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YPEBVIE

CAAAWH CEKPETAP CPIL AEK. APYIITBA,

Ipod. Ap. BAAJAH BOPBEBHR.

KIDHTA IIPBA,

¥V BEOI'PAAY,

¥ APEABHOJ MTAMUARHIN

1874.

MpBa cTpaHa npeor 6poja Yaconuca Ha CPNCKOM je3nKy

ARCHIVUM SERBICUM

PRO .UNIVERSA SCIENTIA ET ARTE

MEDICA RECIPIENDA

editum

A SOCIETATE MEDICORUM SERBICORUM
BELGRADENSI

curante

cjusdem societatis sodali secretario
Professore Dre VEADANO GJORGIEVIC.

LIBER PRIMUS.

BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

JpyUITBa OCHOBaHOT 1872, roguHe, NpBM NyT WTaMnaH 1874. rogune,

y KojeM ce 06jaBbyjy pasoBu ywaHoBa CpIICKOT JIeKapCKOT pYyIITBa,
MIPETIIATHMKA YacOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBibyjy ce: YBOIHMIIN, OPUTMHAIHY PajiOBY, IPETXOHA M KpaTkKa ca-
OINIITEH:A, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BULIe0-WIAHIIN, CIUKe U3 KIIMHIIKe
MeJVIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PAJIOBM 3a IIPAKCY, PajIOBY U3
MCTOpUje MeUIIMHE Y je3VKa MeJMIIHE, MeIUIIMHCKE eTVKE VI PeryaTOpPHUX
CTaHZap/a y MeIMIMHM, M3BEIITaj) Ca KOHTpeca I HayYHMX CKYINOBa, TMYHA
CTaBOBMY, HAPY4YEHM KOMEHTAPH, MICMa YPEHUKY, IPUKA3/ KIbUTa, CTPydHe
BeCTU, In memoriam u gpyru npuao3mu.

CBU PyKOIINCH KOji Ce pa3MaTpajy 3a ITamiame y ,,CpIIcKoM apX1By 3a
1Ie/IOKYITHO IeKapCTBO He MOTY Jia Ce IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyTuM MecTuMa. PajioBy He cMejy fia Oy/ly IpeTXOHO MTaM-
TIaHM Ha IPYTUM MeCTUMA (IeIMMIIHO M/ Y IOTIIYHOCTH).

ITpucnenu pykoruc Ypehusauku o6op mame perieH3eHTIIMA pajiyt CTPyYHe
nporieHe. YKONMMKO PelleH3eHTH IIPefIoyKe M3MeHe VI JIONyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONOOM JIa YHece TpakeHe M3MeHe Y TeKCT pajia U
Jla apryMeHTOBaHO 00Pas/IOKIL CBOje Hec/arame ¢ npuMes6amMa peleHseHTa.
KonauHy ofryKy o mpyuxBaramy pajia 3a IITaMITy JJOHOCHU IJTaBHU ¥ OTOBOPHM
YPEIHUK.

3a o6jaB/beHe pafiose ce He ucrahyje XoHOpap, a ayTOpCcKa Ipasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomvcu u npunosu ce ve pahajy. 3a penpopyxuujy mim
IIOHOBHO 00jaB/blBatbe HEKOT CeTMEHTa pajia My6/MMKoBaHor y ,,Cprickom ap-
XVBY" HEOIIXOJIHA je CAIJIACHOCT M37IaBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>KajeM Ha eH-
I7IeCKOM 1 cprickoM jesuky (hupumia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM 1 €HITIECKOM je3UKY.

AyTOpM MpyUXBarajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYTIHOT Cajip-
Kaja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEHE ayTOPa I
HIIje HY)XHO 0oipa3 Muljberba CpIICKOT leKapcKor ApyiTsa. C 063upom Ha
6p3 HaIpeaK MeUIIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy Ipe Hero LITO je KOPUCTE UK Ce Ha by 0CIabajy.
CpIIcKo TIeKapCKo APYLITBO, ypeaHuk uin Ypehusauku ogbop ,,Cprckor ap-
XVBa 32 LIe/IOKYITHO JIEKApCTBO He IPMUXBATajy 6110 KaKBY OATOBOPHOCT 32
HaBOJie y pajioByMa. PexmaMun matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KuM
(MemMIIMHCKIM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHU MaTepujan yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIeHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe IPou3Bohaya.

ITopHeCeHN PYKOIINC IIOIPa3yMeBa fia je HheroBo Iy0mMKoBame ofo6puo
OJIrOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpaKkuBambe 00aB/beHo. VismaBay
ce Hehe cMaTpaTy PaBHO OrOBOPHMM Y C/Iy4ajy IOJHOLIEHa GUI0 KAaKBOT
3axTeBa 3a KoMilensanujy. Tpeba fa ce HaBey CBM U3BOPM UHAHCHPaHba Pajia.

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomnc CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective The mandibular foramen (MF) and lingula (ML) are key landmarks on the medial
surface of the mandibular ramus. Their position relative to the ramus borders, dentition, and lingula
morphology is clinically important for anesthesia and surgical procedures. The study aimed to assess
the morphological and morphometric characteristics of MF and ML in relation to ramus borders, alveolar
presence, and lingula shape in a Serbian population sample.

Methods The material comprised 50 human dry hemimandibles from the bone collection of the De-
partment of Anatomy, Faculty of Medicine, University of Nis. Distances from MF and ML to the superior,
anterior, and posterior ramus borders, temporal crest, and gonion were measured, along with MF diameter
and ML height. Hemimandibles were classified by the number of alveoli present (0, 1-4, or 5-8). Lingulae
were classified by shape. Measurements were obtained using a digital vernier caliper, and mean values
with standard deviations were analyzed by ANOVA. Statistical significance was defined as p < 0.05.
Results The MF-posterior border and ML-posterior border distances (14.49 and 16.03, respectively) were
significantly larger in partially edentulous hemimandibles, compared with the dentulous subjects (11.97
and 13.95 mm, respectively). The triangular lingula was most prevalent (48%), followed by truncated
(32%), nodular (16%), and assimilated (4%) forms. The ML-gonion distance was significantly greater in
mandibles with a truncated vs. triangular lingula (33.37 vs. 27.99 mm).

Conclusion This study suggests considering the posterior ramus distance in partially edentulous patients
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and the shape of the ML to optimize MF localization for anesthesia and surgery.
Keywords: anatomic variation; mandible; morphometry; anesthesia; mandibular osteotomy

INTRODUCTION

The mandibular ramus features landmarks in-
cluding the four borders, the mandibular fora-
men, and the mandibular lingula. Knowledge
of their spatial relationship may have clinical
implications in oral and maxillofacial surgery.

The mandibular foramen (MF), located on
the medial surface of the mandibular ramus,
is the entry point for the inferior alveolar neu-
rovascular bundle into the mandibular canal
and represents a critical landmark in dental
anesthesia and ramus surgery [1, 2]. Even mi-
nor positional variations significantly affect
the trajectory of inferior alveolar nerve (IAN)
blocks and the safety of medial osteotomies,
underscoring the importance of population-
and modality-specific morphometric map-
ping [3, 4]. Studies on dry skulls and imaging
reveal systematic differences in MF location
influenced by age, sex, dentition, and ethnic-
ity, explaining variable anesthetic success and
complication rates [1, 4].

The mandibular lingula (ML) is a variable
bony projection adjacent to the MF, serving as
the sphenomandibular ligament attachment [4-

6]. Its morphology is commonly classified into
triangular, truncated, nodular, and assimilated
types [5], with distribution varying between
populations and between dry bone and CBCT
studies [4, 6, 7]. The ML position (vertical
height above and anteroposterior relation to the
MF) affects its reliability as a surgical landmark
[7]. The ML shape may be assessed differently
in dry bone vs. CBCT studies, where the latter
report a nodular shape more frequently than a
triangular one, due to the rounder appearance
on imaging caused by soft tissue, periosteum,
and volume averaging [8].

Incorrect estimation of the MF and/or ML
positions contributes to IAN block failures and
increases risks of vascular or neural injury [3].
A clinically significant asymmetry of the man-
dible was reported in 10-25% of individuals
[8]. The data reported on sex-specific or eth-
nic differences in the distance from the lingula
to the posterior border of ramus suggest that
measurements on one side should not be ex-
trapolated to the contralateral one, but assessed
preoperatively [8]. In orthognathic surgery,
such as sagittal split ramus osteotomy (SSRO)
and intraoral vertical ramus osteotomy (IVRO),
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Figure 1. Distance measurements (full black line; MF-TC distance with
the dotted line) and landmarks on the right hemimandible;

MF - mandibular foramen; TC - temporal crest; AB — anterior border
of ramus; PB - posterior border of ramus; MN — mandibular notch;
G - gonion

osteotomy placement must respect the MF-ML complex to
avoid nerve injury or unfavorable fractures. Alveoli num-
ber may influence MF position [9], but no data were re-
ported regarding the ML. The relationship between alveoli
number and mandibular lingula morphology/position is
underexplored but may be of clinical importance. Varia-
tions in diameters in partially or totally edentulous patients
may influence anesthesia success and surgical safety, yet no
available studies have addressed this relationship. Morpho-
metric data thus provide essential guidance for anesthesia
accuracy and surgical safety [7, 10].

The aim of this study was to investigate the morphologi-
cal and morphometric characteristics of the mandibular
foramen and lingula in relation to the borders of the ramus,
the number of present alveoli, and the shape of the lingula.

METHODS

All material was part of the osteological collection of the
Department of Anatomy, Faculty of Medicine, University
of Nis, Serbia, where the study was conducted in accor-
dance with the Declaration of Helsinki. Fifty dry human
hemimandibles from twenty-five adult subjects were in-
cluded in this study. The age and sex of the subjects were
unknown. Inclusion criteria were mandibles with no signs
of fracture and with both the mandibular foramen and
lingula. Exclusion criteria were deformed and fractured
hemimandibles, and an obstructed mandibular foramen.

Measurements were obtained using a digital caliper with
0.01 mm accuracy. The presence and number of dental al-
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Figure 2. Distance measurements (full black line) and landmarks on
the right hemimandible;

ML - lingula; TC — temporal crest; AB - anterior border of ramus; PB
- posterior border of ramus; MN — mandibular notch; G - gonion; LH
- height of the lingula;

LH is depicted as a vertical line drawn perpendicular to the horizontal
plane passing through the inferior border of the mandibular foramen,
and oriented parallel to the inferior border of the ramus

veoli were noted. Shapes of the ML were observed and clas-
sified into four shapes according to Tuli et al. [5]. Morpho-
metric landmarks were predetermined and the distances
between them were measured in millimeters (Figures 1 and
2). The MF point was the lowest point of the mandibular
foramen. The ML point was the tip of the lingula. The AB
point was the most concave point of the anterior border.
The TC point was the most concave point of the temporal
crest. The PB point was the most concave point of the
posterior border. The MN point was the lowest point of
the mandibular notch. The G point was the lowest point
at the gonion. The diameter of the mandibular foramen
was measured between the anterior and posterior borders
of the MF. The height of the lingula was measured as a
distance from the tip of the lingula to the lowest point of
the ME, along the line that was perpendicular to the plane
parallel to the inferior border of the ramus. Two indepen-
dent researchers cross-checked all measurements to reduce
bias. Discrepancies > 10% prompted repeat measurement.
The mean of two values was reported as the final value.
The dataset was analyzed using the SigmaStat 3.5 soft-
ware. The normality of the data was analyzed using the
Kolmogorov-Smirnov test. Levene’s test was performed
to determine the homogeneity of the variances. Morpho-
metric measurements (the mean and standard deviation)
were analyzed with the paired-samples Student’s t-test to
check symmetry between the hemimandibles, and with
the one-way ANOVA to assess relationships with the pres-
ence of alveoli and the lingula shape. The ANOVA was
followed by the robust Holm-Sidak post-hoc test; in case
of heteroscedastic data, the ANOVA on ranks was followed
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Table 1. Morphometric characteristics of the mandibular foramen and lingula according to side, in mm

Side N MF-TC MF-AB MF-PB MF-MN MF-G MFD MLH  ML-TC ML-AB ML-PB ML-MN ML-G
Left (1) 25 Mean | 12.36 16.85 13.36 21.85 22.29 3.76 7.28 11.41 17.41 15.31 15.37 28.75
SD 2.18 2.12 224 3.27 4.2 0.71 2.02 2.63 3.02 221 2.36 5.23
. Mean | 12.05 16.62 13.59 22.12 2293 3.59 8.34 10.97 16.32 14.81 15 31.13
Right (R) | 25 SD 1.99 2.26 3.35 3.34 473 0.95 2.15 2.11 241 2.15 2.69 6.11
Total 50 Mean | 12.21 16.74 13.47 21.99 2261 3.67 7.81 11.19 16.86 15.06 1519 | 29.94
SD 2.07 2.18 2.82 3.27 4.44 0.83 213 2.37 2.76 217 2.51 5.76
L vs. R (p-value) 0.6 0.72 0.78 0.78 0.61 0.49 0.08 0.51 0.17 043 0.61 0.15

N - number of hemimandibles; SD - standard deviation; MF-TC - distance between mandibular foramen and temporal crest; MF-AB - distance between
mandibular foramen and anterior border of ramus; MF-PB - distance between mandibular foramen and posterior border of ramus; MF-MN - distance between
mandibular foramen and mandibular notch; MF-G - distance between mandibular foramen and gonion; MFD - diameter of mandibular foramen; MLH - height
of mandibular lingula; ML-TC - distance between mandibular lingula and temporal crest; ML-AB - distance between mandibular lingula and anterior border of
ramus; ML-PB - distance between mandibular lingula and posterior border of ramus; ML-MN - distance between mandibular lingula and mandibular notch;
ML-G - distance between mandibular lingula and gonion

Table 2. Morphometric characteristics of the mandibular foramen and lingula according to the number of present dental alveoli, in mm

Alveoli | N MF-TC | MF-AB | MF-PB | MF-MN | MF-G MFD MLH ML-TC | ML-AB | ML-PB | ML-MN | ML-G
0 21 Mean | 11.99 16.71 13.75 2191 22.67 3.86 7.93 11.6 17.06 15.11 14.66 30.55
SD 142 1.72 2.05 3.91 3.53 0.81 2.51 221 2.21 1.29 2.73 453

1-4 15 Mean | 12.26 16.99 | 14.49° | 21.37 22.74 3.44 7.55 11.37 17.13 | 16.03" | 15.41 27.67
SD 1.76 2.66 34 2.35 4.25 0.88 1.83 2.81 3.84 2.45 2.32 5.79

5.8 14 Mean | 12.11 16.5 11.97° | 22.28 22.66 3.65 7.9 11.04 16.29 | 13.95* | 15.81 31.47
SD 2.99 235 2.72 3.2 5.87 0.81 1.92 2.51 2.18 2.51 247 6.94

N: number of hemimandibles; SD: standard deviation; MF-TC: distance between mandibular foramen and temporal crest; MF-AB: distance between mandibular
foramen and anterior border of ramus; MF-PB: distance between mandibular foramen and posterior border of ramus; MF-MN: distance between mandibular
foramen and mandibular notch; MF-G: distance between mandibular foramen and gonion; MFD: diameter of mandibular foramen; MLH: height of mandibular
lingula; ML-TC: distance between mandibular lingula and temporal crest; ML-AB: distance between mandibular lingula and anterior border of ramus; ML-PB:
distance between mandibular lingula and posterior border of ramus; ML-MN: distance between mandibular lingula and mandibular notch; ML-G: distance
between mandibular lingula and gonion;

2one-way ANOVA, Holm-Sidak post-hoc test; p < 0.05;

"one-way ANOVA, Dunn’s post-hoc test; p < 0.05

Table 3. Morphometric characteristics of the mandibular foramen and lingula according to shape of lingula (ML), in mm

ML shape N MF-TC | MF-AB | MF-PB | MF-MN | MF-G MFD MLH ML-TC | ML-AB | ML-PB | ML-MN | ML-G

Mean | 11.54 16.21 13.51 21.77 21.25 3.53 7.98 11.03 16.78 14.64 15.56 | 27.99*
SD 1.87 2.08 2.72 3.24 4.34 0.83 1.63 2.71 24 2.28 2.64 5.18

Triangular | 24

Nodul 8 Mean | 12.66 16.89 14.7 23.58 | 2217 4.02 8.71 11.98 17.4 15.36 1548 | 29.21
oaqaular
SD 1.24 1.45 3.61 1.73 444 1.01 1.96 241 254 1.75 1.59 5.88
Mean | 12.87 17.58 13.12 2142 | 2545 3.61 7.22 11.57 16.84 15.78 14.85 | 33.37°

Truncated 16
SD 2.36 2.51 2.22 3.66 3.42 0.68 2.45 2.13 3.48 2.04 2.44 5.5

Mean | 10.57 15.69 10.88 19.32 19.92 4.6 6.87 11.55 16.03 13.18 1272 | 28.89
SD 0.87 1.56 533 431 3.67 0.77 54 291 3.08 2.64 5.46 5

N — number of lingulae; SD - standard deviation; MF-TC - distance between mandibular foramen and temporal crest; MF-AB - distance between mandibular
foramen and anterior border of ramus; MF-PB - distance between mandibular foramen and posterior border of ramus; MF-MN - distance between mandibular
foramen and mandibular notch; MF-G - distance between mandibular foramen and gonion; MFD - diameter of mandibular foramen; MLH - height of man-
dibular lingula; ML-TC - distance between mandibular lingula and temporal crest; ML-AB - distance between mandibular lingula and anterior border of ramus;
ML-PB - distance between mandibular lingula and posterior border of ramus; ML-MN - distance between mandibular lingula and mandibular notch; ML-G -
distance between mandibular lingula and gonion;

2one-way ANOVA, Holm-Sidak post-hoc test, p < 0.05

Assimilated | 2

by the Dunn’s post-hoc test for unequal variance group
sizes. Differences were considered statistically significant
atp < 0.05.

Ethics: The study was approved by the Ethics Committee
of the Faculty of Medicine, University of Nis, Serbia (No.
12-13346-1/2-5, 28 October 2025).

RESULTS

The mean values and standard deviations for distances
that describe the position of the MF and ML in relation
to the bony landmarks on the hemimandible are given in

mm and summarized in Table 1. There were no significant

‘ DOI: https://doi.org/10.2298/SARH260420040K

differences between the left and right hemimandibles. Dis-
tances from the MF towards anteriorly positioned land-
marks (the temporal crest and the anterior border of the
ramus) were larger on the left side (12.36 vs. 12.05 mm,
and 16.85 vs. 16.62 mm, respectively), whereas the distance
from the MF to the posterior border was therefore shorter
on the left side (13.36 vs. 13.59 mm). Both the distances
from the MF to the mandibular notch and gonion were
shorter on the left side (21.85 vs. 22.12 mm, and 22.29 vs.
22.93 mm, respectively). The MF diameter was lower on
the right side (3.59 vs. 3.76 mm). The height of the lingula
was larger on the right side (8.34 vs. 7.28 mm).
Measured from the ML, the distances towards the an-
teriorly positioned points were larger too (11.41 vs. 10.97
mm to the TC landmark, and 17.41 vs. 16.32 mm to the AB
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point). The distances from the ML to the posterior border
and mandibular notch were increased on the left ramus as
well (15.31 vs. 14.81 mm, 15.37 vs. 15 mm, respectively)
but decreased towards the gonion (28.75 vs. 31.13 mm).

Based on the number of present dental alveoli, all the
hemimandibles were classified into three groups: with no
alveoli, with 1-4, and with 5-8 alveoli present (Table 2).
There were 21 hemimandibles, 15 hemimandibles, and 14
hemimandibles, respectively. The statistically significant
difference was noted in the distances from both the MF
and ML towards the posterior border in the subjects with
1-4 alveoli compared with those with 5-8 alveoli. In those
with fewer alveoli, the MF-PB distance was significantly
increased (14.49 vs. 11.97 mm, p < 0.05), as well as the
ML-PB distance (16.03 vs. 13.95 mm, p < 0.05).

Four lingula shapes were analyzed: 24 triangular (48%),
eight nodular (16%), 16 truncated (32%), and two as-
similated (4%) lingulae (Table 3). All the morphometric
measurements were then classified into four groups ac-
cordingly. It was the distance between the ML and gonion
that was statistically significantly larger in the truncated
lingula group compared with the triangular group (33.37
vs. 27.99 mm, p < 0.05).

DISCUSSION

Understanding the morphometric relationships among
the ME, the ML, and adjacent landmarks may help accu-
rately localize these structures in clinical practice [6]. The
precise location of the MF and its variations is critical for
the success of IAN block [11, 12]. A lack of anatomical
knowledge and insufficient training to manage variations
have been identified as major causes of block failure among
dental students [13]. In routine practice, injections are of-
ten placed slightly anterior to the true position of the ME
which contributes to failure rates of up to 25% after the
first attempt [14]. The absence of clear guidance on the
appropriate depth and vertical level of needle penetration
compounds this problem [9].

Endodontic therapy, extractions, and most mandibular
treatments depend on block anesthesia rather than infiltra-
tion, since the dense cortical bone of the mandible prevents
effective diffusion of anesthetic solutions. Because the MF
is concealed by soft tissue, clinicians must inject as close
as possible to its true location to avoid complications such
as hemorrhage or persistent nerve injury, making reliable
reference points indispensable [15]. Beyond anesthesia, the
MEF plays a central role in surgical planning, particularly in
procedures aimed at functional or aesthetic correction of
dentofacial deformities [9]. For mandibular surgeries, such
as osteotomies, endodontic procedures, fracture manage-
ment, and tumor resections, preoperative radiographic as-
sessment and the use of additional anatomical guide points
are recommended to minimize neurovascular injury [12].

Cone beam CT studies suggest that identifying the lin-
gula first, and then the MF, improves the success of IAN
blocks [16]. The lingula itself is widely used as a clinical
marker to approximate the MF. Knowledge of its morpho-
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metric relationships is particularly valuable in situations
where the lingula is absent or indistinct, or in centers
where advanced three-dimensional imaging is not readily
available, as clinicians must rely on anatomical reference
points to guide procedures [17]. In SSRO and IVRO, pre-
cise localization of the lingula and MF is critical to avoid
injury to the inferior alveolar nerve and to ensure predict-
able osteotomy lines [4].

The results of our study showed no significant side-
to-side differences in the positions of the MF and ML
relative to the bony landmarks of the mandibular ramus.
The distance between these target points and the posterior
border of the ramus may vary significantly, depending on
the number of alveoli. We identified four shapes of the lin-
gulae, with the triangular shape being most common (48%
of subjects), whereas the assimilated shape was the rarest,
observed in only 4% of samples. The distance between
the lingula and the gonion was significantly larger in the
truncated group than in the triangular group.

The average distance between the MF and PB in the
partially edentulous subjects (14.49 mm) in our study was
larger than in the other two groups and significantly great-
er than in those with 5-8 alveoli (11.97 mm). These mean
values fall within the reported literature range (9.23-17.69
mm) [12, 18, 19]. We observed the same significance in
the mean ML-PB distance between the dentate and par-
tially edentulous subjects (13.95 vs. 16.03 mm), which was
within the reported range of average values (13.02-18.2
mm) [4, 6, 20].

Clinical assessments in patients without morphologi-
cal anomalies indicate that the MF is positioned slightly
posterior to the midpoint in the anteroposterior plane and
aligned with, or just above, the occlusal plane in the verti-
cal dimension [11]. Evidence from cadaveric dissections
and dry mandible studies places the MF approximately
2.75 mm behind the midpoint of the ramus and about 19
mm below the coronoid notch [11]. Radiographic analy-
ses using panoramic imaging, together with anatomical
preparations, showed the inferior alveolar foramen situated
nearer to the posterior border of the mandibular ramus
[18]. A CBCT study results showed that males exhibited
greater distance from the MF to the posterior border, sug-
gesting that male patients may have a relatively larger safety
margin for osteotomy procedures [19]. The lingula has
been described as lying further from the posterior border
in males [7, 20], though Lupi et al. reported no sex-related
variation [3]. Findings across studies are inconsistent: some
note differences between the left and right sides, while oth-
ers observe no asymmetry [20]. Population-based analysis
also showed that the ML-PB distance did not distinguish
Kenyans from Malays [10].

In a study that presented the same stratification as we
did, a mean value of the MF-PB distance was found to be
14.66, 12.88, and 14.63 mm in the groups with no, 1-4,
and 5-8 alveoli, respectively, with a significant difference
between the latter two [9]. In contrast to our findings, Mat-
veeva et al. [12] found that the PB was closer to the MF
unilaterally in the edentate mandibles compared with the
dentate group (9.23 vs. 10.69 mm on the right side). The
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authors attributed these differences to resorptive altera-
tions in the ramus due to the longer period of tooth loss.
On the other hand, Menditti et al. [21] observed a remod-
elling of the alveolar bone with preserved surrounding soft
tissue in the edentulous mandible. It was emphasized that
a loss of lower teeth resulted in severe bone resorption
and the mandible’s structure modification [22]. This may
lead to a decrease in the muscle activity and masticatory
forces, which consequently may result in loss of bone tis-
sue, which they hypothesize to be more in the region of
the body of the mandible, rather than in its ramus, thus
affecting the traction of the foramen towards the alveoli
and further from the posterior ramus [22]. Although we
found no comparable data for the ML-PB length, it is rea-
sonable to suggest that the aforementioned changes may
also affect the ML, given its close relationship with the ME

The pioneering study on the lingual shapes in the In-
dian population identified the triangular lingula as the
most prevalent, followed by the truncated, nodular, and
assimilated [5], which was the same arrangement we found
in dry mandibles as well. The same prevalence was ob-
served in Turkish and Brazilian populations, whereas the
truncated lingula was more frequent among Thais, South-
ern Indians, and South Africans [10]. It is suggested that
the triangular shape would be the most easily identifiable
and detectable during SSRO [17]. A meta-analysis of 4694
subjects postulated that the frequency differences are small,
so the pooled prevalence rates were 29.33% for the trian-
gular type, 27.99% for the nodular type, 27.62% for the
truncated shape, and 10.49% for the assimilated lingulae
[6]. Recent studies have used CBCT imaging to assess the
shape of the human lingula. While CBCT avoids the is-
sues associated with the preparation and preservation of
dry mandibles, the interpretation of these images can be
affected by reduced sharpness during software processing.
In CBCT studies, the nodular type was most frequently
observed, followed by truncated, triangular, and assimi-
lated forms. These variations may relate to factors such as
age, race, dentition, skeletal type, and the preparation and
preservation of mandibles [23].

In the present study, the distance from the ML to the
gonion was significantly larger in the truncated group than
in the triangular group (33.37 vs. 27.99 mm). A CBCT
study reported the same distance in a range of 27.3-27.8
mm [24]. It was discussed that elongated and very pointed
mandibular lingulae might present with greater distances
[3]. The height of the truncated lingulae in our study was
lower compared with the triangular lingulae. Still, the tip
of the latter pointed more posteriorly, thus being closer to
the distally positioned gonion, which may explain why the
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ML-G distance was significantly larger in the truncated
group.

This study presents several limitations. The absence
of soft tissue and demographic details may overlook ana-
tomical differences reported in studies utilizing CBCT as
a rapidly advancing technology in clinical settings and
contemporary morphometric and maxillofacial anatomi-
cal research. The relatively small sample size reduces the
generalizability of the findings and highlights the need for
larger datasets. Individual anatomical variability under-
scores the importance of pre-operative imaging, as dry
bone data alone cannot fully guide surgical practice. Fi-
nally, validation through larger cadaveric studies, surgical
trials, or correlation with imaging is required to confirm
the applicability of these results in vivo.

CONCLUSION

The results of our study provide new information con-
cerning the relationships of the mandibular foramen and
lingula in a Serbian population sample. The morphometric
results suggest that the foramen and lingula are positioned
more posteriorly in dentate mandibles compared with par-
tially edentulous mandibles. The most prevalent shape of
the lingula we described was triangular (48%), followed
by the truncated (32%), nodular (16%), and assimilated
(4%). Depending on the shape and height of the lingula,
the ML-gonion distance may be larger in the presence of
a truncated lingula. The obtained data may be useful in
planning and performing anesthetic blocks and surgical
osteotomies.
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MopdomeTpujcka u mopdonoLLKa CTyamMja MaHAMOYNapHOT OTBOPA U IMHIYAE Ha

A40HbUM BUINLaMa YOBEKa

bpaua KyHpanuh', CnahaHa YrpeHosuh', MiBaHa [paosavy', Bnagumup Metposuh?, JosaHa YykypaHosuh Kokopuc!,

BecHa CrojaHoBuh', BpaHka Mapkosuh Anuh?

'YHuBep3utet y Huwwy, MeguumHckn dakyntert, Kateppa 3a aHaTomujy, Huw, Cp6uja;
2Ynneepantet y Huwy, MeguumHckmn dpakyntet, Kategpa 3a xuctonorujy n embpurionorujy, Haw, Cpbuja;
*YHusep3utet y beorpagy, OakynteT cnopta v drsnyKor Bacnutaksa, beorpag, Cpbuja

CAMETAK

Yeoa/LUum MangnbynapHu otop (MO) n nuHryna (MJ1) npeg-
CTaB/bajy 6UTHE OPUjeHTUPE Ha YHYTPaLlHOj CTPaHu rpaHe
MaHAunbyne. brxoB Nonoxaj y oAHOCY Ha UBKLIE pamyca, AeH-
TLM)Y M OBNINK INHIYINE KIMHUYKY je BaXkaH 33 aHeCTeTHYKe 1
xupypLuke npouegype. Linb nctpaxusama 6vo je ogpeantn
mopdonoluke 1 MoppomeTpujcke KapakTepuctuke MO n M1
y OHOCY Ha VBULie FpaHe MaHAuoy e, NPUCYCTBO afnBeosa 1
06K NINHTYNe y Y30pKy Cpricke nonynauyje.

MeTtope MaTtepujan je ynHuno 50 nonysmnanLa Yoseka n3
OCTeONOoLLKe Konekuuje Kategpe 3a aHatomujy MeanuuHckor
dakynTeta YHmBep3uteta y Huwwy. MepeHa cy pactojatba og MO
1 MJ1 go ropibe, Mpefibe 1 3afHe UBKLE pamyca, CIenooYHor
rpebeHa 1 roHroHa, 3ajefHo ca anjametpom MO 1 BrucuHom MIT.
MonyBunuue cy knacupmroBaHe no 6pojy NPUCYTHIX anBeona
(0, 1-4 n 5-8). JluHryne cy nogesbeHe no 06AUKY Ha YeTPN
rpyne. Meperba Cy BpLUEHa AUrUTANHUM HOHUjYCOM, @ MPOCeYHe
BPEfHOCTN Ca CTaHAAPAHUM feBujaLnjama aHanm3mpaHe cy

DOI: https://doi.org/10.2298/SARH260420040K

Tectom AHOBA. CTraTcTiUKa 3HauajHOCT je geduHncaHa Kao
BpepHocT p < 0,05.

Pesyntatm PacTojatba n3mehy 3agme nsuue pamyca u MO, og-
HocHo MJ1 Kao opujeHTMpa, brna cy CTaTUCTYKKM 3HadajHo Beha
Kog AenumunyHo 6e3y6ux nonysunuua (14,49 mm, ogHOCHO
16,03 mm) y nopehetby ca nonysunvuama ca syomma (11,97 mm
1 13,95 mm, no gatom pepocnegy). Hajuewhu obnvk nuxryne
6110 je Tpoyrnactu (48%), 3aTm 3apy6rbeHn (32%), HopynapHuW
(16%) 1 acumunoBaHu (4%). Pactojarbe og MJT 1o roHMoHa 6uno
je ctaTucTukm 3HavajHo Behe Kog MaHAMOyna ca 3apy6/beHom
nvHrynom (33,37 mm npema 27,99 mm).

3aksbyuak Pe3yntatu ctyauje ykasyjy Ha 3Hayaj pa3maTparba
yOarbeHOCTY 3afHe UBULIE MaHANOYIe KOA AeNUMMNYHO 6e3y6ux
nauwujeHaTta, Kao 1 0bnvKa NvHryne, 3a noTpebe onTrmanHe
nokanusauuje MO y aHecTe3mju 1 Xupypruju.

KrmbyuHe peun: aHaToMcKa BapujaLinja; MaHanbyna; Mopdome-
Tpuja; aHecTe3uja; MaHAMOyNapHa ocTeoToMuja
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Pharmacodynamic comparison of butylphthalide and
edaravone dexborneol in acute cerebral infarction -
a mechanism-based subgroup analysis focusing on
culprit vessel and etiology

Wei Li

Lixin County People's Hospital, Department of Neurology, Bozhou, Anhui, China

SUMMARY

Introduction/Objective This study compared the pharmacodynamics of butylphthalide and sodium
chloride (BSC) with those of edaravone dexborneol (ED) in middle-aged and elderly patients with acute
cerebral infarction (ACl), focusing on etiology and culprit vessel stratification.

Methods A total of 138 middle-aged and elderly patients with ACl admitted to our hospital from January
2023 to June 2025 were enrolled and randomly assigned to the BSC group (n = 69) and the ED group
(n=69). Both groups received standard ACI treatment; the BSC group received BSC injection (25 mg
twice daily), and the ED group received ED injection (30 mg twice daily). The main outcome measures
were the National Institutes of Health Stroke Scale (NIHSS) score, modified Rankin Scale (mRS) score,
and mean flow velocity (Vm) of the middle cerebral artery before and after treatment. The secondary
indices included coagulation-related parameters [platelet count (PLT) and white blood cell (WBC) count]
and safety evaluation. Subgroup analyses were based on culprit vessel type (large-vessel / small-vessel
disease) and etiologic category (atherosclerotic infarction / cardioembolism).

