHu TpyaoBu. Bo MMII ce oGjaByBaar TpyIoBH Ha
yieHoBUTe Ha MJIJ] mim Ha 4IEHOBH Ha JIPyr'u CTPYUYHH 31py>KE€HHja. ABTOPHUTE C€ OJrOBOPHH 32
MOYNTYBAKETO HA STUYKUTE Hauena MPU MEIUIIMHCKUTE HCTPAXKyBama, a M3HECCHUTE CTaBOBH,
W3BEJICHU O]l aHaJM3aTa Ha COMCTBEHUTE Pe3yJITaTH, HE Ce HY»KHO M CTaBOBM Ha Penakuujara Ha
MMII. Pepakmujata TH HCIOpaka pakKONMCUTE Ha CTPyYHA pEICH3Hja; PELEH3CHTOT(HTE) |
Penakuujara ja ompenenyBaaT AepUHUTHBHATA KaTeropu3alldja Ha PaKOMHUCOT KOj € mpudareH 3a
nevaTeme. Penaknujara ro 3apKyBa MpaBOTO PAKOMUCUTE JIa TH TEYATH CIIOPE] PEIEH3UPAHUOT
IpPUOPHUTET. YTIATCTBOTO 3a copaboTHuute Ha MMII e Bo cornacHocT co BankyBepckute npaBuia
3a U3eHaYeHU Oaparma 3a paKOIHUCHUTE KOU C€ Mpakaatr 10 OMOMETUIIMHCKUTE CIIHCaHH]a.

TEKCT HA PAKOIIUCOT

Cute pakomucu ce uCTIpakaaT BO eNEeKTpoHCKa (opma Ha eJeKTpOHCKara ajapeca
(mld@unet.com.mk ; info@mld.mk ) na MJIZI-MMII, co aBoeH mpopen U HajMHOTY 28 peloBH Ha
cTpanuna. TpyaoT ce MmoJHeCyBa Ha aHTJIMCKHU ja3uk JaTHHUYEeH GOHT Times New Roman rojemMuHa
12 u ancTpakT Ha MaKkeJIOHCKH ja3uk. JIeBo, rope u oy Tpeba J1a ce 0CTaBM Cl1000AHa MapriuHa OJ1
HajMaJKy 3 cM, a JecHO of 2,5 cMm.. PenHuoT 6poj Ha CTpaHUIIUTE C€ MUITyBa BO JECHUOT TOPEH
aroisi. PakonucoT Ha TpyaoT Tpeba Ja € mpuApy>KeH CO MUCMO Ha MPBHUOT aBTOp, CO M3jaBa JieKa
HCTUOT TEKCT HE € BeKe 00jaBeH WJIM TMoJHeceH/mpudaTeH 3a mevyareme BO JPYro CIUCAHUE WIIU
CTpy4Ha MyOJHMKalMja U cO MOTBpJA JIeKa PaKOMMCOT € Iperyiefad U OA00peH O CUTEe KOABTOPH,
OJIHOCHO CO TpHUJIPYKHA JeKJIapalyja 3a €BEeHTyaJeH KOH(JIUKT Ha HWHTEPECH CO HEKO] Off
aBTOPHTE.

HacrmoBrara crtpana Tpeba ma WMa: HAclIOB Ha MaKEJOHCKM M AaHTJINCKU, UMHBbA H
npe3suMUba Ha aBTOPHUTE, KAKO M MHCTUTYIIMUTE HA KOW UM TpUIlakaaT, UMUbaTa Ha aBTOPUTE U
HACJIOBOT Ha YCTaHOBATa C€ TOBP3yBaaT CO aparcKu OpOjKH;, aBTOP 3a KOPECTOHJAEIHja CO CHUTE
neranu (Tes. email); kareropuja Ha TPYAOT; KPaTOK HACIOB (J10 65 KapakTepH 3aeIHO CO MPa3HUOT
MPOCTOpP); Kako W HH(OpMaIKja 3a TMPHUIAOHECOT 3a TPYAOT Ha CEKOj KoaBTop (WMaeja, Iu3ajH,
coOMpame Ha MOJAaTOIM, CTaTUCTUCTHYKAa 00paboTka, MUIyBame Ha TpyAoT). HacmoBor Tpeda
KOHIIM3HO Ja ja u3pa3u coapkuHaTa Ha TpyaoT. Ce mpemopadyBa /a ce n30erHyBa ymnorpedba Ha
KpaTeHKH BO HACJIOBOT.