Results Findings revealed that, compared with the ED group, the BSC group had a significantly lower
NIHSS score (p < 0.05) and a significantly higher Vm in the middle cerebral artery, especially in the large-
vessel disease subgroup (p < 0.05). Coagulation profiles showed that after seven days of treatment,
platelet counts were lower in the BSC group compared with the ED group (p < 0.05). In the atherosclerotic
infarction subgroup, BSC resulted in lower PLT counts than in the ED group (p < 0.05). Safety assessments
indicated comparable adverse event rates and liver/kidney function between the groups (p > 0.05), with
no cases of serious bleeding or organ damage.

Conclusion BSC exerts a pathology type-dependent therapeutic effect via its multi-target mechanism
(vascular endothelial growth factor-mediated collateral augmentation and platelet-activating factor-
dependent platelet inhibition), demonstrating significant etiology-specific efficacy and supporting its
prioritization in large-vessel or atherosclerotic ACI subtypes.

Keywords: butylphthalide; edaravone dexborneol; acute cerebral infarction; middle-aged and elderly

adults; neuroprotection; hemodynamics

INTRODUCTION

As the global population ages, the incidence of
acute cerebral infarction (ACI), a leading cause
of disability and mortality worldwide, contin-
ues to rise; Li et al. [1] pointed out that aging
has significantly increased the global disease
burden of ACI and related long-term disability.
Middle-aged and elderly patients (= 50 years)
face a particularly heightened risk of unfavor-
able outcomes. This vulnerability is attributed
to age-related physiological decline, including
reduced vascular compliance, diminished col-
lateral circulation compensation capacity, and
a higher burden of comorbidities [2]. Conse-
quently, tailoring neuroprotective therapy to
individual patients is paramount for improving
clinical outcomes. Butylphthalide and sodium
chloride (BSC) and edaravone dexborneol
(ED) are commonly employed neuroprotec-
tive drugs. Their clinical benefits are well-es-
tablished, supported by extensive clinical vali-
dation. For example, a Phase III clinical trial

by Zhang et al. (2023) on BSC demonstrated
its efficacy in significantly reducing the 90-
day National Institutes of Health Stroke Scale
(NITHSS) score and improving daily living
activities in individuals with mild-to-moder-
ate ACI [3]. Meanwhile, ED was shown in a
multicenter study to suppress oxidative stress
during the acute phase and shorten the time
to neurological function recovery [4]. Clini-
cal pharmacological studies have shown that
BSC exerts neuroprotection by promoting
collateral circulation and inhibiting glutamate
excitotoxicity [5], while ED mainly targets
oxidative stress [6]. Existing studies on BSC
or ED, however, are predominantly conducted
across broad age groups, overlooking the dis-
tinct considerations relevant to middle-aged
and elderly patients [7, 8]. There is a lack of
pharmacodynamic comparison between BSC
and ED in middle-aged and elderly patients
with ACI, especially when stratified by etio-
logical mechanism. The diminished cerebral
hemodynamic reserve commonly seen in these
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patients may alter how pharmacological agents

influence cerebral arterial flow, differing from
the effects observed in younger adults [9]. In

addition, clinical effectiveness is considerably Age

modulated by the high degree of heterogene-

ity in this group, influenced by factors such as

infarct location and culprit vessel [10].

While ED primarily scavenges free radicals
via Nrf2/ARE pathway activation, BSC simulta-

neously modulates vascular endothelial growth

factor (VEGF) / notch-mediated angiogenesis
and suppresses COX-2/P-selectin-dependent

Wei Li
Table 1. Baseline data of the study groups
BSC group ED group 7

Parameter (n=69) (n =69) tory p

69.23+12.81 | 6845+11.45 | 0378 | 0.706
Male/Female 42/27 45/24 0.280 0.597
Time from stroke onset (h) 26.06+11.59 | 2938+ 12.84 1.594 0.113
History of smoking 34/35 30/39 0466 | 0.495
Yes/no
History of drinking 22/47 25/44 0294 | 0590
Yes/no
Large/small-vessel disease 39/30 37/32 0.117 | 0.732
Atherosclerotic infarction / 42/27 46/23 0.502 | 0479
cardiogenic embolism

platelet adhesion. We hypothesize that such

multi-target pharmacology confers broader efficacy in
middle-aged and elderly patients with ACI with complex
vasculopathy, particularly those with large artery athero-
sclerosis where hemodynamic rescue and thromboregula-
tion are critical. Therefore, an innovative aspect of this in-
vestigation is its concentrated examination of heterogeneity
in the middle-aged and elderly ACI population. The find-
ings of this study will help fill the evidence gap in stratified
pharmacology and provide a basis for precision medicine.

METHODS
Study population

The sample size calculation was based on the expected
between-group difference in the modified Rankin Scale
(mRS) score, the primary outcome measure. Based on
prior research, including the study by Shi et al. [11], a be-
tween-group difference of 0.5 points in mRS scores was as-
sumed, with a standard deviation (SD) of 1.2. Given a two-
sided alpha of 0.05 and 80% power (1-f3), the calculation
conducted with PASS 15.0 showed that 58 patients were
needed per group. To allow for an estimated 20% dropout
rate (including loss to follow-up, early withdrawal, or non-
adherence to the protocol), the sample size was increased
to 69 per group, yielding a minimum total of 138 partici-
pants. Patient selection for this study involved 138 patients
with ACI, admitted to our hospital from January 2023 to
June 2025. This cohort size was finalized after estimating
the required sample size and implementing the specified
inclusion and exclusion protocols. The clinical data of the
two groups are shown in Table 1, and there was no signifi-
cant difference between the two groups (p > 0.05).

Inclusion and exclusion criteria

Inclusion criteria: age between 50 and 90 years; time from
stroke onset < 48 hours; radiologically confirmed new ce-
rebral infarction (lesion diameter > 1 cm) on cranial mag-
netic resonance imaging (MRI) with diffusion-weighted
imaging (DWI).

Exclusion criteria: presence of intracranial hemorrhage
(e.g., intracerebral, subarachnoid) or tumor-related stroke;
severe cerebral herniation (GCS score < 8) or terminal ill-
ness (life expectancy < 3 months); significant hepatic/renal

‘ DOI: https://doi.org/10.2298/SARH251111034L

dysfunction; coagulopathy; allergy to BSC or ED; recent
participation (within three months) in other therapeutic
drug trials; pre-existing psychiatric or cognitive disorders
that would impede study assessments.

Grouping and blinding

Using a centralized randomization system integrated with
electronic medical records, participants were allocated in
a 1:1 ratio to receive either BSC injection (BSC group) or
ED injection (ED group). Block randomization (computer-
generated sequence) was used, and assessors were blinded
to minimize bias. The study adopted a single-blind design,
in which both patients and outcome assessors were unaware
of group assignments; statistical analysts were also blinded
to treatment allocation throughout the analysis process.
Baseline clinical characteristics showed no significant in-
tergroup differences (p > 0.05), as summarized in Table 1.

Treatment protocols

Standard treatment for acute ischemic stroke was provided
to both groups, consisting of antiplatelet agents (aspirin or
clopidogrel), statins for plaque stabilization, and manage-
ment of blood pressure and blood glucose. In addition, the
BSC group was administered BSC injection (H20100041,
CSPC-NBP Pharmaceutical Co., Ltd.) 25 mg (100 mL) per
bottle, 25 mg per dose, twice daily, intravenously, with each
infusion lasting > 30 min. The ED group received ED injec-
tion (H20200007, Nanjing Simcere Dongyuan Pharmaceuti-
cal Co., Ltd.) 30 mg (15 mL) twice daily, intravenously, with
each infusion lasting > 30 minutes. All participants received
treatment for 6-10 days, beginning within 48 hours after
symptom onset. Concurrent use of additional neuropro-
tective drugs, including citicoline and oxiracetam, was not
permitted. Administration of the trial drug was halted and
documented if severe adverse events occurred, including
elevation of liver enzymes greater than three times the up-
per limit of normal (ULN). The dose was based on previous
pharmacokinetic studies to ensure that the blood concentra-
tion reached the therapeutic window [12, 13].

Outcome measures

The study included baseline (within 24 hours after admis-
sion) and post-treatment (within 24 hours after the end
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of the 6-10-day treatment course) assessments of
neurological status via the NIHSS, where higher
scores signify worse neurological function [14, 15].
The peak systolic velocity (Vs), mean flow velocity
(Vm), and pulsatility index (PI) of the middle cerebral
artery (MCA) were measured by transcranial Doppler
ultrasound (TCD) within 48 hours after admission
and after treatment to evaluate improvements in ce-
rebral blood flow. Blood samples obtained from pa-
tients were analyzed for coagulation [activated partial

15 BEA ED group (n=69) 4

Em BSC group (n=69) B

After

Before Before

Em BSC group (n=69)
BEA ED group (n=69)

*

thromboplastin time (APTT), thrombin time (TT),
international normalized ratio (INR), white blood
cell (WBC) count, and platelet count (PLT)] and
biochemical parameters [alanine aminotransferase
(ALT), aspartate aminotransferase (AST), creatinine
(CREA), and urea (UREA)]. All adverse reactions
during treatment were documented. Subgroup analy-
ses further explored variations among patients cat-

Table 2. Subgroup analysis of neurological function (NIHSS and mRS)

Figure 1. Comparison of neurological functions; (A) NIHSS before and after treatment;
(B) mRS before and after treatment;

BSC - butylphthalide and sodium chloride; NIHSS — National Institutes of Health
Stroke Scale; ED - edaravone dexborneol;
*p < 0.05 compared with before treatment;
#p < 0.05 compared with the BSC group

egorized by culprit vessel type (large-vessel vs. small- | Subgroups Groups Before After
vessel disease) and stroke etiology (atherosclerotic i BSC(n=39) | 7.87+24 3.79+1.08
. . . . . Large-vessel disease
infarction vs. cardiogenic embolism). ED(n=37) | 835+252 | 51294
. BSC (n=30) 8.30+1.97 3.93+1.08
. ee . Small-vessel disease
Statistical analysis NIHSS ED(n=32) | 816+246 | 425+127
. X BSC(n=42) 7.98 245 3.81+1.06
L. . . . Atherosclerotic infarction
The statistical evaluation was carried out using IBM ED(n=46) | 8.17+259 | 489+1.18#
SPSS Statistics, Version 31.0 (IBM Corp., Armonk, . . ) BSC(n=27) | 8.19+1.82 | 3.93+1.11
; . Cardiogenic embolism
NY, USA). For categorical measures, group differenc- ED(n=23) | 843+227 | 4.04+146
es were examined via the x? test or Fisher’s exact test. ) BSC(n=39) | 2.92+0.81 1.69 +0.89
R . - . Large-vessel disease
The distribution of continuous data was verified with ED(n=37) | 276+0.89 | 2.24+0.95#
the Shapiro-Wilk normality test; normally distrib- . BSC(n=30) | 277+097 | 2.10+066
. Small-vessel disease
uted data were presented as mean + standard devia- | oo ED(n=32) | 269+082 | 2.19+0.74
tion (SD), with intergroup comparisons performed Atherosclerotic infarction 22C(M=42) | 295£082 | 1.74+091#
using the independent-samples t-test and intragroup ED(n=46) | 276+085 | 2.26+093
pre—post comparisons using the paired t-test. Non- Cardiogenic embolism BSC(n=27) | 27£095 | 2.07+062
normally distributed continuous data were presented ED(n=23) | 265+088 | 213+069

as median (interquartile range, IQR), with intergroup
comparisons performed using the Mann-Whitney
U test and intragroup pre—post comparisons using
the Wilcoxon signed-rank test. Results with p-values
below 0.05 were deemed statistically significant.

Ethics: The investigation was performed following approv-
al by the Lixin County People’s Hospital Ethics Committee
and after acquiring informed consent from all subjects.

RESULTS
Assessment of neurological improvement

Both patient cohorts had similar neurological impairment
at baseline based on NTHSS and mRS scores (p > 0.05). The
BSC intervention produced greater neurological improve-
ment than ED treatment (p < 0.05), with subgroup analysis
identifying this advantage specifically in the large-vessel
disease subgroup (p < 0.05) and atherosclerotic infarction
subgroup (p < 0.05), but not in small-vessel or cardioem-
bolic cases (p > 0.05) (Figure 1 and Table 2).
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Evaluation of cerebral hemodynamics
enhancement

Hemodynamic improvements were observed following
treatment, with both groups demonstrating increased
blood flow velocities in the MCA (increased Vs and Vm)
and decreased PI compared with baseline values (p < 0.05).
No significant between-group difference was observed
in the improvement of Vs (p > 0.05). The PI decreased
significantly in both groups after treatment (p < 0.05),
with no significant between-group difference (p > 0.05).
A markedly greater increase in Vm was recorded in the
BSC group (52.16 * 6.05 cm/s) compared with the ED
group (p < 0.05). Specifically, the increase in Vm in the
BSC group was significantly more pronounced in the
large-vessel disease subgroup (p < 0.05). Given that mean
flow velocity (Vm) is the most stable and representative
indicator for evaluating cerebral perfusion status in isch-
emic stroke, which directly reflects the blood supply of
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BSC - butylphthalide and sodium chloride; NIHSS — National Institutes of Health Stroke Scale;
mRS - modified Rankin Scale; ED - edaravone dexborneol;
p < 0.05 compared with the BSC group
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Figure 2. Comparison of cerebral hemodynamics; (A) Vs before and after treatment; (B) Vm before and after treatment; (C) Pl before and after

treatment;

Vs — peak systolic velocity; Vm — mean flow velocity; Pl - pulsatility index;

*p < 0.05 compared with before treatment;
#indicates p < 0.05 compared with the BSC group

Table 3. Subgroup analysis of cerebral hemodynamics (Vm)

Subgroups Groups Before After
. BSC (n=39) 43.64 +7.63 52.29+5.57
Large vessel disease
ED(n=37) | 44.11+6.84 | 46.38+7.284#
. BSC (n =30) 45.09+576 | 51.99+6.71
Small vessel disease
ED (n=32) 46.04 +6.34 | 50.95=+6.05
o . BSC(n=42) | 4436+6.75 | 53.04+5.97
Atherosclerotic infarction
ED (n =46) 4461 +£6.25 | 4822+ 7.114#
) ) ) BSC(n=27) | 4412+7.19 50.8 +6.02
Cardiogenic embolism
ED (n=23) 4579+7.43 | 49.06+7.12

#p < 0.05 compared with the BSC group

Table 4. Subgroup analysis of coagulation function (WBC and PLT)

Subgroups Groups Before After
. BSC(n=39) | 1231+1.82 837+1.79
Large vessel disease
ED (n=37) 12.37+£2.49 10.1 £2.12%
. BSC(n=30) | 12.34+1.72 7.83 +1.69
Small vessel disease
. ED (n=32) 12.56 +2.37 10.6 +2.58*
og Atherosclerotic BSC (n=42) 12.20+£8.27 8.27 £ 1.69
T | infarction ED(n=46) | 12.52+24 | 10.21+226*
g Cardiogenic BSC(n=27) | 1253+1.72 7.93+1.86
= | embolism ED(n=23) | 1232£249 | 10.56+ 253"
. BSC (n=39) | 291.24+33.13 | 231.43 £35.29
Large vessel disease
ED (n=37) |287.49 +36.89 | 254.05 + 33.45*
. BSC (n=30) | 294.38 +£38.75 | 223.63 £ 24.61
Small vessel disease
ED (n=32) |292.93 £28.96 | 223.63 +21.94
Q Atherosclerotic BSC (n=42) | 292.5+32.41 |234.23 +33.78
© | infarction ED (n=46) |291.26 +34.54 | 249.1 +33.8"
Ti' Cardiogenic BSC (n=27) | 292.77 +40.36 | 218.41 + 24.04
& | embolism ED (n=23) |287.53+31.34|221.62+19.16

#p < 0.05 compared with the BSC group

the ischemic penumbra, this study focused on Vm as the
core hemodynamic outcome for subgroup analysis. Further
analysis by subgroup demonstrated that the superiority of
BSC in significantly enhancing Vm was confined to pa-
tients diagnosed with large-vessel disease and atheroscle-
rotic infarction (p < 0.05) (Figure 2 and Table 3).

Monitoring of coagulation parameters

No intergroup differences in coagulation profiles were ob-
served at baseline (p > 0.05). Post-intervention, parameters

‘ DOI: https://doi.org/10.2298/SARH251111034L

including PT, APTT, and INR showed no notable altera-
tions (p > 0.05). Conversely, both WBC and PLT counts
declined significantly from baseline levels (p < 0.05).
A more marked decrease in PLT was noted in the BSC
group versus the ED group (p < 0.05). Subgroup analysis
showed that the BSC group had a significantly lower WBC
count after treatment than the ED group in all subgroups
(p < 0.05). However, in the large-vessel disease and ath-
erosclerosis subgroups, the PLT count in the BSC group
was lower than that in the ED group (p < 0.05) (Figure 3
and Table 4).

Comparison of hepatic and renal function

No marked variations in liver and kidney function markers
(ALT, AST, CREA, UREA) were detected in either group
following treatment (p > 0.05). The stability of these pa-
rameters implies minimal hepatorenal impact from both
drugs (Figure 4).

DISCUSSION

ACI is a predominant contributor to disability and death
among middle-aged and elderly individuals. Its patho-
physiological mechanisms encompass multidimensional
damage such as oxidative stress, inflammatory cascade
activation, and impaired cerebral perfusion [16]. BSC
and ED are known to provide neuroprotection in diverse
age groups; however, older patients may respond differ-
ently due to age-related vascular stiffness, compromised
collateral compensation, and multiple coexisting condi-
tions. The central pharmacological finding of this study
is that the efficacy advantage of BSC is not universal but
is achieved by targeting the vascular pathology, because
its platelet-inhibitory effect interacts precisely with the
platelet hyperreactivity of atherosclerotic lesions, which
provides a mechanistic basis for personalized medicine.
BSC, an emerging dual-target agent, provides neuropro-
tection via microcirculatory reconstruction — promoting
collateral flow and suppressing glutamate excitotoxicity —
and by boosting energy metabolism; meanwhile, BSC can
not only upregulate VEGF to promote collateral circula-
tion, but also inhibit platelet-activating factor (PAF) [5,
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Figure 3. Comparison of coagulation function; (A) PT before and after treatment; (B) APTT before and after treatment; (C) INR before and after
treatment; (D) WBC before and after treatment; (E) PLT before and after treatment;

APTT - activated partial thromboplastin time; TT - thrombin time; INR - international normalized ratio; WBC — white blood cell count;

PLT - platelet count;
*p < 0.05 compared with before treatment;
#p < 0.05 compared with the BSC group
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Figure 4. Comparison of liver and kidney functions; (A) ALT, AST before and after treatment; (B) CREA, UREA before and after treatment;
ALT - alanine aminotransferase; AST — aspartate aminotransferase; CREA - creatinine; UREA - urea;

*p < 0.05 compared with before treatment;
#p < 0.05 compared with the BSC group

17], which explains its advantage in large-vessel disease.
This study found greater post-treatment NIHSS and mRS
reductions with BSC, consistent with a previous Phase III
clinical trial in mild-to-moderate ACI [12]. ED, a free-
radical scavenger and inflammation suppressor, showed
robust anti-inflammatory activity in previous reports [18].
However, it may lead to limited short-term neurological
improvement, possibly due to delayed inflammatory mod-
ulation. Future pharmacodynamic monitoring is needed
for validation. Regarding coagulation parameters, PLT was
lower in the BSC group post-treatment, potentially due to
BSC’s inhibitory effect on platelet-activating factor (PAF)-
mediated adhesion and aggregation; the decrease in PLT
observed in the BSC group in this study may be related
to its PAF inhibition mechanism [19]. The simultaneous
improvement of Vm and PLT by BSC suggests a synergistic
effect of both revascularization and thromboprophylaxis
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pathways, whereas the single antioxidant mechanism of ED
may not address multiple pathological pathways.
Furthermore, in-depth subgroup analysis revealed sig-
nificant associations between drug efficacy and specific
pathophysiological features: (1) Hemodynamic-specific im-
provement in the large-vessel disease subgroup: Occlusions
in large vessels (e.g., internal carotid artery, middle cerebral
artery trunk) frequently result in significant hypoperfu-
sion. BSC addresses this via a two-pronged mechanism:
it enhances collateral circulation by upregulating vascular
endothelial growth factor (VEGF), which promotes the
opening of pial anastomoses [20], thus enhancing perfu-
sion in the ischemic penumbra. Concurrently, as shown
in animal experiments by Guo et al. [17], BSC modulates
calcium channels to attenuate vascular smooth muscle con-
traction, mitigating secondary ischemia due to large-vessel
disease spasm. The greater increase in Vm observed in the
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large-vessel disease subgroup of the BSC group, compared
with the ED group, is consistent with prior evidence dem-
onstrating that BSC enhances intracranial large-vessel he-
modynamics [21]. (2) Previous studies have confirmed that
BSC can stabilize atherosclerotic plaques by suppressing
MMP-9 to stabilize the fibrous cap [22], and the findings
in this study may be relevant to this mechanism, which
may underlie the observed differential outcomes in the ath-
erosclerotic subgroup. (3) Targeted modulation of platelet
activation: The more pronounced PLT reduction with BSC
may result from its targeted inhibition of platelet activation.
As noted, BSC competitively binds to the PAF receptor,
suppressing collagen-induced platelet aggregation [19]. It
also downregulates COX-2 and reduces thromboxane A2
synthesis [23]. Since platelet hyperactivity is common in
atherosclerosis [24], BSC’s platelet-modulating effects are
particularly evident in these patients.

Therefore, our recommendation is to prioritize BSC
in the management of middle-aged and elderly patients
with ACI, especially in cases of large-vessel disease or
atherosclerotic stroke, to achieve prompt restoration of
cerebral perfusion. Vigilant monitoring of PLT is war-
ranted throughout this treatment, particularly for high-
risk patients, to guard against hemorrhagic tendencies.
Furthermore, the complementary mechanisms of BSC
and ED present a rationale for examining sequential or
combined administration regimens. This approach holds
promise for addressing the multifaceted pathology of ACI.

Key limitations of this work include its small sample size
(n = 138) and observation period of seven days, preventing
analysis of long-term prognosis (e.g., 90-day mRS) and re-
currence, and possibly masking the drug’s full therapeutic
potential. The study also omitted quantitative evaluation
of pivotal indicators such as infarct volume and collat-
eral circulation grading, which could obscure subgroup
heterogeneity. Moreover, the failure to track longitudinal
changes in biomarkers related to inflammation or oxida-
tive stress impedes a complete delineation of the drug’s
pharmacodynamic pathways.
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dapmakoanHamuuko nopehere byTundrannaa u egapaBoH-geKcbopHeona Kog,
aKyTHOT UCXEMMjCKOT MOXA,aHOT YAapa — aHa/n3a NOArpyna npema eTMoNoruju u

OAroOBOPHOj apTepuju
Bej /v

HapopHa 6onHunua okpyra Jincun, Opemerbe 3a Heyponorujy, botioy, Anxyej, Knha

CAXETAK

YBoa/Unsmb Y 0BOj cTyamju ynopeheHa je papmakoanHamyika
6yTundtanuaa n Hatpujym-xnopuga (BSC) ca enapaBoH-AeKc-
6opHeonom (E[l) kof cpefoBeYHUX 1 CTapujrix 6onecHUKa ca
aKYTHUM MCXEMUjCKM MOXXAAHUM yAapoMm, ca GOKYCoMm Ha
cTpaTuduKaLujy npema eTvonorujyi 1 OAroBOPHOj apTepuju.
Mertopge YkynHo 138 cpejoBeYHYX 1 CTapumjux bonecHuUKa ca
aKYTHVM UCXEMUjCKM MOXAaHUM YAapOM XOCMMTann3oBa-
HUX Y Halloj 60nHMLM of jaHyapa 2023. fo jyHa 2025. roanHe
HacymmuHo je pacnopeheHo y BSC rpyny (n = 69) n E[] rpyny
(n=69). 06e rpyne cy Npummne CTaHAAPAHY Tepanijy 3a akyTHM
NCXeMUjCKM MOXAaHM yaap; BSC rpyna je npumana nHjekuunje
6yTundTanupa v HaTpujym-xnopuaa (25 mg fBa nyTta HEBHO),
a E[l rpyna nHjekuuje egapaBoH-gekcbopHeona (30 mg gsa
nyTa fHeBHO). OCHOBHe Mepe ncxofa 6bune cy ckop Ha Ckanu 3a
MOXAaHu yaap HaumoHanHor HCTUTYTa 3a 34paBJbe, CKOP Ha
moandUKoBaHOj PaHKMHOBO]j CKanu 1 cpeaba 6p31nHa NpoToKa
KpBY KpO3 Cpefitby MOXAaHy apTepujy mpe 1 nocne nevema. Ce-
KYHAAPHW NapameTpm yKibyumBany cy mapameTpe Koarynauuje
(6poj TpomboLnTa, 6poj neykowuuTa) 1 npoLeHy 6e3begHOCTW.
AHanv3e nogrpyna 3acHoBaHe Cy Ha TWMy OAroBOPHe apTepuje
(6onecT BeNMKUX KPBHUX CyA0OBa / 6onecT Manux KPBHUX Cy-
[l0Ba) 1 €TVONOLLKO]j KaTeropuju (aTepocknepoTcku MHapKT
/ Kapamoembonm3sam).

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):277-283

Pe3syntatu Pe3yntatu cy nokasanu fa je, y nopeherwy ca E[j
rpynom, BSC rpyna umana 3HayajHo Huxm ckop Ha Ckanu 3a
MoXJaHu yaap HaumnoHanHor HCTMTyTa 3a 3apassbe (p < 0,05)
1 3HaYajHO BULLY Cpeftby 6P3VHY MPOTOKa KPBM KPO3 CPeay
MOXAaHy apTepujy, nocebHo y moarpynu ca 6onelhy Benukumx
KPBHUX cyfoBa (p < 0,05). AHanu3a npoduna Koarynavyje noka-
3a/1a je Aa je HaKOH ceflam 1aHa neyetba 6poj TpomboLKTa 61o
HKK 'y BSC rpynun y ogHocy Ha El rpyny (p < 0,05). Y nogrpynu
Ca aTepockiepo3om, npumeHa BSC goBena je o H/XKX Bpes-
HocTu 6poja TpombouwuTa y ogHocy Ha E[l (p < 0,05). MpoueHe
6e36eAHOCTM yKa3ase Cy Ha ynopeaviBe CTone HeXesbeHnX A0-
rahaja n dyHKUpje jeTpe n 6ybpera mehy rpynama (p > 0,05), 6e3
036UbHUX KpBapetba nnn owTtehera opraHa.

3akmyyak BSC ncnospasa Tepanmjcko AejcTBO 3aBMUCHO Of Ma-
TOJIOLLKOT TWMa MyTem CBOT BULLELU/BHOT MeXaHu3Ma (nobosb-
Lak-e KonaTepanHor KPBOTOKa NocpefoBaHO GpakTOPOM pacTa
BaCKyNapHOr eHjoTena 1 MHx1buLmja TpoMOboLIMTa 3aBVCHa Of
baKTopa aKkTMBaLMje TpomboLMTa), MoKasyjyhu 3HauajHy eTuo-
JIOWWKM cneumdryHy edrKacHOCT, LITO onpaBAaBa NPYopUTETHY
NpVYIMeHy OBe Tepanvje KOA MOATMMNOBA aKyTHOT NCXEMUjCKOT
MOXXAaHOT yaapa NnoBe3aHuX ca BeIMKMM KPBHUM CY[0BUMA
U aTePOCKIEePO30M.

KmbyuHe peun: 6yTundtanug; efapaBoH-AeKCOOPHEONT; akyTHI
NCXEMUCKI MOXAAHW yaiap; CpefjoBeYHa 1 CTapuja nonynauuja;
HeypO3alUTNTa; XeMOANHaMIKa
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Serum occludin combined with clinical features
for predicting early neurological deterioration in
intracerebral hemorrhage

Shuhai Shi', Chunyang Zhang', Jingli Cheng?

"First Affiliated Hospital of Baotou Medical College, Department of Neurosurgery, Baotou, Inner Mongolia
Autonomous Region, China;
2Beijing Shijingshan Hospital, Department of General Practice Medicine, Beijing, China

SUMMARY

Introduction/Objective The aim of this paper was to evaluate the incremental predictive value of 24-
hour serum occludin beyond clinical features and to develop and internally validate a clinically applicable
risk prediction model.

Methods This was a single-center prospective cohort study. Patients with spontaneous intracerebral
hemorrhage (ICH) presenting within 24 hours of symptom onset were enrolled. The primary outcome,
early neurological deterioration (END), was assessed at 72 hours post-admission. Variables for model
development were selected using least absolute shrinkage and selection operator regression. A logistic
regression model was constructed incorporating clinical and imaging factors and serum occludin levels
measured at 24 hours post-admission. Model performance was evaluated using the area under the curve
(AUC). Decision curve analysis was used to assess net clinical benefit across different risk thresholds.
Results Among the 600 enrolled patients, 210 (35%) developed END. The base model incorporating age,
admission Glasgow Coma Scale score, ICH volume, intraventricular hemorrhage, location, surgical inter-
vention, and systolic blood pressure achieved an optimism-corrected AUC of 0.78 (95% Cl: 0.74-0.82). The
extended model with added 24-hour serum occludin significantly improved discrimination (AUC = 0.84,
95% Cl: 0.81-0.87; AAUC = 0.06, p < 0.001), with greater clinical net benefit across threshold probabilities
of 10%-40%. Category-free net reclassification improvement was 0.42 (95% Cl: 0.28-0.56), and integrated
discrimination improvement was 0.08 (95% Cl: 0.05-0.11). Risk stratification at 10% and 20% thresholds
demonstrated high sensitivity (87%) and specificity (79%) for the identification of the high-risk group.
Conclusion Twenty-four-hour serum occludin significantly enhances predictive performance for END
and holds potential as an improved biomarker. However, external validation is necessary before wide-
spread implementation.

Keywords: intracerebral hemorrhage; early neurological deterioration; occludin; blood-brain barrier;
prediction model; Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis
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or Diagnosis

INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH)
accounts for 10-15% of all strokes, with 90-
day mortality rates approaching 40% and only
20-30% of survivors achieving functional inde-
pendence [1, 2]. Early neurological deteriora-
tion (END) typically occurs within 72 hours of
onset and is a critical indicator affecting prog-
nosis [3]. It is usually defined as a decrease in
Glasgow Coma Scale (GCS) score 2 2 points
or an increase in National Institutes of Health
Stroke Scale (NIHSS) score > 4 points within
24-72 hours of admission [4], with an inci-
dence rate of 20-40% [5].

The mechanisms of END are complex, in-
cluding hematoma expansion (occurring in
about 30% of patients within 24 hours), peri-
hematomal edema (PHE), intraventricular
hemorrhage (IVH), and systemic complications
[6, 7]. Early neurological deterioration remains
common even in the absence of hematoma
growth, suggesting that secondary brain injury,

such as blood-brain barrier (BBB) disruption,
also plays an important role [3].

Current clinical prediction models (such
as the ICH score and FUNC score) are mainly
based on baseline clinical and imaging vari-
ables, with limited ability to predict END [8,
9]. Although the recent SIGNALS score has im-
proved discrimination to AUC values of around
0.78 [10], there remains scope for optimization
through integration of biomarkers reflecting
underlying pathophysiological processes, par-
ticularly BBB disruption.

The integrity of the BBB depends on tight
junction proteins, particularly occludin, a 65-
kDa transmembrane protein critical for regu-
lating permeability [11, 12]. Following ICH,
thrombin-mediated matrix metalloproteinase
(MMP) activation, oxidative stress, and inflam-
mation degrade occludin, disrupting the BBB
and promoting PHE and secondary injury
[13]. Experimental data show that occludin
degradation is an early event: serum levels rise
within hours after stroke and correlate with
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BBB damage [14], and occludin-deficient mice have worse
outcomes [15]. In ICH, preliminary evidence links serum
occludin to PHE volume [16], but findings are limited by
small sample sizes and the lack of multivariable adjust-
ment. Therefore, this prospective study aims to evaluate
the incremental predictive value of 24-hour serum occlu-
din beyond baseline clinical-imaging models and to de-
velop a clinically applicable risk prediction tool for END in
patients with ICH following the Transparent Reporting of
a multivariable prediction model for Individual Prognosis
or Diagnosis (TRIPOD) guidelines.

METHODS
Study design and ethical approval

This single-center prospective cohort study was conduct-
ed in accordance with the TRIPOD statement [17]. The
study complied with the Declaration of Helsinki and was
approved by the Ethics Committee of the First Affiliated
Hospital of Baotou Medical College. Written informed
consent was obtained from all participants or their legally
authorized representatives before enrollment.

Study population and selection criteria

Patients presenting to the hospital’s department with spon-
taneous ICH between February 2022 and August 2024
were screened for eligibility. The inclusion criteria were
as follows: (1) spontaneous supratentorial or infratentorial
ICH confirmed by non-contrast head computed tomogra-
phy, (2) time from symptom onset to hospital admission <
24 hours, (3) age 18-85 years, and (4) availability for blood
sample collection at both baseline and 24-hour time points.
The exclusion criteria were as follows: (1) secondary ICH
due to arteriovenous malformation, tumor, trauma, or
anticoagulation-related hemorrhage (international nor-
malized ratio > 3 at presentation); (2) immediate post-
surgical loss to follow-up or inability to assess END; (3)
severe hepatic failure (Child-Pugh class C) or renal failure
(estimated glomerular filtration rate < 15 mL/min/1.73
m?); (4) concurrent enrollment in other interventional tri-
als; (5) life expectancy < 3 months due to terminal illness;
and (6) prior disability with modified Rankin Scale score
> 3 before the current ICH [18].

Sample size calculation and statistical power

Based on the principle of events per predictor parameter >
20 [19], the inclusion of 10-12 predictor variables would
require 200-240 END events. Assuming an END incidence
rate of 35% [4], the target sample size was 600 participants.
According to Riley’s criteria [20], a shrinkage factor > 0.9
was ensured to reduce overfitting. Considering a 5% loss
to follow-up, 630 participants were planned for enrollment.
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Clinical data collection

All clinical variables were obtained within 24 hours of ad-
mission. Intracerebral hemorrhage volume, PHE volume,
and IVH were calculated as previously described [14, 21,
22]. Intracerebral hemorrhage location was categorized
as deep (basal ganglia or thalamus), lobar (involving cor-
tical-subcortical regions), infratentorial (cerebellum or
brainstem), or mixed based on epicenter determination.
Computed tomography was performed using a 64-slice
GE Revolution scanner (GE Healthcare Medical Systems,
Slough, UK, and Milwaukee, WI). Hematoma (40-80
Hounsfield units) and PHE (15-33 Hounsfield units) vol-
umes were measured using a validated semi-automated
segmentation method with manual correction [23]. All im-
aging measurements were performed by two trained radi-
ologists blinded to clinical data and biomarker results, with
inter-rater reliability assessed using intraclass correlation
coefficients. Serum occludin concentrations were mea-
sured using a commercially available enzyme-linked im-
munosorbent assay (ELISA) kit (Human Occludin ELISA
Kit, catalogue #SEA145Hu, Cloud-Clone Corp., Houston,
TX, USA) according to the manufacturer’s instructions.
Early neurological deterioration was defined as a decrease
in GCS score of > 2 points between baseline assessment
(within six hours of admission) and the 72-hour evalu-
ation, excluding deterioration attributable to sedation,
seizures, or other reversible causes [4].

Data management and missing data handling

Data were entered into the REDCap system with logic
checks and audit trails implemented. Little’s missing com-
pletely at random test indicated that data were missing at
random (p = 0.18), and multiple imputation by chained
equations was performed (m = 20), with models includ-
ing all predictor variables, outcomes, and auxiliary vari-
ables (e.g. length of hospital stay, discharge disposition).
Continuous variables were imputed using predictive mean
matching, whereas binary and multicategory variables were
imputed using logistic and multinomial logistic regression,
respectively. Imputation convergence was verified through
trace plots and distribution comparisons. All analyses were
performed across the imputed datasets, and results were
pooled according to Rubin’s rules [20, 24].

Statistical analysis

Statistical analyses followed a prespecified plan using R
version 4.3.1. Descriptive statistics were used to compare
END and non-END groups using appropriate parametric
or non-parametric tests. Model development employed a
two-stage approach: least absolute shrinkage and selection
operator regression with 10-fold cross-validation for vari-
able selection, followed by ridge regression for coefficient
estimation. The base model incorporated core clinical-im-
aging variables, whereas the extended model additionally
included 24-hour serum occludin. Internal validation was
performed using bootstrap resampling (2000 iterations) to
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Table 1. Baseline characteristics (n = 600)

(mean %= SD)

Variable Overall END (n=210) No END (n=390)
Age, years (mean + SD) 64.2+135 67.8+124 623+13.8
Male sex, n (%) 358(59.7) 128 (61) 230(59)
Time to admission, h (median [IQR]) | 8.4[4.2-14.7] | 7.9[3.8-13.2] 8.7 [4.5-15.3]
Admission GCS (mean + SD) 129+£3.2 11.2+3.6 13.8+ 2.1
Baseline ICH volume, mL (mean +£SD) | 28.3+235 38.6 +28.4 22.7+19.3
24-hour ICH volume, mL (mean £ SD) | 31.7 +25.8 42.1+30.2 262+214
24-hour PHE volume, mL (mean +SD) | 33.2+26.4 423 +31.2 284 +227
IVH present, n (%) 247 (41.2) 122 (58.1) 125 (32.1)
Deep location, n (%) 312(52) 118 (56.2) 194 (49.7)
Lobar location, n (%) 218 (36.3) 68 (32.4) 150 (38.5)
Infratentorial location, n (%) 70(11.7) 24 (11.4) 46 (11.8)
Emergency surgery, n (%) 101 (16.8) 52 (24.8) 49 (12.6)
Admission SBP, mmHg (mean + SD) 167.3+284 | 172.8+30.1 164.5+27.2
Hypertension history, n (%) 448 (74.7) 162 (77.1) 286 (73.3)
Diabetes mellitus, n (%) 142 (23.7) 54 (25.7) 88 (22.6)
Antiplatelet use, n (%) 178 (29.7) 67 (31.9) 111 (28.5)
Anticoagulation use, n (%) 52(8.7) 23(11) 29 (7.4)
24-hour serum occludin, ng/mL 556+3.12 | 7.82+3.41 426+2.18

END - early neurological deterioration; GCS - Glasgow Coma Scale; ICH - intracerebral hemorrhage;
IVH - intraventricular hemorrhage; PHE - perihematomal edema; SBP - systolic blood pressure
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Figure 1. Variable selection process using LASSO regression; left: coefficient paths vs. log
(lambda); optimal lambda (1-SE rule, dashed line) selected eight predictors; right: cross-
validation deviance curve; numbers indicate variables retained at each lambda

obtain optimism-corrected performance estimates. Model
performance was assessed using AUC with 95% ClIs and
Brier scores. The incremental value of occludin was eval-
uated through AAUC, net reclassification improvement
(NRI), integrated discrimination improvement (IDI), and
decision curve analysis. Risk stratification used prespeci-
fied cut-off points at 10% and 20% predicted probability,
with sensitivity analyses examining model robustness

Table 2. Final model coefficients

ShiS. etal.

across patient subgroups and alternative END
definitions.

Ethics: This study was conducted in accor-
dance with the Declaration of Helsinki and
approved by the Ethics Committee of the
First Affiliated Hospital of Baotou Medical
College.

RESULTS
Study population and flow

A total of 687 patients with spontaneous
ICH were screened, of whom 87 were ex-
cluded, leaving 600 patients included in the
study. The mean age was 64.2 + 13.5 years,
358 (59.7%) were men, and the median time
from onset to admission was 8.4 (4.2-14.7)
hours. Early neurological deterioration oc-
curred in 210 patients (35%), consistent with
the sample size assumptions.

Baseline characteristics and
measurement reliability

Patients who developed END were older and
had lower admission GCS scores, larger base-
line ICH and 24-hour PHE volumes, higher
rates of IVH, more frequent emergency sur-
gery, and higher serum occludin concentra-
tions (all p < 0.001) (Table 1).

Variable selection and model
development

Least absolute shrinkage and selection opera-

tor regression selected eight predictors for the base model
(Figure 1). Time to blood draw, antiplatelet use, and anti-
coagulant use were forced into the model. Occludin was
added to the extended model (B = 0.18). After adjustment,
24-hour serum occludin remained independently asso-
ciated with END (odds ratio per ng/mL: 1.23, 95% CI:
1.16-1.31, p < 0.001). Other predictive factors are shown
in Table 2.

Predictor Base model 3 (OR, 95% Cl) Extended model 3 (OR, 95% Cl) VIF
Age (per year) 0.02 (1.02, 0.99-1.05) 0.01(1.01, 0.98-1.04) 1.24
Admission GCS (per point) -0.20 (0.82,0.77-0.87) -0.18 (0.83, 0.78-0.89) 2.18
24-hour ICH volume (per 10 mL) 0.22(1.24,1.16-1.33) 0.19(1.21,1.13-1.3) 2.45
24-hour PHE volume (per 10 mL) 0.08 (1.08, 1.02-1.15) 0.06 (1.06, 1-1.13) 1.87
IVH presence 0.78 (2.18,1.52-3.12) 0.65 (1.92, 1.33-2.76) 1.56
Deep location 0.32(1.38,0.96-1.98) 0.28 (1.32,0.92-1.9) 143
Emergency surgery 0.51(1.67, 1.09-2.56) 0.42 (1.52,0.99-2.33) 1.38
Admission SBP (per 10 mmHg) 0.05 (1.05, 0.99-1.11) 0.04 (1.04, 0.98-1.1) 1.22
24-hour serum occludin (per ng/mL) - 0.21(1.23,1.16-1.31) 1.64

GCS - Glasgow Coma Scale; ICH - intracerebral hemorrhage; VIF - variance inflation factor; SBP - systolic blood pressure;

all p < 0.05 except where OR crosses 1
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Figure 2. Nomogram for predicting END risk; risk groups may be interpreted as low risk (< 0.1), intermediate risk (0.1-0.2), and high risk (> 0.2)
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Figure 3. Decision curve analysis comparing models; net benefit across
threshold probabilities (0-50%); extended model (solid black) outper-
forms base model (dashed gray) in clinically relevant range (10-40%),
e.g., net benefit 0.22 vs. 0.17 at 15% threshold (equivalent to five ad-
ditional true positives per 100 patients)

Model performance and validation

A nomogram (Figure 2) enables bedside risk estima-
tion. Risk groups may be interpreted as low risk (< 0.10),
intermediate risk (0.1-0.2), and high risk (> 0.2). The
bootstrap-corrected AUC was 0.78 (95% CI: 0.74-0.82)
for the base model, improving to 0.84 (95% CI: 0.81-0.87)
with the inclusion of occludin. The Brier score decreased
from 0.18 to 0.15. The addition of occludin yielded
AAUC = 0.06 (95% CI: 0.04-0.08, p < 0.001), NRI = 0.42
(95% CI: 0.28-0.56, p < 0.001) and IDI = 0.08 (95% CI:
0.05-0.11, p < 0.001). Decision curve analysis (Figure 3)
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demonstrated superior net benefit for the extended model
across 10-40% risk thresholds.

Sensitivity and subgroup analyses

The results remained robust in patients not undergoing
surgery (AUC = 0.83 vs. 0.77), across different bleeding lo-
cations (deep, lobar, or subarachnoid; AAUC = 0.05-0.07)
and blood sampling times (< 8 hours or = 8 hours), in
complete-case analysis (n = 581), and under alternative
definitions of END (NIHSS > 4, n = 542) (all p < 0.001,
Table 3).

DISCUSSION

This prospective study demonstrates that 24-hour serum
occludin provides substantial independent and incremental
predictive value for END beyond standard clinical-imag-
ing variables in ICH. The extended model achieved excel-
lent performance (AUC = 0.84), improved reclassification
(NRI = 0.42, IDI = 0.08), and greater net clinical benefit
across relevant decision thresholds. These findings high-
light the clinical value of serum occludin as a promising
biomarker with demonstrable net clinical benefit across a
range of decision thresholds. This enhancement in predic-
tive accuracy supports the utility of serum occludin in im-
proving patient stratification and clinical decision-making.

Compared with previous studies that focused only on
ischemic stroke or small-sample correlation analyses, this
study systematically verified the independent contribution
of occludin by using a fixed 24-hour detection time point,
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Table 3. Sensitivity analyses (selected subgroups); all sensitivity analyses demonstrate consistent incremental value of occludin
Subgroup n Events Base AUC Extended AUC AAUC p-value
Non-surgical patients 513 167 0.77 0.83 0.06 <0.001
Deep location 312 118 0.76 0.82 0.06 <0.001
Lobar location 218 68 0.79 0.84 0.05 0.002
Infratentorial location 70 24 0.75 0.82 0.07 0.041
Early blood collection (< 8 hours) 298 108 0.77 0.83 0.06 <0.001
Late blood collection (= 8 hours) 302 102 0.79 0.84 0.05 0.001
Complete cases (no imputation) 581 204 0.78 0.84 0.06 <0.001
Alternative END definition (NIHSS > 4) 542 187 0.76 0.82 0.06 < 0.001

AUC - area under the curve; END - early neurological deterioration

strictly adjusting for confounding factors using multivari-
able correction, and applying modern evaluation methods
such as NRI and IDI [15, 17]. Notably, the base model’s
AUC of 0.78 aligns with existing ICH prediction scores
(such as the ICH score and FUNC score) [9, 10], whereas
the inclusion of occludin led to a clinically meaningful
improvement in predictive accuracy, emphasizing the im-
portance of integrating biomarkers into clinical prediction
models.

From a mechanistic perspective, post-ICH thrombin
activation, MMP-9 activation, and oxidative stress are
known to degrade occludin, leading to BBB disruption,
PHE, and secondary brain injury [12, 14]. Importantly,
our study shows that occludin retains predictive value even
after adjustment for PHE volume, suggesting that it reflects
subclinical BBB dysfunction that may not be captured by
imaging alone. This finding is consistent with previous
studies highlighting the role of occludin in BBB integrity
and its correlation with neurological outcomes in patients
with stroke [15].

The clinical applicability of our model is substantial.
Patients classified as low risk (< 10%) may avoid unnec-
essary intensive care unit admission, whereas patients at
high risk (> 20%) may be prioritized for interventions such
as closer monitoring or early therapeutic strategies. The
24-hour sampling window used in this study is clinically
feasible, and the nomogram developed provides a practical
tool for bedside risk estimation, supporting applicability
in routine clinical practice.

However, several limitations should be acknowledged.
First, the single-center design of this study limits gener-
alizability, and external validation in diverse settings is
required before widespread clinical adoption. Second,
the sample size in some subgroups, such as patients with
subacute ICH (n = 70), was relatively small, and further
studies including larger cohorts are needed to confirm
these findings. Additionally, this study used a single serum
occludin measurement at 24 hours post-admission, which
does not capture potential dynamic changes in occludin
levels over time. Longitudinal monitoring of occludin and
other BBB biomarkers may provide more comprehensive
insights into the progression of ICH and END. Finally,
although this study focused on serum occludin, other BBB
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markers were not assessed, and future research should ex-
plore the synergistic effects of combining multiple bio-
markers to improve predictive accuracy.

CONCLUSION

In conclusion, this prospective study demonstrates that
24-hour serum occludin significantly enhances END pre-
diction in patients with ICH when added to comprehensive
clinical-imaging models. The findings support conceptu-
alizing occludin not as an isolated independent predictor
but as an enhancement factor providing incremental value
by capturing BBB disruption not fully reflected in conven-
tional variables. External validation and impact studies are
required before clinical adoption, but these results estab-
lish serum occludin as a promising biomarker warranting
further investigation for personalized risk stratification in
ICH management.

ACKNOWLEDGEMENTS

The authors thank Ping Wen and Shijun Feng for assis-
tance with data collection and Zhijun Zhao, Lijun Zhao,
and Jianhua Yang for helpful comments. Special thanks to
Baoguo Wang for comments on the manuscript.

Authors’ contributions: Shuhai Shi: played a major role
in acquiring data; drafted and revised the article; collected
and processed data.

Chunyang Zhang: interpreted and analyzed the data; re-
vised the article.

Jingli Cheng: designed and conceptualized the study;
drafted and revised the article.

All authors have approved the final manuscript.

Funding: This work was supported by the Inner Mongolia
Autonomous Region Natural Science Foundation
(2019MS08050) and the Baotou Medical College Scientific
Research Fund (BY]JJ-YF-2018013).

Conflict of interest: None declared.

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):284-290



Running title: Predicting early neurological deterioration in intracerebral hemorrhage

REFERENCES

1. GBD 2019 Stroke Collaborators. Global, regional, and national 13.

burden of stroke and its risk factors, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. Lancet
Neurol. 2021;20(10):795-820.

[DOI: 10.1016/S1474-4422(21)00252-0] [PMID: 34487721]

2. Greenberg SM, Ziai WC, Cordonnier C, Dowlatshahi D, Francis B, 14.

Goldstein JN, et al. 2022 guideline for the management of patients
with spontaneous intracerebral hemorrhage: a guideline from the
American Heart Association/American Stroke Association. Stroke.

2022;53(7):282-361. [DOI: 10.1161/STR.0000000000000407] 15.

[PMID: 35579034]

3. Law ZK, Dineen R, England TJ, Cala L, Mistri AK, Appleton JP, et
al. Predictors and outcomes of neurological deterioration in
intracerebral hemorrhage: results from the TICH-2 randomized

controlled trial. Transl Stroke Res. 2021;12(2):275-83. 16.

[DOI: 10.1007/512975-020-00845-6] [PMID: 32902808]
4. Amer HA, El-Jaafary SIM, Sadek HMAE, Fouad AM, Mohammed
SS. Clinical and paraclinical predictors of early neurological

deterioration and poor outcome in spontaneous intracerebral 17.

hemorrhage. Egypt J Neurol Psychiatr Neurosurg. 2023;59(1):74.
[DOI: 10.1186/541983-023-00675-x] [PMID: 37305215]

5. Xul,WangZ WuW,LiM, LiQ. Global, regional, and national
burden of intracerebral hemorrhage and its attributable risk

factors from 1990 to 2021: results from the 2021 Global Burden of 18.

Disease Study. BMC Public Health. 2024;24(1):2426.
[DOI: 10.1186/512889-024-19923-7] [PMID: 39243077]

6.  Phung JYH, YogendrakumarV, Dowlatshahi D. Acute spontaneous 19.

intracerebral hemorrhage management update: five new things
you should know. Ann Indian Acad Neurol. 2025;28(2):155-8.
[DOI: 10.4103/aian.aian_174_25] [PMID: 40235043]

7. Morotti A, Boulouis G, Dowlatshahi D, Li Q, Shamy M, Al-Shahi

Salman R, et al. Intracerebral haemorrhage expansion: definitions, 20.

predictors, and prevention. Lancet Neurol. 2023;22(2):159-71.
[DOI: 10.1016/S1474-4422(22)00338-6] [PMID: 36309041]
8.  Batista R, Pereira M, Vaz DC, Buque H, Nzwalo H, Marreiros A.

Prognostic accuracy of common mortality prognostic scales in 21.

very old patients with intracerebral haemorrhage. Ann Neurosci.
2025;32(3):161-6. [DOI: 10.1177/09727531231185200] [PMID:
40688404]

9.  Schwiddessen R, Brelie CV, Mielke D, Rohde V, Malinova V.

Establishing reliable selection criteria for performing fibrinolytic 22.

therapy in patients with intracerebral haemorrhage based on
prognostic tools. J Stroke Cerebrovasc Dis. 2024;33(8):107804.
[DOI: 10.1016/j.jstrokecerebrovasdis.2024.107804]

[PMID: 38821191]

10. HeQ GuoH,BiR,Chens, ShenJ, Long C, et al. Prediction of 23.

neurological deterioration after intracerebral hemorrhage: the
SIGNALS score. J Am Heart Assoc. 2022;11(15):e026379.
[DOI: 10.1161/JAHA.122.026379] [PMID: 35916347]

11.  Alahmari A. Blood-brain barrier overview: structural and

functional correlation. Neural Plast. 2021;2021:6564585. 24,

[DOI: 10.1155/2021/6564585] [PMID: 34912450]

12.  ZhangY,Li X, Qiao S, Yang D, Li Z, Xu J, et al. Occludin degradation
makes brain microvascular endothelial cells more vulnerable to
reperfusion injury in vitro. J Neurochem. 2021;156(3):352-66.
[DOI: 10.1111/jnc.15102] [PMID: 32531803]

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):284-290

289

Chen S, Li L, Peng C, Bian C, Ocak PE, Zhang JH, et al. Targeting
oxidative stress and inflammatory response for blood-brain
barrier protection in intracerebral hemorrhage. Antioxid Redox
Signal. 2022;37(1-3):115-34. [DOI: 10.1089/ars.2021.0072]

[PMID: 35383484]

Pan R, Yu K, Weatherwax T, Zheng H, Liu W, Liu KJ. Blood occludin
level as a potential biomarker for early blood brain barrier damage
following ischemic stroke. Sci Rep. 2017;7:40331.

[DOI: 10.1038/srep40331] [PMID: 28079139]

Sugiyama S, Sasaki T, Tanaka H, Yan H, kegami T, Kanki H, et al.
The tight junction protein occludin modulates blood-brain barrier
integrity and neurological function after ischemic stroke in mice.
Sci Rep. 2023;13(1):2892. [DOI: 10.1038/541598-023-29894-1]
[PMID: 36806348]

Yuan S, Ma Q, Hou C, Zhao Y, Liu KJ, Ji X, et al. Association of serum
occludin levels and perihematomal edema volumes in intracranial
hemorrhage patients. CNS Neurosci Ther. 2024;30(3):e14450.
[DOI: 10.1111/cns.14450] [PMID: 37721332]

Collins GS, Moons KGM, Dhiman P, Riley RD, Beam AL, Van Calster
B, et al. TRIPOD+AI statement: updated guidance for reporting
clinical prediction models that use regression or machine learning
methods. BMJ. 2024;385:e078378.

[DOI: 10.1136/bmj-2023-078378] [PMID: 38626948]

Haggag H, Hodgson C. Clinimetrics: Modified Rankin Scale (mRS).
J Physiother. 2022;68(4):281. [DOI: 10.1016/j.jphys.2022.05.017]
[PMID: 35715375]

Lohmann A, Groenwold RHH, van Smeden M. Comparison of
likelihood penalization and variance decomposition approaches
for clinical prediction models: a simulation study. Biom J.
2024;66(1):22200108. [DOI: 10.1002/bimj.202200108]

[PMID: 37199142]

Riley RD, Ensor J, Snell KIE, Harrell FE Jr, Martin GP, Reitsma JB, et
al. Calculating the sample size required for developing a clinical
prediction model. BMJ. 2020;368:m441. [DOI: 10.1136/bmj.m441]
[PMID: 32188600]

Li Q Lv X, Morotti A, Qureshi Al, Dowlatshahi D, Falcone GJ, et al.
Optimal magnitude of blood pressure reduction and hematoma
growth and functional outcomes in intracerebral hemorrhage.
Neurology. 2025;104(5):e213412.

[DOI: 10.1212/WNL.0000000000213412] [PMID: 39913881]
Essibayi MA, Ibrahim Abdallah O, Mortezaei A, Zaidi SE, Vaishnav
D, Cherian J, et al. Natural history, pathophysiology, and recent
management modalities of intraventricular hemorrhage. J
Intensive Care Med. 2024;39(9):813-9.

[DOI: 10.1177/08850666231204582] [PMID: 37769332]

Volbers B, Willfarth W, Kuramatsu JB, Struffert T, Dorfler A,
Huttner HB, et al. Impact of perihemorrhagic edema on short-
term outcome after intracerebral hemorrhage. Neurocrit Care.
2016;24(3):404-12. [DOI: 10.1007/s12028-015-0185-y]

[PMID: 26381282]

Mera-Gaona M, Neumann U, Vargas-Canas R, L6pez DM.
Evaluating the impact of multivariate imputation by MICE in
feature selection. PLoS One. 2021;16(7):e0254720.

[DOI: 10.1371/journal.pone.0254720] [PMID: 34320016]

www.srpskiarhiv.rs



290

ShiS. etal.

CepyMCKU OKNYAMH Y KOMBMHALMjM Ca KAMHUYKUM KapaKTePUCTUKAMA Y
npeasuhakby paHOT HEYPOIOLLKOT NOropLUakba KoA UHTpaLepebpanHor KpBaperwa

LWyxaj L', YyHjaHr LlaHr', HuHrnm Yexr?

'MpBa npuapyxeHa 6onHuua MeguumHckor dakynteta y baoToyy, Onemberse Heypoxupypruje, baotoy, AyToHoMHa 0bnact YHyTpalura

Monronuja, Kuna;

*BonHnua LnhrurwaHn y MekuHry, Ogersetbe onwte MeanumHe, MekuHr, Kuia

CAXETAK

YBoa/Lusb Linb oBor nctpaxnBara 61o je fa ce npoueHn
VNHKPEMEHTaNnHa NPeauKTUBHA BPELHOCT CEPYMCKOT OKJyAM-
Ha 13MepeHor 24 yaca HakoH npujema y O4HOCY Ha KIUHUYKe
KapaKTepucTrKe, Kao 1 Aa ce pa3Buje 1 UHTEPHO Banuaupa
KNVHWYKM NPYMeHIbIB MoAen 3a npefBubatbe prsmka.
MeTtoge OBa MOHOLIEHTPMYHA NPOCMEKTMBHA KOXOPTHA CTyAuja
00yxBaTuna je 60NeCHNKe ca CMOHTAHVM VHTpaLlepebpanHIm
KpBaperem NprM/beHe Y POKY 0ff 24 yaca of MoYeTka CUMMTO-
Ma. [pMapHU NCXOA, PaHO HeYPONOLLKO NOropLuake, NpoLie-
bVBaH je 72 Yaca HakoH npujema. Bapujabne 3a pa3Boj mofena
n3abpaHe cy npumeHom LASSO perpecuje (eHrn. least absolute
shrinkage and selection operator). KoHCTpyuncaH je NorncTuyKku
perpecroHn Mofen Koju je YKibyunBao KNMHUYKE 1 Pagnoso-
LLKe MapameTpe, Kao 1 HUBOE CePYMCKOT OKNYAMHA N3MepeHe
24 yaca HakoH npujema. MeppopmaHce mofena npoLereHe
cy kopuwherem nosplurHe ncnog ROC kpuse (AUC). AHanmsa
KpvBe ofJlyuriBarba NprMetbeHa je paau NpoLeHe HETO Knn-
HIYKE KOPUCTM NP Pa3fnynTM NParoBrMa pusiKa.
Pesyntatn Op ykynHo 600 yKk/byueHux 6onecHuKa, kog 210
(35%) pa3Buno ce paHo HeyponoLWKO noropluare. OCHOBHM
MOZEJT, KOju je YK/byuMBao CTapoCT, CKOp Ha [11a3roBCcKoj cKa-
NN KOME Ha MpuijeMy, BONyMEH MHTpaLlepebpanHor KpBapekba,

DOI: https://doi.org/10.2298/SARH250407051S

VHTPaBEHTPUKYNAPHO KpBapetbe, IOKanu3aLmjy, XMpypLIKO fe-
uerbe 1 CUCTONTHY apTePUjCKI NPUTHCAK, MOCTIATao je BPeAHOCT
AUC kopuroBaHy 3a ontumusam og 0,78 (95% ClI: 0,74-0,82).
[JopaBarbe cepymcKor OKnyamnHa HakoH 24 yaca 3HayajHo je
no6osbLano guckpumuHaumjy (AUC = 0,84; 95% Cl: 0,81-0,87;
AAUC = 0,06; p < 0,001), y3 Behly HETO KIIMHUUKY KOPUCT Y pa-
CMoHy nparoBa pu3nka of 10% fo 40%. Heto no6osbluarbe
peknacuduKaumje 6e3 kateropuja n3Hocuio je 0,42 (95% Ci:
0,28-0,56), IOK je MHTerpucaHo nobosbluarbe AUCKpUMHaLvje
n3Hocuno 0,08 (95% Cl: 0,05-0,11). CtpaTudurKaymja pusmka
npu nparosuma of 10% n 20% nokasarna je BUCOKY OCET/bUBOCT
(87%) n cneundunyHocT (79%) y ngeHTndrKaumjn bonecHmka
BUCOKOT pU3MKa.

3aksbyyak CepymcKu OKNyAUH N3MepeH 24 yaca HakoH npu-
jema 3HauajHO nobosbluaBa NpefuKTMBHE nepdopmaHce 3a
paHO HeypOMOLLKO Noropluakbe 1 npeactaeba obehasajyhin
6romapkep. Minak, HeonxoAHa je cnosballkba Banvgauuja npe
LWMpe KNVHUYKe NPUMEHE.

KmbyuHe peun: nHTpaLepebpanHo KpBapee; paHO Heyposio-
LIKO MOropLUaH-€; OKIYAVH; KPBHO-MOXAaHa bapujepa; mopen
npepukunje; TpaHcnapeHTHO n3BeluTaBakbe O MynTUBapwja-
6VTHOM NPeAVKTMBHOM MOZENY 3a MHAUBWAYaJTHY MPOrHO3y
VNN JujarHosy
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SUMMARY

Introduction/Objective Vestibular schwannoma (VS) is a benign tumor originating from Schwann cells,
predominantly affecting the vestibular portion of the eighth cranial nerve. It is the most common tumor
of the cerebellopontine angle, presenting with varying degrees of hearing loss, along with tinnitus and
vestibular symptoms. This paper gives a comprehensive analysis of the degree of hearing and balance
impairment in individuals presenting with VS, along with a detailed clinical perspective.

Methods The research involved a retrospective analysis of the clinical database utilizing available medi-
cal records from the Audiology Department of a major tertiary care hospital in Serbia. It encompassed
83 patients diagnosed with VS between 2011 and 2023, with presenting symptoms of hearing and/or
balance impairment. The analysis included basic demographic data, presenting symptoms, and results
of tonal liminal audiometry, alongside specific vestibular diagnostic tests and imaging.

Results A significant hearing loss was observed in the majority of patients with VS (p < 0.01), with 48.7%
having a severe degree of sensorineural hearing loss. Increasing age was positively associated with higher
degrees of hearing impairment, as expected (p < 0.05). Dizziness was present in 15.6% of patients, while
postural instability was reported by 29% of patients. The impairment of the vestibulo-ocular reflex of the
lateral semicircular canal was observed in 62.7% of cases.

Conclusion The study provides insight into the hearing and balance of patients with VS. The results high-
light the need for continuous monitoring, both pre- and postoperatively, to understand the relationships
between patients’ characteristics, symptoms, degree of hearing impairment, and tumor localization. These
data are crucial for improving diagnostic and multidisciplinary therapeutic approaches to enhance the

quality of care and function in these patients.

Keywords: vestibular schwannoma; hearing loss; dizziness; cerebellopontine angle

INTRODUCTION

Vestibular schwannoma (VS), also known in
the literature as acoustic neurinoma, is the third
most common benign intracranial tumor after
meningioma and pituitary adenoma, with the
most common localization at the level of the cer-
ebellopontine angle (CPA) [1, 2]. It originates
from nerve sheath cells (Schwann cells) and
usually involves the vestibular part of the ves-
tibulocochlear nerve, although its most common
clinical presentation is cochlear, i.e., ringing in
the ear and varying degrees of hearing impair-
ment [3, 4]. Although benign, a VS, due to its lo-
calization, carries the danger of the compressive
mass effect on other intracranial structures [3].
Clinically, most patients present with unilateral
high-frequency sensorineural hearing loss (94%)
and tinnitus (83%) [1, 3, 4]. Hearing loss in pa-
tients with VS has traditionally been associated
with direct pressure and stretching of the vestib-
ulocochlear nerve during tumor growth, causing
disruption of the vascular supply [5]. However,
the onset and course of hearing loss often cannot
be predicted; it occurs in very small tumors, and

its progression can be observed even in patients
with non-growing lesions [6]. The frequency of
vestibular symptoms such as vertigo and un-
steadiness of gait varies widely (from 17% to 75%
of patients), and it is considered that symptoms
are often underreported or unrecognized [7].
Furthermore, large tumors can cause trigeminal
and facial neuropathies, such as paresthesia, and
can exert pressure on the brain stem, leading to
hydrocephalus and increased intracranial pres-
sure [1, 3]. Most tumors are unilateral and spo-
radic, while bilateral localization is rare, present
in less than 5% of cases, and characteristic of
the hereditary disease, neurofibromatosis type
2 [1-4]. Symptoms usually appear between the
fifth and sixth decades of life, with a tendency
for symptoms to appear earlier in people with
a hereditary form of the disease [1, 2, 3]. The
reported incidence of VSs shows an increasing
trend, but there is a general consensus that this
increase may be attributed to improved detec-
tion of new cases and more frequent imaging [3].

The goal of this research is to perform a com-
prehensive analysis of the degree of impairment
of hearing and balance in individuals presenting

Received  MpummeHo:
November 23, 2025

Revised - PeBusnja:
March 22,2026

Accepted - MpuxsaheHo:
May 1, 2026

Online first: May 21, 2026

Correspondence to:

Bojana BUKUROV

University of Belgrade

Faculty of Medicine

Clinic for Otorhinolaryngology
and Maxillofacial Surgery
Pasterova 2

11000 Belgrade

Serbia
bojana.bukurov@med.bg.ac.rs;
bojanabukurov@gmail.com



292

with VS and to point out the importance of precise preoper-
ative audiovestibular assessment both to improve diagnostic
protocols and to better guide therapeutic approach (either
“wait and scan’, radiotherapy or microsurgery).

METHODS

The retrospective analysis of the available medical records
of the Department of Audiology in the tertiary health care
hospital was conducted. The study included 83 patients
diagnosed with VS between 2011 and 2023 who had symp-
toms and signs of hearing and/or balance impairment.

Basic demographic data, presenting symptoms, as well
as the results of specific diagnostic tests such as pure-
tone audiometry (measured by AC40 clinical audiom-
eter, Interacoustics, Middelfart, Denmark) were included.
The average values of pure tone audibility thresholds for
air and bone conduction were determined: air pure tone
average or bone pure tone average, and the difference be-
tween the air and bone thresholds, i.e., air-bone gap (ABG).
PTA and ABG values are calculated as a mean value for
frequencies important for speech understanding, accord-
ing to the recommendations of the American Academy of
Otorhinolaryngology-Head and Neck Surgery (at 500 Hz,
1000 Hz, 2000 Hz, and 4000 Hz, where ABG values > 10 dB
are defined as clinically significant due to normal test vari-
ability i.e., limitations of equipment and natural fluctuation
of audiometric testing) [8]. Additionally, data on all tests
performed during the neuro-otological examination, includ-
ing the presence of spontaneous or gaze-evoked nystagmus,
as well as provoked and induced nystagmus, were included
(tested with Frenzel or videonystagmography goggles, Visual
Eyes 515, Interacoustics). The presence of asymmetry in
vestibular tonus was assessed using the head-shaking test,
and the testing of the vestibulo-ocular reflex (VOR) of the
lateral semicircular canal was performed both with low-
frequency stimulus (bithermal Aqua Stim Caloric Irigator,
Interacoustics) and with high-frequency stimulus with clini-
cal head impulse test (HIT). Furthermore, the data obtained
by imaging methods available in medical documentation
were evaluated. Since the data in this study do not include
patient-identifiable information, and no additional data col-
lection was performed, no significant ethical concerns were
identified. Descriptive and analytical statistics methods were
used for analyses, while statistical hypotheses were tested at
the p < 0.05 level of statistical significance.