V3BOpHUTE TPYJIOBH M COOINIITYBamaTa r'o ©Maatr CIeTHHOB (popMaseH perocie: HacloBHA
CTpaHa, U3BaJIOK Ha MAaKEeJIOHCKH ja3UK (BOBEJ, METOH, PE3YITATH, 3aKIy4Y0K) CO KIy4YHHU 300pOBH,
U3BAJIOK HAa MAaKeIOHCKH ja3WK CO KIy4yHH 300pOBH, BOBEI, Marepujal U METOAM, PE3YJTaTH,
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JTUCKYyCHja W 3aKIydolld, JIuTepaTypa W Ipwiodn (Tabemu, rpadulld W CIMKHA) W JICTCHIU 3a
MPHUIIO3UTE BO ecH (ajir.

[Tpuka3zure Ha ciyyan Tpeba Jaa CoIpKaT BOBE/, JIETAlICH MPUKa3 Ha CIIy4ajoT, JUCKYCHja CO
3aKJIY9OK U JJUTEepaTypa co MPUIIO3H.

N3BagokoT Ha MaKeIOHCKH ja3uk Tpeda nma coapku HajMHOTy 250 300poBM M na Ounme
CTPYKTypUpaH CO CUTE OWTHM YHMHUTEIM HW3HECEHUW BO TPYIOT: BOBEA CO IEJTa HA TPYHAOT,
METO/I0T, Pe3yJTaTH (CO HyMEPUYKH ITO/IaTOLN) U 3aKJIYy40LH. 3a¢THO CO M3BAJIOKOT, Tpeba 1a ce
JOCTaBaT ¥ JI0 5 KITy4HU, HHJIEKCHUA 300pOBH.

W3BaoKOT Ha aHIJIMCKH ja3MK Mopa Ja € CO COJApKMHA WICHTHYHA CO COJAp)KMHATA Ha
U3BAJIOKOT Ha MAaKEJOHCKH ja3uK.

Kiyanure 3060poBu Tpeba aa ce Bo cormacHocT co MeSH (Medical Sibject Headings) listata na
Index Medicus.

BoBenor Tpeba ga mpeTcTaByBa KpaTOK M jaceH MPHUKa3 HA HUCIUTYBAHHOT HpOOIeM U
[ENIUTEe Ha UCTPAKYBAHETO, CO HABEYBAHE HA €THYKHOT KOMUTET OJIHOCHO MHCTHTYIIHjaTa Koja ro
onobpmia HCIUTyBameTo (KIMHUYKA CTyadja Koja ce paboTh crope] NPUHLUIUTE Ha
XeJcHHIIKATA IeKIIapalyja 3a NaleHTUTEe U HUBHUTE TPaBa).

Mertoaute Tpeba na OugaT TOYHO HA3HAYEHHU, 32 Ja CE€ OBO3MOXKH IOBTOpPYBame Ha
NPUKAKAHOTO UCTpaKyBame. OCOOCHO € BaXKHO J1a ce MPenru3upaaT KPUTEPHYMHUTE 3a CEJIeKIrja Ha
OTICEpBUPAHUTE CIIy4daW, BOBEACHHUTE MoOAM(UKAIMK Ha BeKe I[O3HATHTE METOJU, KaKo H
uacHTH(HUKAIMja Ha YMOTPEOCHUTE JIEKOBU CIIOPE] TCHEPUYHOTO HMME, JO3UTe M HAYMHOT Ha
aJIMUHHCTpAIHja.

Pesysararure Tpeba &a ce MpHUKakaT jacHO, MO JIOTMYEH penocien. Pesynrarure ce
u3HecyBaaT Bo cTanaapanute Sl egununm. Bo TekcToT Tpeba a ce Ha3HAYM ONTUMAIHOTO MECTO
KaJie ke ce BMETHAT Ta0eluTe U WIIyCTPALMUTE, 32 J1a ce N30erHe HemoTPpeOHOTO MOBTOPYBAkE Ha
W3HECEHUTE TMOJATOIM. 3HAa4yajHOCTa Ha pe3yiararure Tpeba jga ce oOpadOoTH CTAaTUCTUYKH, CO
JI€TalleH OIMUC Ha YIOTPEOCHUTE CTATUCTUYKY METOIU Ha KPajoT Ha JEIOT METO/IH.

JuckycujaTa Tpeda 1a ri HCTaKHE UMIUTHKAIUUTE O TOOMEHHUTE PE3yNITaTH, CIOPEIEHH CO
MIOCTOjHUTE CO3HAHMja 3a MCIUTYBAHHOT MpolOyieM. 3akiaydouuTte Tpeba na He OMAAT MOAOITU Of
150 360poBH.