Ethics: The study was formally approved by the Ethics
Committee of the Faculty of Medicine, University of Bel-
grade.

RESULTS

Main demographic characteristics of the sample

The average age of the patients was 52 years (SD + 15.6),
with the youngest patient being 11, and the oldest patient
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Table 1. Detailed patient’s demographic characteristics
Results (%)

Patients’ characteristics (83 overall,
unless otherwise specified)

Age Mean = SD: 52.34 + 15.62
Sex

Male 32(38.6%)
Female 51 (61.4%)

Duration of symptoms Median: 12 months

Presenting symptom

Tinnitus 22 (26.5%)
Hearing loss 41 (49.4%)
Instability 4 (4.8%)
Vertigo 1(1.2%)
Paresthesia 2 (2.4%)
Missing data 13 (15.6%)
Affected side

Left 42 (50.6%)
Right 39 (47%)
Bilateral 1(1.2%)
Missing data 1(1.2%)
Tinnitus on the affected side

Present 58 (70%)
None 25 (30%)
Vertigo

Yes 13 (15.7%)
No 61 (73.5%)
Missing data 9 (10.8%)
Instability

Yes 24 (28.9%)
No 47 (56.6%)
Missing data 12 (14.5%)
Average tumor size based on MRI Mean +SD: 17.6 £ 9.6 mm
findings

Tumor localization

IAM 22 (26.5%)
CPA 17 (20.5%)
IAM-CPA 21 (25.3%
Missing data 23 (27.7%)

IAM - internal auditory meatus; CPA - the cerebellopontine angle

being 83 years old. The majority of included patients were
female, comprising 51 patients (61.4%). The median time
from the onset of symptoms to the first medical examina-
tion was 12 months. In four patients, VS was incidentally
detected during a routine examination or imaging for other
reasons. The most common initial complaint was impaired
hearing (49.4%), followed by tinnitus (26.5%), while tin-
gling in half of the face and vertigo were the least reported
initial complaints, found in only two and one patient (2.4%
and 1.2% respectively). For detailed patient characteristics,
please refer to Table 1.

Hearing impairment

Age is positively associated with the severity of hearing
impairment (right ear, r = 0.461, p < 0.05; left ear, r = 0.220,
p <0.05). As expected, there was a statistically significant
relationship and high correlation between the severity of
hearing impairment and the value of the air conduction
thresholds at frequencies from 1000 Hz to 4000 Hz, with

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):291-296
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Table 2. Pure tone average (PTA) in decibels for both ears and the
degree of hearing impairment

Side affected
Degree of Right Left
hearing loss PTAindB |Percentof | PTAindB | Percent of
HLrightear | patients | HL leftear | patients

Normal hearing 16 17.9% 17.5 16.3%
Mild 33.75 17.9% 33.2 20.9%
Moderate 52.50 10.3% 494 20.9%
Severe 80.75 48.7% 76 30.2%

PTA on four frequencies important for speech comprehension (500, 1000,
2000, and 4000 Hz); dB HL - decibel hearing level; total deafness was found in
5.2% of patients with right vestibular schwannoma, and 11.7% with vestibular
schwannoma localized in the left ear

120.00

00

100,00
80.00
£0.00 8

40.00

20.00

Degree of hearing loss (dB) for the left ear

Side of the tumor location

Figure 1. Average values of the degree of hearing loss in the left ear,
expressed in decibel hearing level, in relation to the tumor localization

coefficients between 0.836 and 0.926 for the left ear and
between 0.904 and 0.916 for the right ear (p < 0.001).

We examined 83 patients; however, one patient had incom-
plete data on the tumor side, and another had bilateral tu-
mors. Therefore, the correct number of patients evaluated
is 82, with 83 ears included in the final analyses. When the
tumor was on the right, pure-tone audiometry showed that
the largest number of patients (48.7%) had a severe degree
of hearing impairment, and complete deafness was found
in 5.2% of patients. Mild sensorineural hearing impairment
was present in 17.9% of patients, while the same percentage
of patients had normal hearing thresholds. Hearing in the
opposite ear was preserved. In cases with a tumor on the
left, slightly different patterns of hearing impairment were
observed, with severe impairment in 30.2% and complete
deafness in 11.7% (see Table 2 and Figure 1 and 2 for fur-
ther details on hearing impairment).

Vestibular impairment

Vertigo was present in 13 patients (15.6%), while 24 patients
(29%) reported instability while walking. Only one patient
had spontaneous nystagmus at the initial examination.
Impairment of the angular VOR of the lateral semicircular
canal, confirmed by a positive HIT, was recorded in 62.7%
of patients, while positive post-head-shaking nystagmus
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Figure 2. Average values of the degree of hearing loss in the right ear
expressed in decibel hearing level in relation to the tumor localization

was present in 68.1% of the patients (as a sign of vestibular
tonus imbalance). Based on the analysis of the results of
the bithermal caloric test performed in 25 patients, hypore-
flexia was observed on the side of the tumor in 13 patients,
while areflexia was present in an additional nine patients.
Symmetric (normal) findings were noted only in three pa-
tients. By analyzing the correlations between the results of
different vestibular tests, a statistically significant positive
correlation was observed between the positive findings in
the head-shaking test and the HIT (r = 0.451, p < 0.01).
However, a significant difference in the frequency of ver-
tigo, instability while walking, results of the head-shaking
test, HIT, or caloric test in relation to the degree of hearing
impairment in both ears was not found (p > 0.05).

Tumor size and location

The average tumor size measured by magnetic resonance
imaging (MRI) was 17.6 mm (SD * 9.6 mm). There was
a significant difference in the size of the tumor in relation
to the localization, namely that tumors in the CPA and at
the CPA-internal auditory meatus (IAM) level are larger
compared to tumors localized at the level of IAM only (p <
0.001) (Figure 1). In our sample, no statistically significant
difference was found between the size of the tumor and
the degree of hearing impairment (p < 0.05).

DISCUSSION

It is known that VS is a slow-growing, benign tumor, usu-
ally unilaterally localized, with a tendency to involve the
vestibulocochlear nerve and an overall incidence of 2.2
cases per 100,000 inhabitants per year (reaching 20.6 per
100,000 person-years for those over 70) [9, 10]. The main
and most commonly reported symptom is asymmetric or
unilateral hearing loss. It is also the most common initial
manifestation of the disease and the main reason for di-
agnostic MRI in most cases [1, 3, 4, 9, 10, 11]. Similarly,
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Figure 3. Average tumor dimensions (in mm) by tumor localization;
IAM - internal acoustic meatus, CPA — cerebellopontine angle

impaired hearing was the most common initial complaint
present in 49.4% of our patients. Wagner et al. [12] stressed
that the age of patients significantly influences the degree
of hearing loss before treatment. This is confirmed in our
sample, where older patients had a more severe degree of
hearing impairment, while tumor size had no significant
effect on hearing loss. The findings of asymmetric senso-
rineural hearing impairment in our study meant that the
largest number of patients had moderately severe and severe
hearing impairment on the affected side, with preserved
hearing thresholds in the other ear. The hearing level in
the contralateral ear is very important when considering
serviceable hearing and in deciding on best treatment mo-
dality [1, 13]. This severity of hearing impairment can be
explained by the relatively long period from the onset of
symptoms to visiting a doctor, which is in accordance with
the results of previously published research [11].
Although VS more often involves the vestibular part of
the vestibulocochlear nerve, vertigo is often not the pri-
mary symptom, and was present in only 15.7% patients
included in this study, plus up to 30% of them reported
gait instability. Since VS grow very slowly over the years,
progressive dysfunction of the vestibular nerve is inevitable
and causes a gradual increase in the use of central adaptive
mechanisms, known collectively as vestibular compensation
[14]. Even if patients experience acute vertigo due to axonal
stretching, vestibular nerve compression, or compromised
blood supply to the labyrinth induced by tumor growth,
compensation develops over time and symptoms dimin-
ish [7, 14, 15]. It is important to emphasize that vestibular
symptom severity does not increase linearly with size but
may be most pronounced in small-medium tumors (where
partial nerve injury is occurring), and in very large tumors,
often near-complete vestibular loss with central compensa-
tion is present, paradoxically reducing patient’s symptoms.
Pathological results of the caloric test were recorded in 22
out of 25 patients who underwent the test. Borgmann et
al. [16] pointed out that the caloric test should always be
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performed since it can be useful in predicting the origin
of the VS (superior vs. inferior vestibular nerve) and could
serve as an indirect predictor of hearing preservation after
surgery (this was based on significantly smaller hearing loss
in patients with tumors of the superior vestibular nerve). In
addition to the caloric test, HIT is used to assess the high-
frequency horizontal VOR and is currently the only bedside
test that enables the identification of unilateral hypofunc-
tion of the peripheral vestibular system [15]. In our study,
the results were positive in 62.7% of patients.

It remains unclear whether and how tumor size influ-
ences the degree of hearing loss in patients with VS. Some
studies support this idea, while others have shown that the
tumor size does not correlate well with the level of hearing
impairment [17, 18]. Our results indicate that there is no
statistically significant relationship between hearing im-
pairment and tumor size. Nonetheless, there are multiple
published audiometric protocols for guidance on obtaining
gadolinium-enhanced MRI in patients with asymmetri-
cal hearing loss, and an interaural difference of at least
15 dB averaging in the 0.5 and 3 kHz frequency range
was recommended as optimal by the American Academy
of Otolaryngology-Head and Neck Surgery (sensitivity
87.4%, specificity 65.4%) [19, 20].

Limitations of the study

In addition to being retrospective and susceptible to recall
and information bias, this study has several other limita-
tions that warrant mention. To accurately determine hear-
ing functionality, it is essential to consider the results of
the speech discrimination test, which were not included in
this assessment due to the unavailability of data [12, 13].
Consequently, we relied solely on pure tone audiometry
data. Furthermore, as this study was conducted at a single
tertiary center, the generalizability of the data may be lim-
ited. Future studies should focus on including the results of
speech discrimination tests and complete vestibular assess-
ment to better elucidate any influence of tumor parameters
on hearing and vestibular function.

CONCLUSION

This study provides insight into the initial clinical profile
of patients with VS. Given that hearing loss does not neces-
sarily correlate with tumor size and vestibular symptoms
may be mild or even paradoxically subclinical in advanced
cases, it is crucial to screen for VS every patient presenting
with asymmetric sensorineural hearing loss (interaural
difference of at least 15 dB averaging in the 0.5 and 3 kHz
frequency range), unilateral tinnitus or vestibular find-
ings. Our findings underscore the importance of detailed
pre-treatment audiovestibular assessments and continued
follow-up to improve diagnostics and develop personalized
therapeutic approaches to preserve auditory and vestibular
function, and enhance the quality of life of these patients.

Conflict of interest: None declared.
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Cnyx u paBHOTEXa Kog, BeCTUbynapHor weaHoma — 12-roguwitba KAMHUYKA

nepcnekTuea

bojaHa bykypos'?, laHuno Mot**, HukonuHa Bacunujesuh?, Ava Jotuh'? bapbapa Monoswh?, JparaHa Munusojesuh?®,

Tjawa VBowesnh?

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHMBEP3UTETCKM KNMHUYKN LeHTap Cpbuje, KnuHmKa 3a oToprHONapuHronorujy 1 makcunodauujanty xupyprujy, beorpag, Cpouja;
*Knunnukn yeHTap LipHe lope, bonHuua 3a otopuHonapuxronorujy, Mogropuua, LipHa lopa;

*YHuBep3UTeTCKM KNMHWYKM LeHTap Cpbuje, KnuHuka 3a gurectusHy xupyprujy, beorpag, Cpbuja;

YHVBeP3UTETCKI KNUHUYKY LieHTap Cpbuje, LieHTap 3a aHecTe3nonorujy 1 peaHumaumjy, beorpag, Cpbuja

CAMXETAK

YBoa/Lum BectnbynapHu weaHom (BLL) je 6eHurHm Tymop Koju
notuye u3 LLisaHoBnx henmja n Hajuelwhe 3axBaTa BecTvbynap-
HV 1e0 OCMOT MOXJaHor HepBa. To je Hajuelwh TyMmop NoHTO-
LiepebenapHor yrna, Koju ce UCrnosbaBa PasiniynTUM CTENEHOM
owTeherba Cyxa, 3yjakbem y yLma 1 BecTrdynapHMM CUMMTo-
MMMa. Y OBOM UCTPaxKMBakby aHanu3vpaH je cteneH owrehera
crlyxa 1 paBHOTEXe KOf, 0coba KojuMa je nocTaB/beHa AnjarHo3a
BLL, y3 feTasbaH 0CBPT Ha KINHUYKY CIIVIKY.

Mertope VcTpaxuBatbe je 06yxBaTMIO PETPOCNEKTBHY aHa-
nn3y 6ase nogataka Ha OCHOBY AOCTYMHE MeJULIMHCKE OKY-
MeHTauuje Ofceka 3a ayavonorujy Hajgehe yctaHoBe Tepuu-
japHor HMBoa 3apaBcTBeHe 3awwTuTe Y Cpbuju. ObyxBaheHa cy
83 6onecHuKa ca gujarHo3om BLL noctaBbeHom n3mehy 2011.
1 2023. roanHe, KOju Cy UManu cumnTome owTeherba ciyxa
n/vnu paBHoTexe. AHanM3npaHy Cy OCHOBHU feMorpadckm
nopaum, KNMHNYKA CAKKa 1 pe3ynTaTy TOHaHe IMMUHaNHe
ayavioMeTpuje, Kao 1 pesyntatu crneurdruyHux Bectnbynosno-
LUKMX AMjarHOCTUYKNX TECTOBA U PAfMOSIOLLKe AnjarHOCTUKe.

DOI: https://doi.org/10.2298/SARH251123041B

Pe3yntartu 3HauajHo owTehetbe cinyxa npumeheHo je Kog Be-
huHe 6onecHuka ca BL (p < 0,01), npu yemy je 48,7% nmano
TeXak CTeneH ceH3opuHeypanHor owTteherwa cnyxa. lognHe
CTapoCTy Cy NO3UTUBHO KOPENMpare ca TEXUM CTENEHOM OLUTe-
herba cnyxa, Kao LWTo ce 1 oyekmBano (p < 0,05). Bptornasuua
je 6una npricyTHa Kop 15,6% 6onecHUKa, AOK je MoCcTypanHy
HecTabunHocT npmjasuno 29% 6onecHrka. OwTehere BeCTU-
6yno-okynapHor pedsnekca flatepanHor nosyKpyHor KaHana
yOueHo je y 62,7% cnyyajeBa.

3aksbyuak Halle ncTpaxmBare Npy»<a yBua y KIMHUYKI NPo-
dun n npeseHTayujy 6onecHuka ca BLU. lobujeHn pe3ynTaTu
Harnalasajy notpeby 3a KOHTUHYVPaHUM Npaherbem 1 npeore-
PaTUBHO U NOCTONEPaTBHO, Kako 61 ce 60sbe pasymenu ofHo-
cv n3mehy oppeheHnx KapakTeprucTKa 6onecHKa, NPUCYTHUX
cmMnToMa, owTehera ciyxa 1 came nokanm3saumje Tymopa. Osu
noJawum cy KibyYHu 3a Nobosbllare AnjarHOCTUYKUX U MYNTU-
AUCLMNAMHAPHYX TEPaNUjCKMX NPUCTYMa, Y Lniby yHanpeherba
KBanuTETa HETe 1 JleYera OBUX 6ONECHNKa.

KmbyuHe peun: BecTnbynapHm WweaHoM; owTtehere cnyxa; Bp-
TOrnaBmLa; NoHToLepebenapHu yrao
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SUMMARY

Introduction/Objective Knee osteoarthritis is a progressive, degenerative disease of the knee joint
that can eventually lead to disability. Clinical mesotherapy is an intradermal therapy used for injecting
diluted pharmacological substances into the superficial layer of the skin at multiple points. The objec-
tives of this study were to determine the therapeutic effect of mesotherapy on pain in patients with knee
osteoarthritis treated with a mixture of Zodol (Zodol, 30 mg/mL, Hemofarm, Vrsac, Serbia) and lidocaine,
compared to patients with knee osteoarthritis treated with lidocaine alone.

Methods Participants were randomly assigned into two groups. The experimental group, in which patients
were treated with an injection containing a mixture of lidocaine without adrenaline (Lidocainechlorid
1%, 35 mg /3.5 mL, Galenika, Belgrade, Serbia) and of Zodol (Hemofarm). The control group was treated
with lidocaine solution without adrenaline.

Results There is a statistically significant difference in pain intensity after the second dose of mesotherapy
and one month after the fourth dose of mesotherapy. Western Ontario and McMaster Universities Osteoar-
thritis Index scale values were significantly higher in patients in the control group. The frequency of patients
experiencing moderate and severe pain was significantly higher in the control group, while the frequency
of patients reporting no pain or only mild pain was significantly higher in the experimental group.
Conclusion The therapeutic effect of mesotherapy on pain in patients with knee osteoarthritis in experi-
mental group is more effective and longer-lasting compared to patients treated with lidocaine alone.

Keywords: mesotherapy on pain; knee osteoarthritis; intradermal therapy

INTRODUCTION

Knee osteoarthritis is a degenerative joint dis-
ease that occurs as a result of progressive loss
of articular cartilage. It most commonly affects
older adults. It can be divided into two types:
primary and secondary. Primary osteoarthri-
tis occurs without any apparent cause, while
secondary osteoarthritis can result from other
conditions, most commonly including post-
traumatic and post-surgical states, rickets,
gout, and others. Common clinical symptoms
include knee pain, which develops gradually
and worsens with activity, as well as stiffness
and swelling of the knee. Treatment of knee
osteoarthritis begins with conservative meth-
ods, and if these do not yield results, surgical
treatment is considered [1]. Nonsteroidal anti-
inflammatory drugs (NSAID) are the first line
of treatment for knee osteoarthritis. However,
patients who cannot take these medications or
do not respond to them may try intra-articular
corticosteroid injections, which usually relieve
pain for several weeks. When it comes to non-
pharmacological treatment, patient education,
weight loss (for those who are overweight), and
exercise play important roles. Exercises usually
focus on strengthening the muscles of the lower
limbs, which helps reduce pain and improve
functional status [2].

Clinical mesotherapy

Therapeutic skin injections date back to ancient
Chinese and Indian medicine. In 1958, Michel
Pistor introduced the term “mesotherapy” to
describe the inoculation of drugs into the su-
perficial layer of the skin [3].

Clinical mesotherapy is an intradermal
therapy used to inject diluted pharmacologi-
cal substances into the superficial layer of the
skin at multiple points, at a depth of 3-4 mm.
Specifically, this involves the use of a short
needle to deposit the drug into the dermis.
The intradermal microdeposit modulates the
drug’s kinetics by slowing absorption and pro-
longing the local mechanism of action [3, 4,
5]. This technique involves infiltrating a small
amount of the drug into the superficial layer
of the skin, observing the painful area. When
injected intradermally, the drug diffuses into
the tissues and joints, remaining for a longer
period than with intramuscular administra-
tion. The goal of mesotherapy is to achieve the
therapeutic benefit with lower drug doses when
other options have failed, cannot be used, or are
unavailable [6]. Many localized pain syndromes
benefit from mesotherapy; in fact, mesotherapy
is used to treat localized pain, resulting in im-
proved quality of life [7]. Mesotherapy on pain
is a safe method and has no adverse effects [4].
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The mesotherapy technique involves the inoculation
of the drug using a 4 mm (27G) or 13 mm (30-32G) nee-
dle. The angle of the needle depends on the area being
treated. The technique requires medical and pharmaco-
logical knowledge and must be performed in accordance
with disinfection protocols (appropriate disinfectants are
necessary) using sterile single-use devices [3]. It should
be noted that despite the widespread use of mesotherapy;,
certain uncertainties still exist, and further preclinical
and clinical research is needed to define its role in clinical
practice [6]. Although it has a wide range of applications,
there is still no standardized protocol. For these reasons,
every study conducted in the field of mesotherapy is highly
valuable [8].

METHODS

The study was designed as a prospective randomized,
double-blind study and was conducted at the Clinical
Hospital Center Kosovska Mitrovica, in the Department
of Physical Medicine and Rehabilitation, over a period of
eight weeks. The randomization code was generated used
a computer-generated random number sequence, where
participants was assigned in two groups in 1:1 ratio. The
randomization list was prepared by an independent person
not involved in participant selection. A total of 59 patients
were included in the study - 16 male and 43 female pa-
tients. Although a formal statistical power analysis was not
conducted prior to the start of research, the number of par-
ticipants was sufficient to perform the planned statistical
analysis and to monitor changes in Western Ontario and
McMaster Universities Osteoarthritis Index (WOMACQC)
and visual analogue scale (VAS) at defined time points.
The experimental group consisted of 31 patients, while
the control group included 28 patients. The average age of
patients in the experimental group was 58.7 + 14.5 years,
and in the control group 60.3 + 15 years. The study was
conducted after obtaining written informed consent from
all participants. All patients were diagnosed with knee
osteoarthritis prior to the study. During medical history
taking, attention was paid to possible allergic reactions
to the medication and the use of anticoagulant therapy;,
which are absolute contraindications for performing this
procedure. Pain was assessed using VAS - before the start
of the study, after the second dose, and one month after
the fourth dose. Functional status was assessed using the
WOMAC scale - at the beginning of the study, after the
second dose, and one month after the fourth dose. VAS is
a tool used to measure pain intensity. The scale is typically
a 10-centimeter (or 100-millimeter) line marked from 0
to 10 or 0 to 100. The far-left point represents no pain (0),
while the far-right point represents unbearable pain (10 or
100). Patients mark the point on the line that corresponds
to their current pain intensity. The WOMAC is a question-
naire used to measure osteoarthritis symptoms in patients
with knee or hip osteoarthritis. The scale covers three do-
mains: pain, stiffness, and functional limitations. Results
are measured on a Likert scale from 0 to 4, where zero

‘ DOI: https://doi.org/10.2298/SARH251119033)J
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indicates “none” and four indicates “extreme” symptoms.
Higher scores indicate greater levels of pain, stiffness, and
functional impairment.

A detailed medical history was taken from all patients,
followed by a clinical examination and knee radiography.
Participants were randomly assigned into two groups. The
first was the experimental group, in which patients were
treated with an injection containing a mixture of 1 mL of
1% lidocaine without adrenaline (Lidocainechlorid 1%,
35 mg / 3.5 mL, Galenika, Belgrade, Serbia) and 1 mL
of Zodol (Zodol, 30 mg/mL, Hemofarm, Vrsac, Serbia).
The control group was treated with 1 mL of a Lidocaine
solution without adrenaline. The mesotherapy protocol in-
volved the use of sterile, single-use 2.5 mL syringes with a
30G x 4 mm needle, inserted at a 90° angle against the skin.
Each patient received injections once a week, for a total of
four doses, with the fourth dose administered one month
after the third. Patients were treated using the “point-by-
point” technique, targeting painful areas around the knee.

Before enrolment in the study and initiation of meso-
therapy for pain management, participants were fully in-
formed about the study protocol and declared that NSAID
therapy has been discontinued at least 10 days prior to
treatment and that no medications from this group were
used through the duration of the study.

Descriptive methods and statistical hypothesis testing
methods were used for the analysis of primary data. Among
the descriptive statistical methods, measures of central ten-
dency (arithmetic mean and median), measures of variabil-
ity (standard deviation and range), and relative numbers
were applied. For hypothesis testing, the Mann-Whitney
test and the Friedman test were used. Statistical analysis
was performed using the IBM SPSS Statistics for Windows,
Version 21.0. (IBM Corp., Armonk, NY, USA). Statistical
hypotheses were tested at a significance level of 0.05.

Ethics: The approval for conducting this study was ob-
tained from the Ethics Committee of the Health Center in
Kosovska Mitrovica.

RESULTS

A total of 59 patients were included in the study — 16 male
and 43 female patients. The experimental group consisted
of 31 patients, while the control group included 28 patients.
The average age of patients in the experimental group was
58.7 + 14.5 years, and in the control group 60.3 + 15 years.

There is a statistically significant difference in pain in-
tensity according to the WOMAC scale after the second
dose of mesotherapy and one month after the fourth dose.
WOMAC scores were significantly higher in patients in the
control group (Table 1).

Similarly, there is a statistically significant difference in
pain intensity according to the VAS scale after the second
dose of mesotherapy and one month after the fourth dose.
The frequency of patients experiencing moderate and se-
vere pain was significantly higher in the control group,
whereas the frequency of patients with no pain or mild
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Table 1. Pain according to Western Ontario and McMaster Universities Os-

Table 4. Visual analogue scale in experimental group over time

;i%az?r:itriéllgggzp()WOMAC) and visual analogue scale (VAS) in experimental Experimental group nG1) b
Start of the study, n (%)
Parameters Experimental Control No pain /
gr;]r?;];; gr)]r?zuglf; Mik(jJI pain 1 53.2))
Moderate pain 14 (45.2
WOMAC scale at the start of the 68 (28-90) 67 (34-96) 0.843 Severe pain 16 (51.6)
study, median (range) ) After the second dose, n (%)
WOMAC scale after the second 33 (0-64) 55 (20-96) No pain 5(16.1)
dose of mesotherapy, median < 0.001 Mild pain 17 (54.8) <0.001
(range) Moderate pain 9(29)
WOMAC scale one month after 16 (0-64) 66 (26-96) Severe pain /
the fourth dose of mesotherapy, <0.001 After the fourth dose, n (%)
median (range) No pain 20 (64.5)
VAS scaleat the start of the study, Mild pain 9(29)
n (%) Moderate pain 2 (6.5)
No pain / / 0,602 Severe pain /
Mild pain 1(3.2) 0(0) ’
Moderate pain 14 (45.2) 16 (57.1) Table 5. Visual analogue scale over time
Severe pain 16 (51.6) 12 (42.9) Control group n (28) p
VAS scale after the second dose Start of the study, n (%)
of mesotherapy, n (%) No pain /
No pain 5(16.1) 0(0) <0.001 Mild pain /
Mild pain 17 (54.8) 6 (21 .4) Moderate pain 16 (57.1)
Moderate pain 9(29) 16 (57.1) Severe pain 12 (42.9)
Severe pain 0 6(214) After the second dose, n (%)
VAS scale one month after the No pain /
Eoo/l;rth dose of mesotherapy, n Mild pain 6(21.4) <0.001
0 Moderate pain 16 (57.1)
l':l/lc')lgain' 2% (é‘;-)S) 20(;01)) <0.001 Severe pain 6(21.4)
ild pain .
Moderate pain 2(6.5) 13 (46.4) Afti;hpz E“”h dose, n (%) ,
Severe pain 0(0) 13 (46.4) Mild pain 2(7.1)
Moderate pain 13 (46.4)
Table 2. Western Ontario and McMaster Universities Osteoarthritis Severe paiﬁ 13 (46.4)
Index scale in experimental group over time
Experimental group n(31) p
Start of the study, median (range) 68 (28-90) There is a statistically significant difference in the fre-
After the second dose, median (range) 33(0-64) |<0.001 quency of patients in the control group with varying pain
After the fourth dose, median (range) 16 (0-64) intensity according to the VAS scale over time. The fre-
quency of patients with mild pain rises initially and then
;I'ac:ale 3. \INe?stern tC)nltario and MctMaster Universities Osteoarthritis  decreases, while the frequency of patients with moderate
fidex sca’e in contro’ group overime pain stagnates then decreases, and the frequency of pa-
Controfl gr:ou’) S edi n (28) e tients with severe pain decreases at first, but then increases
Start of the study, median (range) 67 (34-96) over time (Table 5).
After the second dose, median (range) 55(20-96) | <0.001
After the fourth dose, median (range) 66 (26-96)

pain was significantly higher in the experimental group
(Table 1).

There is a statistically significant difference in WOMAC
scale values over time in patients in the experimental
group. WOMAC scores decreased significantly over time
(Table 2).

A statistically significant difference in WOMAC scale
value over time was observe in patients in the control
group. WOMAC scores decreased after the second dose,
but increased again after the fourth dose (Table 3).

Also, a statistically significant difference was observed
in the frequency of patients in the experimental group
with varying pain intensity according to the VAS scale over
time. The frequency of patients without pain increases over
time. The frequency of patients with mild pain rises initial-
ly and then decreases, while the frequency of patients with
moderate and severe pain decreases over time (Table 4).
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DISCUSSION

Mesotherapy is recognized as an effective alternative thera-
py for localized pain management [9], with studies demon-
strating a reduction in neck and lower back pain by at least
50% compared to baseline levels [10]. In the context of
acute conditions, Akbas et al. [11] observed that mesother-
apy provides a statistically significantly greater reduction
in pain intensity at 15 minutes, 30 minutes, and 24 hours
post-treatment compared to intravenous dexketoprofen
administration. These findings are further supported by
Costantino et al. [12], who suggested that mesotherapy,
using a combination of lidocaine, ketoprofen, and methyl-
prednisolone, represents a valid alternative to conventional
systemic administration of NSAIDs and corticosteroids for
acute low back pain. Furthermore, it has been shown that
mesotherapy can achieve therapeutic effects equivalent to
systemic drug administration [12], but with a significantly
more favorable safety profile. Specifically, Chen et al. [13]
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noted that mesotherapy resulted in fewer adverse effects,
particularly regarding hemorrhage and WOMAC scores,
when compared to traditional NSAID treatments.

The efficacy of this method extends to chronic syn-
dromes as well. In patients with chronic lumbar syndrome
and chronic thoracic spine pain, studies by Pires et al. [14]
and Koszela et al. [15] both demonstrated that mesother-
apy with type I collagen yields statistically significant im-
provements compared to lidocaine alone. Similarly, Ranieri
et al. [16] reported reduced pain intensity and functional
improvement in patients with bilateral cervicobrachial
syndrome following a six-week treatment protocol.

In our study, the application of a Zodol (Hemofarm) and
lidocaine mixture produced superior results in symptom
reduction for knee osteoarthritis compared to lidocaine
monotherapy. This aligns with the research by Tseveendor;j
et al. [17], who found that a combination of meloxicam and
lidocaine significantly outperformed physiological saline,
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with positive effects appearing within four weeks and last-
ing up to three months. These results are consistent with the
conclusions of Farpour et al. [18], who identified piroxicam
mesotherapy as an effective and safe procedure for patients
with mild to moderate knee osteoarthritis. Collectively,
these data underscore the clinical value of mesotherapy as
a targeted, potent, and safe intervention for both spinal
disorders and osteoarthritis-related pain.

CONCLUSION

The therapeutic effect of mesotherapy on pain in patients
with knee osteoarthritis treated with a mixture of lidocaine
and Zodol (Hemofarm) is more effective and longer-lasting
compared to patients treated with lidocaine alone.
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Tepanujcku edekat mesotepanuje 6ona Kog 601eCHMKa ca OCTEOAPTPUTUCOM

KOJieHa

Matwa Jakwmh'? MeaHa Vnuh'?, Cawa Munuhesnh'?, JywaH Metposuh'? Cawa JoaHosuh'?, AHapujaHa CnacojeBuh’,

Harawa MauyT fykuh?, Jlasap Monusoga', Hukona Muxajnosuh!’

'KnuHnyKo-60HMYKNM LeHTap Kocoscka MutpoBsuLa, KocoBcka Mutposuua, Cpbuja;
2YHuBep3auTeT y MpuwtnHm - Kococka Mutposuua, MeauumHckn dakyntet, Kocoscka Mutposuua, Cpbuja

CAXETAK

YBoa/Lum OcteoapTpnTiC KoNleHa NpeAcTaB/ba AereHepaTrB-
Hy, NporpecrBHy 60N1ecT 3r106a KoneHa Koja Ha Kpajy MoXe A0-
BeCTV A0 MHBanuauTeTa. KnnHnyka mesotepanuja npectaBba
WHTpaAepMasiHy Tepanujy Koja ce KopucTu 3a ybpu3raBare
pa36nakeHrx GapMaKoOLLKMX CyNCTaHLM y NOBPLUMHCKM CJ10j
KoXe Y BuLLe TayaKa. Linsb uctpaxuatba 610 je fa ce yTBpau Te-
panujckin epekat meoTepanuje 6ona Kof 6onecHUKa ca 0cTeo-
APTPUTMCOM KOMNEHA KOjU Cy TPETMpPaH/ MeLlaBMHOM 304011
(30 mg/mL, Xemodapm, Bpwau, Cpbuja) n nugokamHa (nmpo-
KauH-xnopup 1%, 35 mg/ 3,5 mL, TaneHuka, beorpag, Cpbuja),
Y OBHOCY Ha GONECHIKe KOjU Cy TPETUPAHU CaMO NIMLOKANHOM.
Mertope Cryauja je cnpoBefieHa Kao MPOCMEKTMBHA. YUeCcHNL
Cy HacyMnuHo pacnopehenn y fe rpyne. [pBy YnHM ekcnepu-
MeHTaJHa rpyna y Kojoj cy 601eCHULM TPETUPAHN UHjEKLIjOM
Koja je cajpana cmelly nupoKauHa 6e3 agpeHanuHa 1 3ogona
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(Xemodapm). KoHTponHa rpyna 6una je TpetupaHa pactBopom
nrpoKanHa, 6e3 agpeHanuHa.

Pe3syntatu YTBphHeHa je CTaTUCTUYKM 3HaYajHa pa3nimKa Yy NH-
TeH3uTeTy 6oa mocse Jpyre Ao3e Me3oTepanuje 1 Mecell AaHa
HaKoH YeTBpTe A03e Me3oTepanuje. BpegHocTn MHgekca octeo-
apTpuTuca yHBep3uTeTa 3anagHun OHTapuo n Mekmactep 6une
Cy 3HayajHoO BuLe Kof 6onecHUKa y KOHTPOJIHOj rpynu. Yaeo
6onecHuKa Koju ocehajy ymepeH 1 jak 605 610 je 3HauajHO
Beh y KOHTPOJIHOj rpynu, IOK je yaeo 6onecHuka 6e3 6ona un
ca 6narvm 60110M 3HauajHo Behu y eKcrnepuMeHTanHoj rpynu.
3akmyuak MpumeHa me3oTepanuje 6ona Kog 6onecHnKa ca
0CTE0APTPUTUCOM KOJIEHA Y eKCNEPYMEHTANHO] FPymnii NMOKa3a-
na ce epUKacHWjoM 1 IyroTpajHujom y nopehersy ca npuMeHoM
camo nuaoKamHa.

KmbyuHe peun: me3oTtepanuja 60na; 0CTe0apTPUTHC KONEHa;
VHTpafepMasiHa Tepanuja
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Association between endometrial heterogeneity
and endometrial cancer risk stratification in
postmenopausal women

Valentina Tofiloska, Elena Dzikova, Goran Dimitrov, Irena Aleksioska Papestiev, Gabriela Bushinoska
Ivanova

Ss. Cyril and Methodius University in Skopje, University Clinic for Gynecology and Obstetrics, Skopje,
North Macedonia

SUMMARY

Introduction/Objective The normal postmenopausal endometrium typically appears thin, homoge-
neous, and echogenic on transvaginal ultrasonography. In contrast, endometrial carcinoma is often
associated with increased thickness, heterogeneous echogenicity, irregular endometrial-myometrial
interface, and enhanced Doppler vascularization. The objective of this study was to evaluate the as-
sociation between heterogeneous endometrial echogenicity and the risk of endometrial malignancy
in postmenopausal women.

Methods This prospective clinical study included 120 postmenopausal women treated at the University
Clinic for Gynecology and Obstetrics in Skopje. Participants were divided into a control group (n = 40)
and an examined group (n = 80). The examined group was further stratified according to uterine bleed-
ing status and endometrial thickness (5-8 mm, > 8-11 mm, and > 11 mm). Endometrial echogenicity
was assessed by transvaginal ultrasonography and classified as homogeneous or heterogeneous. Binary
logistic regression analysis was performed to determine independent predictors of malignancy.
Results Heterogeneous endometrial echogenicity was significantly more frequent in the examined
group compared with controls (p < 0.001). It was identified as an independent predictor of endome-
trial malignancy (OR = 4.938; 95% Cl: 1.24-19.62; p = 0.023). No statistically significant association was
observed between echogenicity and endometrial thickness subgroups (p = 0.49) or uterine bleeding
status (p = 0.82).

Conclusion Heterogeneous endometrial echogenicity represents a significant independent sonographic
predictor of endometrial malignancy in postmenopausal women and should be incorporated into routine
ultrasound risk assessment.

Keywords: postmenopause; endometrial echogenicity; endometrial cancer; transvaginal ultrasonog-
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INTRODUCTION

Endometrial carcinoma is the most common
gynecologic malignancy in developed coun-
tries, with a continuously increasing incidence
worldwide [1, 2]. According to recent global
cancer statistics, endometrial cancer represents
a significant public health burden, particular-
ly in postmenopausal women [1]. The rising
prevalence has been associated with metabolic
syndrome, obesity, and increased life expec-
tancy [3].

Current international guidelines, including
ESGO/ESTRO/ESP and ESMO recommenda-
tions, provide standardized approaches for di-
agnosis, staging, and management of endome-
trial carcinoma [4, 5]. The 2023 FIGO staging
revision introduced important refinements in
disease stratification, further emphasizing the
prognostic heterogeneity of this malignancy
(6, 7].

Transvaginal ultrasonography remains the
first-line diagnostic modality in the evaluation
of postmenopausal bleeding. Traditionally, en-
dometrial thickness has been considered the

primary screening parameter [4]. However,
recent evidence suggests that reliance solely
on thickness measurement may not provide
optimal diagnostic accuracy [8, 9].

Contemporary ultrasound practice incor-
porates structured reporting systems such as
the ISUOG consensus recommendations and
IETA terminology, which emphasize quali-
tative morphological assessment including
echogenicity, endometrial-myometrial inter-
face, and vascular patterns [10, 11]. Advanced
imaging techniques, including microvascular
flow imaging and ultrasound-based predictive
scoring systems, have demonstrated improved
diagnostic performance in identifying high-risk
endometrial lesions [12-15].

Moreover, modern molecular classification
has revealed substantial biological heteroge-
neity in endometrial carcinoma, including
mismatch repair deficiency and microsatellite
instability [16, 17]. Emerging translational ap-
proaches such as cfDNA fragmentomics and
radiomics further support the integration of
imaging and molecular biomarkers in risk
stratification [18, 19].
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The objective of this study was to evaluate the associa-
tion between heterogeneous endometrial echogenicity and
the risk of endometrial malignancy in postmenopausal
women.

METHODS

This prospective clinical study included 120 post-
menopausal women treated at the University Clinic for
Gynecology and Obstetrics in Skopje. Participants were
divided into two groups: a control group (n = 40) and an
examined group (n = 80). The control group consisted
of postmenopausal patients hospitalized and surgically
treated for benign urogenital pathology.

The examined group was further stratified according
to the presence or absence of uterine bleeding. Based on
ultrasound-verified endometrial thickness, patients were
categorized into three subgroups: 5-8 mm, > 8-11 mm,
and > 11 mm.

Transvaginal ultrasonography was performed in all par-
ticipants. Endometrial echogenicity was classified as homo-
geneous or heterogeneous. Histopathological verification
was obtained following fractional exploratory curettage.

Exclusion criteria included: women of reproductive age,
inability to undergo fractional curettage, prior or current
malignant disease, ovarian tumors, breast cancer treated
with tamoxifen, and previous pelvic surgery for other gy-
necological conditions.

Statistical analysis

Statistical analysis was performed using SPSS version 20.0.
Categorical variables were analyzed using the Pearson
chi-square test or Fisher’s exact test, as appropriate.
Continuous variables were assessed for normality using the
Shapiro-Wilk test. Student’s t-test, Mann—-Whitney U test,
and Kruskal-Wallis ANOVA were applied as indicated.
Binary logistic regression analysis was performed to
determine independent predictors of endometrial malig-
nancy. Statistical significance was defined as p < 0.05.

Ethics: Ethical approval was obtained from the Ethics
Committee of the Faculty of Medicine, Ss. Cyril and
Methodius University in Skopje (Approval No. 03-1997/6).
All procedures were conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all participants.

RESULTS

According to endometrial echogenicity, the study popu-
lation was divided into two categories: homogeneous
and heterogeneous (Table 1). In the examined group, 43
patients (53.7%) had homogeneous endometrial echo-
genicity, whereas 37 patients (46.3%) had heterogeneous
echogenicity. In the control group, all 40 patients (100%)
had homogeneous endometrial echogenicity.
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Table 1. Descriptive analysis of the sample according to groups
and endometrial echogenicity; data are presented as counts (n) and

percentages (%)

Endometrial Examined group | Control group Total
echogenicity n (%) n (%) n (%)
Homogeneous 43 (53.75) 40 (100) 83(69.17)
Heterogeneous 37 (46.25) 0(0) 37 (30.83)
Total 80 (66.67) 40 (33.33) 120 (100)

Table 2. Analysis of the examined group according to endometrial
thickness and echogenicity; data are presented as counts (n) and
percentages (%)

Endometrial 5-8mm |>8-11Tmm| >11mm Total
echogenicity n (%) n (%) n (%) n (%)
Homogeneous | 21(58.33) | 10(58.82) | 12(44.44) | 43(53.75)
Heterogeneous | 15 (41.67) 7 (41.18) 15 (55.56) |37 (46.25)
Total 36 (45) 17 (21.25) | 27(33.75) | 80(100)

Table 3. Analysis of the examined group according to uterine bleed-
ing and endometrial echogenicity; data are presented as counts (n)
and percentages (%)

Endometrial No bleeding Uterine bleeding Total
echogenicity n (%) n (%) n (%)
Homogeneous 21 (52.5) 22 (55) 43 (53.75)
Heterogeneous 19 (47.5) 18 (45) 37 (46.25)
Total 40 (50) 40 (50) 80 (100)

A statistically significant difference was observed be-
tween the examined and control groups regarding en-
dometrial echogenicity (Fisher’s exact two-tailed test,
p < 0.001).

Analysis of the examined group according
to endometrial thickness and endometrial
echogenicity

In the subgroup with endometrial thickness of 5-8 mm,
21 patients (58.3%) had homogeneous echogenicity and
15 (41.7%) had heterogeneous echogenicity.

In the subgroup with endometrial thickness > 8-11 mm,
10 patients (58.8%) had homogeneous echogenicity and 7
(41.2%) had heterogeneous echogenicity (Table 2).

In the subgroup with endometrial thickness > 11 mm,
12 patients (44.4%) had homogeneous echogenicity, while
15 (55.6%) had heterogeneous echogenicity (Table 2).

No statistically significant association was observed be-
tween endometrial thickness categories and echogenicity
(Pearson x> = 1.42; df = 2; p = 0.491).

Analysis of the examined group according to
uterine bleeding and endometrial echogenicity

Among patients without uterine bleeding, 21 (52.5%) had
homogeneous echogenicity and 19 (47.5%) had heteroge-
neous echogenicity. Among patients with uterine bleeding,
22 (55%) had homogeneous echogenicity and 18 (45%) had
heterogeneous echogenicity.

There was no statistically significant difference between
bleeding status and echogenicity (Pearson x* = 0.05; df = 1;
p = 0.823) (Table 3).
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Table 6. Binary logistic regression analysis of the predictive role of certain parameters

Table 4. Analysis of the non-bleeding group according to en- i
in relation to endometrial malignancy - examined group

dometrial thickness and echogenicity; data are presented as

counts (n) and percentages (%) 0
P 9 Variable B | SE | Wald | df | sig. | BXP | 95%Clfor
Endometrial | Homogeneous | Heterogeneous |  Total (B) Exp (B)
thickness n (%) n (%) n (%) Echogenicity -
5-8 mm 11(52.38) 8(42.11) 19 (47.5) homogeneous vs. | 1.597 | 0.704 | 5.149 1 0.023* | 4.938 | 1.243-19.62
>8-11mm 6 (28.57) 5(26.32) 11(27.5) heterogeneous
B - regression coefficient; S.E. - standard error; df — degrees of freedom;
> 11 mm 4(19.05) 6(3158) 10(25) Sig. - significance; Exp (B) - odds ratio;
Total 21 (52.50) 19 (47.50) 40 (100) *statistically significant, p < 0.05

Table 5. Analysis of the bleeding group according to
endometrial thickness and echogenicity; data are presented
as counts (n) and percentages (%)

Combined analysis: bleeding status, thickness, and
echogenicity

An analysis of endometrial thickness and endometrial
echogenicity was performed in the group without uterine
bleeding (Table 4). The analysis indicated that homoge-
neous endometrial echogenicity was most common, occur-
ring in 11 (52.4%) patients with an endometrial thickness
of 5-8 mm, followed by six (28.6%) patients with endo-
metrial thickness > 8-11 mm. Regarding heterogeneous
endometrial echogenicity, most patients, 8 (42.1%), had
an endometrial thickness of 5-8 mm, followed by six
(31.6%) patients with endometrial thickness > 11 mm. In
patients without uterine bleeding, for p > 0.05, there is
no statistically significant difference between the groups
with homogeneous or heterogeneous echogenicity of the
endometrium relative to endometrial thickness (Pearson
x> =0.867; df = 2; p = 0.6483).

In patients with uterine bleeding, an analysis was per-
formed according to endometrial thickness and endome-
trial echogenicity (Table 5). Homogeneous endometrial
echogenicity was most common, occurring in 10 (45.5%)
patients with an endometrial thickness of 5-8 mm, fol-
lowed by eight (36.4%) patients with endometrial thickness
> 11 mm. Among patients with heterogeneous endometrial
echogenicity, most patients, nine (50%), had endometrial
thickness > 11 mm, followed by seven (38.9%) patients
with endometrial thickness of 5-8 mm.

In the uterine bleeding group, for p > 0.05, there is no
statistically significant difference between subgroups with
homogeneous or heterogeneous endometrial echogenici-
ty relative to endometrial thickness (Pearson x> = 0.863;
df =2, p = 0.6493) (Table 5).

Endometrial echogenicity is a significant predictor of
endometrial malignancy (p < 0.05). Women with hetero-
geneous endometrial echogenicity have a 4.938-fold higher
likelihood (p = 0.023, 95% CI = 1.243-19.619) of endo-
metrial cancer compared to women with homogeneous
endometrial echogenicity (Table 6).

‘ DOI: https://doi.org/10.2298/SARH260218036M

Logistic regression analysis

Endometrial | Homogeneous | Heterogeneous |  Total . L. . .

thickness n (%) n (%) n (%) Binary logistic regression analysis demonstrated that het-
5-8 mm 10 (45.45) 7 (38.89) 17 (42.5) erogeneous endometrial echogenicity was a significant
>8-11 mm 4(18.18) 2(11.11) 6(15) independent predictor of endometrial malignancy.

> 11 mm 8(36.37) 9(50) 17 (42.5) Women with heterogeneous echogenicity had 4.938-
Total 22 (55) 18 (45) 40 (100) fold higher odds of endometrial cancer compared with

women with homogeneous echogenicity (OR 4.938; 95%
CI 1.24-19.62; p = 0.023) (Table 6).

DISCUSSION

Our results showed that heterogeneous endometrial echo-
genicity is a significant independent predictor of endome-
trial malignancy, with nearly a fivefold increase in odds
(OR 4.94; 95% CI 1.24-19.62; p = 0.023). This finding
emphasizes the importance of qualitative ultrasonographic
assessment, beyond conventional measurement of endo-
metrial thickness.

These findings are in agreement with the study by Yan
et al. [20], who reported that endometrial echogenic het-
erogeneity is strongly associated with malignancy and sig-
nificantly improves diagnostic accuracy when incorporated
into predictive nomograms. Their model demonstrated
that combining echogenicity with other ultrasound param-
eters enhances risk stratification compared to single-pa-
rameter approaches. Notably, while their study integrated
multiple variables, our results confirm that echogenicity
alone already has substantial predictive value.

Similarly, Ai et al. [21] developed a nomogram for pre-
dicting endometrial cancer in postmenopausal women and
demonstrated that incorporating ultrasonographic features
significantly improves diagnostic performance. In com-
parison to their multifactorial model, our study provides
additional evidence that even a single qualitative parameter
— echogenicity - can independently discriminate between
benign and malignant conditions.

In contrast to these findings, our study did not dem-
onstrate a statistically significant association between en-
dometrial thickness and echogenicity (p = 0.491), nor be-
tween thickness and malignancy risk within echogenicity
subgroups. This observation is consistent with the meta-
analysis by Chee et al. [8], which concluded that endome-
trial thickness alone has limited specificity, particularly
in symptomatic postmenopausal women. Their analysis
highlighted that fixed cut-off values may not adequately
capture the complexity of endometrial pathology, leading
to diagnostic uncertainty.
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Our findings also showed no statistically significant as-
sociation between uterine bleeding status and endometrial
echogenicity (p = 0.823). This result is in line with the
guideline by Wolfman et al. [9], which emphasizes that
although postmenopausal bleeding is a key clinical symp-
tom, it should not be interpreted in isolation. Imaging find-
ings, particularly qualitative ultrasound features, provide
important complementary information and may improve
diagnostic accuracy.

Importantly, the significant difference in echogenicity
between the examined and control groups (p < 0.001) in
our study reinforces the discriminatory value of this pa-
rameter. This is comparable to findings from multicenter
analyses such as the study by Colombi et al. [22], which
demonstrated correlations between ultrasonographic fea-
tures and histopathological as well as molecular charac-
teristics of endometrial cancer. While their work focused
on broader imaging-pathology correlations, our study
narrows this relationship specifically to echogenicity as a
practical and easily applicable marker.

Our findings regarding the predictive value of het-
erogeneous endometrial echogenicity are supported by
earlier sonographic studies reporting that morphologic
characteristics enhance malignancy discrimination. In a
seminal work by Opolskiene et al. [23], heterogeneous en-
dometrial echogenicity demonstrated strong diagnostic
performance with an AUC of 0.83 and, when combined
with other grey-scale and Doppler parameters, yielded an
even higher discriminative ability in predicting endome-
trial malignancy. This aligns with our observation that
qualitative ultrasonographic features — particularly echo-
genicity — provide valuable diagnostic information beyond
endometrial thickness alone.

A key strength of our study is the detailed subgroup
analysis according to endometrial thickness and bleeding
status. Unlike some previous studies, we demonstrated that
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MoBe3aHOCT XeTepPoreHoCTU eHAOMETPUjYMa U PU3KKA O KapLMHOMA
eHA0METPHjyMa Ko, }KeHa Yy NoOCTMeHonaysu

BaneHtuHa Todunocka, EneHa Linkosa, lopaH [Iumutpos, MpeHa Anekcmocka Manectres, labpuena bywmnHocka VBaHoBa
YHusep3urer,CB. hupuno n Metoauje’, YHMBep3uTeTCKa KNMHUKA 3a MMHeKonorujy 1 akywwepctso, Ckonsbe, CeBepHa MakefoHuja

CAXETAK

Yeoa/Lnm HopmanaH eHaOMETpUjym y nOCTMeHOoMay3u yi-
TpacoHorpadckm ce NpuKasyje Kao TaHak, XOMOTeH 1 eXOreH.
KapurHom eHOMETpYjyMa YeCTo je moBe3aH ca noBehaHom fe-
6/bMHOM, XeTepOoreHoM exoreHoLWRy 1 HempaBUAHOM rPaHULIOM
n3mehy eHaomeTprjyma n Mruometpujyma. Linmb paga 6vo je fa
Ce 1CM1Ta NoBe3aHOCT XeTePOreHe eXOreHOCT! EHAOMETPUjyMa
1 pU3MKa of ManurH1TeTa Ko »eHa y MoCTMeHomnaysm.
MeTtoge lMpocneKTBHa KIIMHUYKA CTyAuja obyxBaTuina je 120
)KEHa y MOCTMeHOMay3U eYeHnX Ha YHUBEP3UTETCKOj KITUHU-
LY 3a rHeKonorujy 1 akylepctso y Ckomby. MicnutaHuue cy
nope/beHe Ha KOHTPONHY rpyny (n = 40) n NCMUTUBAHY rpyny
(n = 80). UcnutrBaHa rpyna je aarbe cTpatuduKkoBaHa npema
NpUCYCTBY KpBapeha 1 febbrnHn eHgometpujyma (5-8 mm, >
8-11 mmwn > 11 mm). ExoreHocT eHOMeTpYjyma NpoLieHeHa
je TpaHcBarvHanHom yntpacoHorpadujom 1 KnacudukoBaHa

DOI: https://doi.org/10.2298/SARH260218036M

Kao XxoMoreHa unu xeteporeHa. MprmereHa je 6rHapHa no-
rMcTMYKa perpecuja.

Pe3ynTtati XeTeporeHa eXoreHocT eHOMeTpyjyMa 61na je 3Ha-
yajHo Yewha y ncnutmeaHoj rpynu (p < 0,001). Mpepctasrbana

je He3aBuCHM npeankTop manurHuteta (OR = 4,938; 95% CI:

1,24-19,62; p = 0,023). Huje yTBpheHa cTaTUCTUYKM 3HayajHa
noBe3aHoCT n3mehy exoreHoCT 1 febrbuHe eHAoOMETPYjyMa
(p = 0,49) HUTV NpKcycTBa KpBapeta (p = 0,82).

3aKJsbyuakK XeTeporeHa exoreHoCT eHAOMETpUjyMa NpefcTaB/ba
3HayajaH He3aBWCHW YNTPacoHorpadCKky NPeANKTOP ManurHu-
TeTa KOf eHa y mocTMeHonay3su v Tpeba aa byae ykibyyeHa y
PYTVHCKY NPOLIeHY pu3nKa.

KJ'by‘lHe peun: NoCTMeHoMnay3a; eXxoreHoCT eH,qomeTlejyma;

KapLMHOM eHAOMETPWjyMa; TPaHCBarvHanHa ynTpacoHorpa-
dwja; pusuK og ManurauTeTa
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SUMMARY

Introduction/Objective Breastfeeding prevalence in Serbia remains low compared with global estimates.
Breastfeeding self-efficacy scale-short form is widely recognized as a key, modifiable determinant of
breastfeeding outcomes, with growing evidence that improving it is associated with higher breastfeeding
rates. This study aimed to translate and culturally adapt the scale for use in Serbian language, establish its
psychometric adequacy within a population of breastfeeding mothers throughout the first postpartum
year, and examine differences in scores by selected sociodemographic and obstetric characteristics.
Methods A total of 70 breastfeeding mothers who delivered at the Clinic for Gynecology and Obstetrics,
University Clinical Center of Vojvodina participated in this cross-sectional study. The validated Croatian
version served as the basis for the adaptation process, which followed standardized cross-cultural proce-
dures. Internal consistency was evaluated using item-total statistics and Cronbach’s a. Group differences
were compared using the Mann-Whitney U test.

Results The participants’mean age was 32.19 years (SD = 5.17). The instrument showed strong internal
consistency (Cronbach’s a = 0.81; 95% Cl: 0.73-0.87). Corrected item-total correlation coefficients ranged
from 0.13 to 0.73. The mean score was 54.11 + 10.81, indicating high breastfeeding self-efficacy. Lower
scores were observed among mothers with cesarean delivery, shorter intended breastfeeding duration,
early cessation, lack of early initiation, and insufficient breastfeeding support.

Conclusion The Serbian version of the scale exhibited good internal consistency and preliminary validity
as an instrument for assessing breastfeeding self-efficacy.

Keywords: breast feeding; self-efficacy; surveys and questionnaires; cross-sectional studies; mothers;

postpartum period

INTRODUCTION

In line with World Health Organization guid-
ance, infants are recommended to receive only
breast milk for the first six months, after which
complementary foods are introduced while
breastfeeding continues for up to two years
[1]. A substantial body of clinical research
demonstrates that breastfeeding reduces the
risk of both short-term and long-term adverse
health outcomes in infants. Children who were
breastfed for longer durations display lower
incidence of infectious illnesses and reduced
mortality [2]. Breastfeeding confers numerous
health benefits, including a decreased risk of
type 1 diabetes, asthma, respiratory illnesses,
gastrointestinal infections and celiac disease,
and sudden infant death syndrome in infants
[3]. The composition of human breast milk
dynamically adapts to the infant’s changing
nutritional and developmental needs during

the early stages of life. Beyond providing es-
sential nutrients, it also contributes to non-
nutritive functions through a wide range of
bioactive components, including hormones,
antioxidants, secretory immunoglobulin A
(IgA), lactoferrin, and numerous other pro-
tective substances. Furthermore, the protein
profile of breast milk is specifically suited to the
physiological immaturity of neonatal ureagen-
esis and renal excretory function, while its low
antigenicity and high biological compatibility
support the establishment and maintenance of
immune tolerance in the infant [4]. Moreover,
ensuring an optimal balance of essential nutri-
ents and micronutrients in human milk is fun-
damental for subsequent skeletal growth and
development during infancy [5]. In mothers,
breastfeeding has been associated with a re-
duced risk of cardiometabolic disease, ovarian
cancer, and type 2 diabetes [6]. Human milk is
widely regarded as the optimal form of infant
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feeding, meeting both the physical and psychological needs
of newborns during the early months of life [7, 8]. Despite
well-established benefits and existing recommendations,
breastfeeding initiation and continuation rates remain
suboptimal among mothers [9]. Multiple factors are as-
sociated with early cessation of breastfeeding, such as ma-
ternal age, educational attainment, and psychosocial status.
Additional influences on successful and sustained exclusive
breastfeeding include maternal knowledge and attitudes,
the level of support received, socioeconomic conditions,
and breastfeeding self-efficacy [10]. UNICEF Belgrade
data indicate that early initiation of breastfeeding occurs
in only 8% of newborns in Serbia, with 6% in urban areas
and 10% in non-urban areas. Exclusive breastfeeding is re-
ported in 24% of infants aged 0-5 months nationwide [11].
Maternal breastfeeding self-efficacy is recognized as a key
influencing factor of initiation, duration, and exclusive-
ness of breastfeeding [6]. Breastfeeding self-efficacy scale
(BSES), developed by Dennis and Faux (1999), was created
to measure maternal sense of competence in breastfeed-
ing. Dennis (2003) later revised the instrument, reducing
it from 33 to 14 items and renaming it the BSES-short
form (BSES-SF) [12]. Self-efficacy refers to the women’s
perceived capability to breastfeed successfully [13, 14]. The
BSES-SF allows healthcare professionals to identify women
at higher risk of not initiating or sustaining breastfeed-
ing and to pinpoint specific areas of reduced confidence,
thereby facilitating the development of individualized
breastfeeding promotion strategies [11]. Several factors
contribute to breastfeeding self-efficacy, such as prior per-
sonal experience, exposure to breastfeeding practices, ma-
ternal well-being, and verbal support. Efforts to improve
self-efficacy are important because they are associated with
more favorable breastfeeding outcomes and better infant
health [15]. The BSES-SF has demonstrated strong psy-
chometric properties and has been translated into several
languages, but a Serbian version is still lacking. For this
reason, validating a Serbian version and using it within
efforts to improve breastfeeding rates is an important step.
Grounded in Bandura’s social cognitive theory, the BSES-
SF measures maternal confidence in breastfeeding ability.
This psychometric assessment supports the reliability of
the Serbian version of the BSES-SF and quantifies maternal
breastfeeding self-efficacy throughout the postpartum. The
absence of a clear link between mothers demographic char-
acteristics and overall scale score suggests that the BSES-
SF captures a distinct construct, pointing to a modifiable
factor that may help identify mothers at higher risk [16].
Beyond measurement, the BSES-SF can indicate which
mothers may need more support during breastfeeding.
Lower scores, in this context, are usually associated with
a greater need for intervention. Accordingly, BSES-SF may
be used as a tool to reveal specific support needs among
mothers and suggest lactation support programs. Based
on BSES-SF results, specific strategies to enhance maternal
confidence can be implemented.

DOI: https://doi.org/10.2298/SARH260517047S
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METHODS

This cross-sectional study included breastfeeding mothers
who had delivered at a tertiary care hospital in Novi Sad in
2025. Women could take part if they were 18 years or older,
had delivered after 37 gestational weeks, spoke Serbian,
were able to give informed consent, and had reached at
least six months postpartum. We included only mothers
whose postpartum course did not involve intensive care,
since early contact between mother and infant is consid-
ered important for establishing breastfeeding. Those with
medical conditions or ongoing therapies that made breast-
feeding unfeasible were not included. Participants were
informed of the study objectives before enrollment, and
written informed consent was then obtained. Participants
then completed the study questionnaire either in person
or online.

Of the 100 women invited to take part, 22 declined.
Among those who responded, eight were later excluded
for incomplete questionnaires, leaving a final sample of
70 participants. Sample size was estimated using general
guidance for psychometric validation, which typically
recommends including several participants per item.
For a 14-item questionnaire, this resulted in an expected
range of 70 to 140 participants. A larger sample was pre-
ferred in order to strengthen the analysis. The BSES-SF
is a unidimensional instrument comprising 14 items. All
items are positively worded and introduced by the phrase
“I can always,” and are rated on a five-point Likert-type
scale covering the range from 1 (“not at all confident”)
to 5 (“always confident”). Total scores are based on the
sum of item responses, ranging from 14 to 70, with higher
scores indicating greater breastfeeding self-efficacy. In ad-
dition to the BSES-SE data on demographic characteristics
(maternal age, education level, employment, and marital
status) were collected. The questionnaire also involved in-
formation about nursing practices and obstetric and neo-
natal characteristics, such as gestational age, parity, mode
of delivery, prior breastfeeding experience, and timing of
lactation initiation.

The Serbian version of the BSES-SF was developed
through a standardized cross-cultural adaptation pro-
cess based on the previously validated Croatian version.
Permission for translation and use of the instrument was
obtained from the author of the Croatian version. The
translation into Serbian was carried out by two indepen-
dent certified court interpreters, with the aim of maintain-
ing conceptual equivalence with the original version. The
draft was reviewed by healthcare professionals working in
nursing and pediatric care to suggest changes to improve
the wording and structure. It was then revised further with
the original author to ensure it remained consistent with
the original instrument and to resolve any remaining is-
sues. The final version was established after repeated com-
parison with the original scale, with particular attention
to both conceptual clarity and linguistic suitability for use
in the Serbian setting.

A pilot study was conducted with 10 participants who
satisfied the study eligibility criteria, to evaluate how
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Table 1. Results of breastfeeding self-efficacy scale-short form according to demographics

groups were performed using the Kruskal-

Variable Category Mean + SD (st:-arf‘i'c) 2 Walhs test. All statistical tests were two-
- st tailed, and a p < 0.05 was considered sta-
Parity Primipara 53.13+10.99 5325 | 0.422° tistically significant.
Multipara 54.85+10.75
Marital status Married >4.28+ 11.02 2255 | 0.389° Ethics: The study was conducted in accor-
Not married 53+9.80 . . . 1.
o ool 517 dance with the Declaration of Helsinki and
+ : .
S”mardy x oc;\ | T +_1 06 was approved by the Ethics Committee of
econdary schoo LLE . . . .. . .
Education level | Coll Y 47332219 261 | og1om the University Clinical Center of Vojvodina
ucation leve ollege o X6 e . . . ..
il (Decision No. 00-44/22.).
University degree 55.96 +9.33
Master/magister/PhD 55.31+10.97

SD - standard deviation;
2Mann-Whitney U test;
bKruskal-Wallis test

Table 2. Results of breastfeeding self-efficacy scale-short form according to obstetric

characteristics

RESULTS

The mean participant age was 32.19 years
(SD = 5.17). The instrument showed

strong internal consistency and reliability

Variable Category LS (st;eiittic) P (a0 = 0.815 95% CI: 0.73-0.87; p < 0.001).

1 53.70 +10.31 Corrected item-total correlation coeffi-

2 54.81+11.45 cients varied from 0.133 to 0.726 (Table 1).

Number of pregnancies 3 56.92+827 | 4.05 0.256° The exclusion of individual items did

4 43+13.04 not result in any substantial improvement

>4 59 +5.66 in the scale’s internal consistency. Overall,

Infant sex Male 51.68 + 1247 0.172° participants reported high levels of breast-

Female 56.42 +8.52 feeding self-efficacy, reflected by a mean

Type of delivery Cesa_rean se.ction 49.35+14.02 353.5 0.040° BSES-SF score of 54.11 (SD = 10.81), in-

Vaginal delivery | 56.02+8.68 dicating considerable confidence in their

Breastfeeding duration Up to six f.ﬂonths 37501960 o | 40400 breastfeeding abilities. No significant

More than six months | 55.12 + 9.40 differences in BSES-SF scores were ob-

Breastfeeding cessation <6 months 45.88 £12.28 <0001 served across obstetric variables (Table 2).

during pregnancy > 6 months 58.98 £5.89 However, significantly lower self-efficacy

Breastfeeding initiated Yes S781£835 | 05 | 0.001° scores were identified among mothers who

in maternity ward No 48.57+11.82 underwent cesarean delivery, intended to

Adequate Yes 5747 £8.99 0.018" breastfeed for less than six months, ceased

breastfeeding support No 21.29£11.50 breastfeeding before six months postpar-

Community midwife Yes >3.53+1096 0.5552 tum, did not initiate breastfeeding during
visit No 54.61+10.81 ; ; ;

— their maternity hospital stay, or reported
fﬁa;;tf\;‘v‘:]?{g;e&”taet':t’;"; insufficient breastfeeding support (Table
®Kruskal-Wallis test 3, Figure 1).
clear and easy to understand the translated instrument ~ DISCUSSION

was. Participants were asked to identify any difficulties in
understanding the items; all reported that the questions
were clear and easy to understand. Based on the outcomes,
the final Serbian version of the BSES-SF was established.