1. IMPUJIO3M Kaxo mpuiior-gokyMeHTaluja Ha TPyIOBUTE MPEAJIOKEHHU 3a MeYaTeHhe, MOXKE
Jla ce JocTaBaar 10 5 mpuiora (tabenu, Gurypu,/ciuku - miryctpauuu). Tabenute ce JocTaByBaaT
Ha KpajoT Ha TPyOT BO UCTHOT ¢aji. Cekoja Tabena Tpeda 1a Ma CBOj HACJIOB U pelieH Opoj Koj ja
HOBp3yBa CO TEKCTOT. XOPHU3OHTAJHU W BEPTHKAIHU JMHUM Ha TabeinaTa HE ce€ JO3BOJICHH;
O3HAKUTEC Ha KOJOHWUTE BO Tabemara ce MUIIyBaaT CKPAaTeHO MJIM CO CHMOOJ, a HHUBHOTO
o0jacHyBame€ ce MMIIYBa Ha THOTO Ha TalesaTa, BO BUJI Ha JIETEH/IA.

HNaycTpanunTe ce J0cTaByBaaT co pelieH Opoj Kako ClIMKa BO IPHO-0ela TEXHUKA, a CeKoja
cimKa Tpeba Ja € MpuApyKeHa co JereHsia (ommce).

Mukpodortorpaduure Moxxe aa coapkaT MOceOHM O3HAKM BO BHUJ Ha CTPENIKH WU
cumOonu. [Tokpaj onmucoT Ha cnuKaTa, MOpa Ja ce HaBe/e M 3roJIEMYyBamkETO M BUAOT Ha OOCHETO
Ha IpemnapatoT (ako Toa Behe He e HalmpaBeHO BO ceKlyjaTa Matepujai U Metoau). Cute 03Haku Ha
¢dororpadpunTe Mopa na OMIAT TOBOJHO TOJEMH, 33 Ja MOXKE jaCHO Jla C€ paclo3HaaT U I0
CMallyBalke€TO BO TICUATHHIIATA, TNPH HHUBHOTO BKIy4YyBalmke BO IIe4aTeHaTa CTpaHUIA Ha
CIHCAaHUETO.

2. JIUTEPATYPA

[{utupanara nuTepaTypa ce MUIITYBa Ha KpajoT HA TPYJOT MO 3aKIY4OLUTE, CO PETHH
OpoeBH cIiopea peaocieaoT Ha I0jaByBamkeTO HAa IMTATOT HA TEKCTOT HAa TPYJIOT CTaBEHU BO
cpenHu 3arpaad u 0e3 mpocTop Mery HUB (aKo ce MOCIe[oBaTeTHH Tpeba Ja ce MOBpP3aHH CO



upTUuKa, Ha mp. [3-6]. JluTepatypaTa ce HuTHpa Ha CICTHUOB HAUYMH (KPAaTEHKHUTE 32 HACIOBUTE HA
crnircanujata Tpeba Ja ce cropes aucrarta npudareHu Bo Index Medicus):
a) cTaTvja BO cllMcaHue (Ce HaBeqyBaaT CUTE aBTOPH, aKO 'M MMa J10 4 WM TIOMaJKy; ako T'd UMa
noBeKe of 4 ce HaBenyBaaT MPBUTE 3 aBTOPU U ce aozAasa: U cop.) Neglia JP Meadows AT, Robison
LL et al. Second neoplasms after acute lymphoblastic leukemia in childhood. N Engl J Med 1991; 325:1330-
6.

0) 3aegamuku aBTOp GIVIO (Interdisciplinary group for cancer care evaluation). Reducing
diagnostic delay in breast cancer. Possible therapeutic implications. Cancer 1986; 58: 1756-61.

B) 0€3 aBTOp - aHOHUMHO. Breast screening: new evidence. (Editoriall Lancet 1984; 1 :1217-8).

I') TorjaBje BO KHUTa WiM MoHorpaduja Weinstein L, Swartz MN. Pathogenic properties of
invading microorganisms. Vo: Sodeman WA Jr, Sodeman WA, Ed. Pathogenic physiology: mechanisms of
disease. Philadelphia; W B Saunders, 1974: 457-72.

[IpBuTE OTHEUATONM HA TPYIOBUTE MM CE MpaKkaaT Ha aBTOPUTE 3a KOPEKIMja: aBTOPUTE Ce
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