Statistical analysis was performed using JASP, Version
0.97.1 (University of Amsterdam, Amsterdam, The
Netherlands). Continuous variables were presented as
mean + standard deviation (SD), while categorical vari-
ables were expressed as frequencies and percentages. The
internal consistency of the BSES-SF was assessed using
Cronbach’s a coefficient and corresponding 95% confi-
dence intervals (CIs), with values greater than 0.70 con-
sidered acceptable. Corrected item-total correlations were
calculated for each item, and the effect of item removal
on overall reliability was evaluated. Differences between
two independent groups were analyzed using the Mann-
Whitney U test, while comparisons across more than two

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):307-313

The study evaluated psychometric characteristics of the
Serbian version of BSES-SE, a globally accepted and widely
used tool. So far, no such study has been conducted in
Serbia. Previous studies have shown that BSES-SF is associ-
ated with relevant sociodemographic and obstetric char-
acteristics. The scale showed strong internal consistency,
with a Cronbach’s a of 0.81, which falls within the range
reported in earlier validation studies (0.74-0.97) [7, 9, 12,
16-19]. Mothers confirmed high level of self-efficacy, with
a mean total score of 54.11 (SD = 10.81). Similar findings
have been reported in other populations, with mean scores
ranging from 34.39 to 63.31. The present result is closer to
the upper range of reported values, suggesting relatively
high breastfeeding confidence in this sample, while lower
scores in some studies may be explained by differences
in population characteristics and postpartum conditions.
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Table 3. Breastfeeding self-efficacy scale-short form item-total correlations and reliability analysis

B Corrected itgm-total Cronbach’s a if item
correlation deleted
| can always determine that my baby is getting enough milk 0.325 0.808
| can always successfully cope with breastfeeding like | have with other challenging tasks 0.572 0.787
| can always breastfeed my baby without using formula as a supplement 0.360 0.807
| can always ensure that my baby is properly latched on for the whole feeding 0.528 0.791
| can always manage the breastfeeding situation to my satisfaction 0.565 0.789
| can always manage to breastfeed even if my baby is crying 0.173 0.814
| can always keep wanting to breastfeed 0.525 0.797
| can always comfortably breastfeed with my family members present 0.279 0.813
| can always be satisfied with my breastfeeding experience 0.726 0.777
| can always deal with the fact that breastfeeding can be time-consuming 0.212 0.814
| can always finish feeding my baby on one breast before switching to the other breast 0.133 0.824
| can always continue to breastfeed my baby for every feeding 0.687 0.780
| can always manage to keep up with my baby’s breastfeeding demands 0.676 0.781
| can always tell when my baby is finished breastfeeding 0.506 0.794
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Figure 1. Breastfeeding self-efficacy scale-short form score according to obstetric characteristics

As in other studies, there were no significant associations
between total score and the mother’s and infant’s age [20].
Respondents who completed only primary school had the
highest scores. Among respondents with higher educa-
tional attainment, those with a university education scored
higher than those with secondary education, which is in
line with Amini et al. [20]. Similar results were found by
Mazichova et al. [12] where better scores were noted in
women with lower educational attainment, in comparison
with women with tertiary-level education. Rarely, in some
studies there were no significant differences in relation to
educational level [18, 21]. On the other hand, Gizaw et al.
[22] showed better attitude for breastfeeding associated
with educational level, particularly among mothers with
secondary education or higher. Respondents who are mar-
ried (or living with a partner) had greater success in breast-
feeding compared to single mothers. The multiparous had
a better score compared to the respondents with only one

‘ DOI: https://doi.org/10.2298/SARH260517047S

child, even though the questions related to the experience
with the first child [7, 12]. There are studies that show even
that multiparous mothers who had previously breastfed
for more than six months scored significantly better than
those with shorter nursing experience [17, 18, 22]. The
number of pregnancies correlated positively with the out-
come of the survey, regardless of the number of live births.
A total of 83% of respondents delivered vaginally and had
higher scores than those who underwent cesarean section,
consistent with previous findings [9, 15]. Many evidence
indicates that mothers who deliver by cesarean section are
less likely to intend to breastfeed, which may be related to
the absence of early breastfeeding support practices such
as lactation initiation in the first hour after birth and skin-
to-skin contact [7]. This is in line with studies suggesting
that cesarean delivery may be associated with short-term
psychological effects. All respondents reported during
pregnancy that they intended to breastfeed for more than
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six months. Among them, 55% achieved this goal and had
higher scores, suggesting that greater breastfeeding self-ef-
ficacy may be associated with both the intention to breast-
feed and its successful continuation. These findings are
in line with previous studies highlighting self-efficacy as
an important factor in breastfeeding duration. A woman’s
breastfeeding perception is influenced by multiple factors
including prior experience, breastfeeding intention, com-
mitment, and emotional well-being [21]. A total of 70% of
participants established lactation during their stay in the
maternity ward and achieved higher scores, regardless of
delivery method. About 50% of the participants believe
that the support in the maternity hospital is adequate in
terms of establishing lactation, they also had better score
values than the respondents who were not satisfied with
the support. Greater social support from spouses, family
members, nurses, and midwives during breastfeeding pe-
riod has been associated with higher overall scores [9, 21].

In Serbia, as part of primary health care, there is an
outpatient service that automatically assigns a nurse to
the mother in the first days after leaving the maternity
hospital. Yet, almost 40% of women state that they hired
private breastfeeding counselors to improve their breast-
feeding experience. Recent studies suggest that postnatal
breastfeeding support interventions appear more effective
than antenatal interventions in improving breastfeeding
self-efficacy, which coincides with the impressions of the
mothers who participated in our study.

In recent World Health Organization and UNICEF
communications, particular emphasis has been placed on
the development of sustainable breastfeeding support sys-
tems, recognizing that breastfeeding success depends not
only on maternal factors but also on family, community,
workplace, and health-care support. These factors are also
known determinants of breastfeeding self-efficacy. Also,
new guidelines from the Association of Anesthetists from
March 2026 are suggesting that the breastfeeding status of
women scheduled for procedures requiring anesthesia or
sedation should be assessed during preoperative planning.
Available data suggest that most perioperative drugs are
excreted into human milk in minimal concentrations, with
no demonstrated clinically significant adverse effects on
nursing infants. Accordingly, interruption of breastfeed-
ing or discarding expressed milk after anesthesia is not
routinely recommended. Instead, breastfeeding can usu-
ally be continued once the mother is awake and clinically
stable [23].

Recent International Council for Harmonization rec-
ommendations advocate for the appropriate inclusion of
pregnant and breastfeeding individuals in clinical trials in
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order to generate evidence-based data on the safety and
efficacy of medicinal products during pregnancy and lacta-
tion. This approach may improve clinical decision-making
and reduce unnecessary interruption of breastfeeding [24].
According to a clinical report published by the
American Academy of Pediatrics in January 2026, feed-
ing with human milk is associated with improved clinical
outcomes among very low birth weight infants and has
been correlated with a lower risk of several major neo-
natal morbidities, such as necrotizing enterocolitis, late-
onset sepsis, bronchopulmonary dysplasia, retinopathy of
prematurity, and neurodevelopmental deficits. Therefore,
healthcare professionals should ensure that parents are
adequately informed about the significant role of human
milk in promoting infant health and provide continuous
breastfeeding support during the entire neonatal intensive
care stay to help families meet their lactation goals [25].

CONCLUSION

In this study, the Serbian version of the BSES-SF demon-
strated good reliability and validity for assessing breast-
feeding self-efficacy among Serbian-speaking mothers.
These findings are similar to those reported in earlier
validation studies.

Further research is needed to examine the scale in
mothers with medical conditions that may affect breast-
feeding. It would also be useful to include more hetero-
geneous populations to confirm these findings and to
better understand how breastfeeding self-efficacy can be
improved.
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Banupgaumja cpncke Bep3suje KpaTke dopme cKane camoedpuKacHOCTH Y Aojetby

[HparaH Crajuh'?, CnahaHa Mejakosuh'?, HukonuHa Bykosuh'#, Munow PagosaHoBuh'?, [lejaH MumbkoBuh ', Mapko bojoBuh'®,

Hencu Nanuh'’

'YHuBep3utet y Hosom Cagy, MeguuunHcku dakyntet, Hosu Cag, Cpbuja;
*YHNBEP3UTETCKI KNUHUYKM LieHTap BojBoauHe, KnuHuKa 3a ruHekonorujy v akywepctso, Hosu Cag, Cpbuja;

*MonuknuHka,Perena’, Hosn Cag, Cpbuja;

*YHIBEP3UTETCKM KNMHNYKM LieHTap BojBogunHe, KnnHika 3a enpgokprHonorujy, anjabetec n 6onectn metabonusma, Hosn Cag, Cpbuja;
SWHcTuTyT 3a nnyhHe 6onectn BojsoanHe, Cnyx6a 3a natonorujy n monekynapHy gujarHoctuky, Hou Cag - Cpemcka Kamenuua, Cpbuja;
S/HCTMTYT 3a oHKonorujy BojsoaunHe, KnuHuka 3a pagujaumoHy oHkonorujy, Hosu Cag — Cpemcka KameHuua, Cpbuja;

"WHcTuTyT 3a nnyhHe 6onectn BojsoauHe, KnuHuka 3a nnyhHy oHkonorujy, Hosu Cag - Cpemcka KameHuua, Cp6uja

CAXETAK

YBog/LUumb MpeBaneHumja gojerwa y Cpbuju n farbe je HuCKa
y nopehemy ca rnobanHmm npoueHama. CamoedrKkacHocT y
[lojerby MpefCTaB/ba BaXkaH 1 MPOMEHSbMB GaKTop Koju yTuue
Ha 1cxop fojerba, Npu YeMy CBe BliLLe CTyAMja YKa3yje Ha To fia
tbeHO yHanpeherbe JonprHOCK KBAIUTETY 1 Tpajakby fojerba.
Linm oBe cTyaunje 6uo je pa ce kKpaTka Gopma ckane camoe-
drKacHOCTM y fojerby NpeBefe 1 KyaTypOsIOLWKY Npuiaroan
CPMCKOM je3uKy, Aa ce NPOoLieHe heHe NCUXOMETPUjCKe Kapak-
TEPUCTUKE KOZ Aojuiba Ao 12 Meceum HakoH nopohaja, Kao 1
[la ce UCMUTajy pasnvke y CKOPOBMMA Y OfHOCY Ha penieBaHTHe
couropemorpadcke 1 ONcTeTpUUKe KapakTeprucTuKe.
MeTope OBa cTyavja npeceka obyxsaTuna je 70 fojurba nopo-
HeHux Ha KnuHMLW 3a FTMHEKONOrnjy 1 akyLwepcTBO YH/BEP3U-
TETCKOT KNMHNYKOT LieHTpa BojsoaunHe. Ckana je npunaroheHa
Ha OCHOBY NPETXOAHO BanuAMpaHe XpBaTcKe Bep3uje, y3 Npu-
MeHy CTaH[apAM30BaHKX NpoLleaypa KynTypHe aganTauuje.
YHyTpalutba KOH3MCTEHTHOCT je MpoLietbeHa NoMohy cTaTucTrKe
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CTaBKa-yKynHo (item-total) n Kponb6axose a. Pa3nuke nsmehy
rpyna aHanusvpaHe cy npumeHom MaH-ButHujesor U-tecra.
PesynTtartu [lpoceyHa cTapocT ucnutaHuua nsHocuna je 32,19
+ 5,17 roguHa. Ckana je mokasana Ao6py yHyTpallky KOH3W-
cTeHTHOCT (KpoHbaxosa a = 0,81; 95% CI: 0,73-0,87). Kopuro-
BaHe KopenaLuje n3mehy CTaBKy 1 yKyMHOT CKOpa KpeTase cy
ceop 0,13 po 0,73. NpoceyaH ckop n3Hocuo je 54,11 £ 10,81,
LUTO YKa3yje Ha BUCOK HMBO CaMoepUKaCHOCTH Y fojerby. Huxu
CKOPOBY 3abeneXXeHy Cy KOf MajKui MopoheHMX LLapcKum pe3oMm,
ca Kpahvm NnaHupaHuM Tpajatbem Aojerba, PaHOM 0bycTaBom
Jojerba, KaCHMM 3anounatbeM fjojerba U HeAOBOSbHOM MOAP-
LUKOM 3a fiojetbe.

3akbyuak Cpricka Bep3uja cKane nokasana je 3ajoBosbaBajyhy
YHYTPaALLHY KOH3UCTEHTHOCT 1 NPENVIMUHAPHY BalMAHOCT 3a
Mepete caMoedUKacHOCTU y flojerby.

KmbyuHe peun: fojetbe; camoedrKacHOCT; YNIUTHULW; CTyauje
npeceka; Majke; NoCTNapTanHn Neproa

www.srpskiarhiv.rs

313



DOI: https://doi.org/10.2298/SARH260320037D

UDC:615.33.015.8

ORIGINAL ARTICLE / OPUTUHAJIHN PA[]

Knowledge and attitudes of biomedical science
students about antibiotic resistance
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SUMMARY

Introduction/Objective Antibiotics are essential drugs for treating bacterial infections; however, inap-
propriate use contributes to antibiotic resistance. This study aimed to assess the knowledge and attitudes
of biomedical science students regarding risks associated with antibiotic use and the emergence of
antibiotic resistance.

Methods This cross-sectional study was conducted using a questionnaire-based survey. A total of 195
biomedical science students participated, including 65 students each from medicine, pharmacy, and den-
tistry at the Faculty of Medical Sciences, University of Kragujevac. Participants anonymously completed a
15-item questionnaire covering sociodemographic characteristics and knowledge and attitudes related
to antibiotic use and resistance. Data were analyzed using IBM SPSS Statistics for Windows, Version 22.0.
(IBM Corp., Armonk, NY, USA).

Results The mean age of participants was 24.06 + 1.1 years, and most respondents were female (80.5%).
Nearly all students were familiar with the definition of antibiotics (98.5%), types of antibiotics (89.2%),
and the concept of antimicrobial resistance (99.5%). The majority (75.9%) recognized antibiotic resistance
as a major global health problem. Statistically significant differences were observed between medical
and dental students, as well as between pharmacy and dental students. Concern about the impact of
antibiotic resistance on personal health varied significantly among groups; 55.4% reported concern,
while 33.3% were not concerned. Most respondents (96.4%) strongly agreed that responsible antibiotic
use is a collective responsibility.

Conclusion Students across all study programs demonstrated good knowledge of antibiotic use and
resistance but expressed a need for additional education. Curriculum revision during clinical training
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may improve application of knowledge in future clinical practice.

Keywords: antibiotics; resistance; students

INTRODUCTION

Antimicrobial resistance (AMR) is a signifi-
cant public health problem worldwide [1, 2],
defined as the ability of microorganisms to
resist antimicrobial agents to which they were
previously susceptible [3]. AMR represents a
growing global public health challenge, aris-
ing from a range of complex processes such
as genetic mutations, horizontal gene transfer,
and bacterial adaptations including biofilm de-
velopment and increased efflux pump activity.
These processes hasten the evolution and dis-
semination of resistant strains, further shaped
by genetic context, mobile genetic elements,
and environmental pressures [4]. Various fac-
tors contribute to the spread of AMR, including
self-medication or the use of antibiotics with-
out a prescription and the over prescription of
antibiotics [5, 6]. Studies have shown a global
increase in antibiotic prescribing in recent de-
cades [1-7]. This problem is often attributed to
inappropriate guidelines for antibiotic prescrib-
ing and the empirical use of antibiotics without
identifying the causative agent of the infection.
The issue is particularly prevalent in low- and

middle-income countries [8]. Additionally,
insufficient knowledge regarding the indica-
tions for specific antibiotic groups coupled with
the lack of clear protocols during and after the
COVID-19 pandemic, has exacerbated the ir-
rational use of antibiotics, potentially leading to
a further rise in antibiotic resistance [9]. AMR
has numerous consequences, including severe
illness, increased hospital admissions, higher
costs of second-line drugs, elevated overall
healthcare expenses, and increased mortality
rates [10]. AMR ranks among the major global
causes of mortality, disproportionately affecting
low-resource regions [11].

Serbia is among the European countries
with the highest rates of antibiotic resistance
and consumption [12, 13]. According to the
2020 Central Asia and Europe Antimicrobial
Resistance Surveillance Network (CAESAR)
report, which includes data from 18 coun-
tries and territories outside the European
Union, high resistance rates in P. aeruginosa,
Acinetobacter spp., and E. faecium in Serbia
are particularly concerning. Additionally,
there is moderately high resistance to third-
generation cephalosporins, aminoglycosides,
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and fluoroquinolones in E. coli, as well as to penicillin
and macrolides in S. pneumoniae [12]. With an antibiotic
consumption rate of 31.57 defined daily doses (DDD) per
1000 inhabitants per day, Serbia ranks among the three
European countries with the highest total antibiotic con-
sumption, alongside Greece (33.85 DDD) and Turkey
(38.18 DDD), according to the European Antimicrobial
Network Report on Medicines Consumption for the period
2016-2018 [13]. The Republic of Serbia has implemented
a National Antimicrobial Resistance Control Program for
2019-2023, which emphasizes, among other strategies,
raising awareness among healthcare professionals who pre-
scribe antimicrobials [14]. As a middle-income country,
Serbia reports that 80% of all antibiotics are prescribed for
outpatient conditions [15]. Serbia is also a member of the
CAESAR network and it ranks among the European coun-
tries with the highest percentage of resistant isolates [16].
More robust interventions are essential to facilitate the pru-
dent and evidence-based use of antibiotics. Additionally,
research is needed to explore and understand the knowl-
edge, attitudes, and behaviors of the general population
regarding antibiotic use [17].

Considering that the knowledge, attitudes, and behav-
iors of individuals are crucial for establishing and ensuring
the rational use of antibiotics, the indications for their pre-
scription must be defined responsibly [16]. In Serbia, the
medical education curricula for future doctors, dentists,
and pharmacists include courses in pharmacology and mi-
crobiology but lack dedicated courses on antimicrobial use
and resistance.

Recent global reports continue to highlight AMR as one
of the leading threats to public health, with projections
indicating a further increase in morbidity and mortality if
current trends persist [18]. In addition, growing evidence
emphasizes the importance of educating future healthcare
professionals as a key strategy in antimicrobial steward-
ship programs [19]. Therefore, assessing knowledge and
attitudes among biomedical students remains essential for
designing targeted educational interventions.

The aim of this study was to assess the knowledge and
attitudes of biomedical science students at the Faculty of
Medical Sciences, University of Kragujevac, regarding their
perception of risks associated with antibiotic use and the
emergence of antibiotic resistance.

METHODS
Study design

The study was designed as a cross-sectional study based
on the use of a questionnaire. It was conducted at the
Faculty of Medical Sciences, University of Kragujevac
from November to December 2023. The study popula-
tion comprised a total of 195 biomedical science students
(65 final year students of medicine, 65 final year students
of pharmacy and 65 third, fourth and final year students
of dentistry). The selected groups of students are future
healthcare professionals who will be allowed to prescribe
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or sell antibiotics in the Republic of Serbia. Inclusion crite-
ria: students of biomedical sciences (medicine, pharmacy,
and dentistry) who have passed the pharmacology exam.
Exclusion criteria: students of other faculties and students
who have not passed the pharmacology exam yet.

Questionnaire design

The questionnaire was adapted from previously published
instruments originally developed by Golhar et al. [20]
and aligned with the World Health Organization recom-
mendations on AMR awareness. Prior to the study, the
questionnaire was reviewed by experts in pharmacology
and public health to ensure content validity. A pilot test
was conducted on a small group of students to assess clar-
ity and comprehensibility, and minor modifications were
made accordingly.

The final questionnaire consisted of 15 items divided
into two domains: knowledge (two questions) and attitudes
(13 questions). All questions were close-ended with three
response options. The questionnaire also included so-
ciodemographic variables such as sex, year of birth, study
program, and year of study.

Data analysis

Data were analyzed using IBM SPSS Statistics for
Windows, Version 22.0. (IBM Corp., Armonk, NY, USA).
Descriptive statistics were expressed as frequencies, per-
centages, means, and standard deviations. The normality
of data distribution was assessed using the Kolmogorov-
Smirnov test. As the data did not follow a normal distribu-
tion, non-parametric tests were applied.

Differences between two independent groups were ana-
lyzed using the Mann-Whitney U test, while comparisons
among three groups were performed using the Kruskal-
Wallis test. Categorical variables were analyzed using the
X’ test. A p < 0.05 was considered statistically significant.

Ethics: This study was approved by the Ethics Committee
of the University of Kragujevac, Medical Sciences (No: 09-
666/3, February 13, 2025).

RESULTS

A total of 195 biomedical sciences students were included
in the study, with 65 participants in each academic group.
Female students predominated in all three groups, ac-
counting for 80.5% of the total sample. Demographic
characteristics are presented in Table 1. A statistically sig-
nificant difference in age was observed among the groups
(p < 0.001), with the highest mean age recorded in medical
students and the lowest in dental students.

The overall distribution of respondents’ knowledge and
attitudes toward antibiotic use and antibiotic resistance is
presented in Table 2, whereas between-group comparisons
are shown in Table 3. Overall, the respondents demonstrat-
ed a high level of knowledge regarding antibiotics. Almost
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Table 1. Demographic data of the respondents

Variables IASM IASPH IASD

n (%) n (%) n (%)
Sex Male 15(23.1) 7 (10.8) 16 (24.6)
n (%) | Female 50 (76.9) 58(89.2) 49 (75.4)
Total 65 (100) 65 (100) 65 (100)
*Agea (X £ SD) 25.1+£0.1 24+0.1 23.1£0.1

IASM - integrated academic studies of medicine; IASPH - integrated academic
studies of pharmacy; IASD - integrated academic studies of dentistry; n -
number of the respondents; % — percent of the respondents; X — mean value;
SD - standard deviation;

*p <0.001;

2Kruskal-Wallis test

all participants correctly identified that antibiotics may
exert both bacteriostatic and bactericidal effects (98.5%),
89.2% correctly recognized the group consisting exclusively
of antibiotics, and 99.5% reported being familiar with the
term antibiotic resistance.

With respect to antibiotic-use practices, 69.7% of re-
spondents reported having used antibiotics without a
prescription, with no significant differences among the
academic groups (p = 0.528). In addition, 86.7% stated
that they always take antibiotics exactly as prescribed, and
89.2% reported that they do not discontinue antibiotic
therapy once symptoms begin to improve; neither vari-
able differed significantly between groups (p = 0.627 and
p = 0.577, respectively). Furthermore, 62.1% considered
it unacceptable to take an antibiotic from a family mem-
ber or friend without prior consultation with a physician,
although this attitude did not significantly differ across
groups (p = 0.261).

Regarding recent antibiotic exposure, 54.4% of par-
ticipants reported not having used antibiotic therapy in
the previous six months, with no statistically significant
difference among the groups (p = 0.182). In relation to
agriculture, 59.5% of respondents believed that antibiot-
ics are used extensively in this sector, while 59% believed
that such use should be reduced. Although perceptions
of extensive agricultural use did not differ significantly
between groups (p = 0.056), attitudes toward reducing an-
tibiotic use in agriculture did show a significant difference
(p = 0.009). Agreement with reducing such use was higher
among medical and pharmacy students (66.2% in both
groups) than among dental students (44.6%).

Most respondents (76.9%) believed that antibiotic re-
sistance does not receive sufficient attention at universi-
ties, in professional literature, or in the media, with no
significant between-group difference (p = 0.345). In total,
75.9% agreed that antibiotic resistance is one of the leading
global problems; however, this perception differed signifi-
cantly across groups (p < 0.001), with greater agreement
among pharmacy students (92.3%) and medical students
(83.1%) than among dental students (52.3%). A signifi-
cant between-group difference was also observed regard-
ing concern about the impact of antibiotic resistance on
personal and family health (p = 0.030), with pharmacy
students expressing the highest level of concern (66.1%)
and dental students the lowest (41.5%). Finally, 96.4% of
respondents agreed that the responsible use of antibiotics
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is a collective responsibility, with no statistically significant
difference among the groups (p = 0.087).

DISCUSSION

This is the first study to examine this topic among students
at the University of Kragujevac, rather than the general
population in Serbia. Our research revealed that the sur-
veyed students possess good knowledge about antibiotics
and antibiotic resistance, with the percentage of students
demonstrating adequate knowledge being slightly higher
than that observed in the general population in Serbia [17].
A total of 89.23% of the surveyed students reported not
discontinuing antibiotics as soon as they noticed improve-
ment, indicating adherence to the prescribed duration of
therapy. These findings align with those of a study con-
ducted in the USA, where nearly all interviewed medical
students were aware that the inappropriate use of anti-
biotics could harm patients and contribute to the spread
of resistant bacterial strains [21]. In contrast, a study by
Horvat et al. [17] found that approximately 22% of den-
tal and veterinary students and 10% of medical students
discontinued antibiotics once their symptoms resolved.

A study by Sobierajski et al. [22] demonstrated that
students are aware of the dangers of antibiotic resistance,
identifying the misuse of antibiotics as its primary cause.
Additionally, students emphasized the need for more
classes on antibiotic therapy to be integrated into the cur-
riculum of the Medical University of Warsaw, and this
viewpoint was shared by 76.92% of our respondents. In a
study by Jackson et al. [23], the majority of participants,
Nigerian students (94.3%), exhibited above-average knowl-
edge about antibiotics and antibiotic resistance and recog-
nized AMR as a global problem, though their understand-
ing of proper antibiotic use was inadequate. These findings
are consistent with our results, which showed that students
had strong theoretical knowledge, with 98.46% correctly
identifying the definition of antibiotics and 89.23% provid-
ing the correct response to the question about which drug
belongs to the group of antibiotics. Compared to similar
studies conducted in Europe and developing countries,
our findings indicate a relatively high level of theoretical
knowledge; however, important gaps remain in practical
attitudes and behaviors, particularly regarding self-medi-
cation and inappropriate antibiotic use [24, 25].

Kose et al. [26] examined the knowledge of final-year
medical students and doctors in their study. Doctors were
more hesitant during the undergraduate period and more
confident in the postgraduate period in their decision to
start antibiotic treatment. One of the greatest concerns
was that doctors tend to forget their theoretical knowl-
edge about antibiotics over time and are unable to keep
up with current developments after graduation. The most
significant concern during the undergraduate period was
the choice of antibiotics from the wrong group, while in
the postgraduate period, the fear of an unproven infection
being present was more prominent. Doctors’ habits, atti-
tudes, and behavior in prescribing antibiotics vary before
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Antibiotic resistance in students

Table 2. Knowledge and attitudes of the respondents related to antibiotic use

and resistance

and after graduation. Continuous education
on antibiotic use for doctors after graduation

_(I?:e“ionh T RvTit n (%) r could positively contribute to reducing the rate
e mechanism of action of antibiotics is: . . .
bacteriostatic effect 0(0) of AMR and increasing awareness of rational
bactericidal effect 3(1.5) antibiotic use.
bacteriostatic and bactericidal effect 192 (98.5) | 0.000* Knowledge’ attitudes) and practices Vary
Select the response that includes exclusively antibiotics: greatly depending on the university, training
tafluprost, amikacin, clarithromycin 3(1.5) 1 d . . ’
gentamicin, ciprofloxacin, favipiravir 18(9.2) cycle, and socioeconomic status.
azithromycin, doxycycline, teicoplanin 174 (89.2) | 0.000* A significant proportion of students con-
Have you ever used antibiotics without a prescription? sider the standard of education on antibiotics
3:25 1? g 5892')7) and bacterial resistance at their university to be
not sure 8(41) | 0.000* poor or mediocre. These findings indicate that
Do you always take antibiotics exactly as prescribed there is a need to strengthen the curriculum and
(dose, dosing schedule, etc.)? programs for medical students on antibiotics,
Z‘ZS 12659((182657)) the mechanisms of antibiotic resistance, and the
not sure 1(0.5) | 0.000% prudent use of antibiotics. This is an important
Do you discontinue antibiotic therapy once your strategy to combat the public health problem of
symptoms begin to improve? 20(103) resistance, especially in endemic countries [27].
)r/:: 174.(89.2) The findings from the study, conducted by
not sure 1(0.5) | 0.000* Mayers et al. [28], demonstrate that short-term
Do you consider it acceptable to take an antibiotic from international programs integrating hands-on
a family member or friend, if it is indicated for your microbiology training with AMR-focused edu-
condition, without prior consultation with a doctor? 6 K i ) K
yes 5(33.3) cation can effectively enhance students’ techni-
no 121(62.1) cal competencies, awareness of AMR, and pro-
not sure 9(46) | 0.000% fessional confidence. Moreover, the workshop’s
Have you used antibiotic therapy in the last six months? cross-cultural and English-based collaborative
yes 86 (44.1) . 11 . . .
no 106 (54.4) framework highlights its value in fostering
not sure 3(1.5) | 0.000% global perspectives and partnerships essential
Are you familiar with the term antibiotic resistance? for addressing AMR as a shared public health
yes 194(99.5)
o 0(0) challenge [28]. . .
not sure 1(0.5) | 0.000* The systematic review and thorough meta-
Do you think that antibiotics are used extensively in analysis by Jahromi et al. [29] reveal consider-
agrlc:slture (primarily in animal farming)? 116(59.5) able deficiencies in healthcare workers’ knowl-
ﬁo 6(.1) . edge, attitudes, and practices concerning AMR
not sure 73 (37.4) | %000 worldwide. Overall, it appears that the levels of
Do you think that antibiotic resistance receives enough knowledge and attitudes and consequently good
attention (at university, in professional literature, and in practice among healthcare workers including
the media)? . . ’
yes 35(17.9) students, particularly in less developed coun-
no 150 (76.9) tries, remain far from satisfactory [29].
notsure 10(5.1) | 0.000 The majority of students in the study by
Antibiotic resistance is one of the leading global problems Baddal et al. [30] had sufficient basic knowledge
yes 148 (75.9) T
no 15(7.7) | 6 000¢ about antibiotics, but there were areas of con-
not sure 32(164) | — cern. All groups of students were aware of how
I think healthcare professionals should prescribe antibiotic resistance develops and their roles
antibiotics only when it is truly necessary health fessi Is in imol .
yes 184 (94.4) as healt care professionals in imp ementing
no 10(5.1) measures against resistance. These results are
not sure 1(0.5) | 0.000" | consistent with our findings, where the majority
| believe that the use of antibiotics in agriculture should of respondents believe that antibiotic resistance
be reduced X P i
yes 115 (59) is one of the leading global problems.
no 11(5.6) This study has several limitations, including
not sure 69354) | 0.000 being conducted at a single institution, which
I am concerned about the impact of antibiotic resistance mav limit the generalizabilitv of the findings
on my health and the health of my family Y g Y . . s
yes 108 (55.4) and the use of self-reported questionnaires that
no 65 (33.3) . may introduce response bias. Additionally, the
notsure 22(11.3) | 0.000 cross-sectional design prevents establishing
Responsible use of antibiotics is a collective responsibility 1 relati hips b Kk led d
ves 188 (96.4) causal relationships between knowledge an
no 3(1.5) attitudes.
not sure 4(21) | 0.000% Nevertheless, the study provides important
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n - number of respondents; % — percent of respondents; p - significance;

pondents; insights into the current level of awareness
a - x* test; * — statistical significance
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Table 3. Knowledge and attitudes between groups of the respondents related to antibiotic use and resistance

Question IASM IASPH IASD o~
n (%) n (%) n (%)

The mechanism of action of antibiotics is:

bacteriostatic effect 0(0) 0(0) 0(0)

bactericidal effect 1(1.5) 0(0) 2(3.1)

bacteriostatic and bactericidal effect 64 (98.5) | 65(100) | 63(96.9) 0.447
Select the response that includes exclusively antibiotics:

tafluprost, amikacin, clarithromycin 1(1.5) 0(0) 2(3.1)

gentamicin, ciprofloxacin, favipiravir 7 (10.8) 0(0) 11(16.9)

azithromycin, doxycycline, teicoplanin 57 (87.7) | 65(100) 52 (80) 0.159
Have you ever used antibiotics without a prescription?

yes 46 (70.8) | 44(67.7) | 46(70.8)

no 18(27.7) | 19(29.2) | 14(21.5)

not sure 1(1.5) 2(3.1) 5(7.7) 0.528
Do you always take antibiotics exactly as prescribed (dose, dosing schedule, etc.)?

yes 57(87.7) | 53(81.6) | 59(90.8)

no 8(12.3) 11(16.9) 6(9.2)

not sure 0(0) 1(1.5) 0(0) 0.627
Do you discontinue antibiotic therapy once your symptoms begin to improve?
yes 8(12.3) 7(10.8) 5(7.7)
no 56 (86.2) | 58(89.2) | 60(92.3)
not sure 1(1.5) 0(0) 0(0) 0.577
Do you consider it acceptable to take an antibiotic from a family member or friend, if it is
indicated for your condition, without prior consultation with a doctor?

yes 21(323) | 16(24.6) | 28(43.1)

no 41(63.1) | 46(70.8) | 34(52.3) 0.261

not sure 3(4.6) 3(4.6) 3(4.6)
Have you used antibiotic therapy in the last six months?

yes 24(36.9) | 29(44.6) | 33(50.8)

no 40(61.5) | 26(55.4) | 30(46.2)

not sure 1(1.5) 0(0) 2(3.1) 0.182
Are you familiar with the term antibiotic resistance?

yes 65(100) 65 (100) | 64 (98.5)

no 0(0) 0(0) 0(0)

not sure 0(0) 0(0) 1(1.5) 0.221
Do you think that antibiotics are used extensively in agriculture (primarily in animal farming)?

yes 43(66.2) | 41(63.1) | 32(49.2)

no 1(1.5) 3(4.6) 2(3.1)

not sure 21(32.3) | 21(32.3) | 31(47.7) 0.056
Do you think that antibiotic resistance receives enough attention (at university, in
professional literature, and in the media)?

yes 11(16.9) | 14(21.5) | 10(15.4)

no 52(80) 49 (75.4) | 49(75.4)

not sure 2(3.1) 2(3.1) 6(9.2) 0.345
Antibiotic resistance is one of the leading global problems

yes 54(83.1) | 60(92.3) | 34(52.3)

no 5(7.7) 3(4.6) 7(10.8)

not sure 6(9.2) 2(3.1) 24 (36.9) 0.000*
I think healthcare professionals should prescribe antibiotics only when it is truly necessary

yes 60(92.3) | 63(96.9) | 61(93.8)

no 4(6.2) 2(3.1) 4(6.2)

not sure 1(27.7) 0(0) 0(0) 0.502
| believe that the use of antibiotics in agriculture should be reduced

yes 43(66.2) | 43(66.2) | 29 (44.6)

no 4(6.2) 3(4.6) 4(6.2)

not sure 18(27.7) | 19(29.2) | 32(49.2) 0.009*
| am concerned about the impact of antibiotic resistance on my health and the health of
my family

yes 38(58.5) | 43(66.1) | 27 (41.5)

no 21(32.3) | 18(27.7) 26 (40) 0.030*

not sure 6(9.2) 4(6.2) 12(18.5)
Responsible use of antibiotics is a collective responsibility

yes 64(98.5) | 63(97) | 61(93.9)

no 1(1.5) 1(1.5) 1(1.5)

not sure 0(0) 1(1.5) 3 (4.6) 0.087

IASM - integrated academic studies of medicine; IASPH - integrated academic studies of pharmacy; IASD - integrated academic studies of dentistry;
n — number of respondents; % — percent of respondents; p — significance; a — x* test; * — statistical significance

DOI: https://doi.org/10.2298/SARH260320037D Srp Arh Celok Lek. 2026 May-Jun;154(5-6):314-320



Antibiotic resistance in students

among future healthcare professionals and highlights the
need for continuous education and curriculum improve-
ment.

CONCLUSION

Based on our results, we can conclude that students from
all study groups are educated about antibiotic resistance, as
well as the use and application of antibiotics in treatment,
but students expressed a desire for additional education. A
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3Hara U CTaBOBMU CTyAeHaTa 6MOMEAMU,VIHCKMX HayKa 0 aHTM6MOTCKOj pEBMCTEHU,MjM
[paraHa CraHnwuh’, Peka AHTUR', Pyxnua ViBkosuh', Carba ByjoBuh Puctuh’, Hega MepyHosuh?, Munuua hHyphesuh',

Bnapax Hophesuh'?

'"YHusep3utet y KparyjesLly, QakynteT meavLMHCKUX Hayka, KparyjeBali, Cpbuja;

2Ynueepautet y beorpapy, Cromatonowwku dakynteT, beorpag, Cpbuja;

33aBoA 3a 3APaBCTBEHY 3alUTUTY CTyAeHaTa (ca cTaumoHapom), beorpag, Cpbuja

CAXETAK

YBopa/Linrbe AHTMOVOTULM Cy 3HaUajHU NIeKoBM y 6op6y MPoTrB
6aKTepujcKnx nHdekumja, MehyTm HeagekBaTHa ynotpeba
AOMPVHOCYK Pa3Bojy aHTMOKOTCKe pesncTeHuyje. Linmb ose cTy-
Avje 610 je fa ce NpoLeHe 3Hatba U CTaBOBM CTyAeHaTa 6ro-
MEeAMLMHCKIX HayKa O p13ML1MMa NoBe3aHM ca ynotpebom
aHTMOVOTMKa 1 NOjaBOM aHTMOMOTCKE pe3ncTeHLmje.
Mertoge Cryauja je Av3ajHMpaHa Kao CTyauja npeceka 6asupa-
Ha Ha Kopuwhetby YNUTHUKA. Y NCTPaXKMBatby je y4ecTBOBANo
yKynHo 195 cTyaeHaTa buomefuLMHCKIX HayKa, Mo 65 cTyge-
HaTa mefuuvHe, dapmaumje n ctomatonoruje ca ®akynrera
MeJULNHCKMX HayKa YHuBep3uTeTa y Kparyjesuy. Micnutanuum
Cy aHOHUMHO MOMYHUAN YNUTHKK of 15 nuTatba Koju je oby-
XBaTao coumopemMorpadcke KapakTepucTuKke, Kao v niTarba o
3Hakby 1 CTaBOBKMA Yy BE3M Ca YNOTPeboM aHTMOMOTIKA U pe3u-
cTeHumjom. Mopaaum cy cTatncTyky obpaheHn y nporpamy IBM
SPSS Statistics for Windows, Bep3uja 22.0. (IBM Corp., ADMOHK,
Fbyjopk, CAL).

PesyntaTtm [poceyHa cTapocT ucnutaHnka una je 24,06 + 1,1
roaviHa, a BehuHy cy ynHune xeHe (80,5%). loToBO CBY CTY-
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[eHTN No3HaBanu cy aedrHuLMjy aHTMbKOTHKa (98,5%), BpCTe
aHTN6MOTUKA (89,2%) U NMOjaM aHTUMUKPOOHe pe3ncTeHuuje
(99,5%). BehwHa ucnutanuka (75,9%) cmatpana je fa je aHTnéu-
OTCKa pe3uncTeHLmja BenvKy rnobanHu 3npaBcTBeHN npobnem.
YTBpheHe cy CTaTUCTUYKY 3HaYajHe pasnvke n3mehy cTygeHaTta
MeJULMHe 1 CTOMaToNoruje, Kao 1 n3mehy crygeHata ¢papma-
umje 1 ctomatonoruje. 3abpuHyTocT 360r yTuLaja aHTUOMOTCKe
pe3uncTeHLMje Ha IMYHO 3[paBsbe NoKas3ana je CTaTUCTUYKY
3HauajHy pa3nuky; 55,4% je n3pasnno 3abpuHyToCT, 1ok 33,3%
Huje 6uno 3abprHyTo. BehnHa ncnutaHmka (96,4%) y notny-
HOCTV Ce CNIOXUNa [ia je OAroBopHa ynotpe6a aHTMbnoTnKa
KONeKTBHa OfirOBOPHOCT.

3aksbyyak CTyeHTN CBUX CTYAMJCKIX MPOrpama nokasanu cy
A06PO 3Hakbe 0 yNoTPebu aHTUOMOTIKA M aHTUOVOTCKO] pe3u-
CTeHLMjY, anu Cy Harnacunu notpeby 3a AOAATHOM eflyKaLnjoMm.
V13meHa nHpopmaTopa NnpeAmeTa Ha KMHUYKUM rofyHama CTy-
Avja Morna 61 yHanpeauTy NpUMEHY CTeYEHOT 3Hatba y 6yayhoj
KIMHUYKOj NpaKcu.

KmbyuHe peun: aHTMO1OTNLM; pe3ncTeHLmja; CTYAEHTU
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SUMMARY

Introduction/Objective Health workers are five times more likely to be exposed to workplace violence
than other workers are. The goal of this paper is to present an overview of the situation related to violence
against health workers and other employees in health institutions, before amendments to the Criminal
Code of the Republic of Serbia by the end of 2024.

Methods This cross-sectional study was carried out over a three-month period, from July 10, 2024, to Octo-
ber 10, 2024, in the form of a purpose-designed online survey, voluntarily completed by 125 respondents.
Results The survey showed that 74.4% of participants had experienced violence. Psychological abuse
dominated. Verbal abuse was experienced by 68.8% of workers, psychological-nonverbal by 64.4%, and
physical violence by 12.8% of participants in the survey.

There was no statistically significant difference in experienced workplace violence in relation to sex, place
of residence, nationality, marital status, number of children, or level of education, type of specialization,
type of institution, presence of security staff, activity on social networks, number of their workplaces,
and trade union membership. Workplace violence decreased as the length of service increased. Manag-
ers experienced less violence. The dominant cause of violence in general hospitals is communication
problems and a patient’s psychological disorder, while in health centers it is the non-acceptance of
organizational limitations.

Conclusion We provide proposals that would contribute to the overall prevention of violence at work-

places and to the protection of healthcare workers.

Keywords: workplace violence; health; aggression; survey; law

INTRODUCTION

Workplace violence (WPV) is any act or
threat of physical violence, harassment, in-
timidation, or other threatening or disruptive
behavior that occurs in the workplace, as de-
fined in guidelines from organizations such
as OSHA (Occupational Safety and Health
Administration) [1].

While there is no universal definition of
workplace violence (WPV), differing methods
of categorizing WPV are found, based on the
nature of the aggression or based on associated
intent [2].

Workplace violence (WPV) against health
workers has been a global problem for decades
[3]. Health workers are five times more likely
to be exposed to violence at work than other
workers [1, 4, 5]. Non-physical violence was
reported at rates two to ten times higher than
physical violence [6, 7].

According to WHO, between 8% and 38%
of health workers suffer physical violence at
some point in their careers [6]. The prevalence
of physical violence is reported to be as high as
65% and there is evidence that it has increased
significantly over the last 30 years relative to the
change in non-physical violence [7]. The prev-
alence of aggressive behavior on psychiatric

wards varied (8-76%) [8]. In the meta-analysis
by Lu et al. [8], the overall prevalence of work-
place violence against healthcare professionals
was 62.4%, with verbal abuse accounting for
the largest share (61.2%), followed by psycho-
logical violence (50.8%), threats (39.5%), physi-
cal violence (13.7%), and sexual harassment
(6.3%). Despite this, a large number of cases
of workplace violence remain unregistered,
which probably makes the true prevalence of
this problem higher [7, 9, 10, 11].

The consequences of violence at the work-
place are personal and organizational, as well
as being a large financial burden on the state.
In institutions, a lack of trust between workers
and executives and a toxic atmosphere emerge,
which affects work processes and is manifest-
ed through absenteeism, low productivity, or
complete loss of productivity and dissatisfac-
tion with work. The consequences of a worker
being exposed to violence at the workplace may
be acute and chronic and are seen as physical
injuries, psychological trauma, and sometimes
even death [1, 7, 12].

The nature of violence perpetrated by col-
leagues and superiors was found to differ par-
ticularly from that perpetrated by patients or
visitors [13, 14].
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The role of the media in creating public distrust toward
the health service is very important, and it contributes to
aggression toward health workers [15], while violence is
often manifested through lynching on social media [13].

Even though this problem is widespread even in our
country, the amount of research on violence against health
workers in Serbia is limited [16].

The goal of this paper is to provide a quick overview
of the situation related to violence against workers in
health institutions before the adoption of amendments to
the Criminal Code of the Republic of Serbia, which were
due to be adopted by the end of 2024 [17]. The research
was conducted independently and considered the causes,
perpetrators, victims’ reactions, consequences, and needs.

METHODS

This cross-sectional study was carried out in a three-month
period, from July 10, 2024, to October 10, 2024, in the
form of a purpose-designed online survey conducted by
Hatorum LLC - Centre for Education and Counselling
with the support of the Trade Union of Employees in
Health and Social Care Institutions of Serbia. All health-
care workers and healthcare employees in the Republic of
Serbia, without the obligation to be union members, were
invited to complete an online survey, which was located
on the website www.hatorum.com.

The invitation to participate in the survey was located
on the websites www.zdravko.org.rs and www.hatorum.
com, and the advertisement with the invitation was dis-
tributed through Union representatives for placement on
the bulletin boards of the Union of Healthcare and Social
Welfare Employees of Serbia, in all state healthcare insti-
tutions in the Republic of Serbia. In addition, the invita-
tion was sent through three Facebook groups that gather
healthcare workers from Serbia, though not exclusively,
https://www.facebook.com/groups/519782948126826/
(32.4 thousand members), https://www.facebook.com/
groups/730899947580244/ (3.6 thousand members),
https://www.facebook.com/groups/39503031067/ (33.2
thousand members).

The survey was completed voluntarily. It was not anony-
mous and was completed by 125 respondents. It was not
possible to predict how many healthcare workers would
receive information about the survey via Facebook, nor
to verify whether advertisements about the survey were
posted and how long they were on the Union’s bulletin
boards.

The survey was created for the purposes of this research.
It consisted of 72 questions divided into four areas: demo-
graphic and general data, type of aggression experienced,
consequences, and needs. Participants could select multiple
answers to one question.

Survey participants were informed that the data ob-
tained in the survey were protected in accordance with the
Law on the Protection of Personal Data (Official Gazette of
the Republic of Serbia, No. 87/2018) and that they could be
used exclusively in connection with the task and objectives

‘ DOI: https://doi.org/10.2298/SARH250731044R
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of the survey, and in the interests of employees. Regarding
the security of the data obtained, data were collected from
the site using WPForms version 1.9.6.1. The form was re-
moved after the survey was completed.

The data were collected in Microsoft Excel, adjusted,
and imported into IBM SPSS Statistics for Windows,
Version 20.0 (IBM Corp., Armonk, NY, USA), for analysis.
The statistical methods applied were frequencies, percent-
ages, and the y* test. The results are shown in Tables 1-5.
Statistical significance was determined at a type I error
level of 0.05.

Ethics: The study was previously approved by decision No.
1264/22 of the Ethics Committee of the University Clinical
Center of Serbia.

RESULTS

Among 125 respondents, 74.4% experienced violence dur-
ing their healthcare work in the last three years.

The perpetrators of violence were mostly patients
(66.3%), their families (53.7%), or people connected to
them (34.7%); communication problems and a patient’s
psychological disorder as causes of violence were reported
with high statistical significance by respondents from gen-
eral hospitals; non-acceptance of organizational limita-
tions was reported as a cause with statistical significance
in health centers and general hospitals.

Psychological-verbal abuse dominated by 68.8%, psy-
chological-nonverbal abuse by 37.6%, physical violence
was experienced by 12.8% of respondents, but violence
took other forms as well. Our respondents reported re-
peated violence in the last three years.

There was no statistically significant difference between
experienced violence and sex, place of residence, national-
ity, marital status, number of children, level of education,
whether the physician was a specialist, type of specializa-
tion, type of institution where the respondent is employed,
whether there are security guards in the institution, panic
buttons and video surveillance, activity on social networks
or the number of respondents’ workplaces, as well as trade
union membership.

A decrease in violence was observed as the length of
service increased, with a highly statistically significant dif-
ference. Beginners with 0-2 years of service were the most
exposed group and the least exposed were senior employ-
ees with 31-40 and over 40 years of service.

A statistically significant difference was found: individ-
uals holding leadership positions in an institution reported
less violence when performing their work duties.

In 77.8% of cases, respondents received no medical as-
sistance and, in 74.7%, no psychotherapeutic assistance
in their institution.

Among the respondents, 77.7% suffered psychologi-
cal injuries, 40% reported damage to their reputation,
11.6% sustained minor physical injuries, and 1.1% sus-
tained serious physical injuries, as well as other types of
harm. Changes in body weight and sleep disturbance, daily
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Table 1. Descriptive sample analysis

Sex

85.6% Female \

13.6% Male

‘ 0.8% Undefined

Age

3.2% (18-24) \ 18.4% (25-34)

\ 32% (35-44)

\ 28.8% (44-45) \ 17.6% (55-65)

Marital status

55.2% Married ‘ 20% Single ‘ 12.8% Divorced ‘ 8.8% Extramarital union ‘ 3.2% Widow/widower
Number of children
40.8% Two ‘ 30.4% None ‘ 19.2% One ‘ 8% Three ‘ 1.6% Four and more
Location
60% Vojvodina 20.8% Belgrade ‘ 19.2% Central Serbia
Nationality
81.6% Serbs 11.2% Hungarians 1.6% Slovaks ‘ 0.3% Bosnians 4.8% Others
Level of education
47.6% 37.1% 7.3% 4% PhD 2.4% 1.6%
Faculty Secondary school High school Master Elementary school
Profession
36% 35.2% 4.8% 4% 4% Medical 3.2% 3.2% 1.6% 8%
Doctors Nurses Physiother- Dentist technician Laboratory assistant Dental Psychologist Others
apist nurse
Specialization
11.8% 7.8% 5.9% 5.9% 3.9% 3.9% 2% 2% Physical medicine and 54.9%
General Emergency | Psychiatrist | Gynecolo- | Pediatrician Clinical Medical rehabilitation | have no
medicine medicine gist biochem- | microbiol- specializa-
istry ogy tion
Length of service
6.4% (0-2) |256%(3-10) | 25.6% (11-20) \ 24.8% (21-30) \ 1529 (31-40) \ 2.4% Over 40
Institution
56.4% Health centers 16% 14.4% 4% 2.4% 6.8% Other
Clinical center General hospital Special hospital Emergency
service

Position in institution

72% Full-time employed

19.2% Leading position

8.8% Employed for a definite time

Number of healthcare institutions where you work

76% One 12.8% Two \ 4% Three \ 7.2% Several
Union membership
39.6% Yes, passive ‘ 28% No ‘ 23.2% Yes, active ‘ 9.6% Yes, management

Presence on social networks

64% Yes, active ‘ 29.6% Yes, passive ‘ 6.4% No
Religiosity
77.6% Yes \ 12.8% No 9.6% | don't know

medication use and sick leave indicate short- and long-
term health consequences.

The results show other losses after WPV in the last three
years and feelings of disenfranchised grief in 56.8% of par-
ticipants; 37.9% of participants are not motivated to go to
work, 16.8% plan to move to another country, and 9.5%
plan to change their occupation. Of the overall number
of respondents, 88% think that health workers should get
the official status under Article 112 of the Criminal Code,
98.4% of all respondents think that punishments for vio-
lence against health workers should be more severe.

With high statistical significance, 45.7% of respondents
who experienced violence stated that they needed edu-
cational courses aimed at psychological self-defense and
49.5% needed courses on physical self-defense.

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):321-329

DISCUSSION

Even though the number of respondents represents a suf-
ficiently large group for the research, it is a small num-
ber of respondents compared to the overall number of
health workers and other workers in health in Serbia.
Consequently, the results of the survey can be interpreted
only for this group and in light of the fact that the survey
was not anonymous.

For those whose names are attached to these data, each
decimal has a special meaning in both pain and the re-
covery process. Leaving personal data while taking safety
measures and respecting the General Data Protection
Regulation was done with the aim of providing the respon-
dents who had experienced violence with the opportunity
to express their statements openly, which was also sup-
posed to have a therapeutic effect rather than concealing
them.
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Table 2. Perpetrators of violence, setting

From whom have you experienced violence related to the

performance of healthcare activities in the last three years?
66.3% 53.7% Your 34.7% Another 26.3% 12.6% Another 27.4% 23.2% 25.3%
Your patient | patient’s family | person related | Someone else’s person’s Employees Superiors Unknown
to your patient patient patient’s family persons
3.2% 2.1% 3.2% 5.3% 1.1% Member 5.3% 5.3% 3.2%
Professional Health Ministry of Politician of own family Media Unknown Other
association inspection Health group
Where have you experienced violence related to your health-related work in the last three years?
97.9% 11.6% 5.3% 4.2% 3.2% 3.2%
At the Outside the workplace Via social networks Through the At home In another
workplace media place
What protective measures do you have against workplace violence?

23.2% 2.4% 1.6% 46.4% 5.6% 72.8%
Yes, security 24 Yes, security before noon Yes, security, only in the evening Yes, video Yes, panic No

hours surveillance buttons

What was the cause of violence?

8.4% 13.7% 22.1% 7.4% 55.8% 52.6% 0% 0%
Acceptance of Diagnostic Treatment Treatment Communication Unfulfilled Ethical Fatigue
the diagnosis process Implementation outcome problem expectation problems

22.1% 20% 35.8% Patient’s 15.8% 9.5% 50.5% 0% 7.4%
Weak Slander psychological | don't know Personal Restrictions Professional Other reasons
organization problems conflict and rules are mistake
not accepted
Has violence against you been repeated by the same perpetrator over time?
28.8% Yes 51.2% No 18.4% This question does not 1.8% | don’t want to answer
apply to me

Table 3. Victims, reactions

Have you experienced any type of violence related to your healthcare work in the last three years?

12.8% 68.6% 37.6% 10.4% 1.6% 4.6% 8% 5.6% 6.4%
Physical Psychologi- | Psychologi- | Financial Sexual Destruction | Destruction | Destruction | Destruction of property of
cal cal of personal | of medical | of medical a health institute
verbal nonverbal property | documenta- | equipment
tion
How many times have you experienced violence related to your work in the last three years?
24.8% 5.6% 29.6% 15.2% 20.8% 4%
None Once From two to five times More than five times More than 10 times | don't want to answer
Was the violence reported to the police?
14.9% 4.3% 5.3% Yes, by me and by the institution 75.5%
Yes, by me Yes, by the institution No
Were legal proceedings initiated against the perpetrator?
7.4% 2.1% 1.1% Yes, the institution and | sued the 89.4%
Yes, by me Yes, by my institution perpetrator No
Did you ask for help?
15.8% 16.8% 64.9% 28.7% 14.9% 7.4%
Yes, | sought medical help Yes, | sought Reporting to Yes, | sought legal Yes, | Initiated
psychotherapy help Superiors assistance reported legal pro-
it to the ceedings
police
Where did you receive medical help?
12.4% 4.5% 3.4% 2.2% 77.8%
In your institution In another state In your institution and In private practice | didn't get help
institution another state institution
Where did you receive psychological/psychotherapy help?
12.1% 3.5% 4.4% 5.5% 74.7%
In your institution In another state In your institution and In private practice | didn't get help
institution another state institution
From whom did you get support after workplace violence?
31.6% 81.1% 24.2% 4.2% 2.1% 2.1% Other 0% 3.2% 1.1% 1.1%
Superiors | Colleagues Patients Legal Professional | professional Union Media Priest Political
service chamber | associations party
55.8% 49.5% 4.5% 7.4% 3.2% 1.1% 13.7% 4.2% 4.2% 1.1%
Family Friends Acquaint- | Unknown | Ministry of | Prosecutor’s Lawyer Police | didn't get Others
ances people Health office support
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Table 4. Victims, consequences

Direct damage

11.6% 1.1% 77.7% 40% 13.7%
Minor physical injury Serious physical injury Psychological Social injury Inability to perform the
Injury work
41.1% 15.8% 2.1% 1.1% 1.1% 20%
Difficulty performing Financial loss Loss of title Termination Loss of research Damage to others
work of research related to you
Do you have later consequences after experiencing aggression while performing health activities?
10.6% 4.3% 1% 4.3% 10.6% 22.3% 51.1% 0% 0%
Worsening of an New Infection Physical | feel | feel mentally ill Idon't Disability Operation
existing illness physical injury physically ill want to answer
illness
Did you change your body weight after you experienced workplace violence?
7.4% 11.6% 9.5% 7.4% 46.3% 13.7% 4.2% | don’t want to
Yes, up to 5 kg Yes, over 5 kg Yes, up to 5 kg Yes, over 5 kg No, I didn't I don’t know answer

Do you have trouble sleeping after experiencing workplace violence?

22.1% 31.6% 9.5% 20% 1.1% 3% 33.7% 10.5%
I can't sleep | |wake up | wake up early I sleep I sleep longer than 9 | have No, I dont have | |don't wantto
often less than 6 hours nightmares sleep problems answer
hours
Are you currently taking medication daily?
7.4% 26.3% 6.7% 7.4% 1.1%
Psychiatric Cardiology Pulmonary Gastroenterological Hematological
2.1% 12.6% 5.3% 53.7% 4.2%
Immunological Analgesics Other | don't take medications. | don't want to answer

Do you drink alcohol (at least two glasses of spirits, two glasses of wine, or two beers)? Do you take drugs?

4.2% 21% 72.6% 2.1% 5.3% 100%
Yes, during the week Yes, during the I don't drink | don't want to I got drunk in the last | No, | don’t take drugs
month answer month
Have you been on sick leave in the last three years?
40% 41.1% 5.3% 6.3% 3.2% 3.2% 1.1%
No Yes, up to 30 Yes, up to 60 Yes, more than two Yes, more than six I am on sick | don’t want to
days days months months leave now answer

In our sample there was a much greater percentage
of respondents (74.4%) who experienced violence dur-
ing their healthcare work compared to the findings of
Victimology Society of Serbia, which pointed out a rate
increase from 48.7% in 2008 to 64.2% in 2010, and com-
pared these data with the findings related to employees in
primary health protection in Belgrade in 2015, mentioned
by Fisekovi¢ et al. [16], where 52.6% of employees expe-
rienced abuse, and 18.3% experienced physical violence.

In our study 68.8% of respondents experienced psycho-
logical-verbal abuse, 37.6% experienced psychological-
nonverbal abuse, and 12.8% experienced physical violence.

A decrease in experiencing violence happens as the
length of service increases. This statistically significant
finding can be interpreted by seniors’ greater experience
in working with patients.

With high statistical significance, managers experienced
less aggression compared to other employees, so we can as-
sume that they are the most experienced in their job, more
effective in solving communication problems, protected
by their position, not on the front line of contact with
patients, or have a tendency to present facts and circum-
stances more favorably than they are, in order to remain
in a leading position and present themselves as capable.

However, more than a quarter of violent incidents
(26.3%) were perpetrated by patients whom health work-
ers did not treat and 25.3% were perpetrated by unknown

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):321-329

people, which may hypothetically be explained by social
factors or completely irrational reasons connected to a pa-
tient’s psychological problems in 35.8% of cases. Similarly,
more than a quarter of respondents (27.4%) said that they
suffered from aggression from other employees in the
medical institution, while 23.2% said they were attacked
by their superiors, which may be hypothetically interpreted
by the perpetrator’s and victim’s personal reasons (50.5%
unaccepted restrictions and rules, 20% slander, 7.4% other
reasons), as well as weak organization (22.1%), where there
are not enough health professionals, leading to employees
being exposed to burnout syndrome [18].

Violence that did not occur only in the workplace may
be explained by the role of social networks (5.3%) as well as
some media (4.2%), which sometimes actively participate
in the lynching of healthcare workers, so the intensity of
such violence, its duration and long-term consequences are
not adequately represented by a small percentage.

Our survey results indicate that communication prob-
lems play a crucial role in generating violence. We have
established mechanisms and procedures for resolving
medical disputes, ways to report adverse events, and obli-
gations to inform the police, but the respondents point out
that in their cases and many other cases these procedures
were not used. Without informing the police (75.5%) and
legal punishment (89.4%), the repetition of violence by the
same perpetrator is not surprising.

www.srpskiarhiv.rs ‘
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Table 5. Secondary losses, other consequences, plans and needs

Have you suffered significant losses in the last three years as a result of workplace violence against you in connection with your healthcare activities?
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People who experienced psychological abuse
were seven times more likely to become victims
of physical violence [19]. In the study on violence
in hospitals in China, the frequency of violence in
hospitals reached as much as 95%, which points
to the fact that physical and verbal harassment of
medical staff happened often [20].

The finding that 77.5% of the attacked respon-
dents did not receive medical aid and 74.7% did
not receive psychotherapy in their institution is
worrying.

The finding of disenfranchised grief (56.8%)
and the health consequences for victims of WPV
are worrying, as is the percentage of employees
who do not want to talk about it (51.1%).

Overall, 54.7% of respondents had changed
their attitude towards work; 64.2% have changed
their attitude towards colleagues, and 63.2% who
experienced violence had changed their attitude
towards patients.

With high statistical significance, respondents
who were the victims of aggression feel disenfran-
chised grief and say that they need psychological
training to protect themselves. However, with a
higher statistical significance, there are more of
those who say they need to learn physical self-de-
fense. Keeping in mind communication problems
(55.8%) in our results, it is crucial to implement a
competent program for the prevention and sup-
pression of workplace violence and de-escalation
courses taking into account all risk factors that may
contribute to this issue [4, 21].

Limitations of the study

Given the limited number of respondents and the
fact that the survey was not anonymous, responses
denying any responsibility of the health worker as
the cause of the violence or that might question
the personal credibility of the health worker at the
time of the violence and afterwards should be in-
terpreted with caution.

In the future, it would be necessary to repeat the
research on a larger sample, to do it anonymously,
and then compare the results.

CONCLUSION

In our survey and the literature, psychological
abuse was present in a larger percentage than
physical and other types of violence. Unfortunately,
it was not covered by the new amendments to the
Criminal Code of the Republic of Serbia, which
provide harsher penalties only for acts of physical
violence against medical professionals.

Even though our research has not shown sta-
tistical significance, it is necessary to introduce
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security measures in all health institutions and monitor
the effects of these changes.

We suggest the establishment of ethics hubs at the level
of healthcare institutions, which would include a manda-
tory timely reporting system, post-incident procedures,
and services that include trauma-crisis counselling, crit-
ical-incident stress debriefing, and employee assistance
programs, safety and health training in order to ensure that
all staff members are aware of potential hazards and how
to protect themselves and their co-workers through estab-
lished policies and procedures, provide legal and medical
aid with clearly defined powers supported and delegated
by the adopted protocols.

If violence, related to the work in a health institution,
led to the deterioration and worsening of the employee’s
physical and psychological health and a new diagnosis of
a chronic disorder within three years after having experi-
enced workplace violence, we suggest the employee who
suffered violence be provided with a 100% compensation
during sick leave.

It is necessary for health institutions to commit to trans-
ferring healthcare employees who experienced workplace
violence to another workplace if they request it.

In cases where it has been proven in court that the act
of violence was perpetrated by an employee of the health
institution against another employee, it is necessary to es-
tablish a mechanism for transferring the perpetrator to
another workplace and depriving them of a leadership
position.

At least once a year, it is necessary to organize preven-
tive anti-stress training for all healthcare employees who
experienced any kind of physical or psychological trauma,
with the aim of detecting individuals who have a compli-
cated reaction to a traumatic event and loss, and who are
at risk of later developing a psychiatric or psychosomatic
disorder or addiction.

It is necessary for healthcare employees to be specifically
insured against physical and psychological injuries, and
material and non-material damage inflicted during work.
Cooperation is necessary between healthcare institutions
and professional associations in incorporating codes of
practice and ethics, and clauses concerning the unaccept-
ability of any form of workplace violence, and support from
the media, non-governmental organizations (NGOs) and
other relevant community bodies in actively advocating
awareness and training against workplace violence. When
determining a fine or other penalties for the perpetrator
who committed the act of violence in the Criminal Code,
all consequences related to the deterioration of physical
and mental health and losses that are connected to a con-
crete event should be assessed, whether physical or online
violence, as well as material and non-material damage in-
flicted on an employee, their family, institution or another
person or legal entity that are connected to them. In this
regard, we hope that this work will contribute to additional
improvement of the current legal regulations.
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During their education, healthcare workers do not
learn that workplace violence is a frequent occurrence
in healthcare institutions. In this regard, while learning
how to protect and help others, the educational program
should also include the skills needed by healthcare workers
to protect themselves.
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Hacusbe Ha pagHom mecTy - y GOoKycy 3apaBcTBeHe ycTaHose y Cpbuju

Panka Pagynosuh'?, Pagmuna O6peHoBuh?

'YHuBep3uTeTCKN KNHUYKK LeHTap Cpbuje, KnuHuka 3a ncuxujatpujy, beorpag, Cpbuja;

?Xatopym - LleHTap 3a epyKauujy u caBeToBame, beorpag, Cpbuja;

3YHnBep3UTETCKI KNUHUYKM LieHTap Cpbuje, LieHTap 3a meanumHcky 6uoxemujy, beorpag, Cpbuja

CAMXETAK

YBop/Llwmb 30paBCcTBEHN pagHULY Cy NET NyTa BULLIE U3MI0KEHN
Hacu/by Ha pafiHOM MeCTy Hero octanu pagHuuu. Linm osor
paja je Aa NpuKaxe npernef ctatba y Be3u ca HaCubem Haj
3[1paBCTBEHMM PafHULMMa 1 PYrMM 3arnocieHrma y 34pas-
CTBEHMM ycTaHoBama y Peny6nvum Cpbuju, npe ycBajatba 13-
MeHa KpuBunuHor 3akoHnKa Penybnuke Cpbuje go Kpaja 2024.
roguHe.

MeTtope OBa cTyavja nonpeyHor npeceka je CnpoBefeHa TOKOM
Tpu meceua, og 10. 7. 2024. no 10. 10. 2024. roguHe, y 061Ky
OHNajH YNUTHIKA KOjW je LinrbaHO HampaBIbeH 1 Koji je fobpo-
BOJbHO MOMYHWO 125 yyecHuKa.

Pesyntatmn Op yKynHor y3opkKa, 74,4% ncnutaHuka je fJoxum-
Be/0 Hacube. [loMMHMPaAro je MCUMXOJIOLKO 3/10CTaB/bakbe.
BepbanHo 3nocTaBrbame JOXMBENO je 68,8% 3[paBCTBEHUX
pagHu1Ka, NCUXoNoLKo-HeBepbanHo 64,4% 1 Gr3NYKo Hacusbe
12,7% y4ecHuKa aHKeTe.

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):321-329

Huje yTBpheHa cTaTnCTNUKIM 3HauYajHa pa3nuka y LOXKUB/bEHOM
HacWsby Ha PaAHOM MECTY Yy OJHOCY Ha MOJ1, MeCTO CTaHOBatba,
HaLMOHANIHOCT, GpayHm cTaTyc, 6poj AeLie, HUBO 06pa3oBatba,
BPCTY Creumjanv3aLiuje, BPCTY yCTaHOBe, MPUCYCTBO 06e36ehe-
tba, aKTMBHOCT Ha APYLUTBEHVM Mpexama, 6poj pagHUx mecTa
1 YNAHCTBO Y CYHAMKATY.

Hacurbe Ha pagHOM mMecTy cMatbrBano ce ca noeharbem pag-
Hor cTaxa. PykoBogavouy cy pehe goxmerbaBanm Hacube. [lo-
MWHAHTHY Y3pOLIM Hacu/ba Y onwTM 6oHMLama cy npobnemu
Y KOMyHUKaLWjy 1 NCUXonoLWKM nopemehaju nauujeHara, ok
je y nomoBvMa 3apaBba TO HenprxBaTake OpraHn3aLMoHNX
orpaHuyetba.

3aKibyuak Y pagy cy U3HeTu Npeanosun Koju 6u gonprHenm
YKYMHOj NPeBeHLMj1 Haciba Ha PafHOM MeCTY 1 3alITUTY 3a-
NOC/IEHNX Y 30PaBCTBY.

KrmbyuHe peun: Hacusbe Ha paHOM MecCTy; 3ApaBJbe; arpecuja;
aHKeTa; 3aKOH
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Platelet transfusion refractoriness in patients with
acute myeloid leukemia - the role of antiplatelet
antibodies
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SUMMARY

Introduction/Objective Platelet transfusion refractoriness represents a common issue in the treatment
course of acute myeloid leukemia (AML) patients who require chronic transfusion support. Antibodies
to human platelet antigens could cause immune-mediated transfusion refractoriness. The main goal of
this study was to examine the presence and quantity of antibodies to GP lIb/llla, GP Ib/IX, and GP la/lla
in AML patients refractory to platelet transfusion in comparison to healthy male subjects.

Methods This prospective study involved 22 adult AML patients who demonstrated resistance to platelet
transfusion. Antibody titers for the following platelet antigens: GP lb/llla, GP Ib/IX, and GP la/lla were mea-
sured in these patients before and two hours after platelet transfusion as well as in healthy male controls.
Results The antibodies to platelet antigens taken before the platelet transfusion were significantly in-
creased in all patients compared with healthy untransfused controls (p = 0.001). In all three groups of
antibodies, the titers were significantly higher after platelet transfusion (p = 0.001) than before. There
was no statistically significant difference between males and females, platelet sources (buffy-coat vs.
apheresis-derived) in the examined initial antibody levels, as well as in the antibody titer increments
after the transfusion. No significant correlation between platelet count increment (absolute numbers)
and initial levels of antiplatelet antibodies was found.

Conclusion Platelet transfusion refractoriness in AML patients could be caused by the antibodies to
platelet antigens, since their levels are significantly higher in the examined patients than in healthy
male untransfused controls.

Keywords: platelet transfusion refractoriness; acute myeloid leukemia; human platelet antigens; AML; HPA
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INTRODUCTION

Treating acute myeloid leukemia (AML) often
involves high-intensity chemotherapy treat-
ment, which results in bone marrow aplasia
and (pan)cytopenia. Moreover, cytopenia in
AML patients could be a manifestation of the
disease itself as well [1]. Consequently, repeated
allogeneic transfusions of red blood cells and
platelets are frequently required. Prophylactic
transfusion of platelets is recommended to
maintain platelet count (PC) above 10 x 10°/L
[2]. However, an adequate post-transfusion PC
increment cannot always be achieved.

A PCincrement of less than 10 x 10°%/L after
administration of an aphaeresis unit (or 1.75 x
10°/L per random donor platelet concentrate)
is indicative of refractoriness [3]. Platelet re-
fractoriness may be the result of immune and
non-immune factors. Non-immune causes of
refractoriness are more common, and they are
usually associated with splenomegaly, infec-
tion (sepsis), fever, administration of drugs,
disseminated intravascular coagulation, and
bleeding [4]. On the other hand, immune-me-
diated refractoriness is caused by antibodies to
human leucocyte antigens (HLA) and human
platelet antigens (HPA). Previous transfusions

or pregnancy are considered risk factors for
such alloimmunization. While HLAs are widely
present in human tissues, HPAs are platelet-
specific [5]. HLA class I antigens are present
on the platelet membrane. These molecules
are known for their very high polymorphism,
which makes them extremely immunogenic
[6]. For that reason, HLA-matched platelets,
antigen-restricted platelets, or cross-matched
platelets are increasingly used, especially among
those patients who require chronic transfusions
[7]. On the other hand, HPA polymorphisms
occur mostly due to single amino acid changes
in glycoproteins (GPs) [8]. Numerous platelet-
specific antigens have been characterized, and
those that are considered the most common
polymorphic are GPIa, GPIb, GPIIb, GPIIIa,
and CD109 [8, 9]. However, their role in trans-
fusion refractoriness is still controversial [4].
It was observed that leukoreduction does not
affect the incidence of HPA [10].

The goal of this study was to assess the pres-
ence and levels of antibodies to GP IIb/IIIa, GP
Ib/IX and GP Ia/Ila, which carry major HPA
epitopes, in AML patients refractory to plate-
let transfusion in comparison to healthy male
subjects.



Platelet transfusion refractoriness in AML patients

METHODS

This prospective study, conducted from 2012 to 2015,
included adult patients diagnosed with acute myeloid leu-
kemia at the Clinical Center of Serbia, who were platelet
transfusion-refractory. All patients received intensive che-
motherapy regimens, which resulted in chemotherapy-
induced thrombocytopenia (platelet count < 100 x 10°/L)
and required platelet transfusions. A transfusion-related
allergic reaction (e.g., chills, fever, and skin manifesta-
tions such as erythema and urticaria) was observed in
all included patients, but it was not used as an inclusion
criterion. Refractoriness was defined as a posttransfusion
platelet count increment equal to or lower than 10 x 10°/L.
Due to the lack of precise data on transfused platelet dose
and body surface area, platelet count increment was used
instead of corrected count increment. Platelet transfusion
refractoriness accompanied by PC < 10 x 10°/L is a life-
threatening condition and the main reason for our inves-
tigation was to identify its cause and determine whether
it could be prevented. All patients had received multiple
platelet transfusions before inclusion in the study (more
than five). Seven patients were transfused with buffy coat-
derived platelet concentrates since apheresis-derived plate-
let concentrates were not available, and 15 patients were
transfused with apheresis-derived platelet concentrates.
Apheresis units minimize donor exposure and have been
shown to allow for more prolonged survival of platelets
compared to pooled platelets [11]. Age, sex, and history of
pregnancies and labor in female subcohort were collected.
Patients with potential non-immune causes of refractori-
ness (splenomegaly, fever/sepsis, disseminated intravas-
cular coagulation or other consumptive coagulopathy
at the time of screening) were excluded from this study.
The control group consisted of 22 untransfused healthy
male donors. Female donors were not included in order
to avoid confounding by pregnancy-related alloimmuniza-
tion. Other AML patients who did not meet the platelet
transfusion refractoriness criteria were not used as controls
because of the previous exposure to platelet transfusions.

Antibody titers were measured by enzyme-linked im-
munosorbent assay (ELISA) before (up to 30 minutes
before) and two hours after platelet transfusion for the
following platelet antigens: GP IIb/IIIa, GP Ib/IX, and GP
Ia/Ila. Post-transfusion samples were analyzed to evalu-
ate potential immediate changes in circulating antibody
levels following platelet exposure. The antiplatelet anti-
bodies were measured using a PakAuto assay® (Immucor,
Norcross, GA, USA), and the results are expressed as opti-
cal density (OD) values measured at 405 nm. To determine
the presence of antibodies, the OD ratio (sample OD di-
vided by the mean OD of the negative control) was used.
In our study, a sample was considered positive if the OD
value was equal to or greater than twice the mean OD of
the negative control. The procedure was conducted in ac-
cordance with the manufacturer’s instructions.

IBM SPSS Statistics, Version 23.0 (IBM Corp., Armonk,
NY, USA) was used for the statistical analyses. The meth-
ods of descriptive and inferential statistics were used. For
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continuous variables with normal distribution, the mean +
standard deviation (SD) was used, while for those that did
not follow a normal distribution, median and interquartile
ranges were used. The frequencies are presented as relative
(percentages) and absolute numbers. Histograms and the
Shapiro-Wilk test were used to assess the normality. The
Wilcoxon test was used for numerical paired variables, and
the Mann-Whitney U test was used for numerical inde-
pendent variables, with the level of significance of 5%. The
Spearman rank-order correlation coefficient was used to
examine the correlation between platelet count increment
and initial antibody levels.

Ethics: The study protocol received ethical approval from
the Ethics Committee of the University Clinical Center of
Serbia (No. 1435/10, September 8, 2011).

RESULTS

During the study period 22 adult patients were included in
the study (9 (40.91%) males). The mean age of the patients
was 52.1 * 10.8. Patients’ demographic and clinical data

are shown in Table 1.

Table 1. Patients’ characteristics

_ Total

Characteristics (N =22 pts)

Male 9 (40.91)
Sex N (%)

Female 13 (59.09)
Age mean = SD 52.1+10.8

Buffy coat-derived 7(31.82)
Platelet source N (%) - -

Apheresis-derived 15 (68.18)
Pregnancy* N (%) 11(84.61)
PC increment median (IQR) 10 (5-10)

) <10x 109/L 9 (40.91)

PCincrement N (%)

10 x 109/L 13 (59.09)

N - number; pts - patients; IQR - interquartile range; SD - standard deviation;
PC - platelet count
*applies only to female subjects

Table 2. Antibody titers before and after platelet transfusion

Target antigens | Time point Total (N = 22 pts) p*
GP IIb/llla before 0.180(0.121-0.268)

. 0.001
median (IQR) | after 0.369 (0.268-0.421)
GP Ib/IX before 0.180 (0.123-0.239)

. 0.001
median (IQR) | after 0.325 (0.260-0.370)
GP la/lla before 0.145 (0.114-0.227)

. 0.001
median (IQR) | after 0.320 (0.248-0.397)

N - number; pts - patients; GP - glycoprotein;
*Wilcoxon test; significance level of 5%

The initial antibody titers (before transfusion) to plate-
let antigens (GP IIb/IIla, GP Ib/IX, and GP Ia/Ila) were
significantly higher in all patients compared with healthy
untransfused donors (Wilcoxon matched-pairs signed-
rank test: Z = -3.408, p = 0.001).

Antibody titer values before and after platelet transfu-
sion for the following platelet antigens: GP IIb/IIla, GP
Ib/IX, and GP Ia/Ila are shown in Table 2. In all three
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Table 3. Anti-GP lIb/llla titers before and antibody titers’ increment after
platelet transfusion - differences among sexes, platelet source and levels of
platelet increment

Anti-GP llb/llla A | Ant-GP 11b/llla Ab
Parameters initial levels increment
after-before PT
Median p* Median p*
Male 0.180 0.189
Sex 0.624 0.462
Female 0.182 0.147
Buffy coat-derived 0.187 0.168
Platelet fy coat-deri 0346 0.906
source Apheresis-derived 0.180 0.162

GP - glycoprotein; Ab — antibody; PT - platelet transfusion;
*Mann-Whitney U test; significance level of 5%

Table 4. Anti-GP Ib/IX titers before and antibody titers'increment after platelet
transfusion - differences among sexes, platelet source and levels of platelet
increment

Anti-GP Ib/IX A | ANtI-GP Ib/IX Ab
Parameters initial levels increment
after-before PT
Median p* Median p*
Male 0.179 0.153
Sex 0.540 0.129
Female 0.180 0.106
Buf t-derived 0.179 0.106
Platelet uffy coar-dernve 0.637 0.724
source Apheresis-derived 0.180 0.140

GP - glycoprotein; Ab — antibody; PT - platelet transfusion
*Mann-Whitney U test; significance level of 5%

Table 5. Anti-GP la/lla titers before and antibody titers'increment after platelet
transfusion - differences among sexes, platelet source and levels of platelet
increment

Anti-GP la/lla Ab | Ant-GP 1a/lla Ab
Parameters initial levels increment
after-before PT
Median p* Median p*
Male 0.210 0.119
Sex 0.713 0.902
Female 0.130 0.150
Buffy coat-derived 0.137 0.134
Platelet y coatrcer 0.953 0.859
source Apheresis-derived 0.205 0.150

GP - glycoprotein; Ab - antibody; PT - platelet transfusion
*Mann-Whitney U test; significance level of 5%

Table 6. Correlation between platelet count increment and initial levels of
antiplatelet antibodies (Spearman rank-order correlation coefficient)

Parameters Correlation coefficient p

Anti-GP llb/llla Ab initial levels 0.314 0.254
Anti-GP Ib/IX Ab initial levels 0.099 0.726
Anti-GP la/lla Ab initial levels 0.243 0.383

GP - glycoprotein; Ab - antibody

groups of antibodies, the titers were significantly higher
after platelet transfusion (0.180 vs. 0.369, 0.180 vs. 0.325,
0.145 vs. 0.320, respectively, p = 0.001).

No significant differences were observed in baseline
antibody levels between male and female patients (anti-GP
[Ib/IIa: p = 0.624, anti-GP Ib/IX: p = 0.540, anti-GP Ia/Ila:
p = 0.713). Similarly, no differences were found between
patients receiving bufty coat-derived vs. apheresis-derived
platelet concentrates (anti-GP IIb/IITa: p = 0.346, anti-GP
Ib/IX: p = 0.637, anti-GP Ia/Ila: p = 0.953) (Tables 3, 4,
and 5).

Changes in antibody titers were measured for all three
groups and compared across sexes (anti-GP IIb/IIIa:
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p = 0.462, anti-GP Ib/IX: p = 0.129, anti-GP Ia/
ITa: p = 0.902), and different types of transfusion
products (anti-GP IIb/IIla: p = 0.906, anti-GP Ib/IX:
p = 0.724, anti-GP Ia/Ila: p = 0.859) with no differ-
ences found between the groups (Tables 3, 4, and 5).

No significant correlation between platelet count
increment (median 10 x 10°/L; IQR 5-10) and initial
levels of antiplatelet antibodies was found (anti-GP
IIb/IIIa Ab: p = 0.254; anti-GP Ib/IX Ab: p = 0.726;
anti-GP Ia/Ila Ab: p = 0.383) (Table 6).

DISCUSSION

Platelet transfusion is an inevitable part of the treat-
ment course of acute myeloid leukemia. Patients
with acute myeloid leukemia often require chronic
transfusion support, which presents an obstacle in
the form of alloimmunization and consequential
transfusion refractoriness. The presence of plate-
let refractoriness complicates the management of
AML patients [12]. Additionally, AML patients
with platelet refractoriness have shorter overall
survival than those without [13]. Platelet-specific
antibodies are common in patients with a history
of possible previous immunization, particularly
if patients were refractory to platelet transfusions
[14]. In our study, we used healthy untransfused
male donors as controls in order to avoid previous
immunization caused by transfusions (frequent in
AML patients) or pregnancies. Our results have
shown that in all of our transfusion-refractory pa-
tients, levels of antiplatelet antibodies were signifi-
cantly higher than those measured in controls. The
prevalence of baseline autoantibodies was higher
than in some previous studies [15, 16]. The reason
for such a high prevalence of anti-HPA antibodies
may be explained by the strict inclusion criteria.
Moreover, acute leukemia patients are found to be
alloimmunized more frequently than patients with
other malignant hematological diagnoses [17]. On
the other hand, this could be an explanation for the
post-transfusion low platelet increment in our pa-
tients, bearing in mind that previous studies have
shown that in post-transfusion purpura, antigen-
negative transfusion recipients are sensitized against

antigen-positive donor platelets, which leads to acceler-
ated clearance of both donor and recipient platelets [18].
Interestingly, antibody titers were observed to be higher
after the subsequent transfusion in all subjects. It should
be noted that the observed increase in antibody levels
two hours post-transfusion likely reflects redistribution
or immediate immune complex formation, rather than de
novo antibody production, which requires several days.
However, our study did not observe any significant cor-
relation between the increment in platelet count and the
initial levels of antiplatelet antibodies.

Regarding post-transfusion platelet increment, previous
studies have shown that single-donor platelets were not
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superior to pooled-donor platelets [18]. Moreover, in our
study, it has been found that the level of examined anti-
platelet antibodies was not significantly different between
patients who received buffy coat-derived and apheresis-
derived platelets.

Comont et al. [19] showed that platelet transfusion re-
fractoriness is more common among female subjects. In
our study, there was no difference in titers between sexes.

We are aware of the limitations of this study. First and
foremost, the small number of participants in the study
may limit the accuracy of correlations and conclusions.
Nevertheless, the observed differences compared with the
control group and the effects of transfusion on antibody
titers warrant further investigation in larger cohorts, and
would potentially inform better transfusion protocols.
Moreover, we have not taken into account the presence
of anti-HLA antibodies, which could be an important
component of the antiplatelet alloreactivity, and it is often
noted that those who develop anti-HPA antibodies develop
anti-HLA antibodies at the same time [20]. Additionally,
we engaged male-only controls in order to avoid potential
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Ynora aHTUTPOMBOLMTHUX aHTUTENA Y Pa3Bojy pedpaKkTapHOCTU Ha TpaHCdy3Hje
TpombouuTa Kog 60/1eCHMKA Ca aKyTHOM MWjeIOUAHOM NIeYKEMMUjoM

Wpena HyHnh'?, TatjaHa Cpauh-Pajuh?, Hukona Mantuh!, Munera Togoposuh bannHT'?
'YHUBep3uTeTCKN KNMHNUYKY LeHTap Cpbuje, KnuHuka 3a xematonorujy, beorpag, Cpbuja;

2Ynueepautet y beorpagy, MegnunHcku pakyntet, beorpag, Cpbuja;

3MHcTUTYT 3a OHKOMOTWjy 1 paguonorujy Cpbuje, Oferbetbe 3a eKcnepumeHTanHy oHkonorujy, beorpag, Cpbuja

CAXETAK

YBoa/LUum PedpakTtapHocT Ha TpaHcdy3mje TpomboLmMTa Npea-
CTaB/ba YecT Npobnem y nederby 6oNecHrKa ca f1jarHo30M
aKyTHe mujenongHe neykemuje (AMJ1), Koa Kojux je Heonxog-
Ha fyrotpajHa TpaHcoy3moHa notnopa. OCHOBHU Ln/b OBOT
MCTpaxmBara 610 je ncnTMBare NPUCYCTBA U TUTPA aHTHTe-
na Ha XxymaHe TpombouuTtHe aHTureHe GP Ilb/llla, GP Ib/IX n GP
la/lla kop 6onecHuka ca AMJ1 pedpakTapHux Ha TpaHcdy3mje
TpombouwTa, y nopeherby ca 3apaBrM MyLIKUM, MPETXOLHO
HeTpaHCPyHAOBaHUM KOHTPONMHUM Cy6jeKTnMa.

MeTtope CnipoBefieHa je NpocneKTVBHa CTyAuja Y Kojy Cy YKIby-
yeHa 22 nyHoneTHa 6onecHnka ca AMJ1 Kog Kojuix je AoKa3aHa
pedpaKTapHOCT Ha TpaHchy3mje TpomboLmTa. TUTap aHTHTENa
Ha cnepehe TpombouuTHe aHTUreHe: GP lib/llla, GP Ib/IX v GP la/
lla npoLerbVBaH je NPUMEHOM EH3MMCKOT MMYHOECeja KOA OBUX
60necH1Ka Npe 1 AiBa caTa HaKoH TpaHCdy3uje TPOMOOLMTa, Kao
1 KOA 30paBUX MYLLKMX KOHTPOJTHYIX CybjeKaTa.

PesynTtatu HuBoU aHTUTENA Ha TPOMOOLIMTHE aHTUreHe 13
KpBWU Y30pKoBaHe npe TpaHchy3uje TpomboLmTa 61nm cy cTa-

DOI: https://doi.org/10.2298/SARH251225046D

TUCTMYKM 3HaUYajHO BULLIM KOJ, CBMX 6ONeCcHMKa Y OAHOCY Ha
3ApaBe HeTpaHcPyHAOBaHE KOHTPOSHe cybjekTe (p = 0,001).
Y cBe Tpu rpyne aHTuTENa TUTAP je 610 3HaYajHO BULLY HAKOH
TpaHcdy3uje TpomboumTa (p = 0,001). Huje yTBphHeHa ctatu-
CTVYKM 3HaYajHa pasnvka y MHULMjanHOM TUTPY aHTUTENa, Kao
HV Y tb€roBOM MOPACTy HAaKOH TpaHcdy3uje, y oAHOCY Ha non
1nu n3sop TpombouuTa (buffy-coat / abepesnn) (p > 0,05). Huje
yTBpheHa CTaTUCTNYKM 3HayajHa Kopenauuja namehy nopacta
6poja TpomboLMTa (M3paXKeHOT y anconyTHUM 6pojeBuma) 1
VHWULMjanHOT HUBOA aHTUTPOMOOLIMTHUX aHTUTeNa.

3aksbyuak PeppakTapHoCT Ha TpaHcdy3uje TpomboLUTa Kog,
6onecHuKa ca AMJ1 Mmoxe 61T NocpefoBaHa aHTUTENMA Ha
TpombouMTHE aHTureHe, MMajyhn y Bualy Aa je TUTap OBHKX aH-
TWTeNa 3HayajHO BULLY KOZ, UCMINTUBAHNX OONECHIKa HEro KO
3ApaByiX, MyLLKX HETPAHCOYHIOBAHMX KOHTPOJTHIX CybjeKaTa.

KmbyuHe peun: peppakrapHOCT Ha TpaHcdy3uje TpomboLnTa;

aKyTHa MujenoupHa neykemuja; XyMaHn TpOMOOLUTHY aHTK-
reHu; AMJT; XTA
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SUMMARY

Introduction/Objective Self-medication (SM) and self-initiated treatment of others (STO) with antibiot-
ics contribute to antimicrobial resistance and represent a significant public health concern. This study
aimed to assess their prevalence and association with socio-demographic factors within the primary
healthcare setting of Niksi¢, Montenegro.

Methods A cross-sectional study was conducted among 356 adults who visited a general practitioner or
family medicine specialist at the Niksi¢ Primary Healthcare Center between March 1 and May 31, 2024.
Data were collected through interviews using a structured questionnaire and analyzed using SPSS 25.
Associations were assessed using chi-square and Fisher’s exact tests, with Spearman’s correlation used
to assess relationship strength. Logistic regression analyses were performed to explore factors associ-
ated with SM and STO.

Results The prevalence of SM was 43%, while 16.6% of respondents reported STO. A significant positive
association was found between these practices (p < 0.001). SM was more common among individuals
aged 35-49, employed, and with higher education, while STO was more frequent among those living
in family or community settings. In univariate analysis, age 50-64, higher education, and employment
were associated with SM, while being retired was associated with STO; however, no variables remained
significant in multivariate analysis.

Conclusion SM and STO are common and significantly associated behaviors in the studied population in
Niksi¢ and may represent important public health challenges, including the development and spread of
antimicrobial resistance, adverse health outcomes, and unnecessary costs. The absence of independent
socio-demographic factors associated with these behaviors indicates a complex, multifactorial underly-

ing structure, warranting further investigation.

Keywords: antibiotics; self-medication; socio-demographic factors; Montenegro

INTRODUCTION

Modern medicine - including surgical, invasive
diagnostic, and transplant procedures — relies
heavily on antibiotics. According to some au-
thors, their widespread use has increased aver-
age human lifespan by approximately 23 years
[1]. However, this success has been accompa-
nied by the growing threat of antimicrobial
resistance (AMR), now recognized as a major
global public health challenge. The increase in
antibiotic consumption worldwide, particularly
in low- and middle-income countries, along
with their irrational use in human medicine,
agriculture, and trade [2, 3], is a key driver of
AMR [4]. Multidrug-resistant microorgan-
isms are estimated to cause around 1.2 million
deaths annually, with projections rising to 10
million by 2050 [5].

In Montenegro, outpatient antibiotic use
increased by 71% between 2000 and 2022,
with self-medication (SM) identified as a

contributing factor [6]. Compared to EU/
EEA countries, the use of most Anatomical
Therapeutic Chemical (ATC) subgroups was
higher, with a statistically significant difference
observed for cephalosporins [6, 7].

The World Health Organization defines
SM as the selection and use of medicines (in-
cluding herbal and traditional products) by
individuals to treat self-recognized illnesses or
symptoms [8]. In practice, this also includes
the use of medicines without a prescription, as
well as sharing medicines with family members
or friends [9]. While acceptable for approved
over-the-counter drugs used appropriately [10],
antibiotic SM is problematic. It contributes to
AMR, delays proper diagnosis and treatment,
and increases the risk of adverse effects and
drug interactions.

A 2025 systematic review of 71 studies
(63,251 participants) reported a global SM
prevalence ranging 0.65-92.2%, with a pooled
estimate of 43% [11]. Prevalence was highest
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in sub-Saharan Africa (55.2%), followed by the Middle
East and North Africa (48.3%), and Europe (34.7%). In
Europe, lower rates were reported in northern countries
such as Denmark (4.5%) and Sweden (0.43%) [12, 13],
while higher rates were observed in Southern and Eastern
Europe, ranging from 18.9% in Portugal [14] to over 40%
in Bulgaria and Greece [15, 16]. Common reasons for SM
include perceived knowledge, previous experience, mild
symptoms, and easy access to antibiotics [11].

Antibiotics are often used for conditions where they are
not indicated, such as cough, common cold, fever, head-
ache, or dizziness [17, 18]. Inappropriate practices — such
as early discontinuation, incorrect dosing, and sharing
antibiotics — further worsen outcomes [16].

Determinants of SM operate at patient, healthcare pro-
fessional, and system levels [19]. According to Lescure et
al. (2018), patient-level factors include socio-demographic
characteristics (e.g., age, sex, education), treatment-related
factors (e.g., lack of knowledge, storing antibiotics at home),
and health- and disease-related factors (e.g., presence of
chronic illness) [19]. Understanding these determinants is
essential for designing effective public health interventions.

This study aimed to assess the prevalence and socio-
demographic factors associated with SM and self-initiated
treatment of others (STO) with antibiotics in a primary
healthcare setting in Niksi¢, Montenegro.

METHODS
Study setting and design

This cross-sectional, questionnaire-based descriptive study
was conducted in the municipality of Niksi¢, the second
largest municipality in Montenegro. According to the re-
cent 2023 census, the municipality had a population of
65,705, which is about 10% of the total population in the
country [20]. Data were collected between March 1 and
May 31, 2024, in the Niksi¢ Primary Healthcare Center
Public Health Institution.

Sample

A convenience sample of 356 participants who visited a
general practitioner or family medicine specialist was re-
cruited. Inclusion criteria were age > 18 years, ability to
understand the questions and provide clear responses, and
signed informed consent.

Although the sample was not strictly random with re-
spect to the general population, it reflects individuals seek-
ing healthcare services. Based on the total population of
Niksi¢ (65,705) and the proportion of adults (78.45%), the
estimated adult population is approximately 51,500 [20].
Using national data indicating that around 3% of citizens
use antibiotics daily [21], and adjusting for a three-month
period, it is estimated that between 1,500 and 2,500 adults
received antibiotic therapy in this setting. With a sample
size of 356, the margin of error at the 95% confidence
level is approximately + 4.5% to * 4.8%, supporting the
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statistical reliability of the findings for the defined popula-
tion of healthcare users, although the findings primarily
apply to healthcare-seeking individuals.

Data collection procedures

The questionnaire was created based on high-quality stud-
ies on similar topics published to date, including questions
that we considered relevant to our conditions [22, 23, 24].

The questionnaire had two parts. Part one included
socio-demographic characteristics such as sex, age, place
of residence, educational level, employment status, living
arrangement, and marital status. Part two included ques-
tions to assess SM and STO with antibiotics (“Do you use
antibiotics at your own discretion, without a doctor’s pre-
scription?” and “Do you administer antibiotics to other
people at your own discretion, without a doctor’s prescrip-
tion?”). The answers offered to both questions were: “No,
never, “Yes, occasionally,” “Yes, often,” and “Yes, whenever
I think it is necessary”

The data were collected through face-to-face interviews
conducted by two previously trained medical doctors,
during their mandatory internship at the Niksi¢ Primary
Healthcare Center.

Statistical analysis

Data were analyzed using IBM SPSS Statistics, Version 25.0
(IBM Corp., Armonk, NY, USA). Both descriptive and in-
ferential statistical methods were applied. Descriptive sta-
tistics were used to present the prevalence of SM and STO,
as well as participants’ socio-demographic characteristics.

Associations between SM and STO were assessed using
the chi-square (x?) test, while the x> test for linear trend
(linear-by-linear association) was used to examine trend
relationships. The strength and direction of associations
were additionally evaluated using Spearman’s rank cor-
relation coefficient. Fisher’s exact test was applied when
expected cell counts were fewer than 5.

Associations between SM, STO, and socio-demographic
variables were examined using the x* test, while Fisher’s
exact test was used when assumptions for the x* test were
not met.

SM and STO were treated as dependent variables in
separate analyses, while socio-demographic characteristics
(sex, age, education, employment status, place of residence,
living arrangement, and marital status) were included as
independent variables.

Univariate logistic regression analysis was performed to
assess the association between each independent variable
and the outcomes (SM and STO), with odds ratios (OR)
and 95% confidence intervals (CIs) reported.

Variables that were statistically significant (p < 0.05)
or showed borderline significance (p < 0.1) in univariate
analysis were included in the multivariate logistic regres-
sion model to identify independent predictors while con-
trolling for potential confounders. Model fit was assessed
using the Nagelkerke R? coefficient. Statistical significance
was set at p < 0.05.
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Ethics: The study was approved by the Niksi¢ Primary
Healthcare Center PHI Ethics Committee (Protocol No.
883, February 27, 2024).

RESULTS

SM with antibiotics was reported by 43% of participants,
and 16.6% reported STO (Table 1).

A statistically significant association between SM and
STO was observed (x*> = 95.369, df =9, p < 0.001). A ¥
test for linear-by-linear association indicated a significant
positive trend between increasing frequency of SM and
STO (p < 0.001). Fisher’s exact test confirmed the statistical
significance of the association (p < 0.001). Additionally,

Table 2. Association between self-medication (SM) and self-initiated treatment

of others (STO) with antibiotics

Table 1. Frequency of self-medication (SM) and self-initiated treatment
of others (STO) with antibiotics

SM STO
Frequency
N % N %

“No, never” 203 57 297 83.4
“Yes, occasionally” 119 334 46 12.9
“Yes, often” 33 9.3 9 2.5

Yes, Wher,\,ever | think it is 1 03 4 11
necessary
Total 356 100 356 100

Spearman’s rank correlation confirmed a moderate positive
association between these variables (p = 0.343, p < 0.001)
(Table 2).

SM was significantly associated with age (p = 0.008),
employment status (p = 0.003), and education level
(p = 0.026, Fisher’s exact test). The highest preva-
lence of SM was observed among participants aged

SM/STO No, never | Occasionally | Often | Whenever| Total 35-49 years (56.5%), employed individuals (53%),
No,never | 190(936) | 11(54) 2(1) 0(0) | 203(100) and those with higher education (53.8%).
Occasionally | 88(73.9) 27 (22.7) 1(0.8) 3(2.5) 119 (100) Although SM was more frequent among women
Often 19(576) | 8(242) 5(15.2) 13) 33(100) (44.1%) and urban residents (44.4%) compared to
Whenever 0(0) 0(0) 1(100) 0(0) 1(100) men (40.7%) and rural residents (34.6%), these dif-
Total 297(834) | 46(129) 9(25) 40.1) | 356 (100 ferences were not statistically significant.
Table 3. Distribution of self-medication (SM) and self-initiated treatment of others (STO) with antibiotics across socio-demographic characteristics
Socio-demographic categories Total N (%) SM STO
Yes (%) No (%) p-value Yes (%) No (%) p-value

Sex

Male 118 (33.1) 48 (40.7) 70 (59.3) 14(11.9) 104 (88.1)

0.537 0.093

Female 238 (66.9) 105 (44.1) 133 (55.9) 45 (18.9) 193 (81.1)

Age, years

18-34 105 (29.5) 49 (46.7) 56 (53.3) 19(18.1) 86 (81.9)

35-49 69 (19.4) 39 (56.5) 30 (43.5) 14 (20.3) 55(79.7)

50-64 93(26.1) 40 (43) 53(57) 0.008* 17 (18.3) 76 (81.7) 0.430
65-79 73 (20.5) 21(28.8) 52(71.2) 7 (9.6) 66 (90.4)

>80 16 (4.5) 4(25) 12 (75) 2(12.5) 14 (87.5)

Place of residence

Urban 304 (85.4) 135 (44.4) 169 (55.6) 0187 52(17.1) 252 (82.9) 0514
Rural 52(14.6) 18 (34.6) 34 (65.4) 7(13.5) 45 (86.5)

Education

No formal education 5(1.4) 0(0) 5(100) 0(0) 5(100)

Primary school 52(14.6) 18 (34.6) 34 (65.4) 0.026* 8(15.4) 44 (84.6) 0338
Secondary school 221 (62.1) 93 (42.1) 128 (57.9) 33(14.9) 188 (85.1)

Faculty/college 78 (21.9) 42 (53.8) 36 (46.2) 18(23.1) 60 (76.9)

Employment

Employed 160 (44.9) 84 (53) 76 (47.5) 31(19.4) 129 (80.6)

Unémployed 93 (26.1) 39 (41.9) 54 (58.1) 0.003* 19(20.4) 74 (79.6) 0,066
Retired 86 (24.2) 26 (30.2) 60 (69.8) 8(9.3) 78 (90.7)

Other 17 (4.8) 4(23.5) 13(76.5) 1(5.9) 16 (94.1)

Living arrangement

In a family / community setting 310(86.5) 135 (43.5) 175 (56.5) 0572 56 (18.1) 254 (81.9) 0.049*
Alone 46 (13.5) 18(39.1) 28 (60.9) 3(6.5) 43(93.5)

Marital status

Single 115(32.3) 51(44.3) 64 (55.7) 19 (16.5) 96 (83.5)

Married / in partnership 194 (54.5) 84 (43.3) 110 (56.7) 0.106 34(17.5) 160 (82.5) 0584
Divorced 6(1.7) 5(83.3) 1(16.7) 0(0) 6 (100)

Widowed 41(11.5) 13(31.7) 28 (68.3) 6(14.6) 35(85.4)

*Statistically significant (p < 0.05);

Fisher’s exact test was used when expected cell counts were < 5.
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STO with antibiotics was significantly associated with
living arrangement (p = 0.049), with higher prevalence
observed among individuals living in family or community
settings (18.1%) compared to those living alone (6.5%). No
statistically significant differences were found according
to sex, age, education, employment, or place of residence
(Table 3).

In univariate logistic regression analysis, age, education,
and employment status were significantly associated with
SM with antibiotics. Participants aged 50-64 years were
more likely to report SM compared to those aged 18-34
years (OR = 3.9, 95% CI: 1.14-13.31, p = 0.030). Higher
education was associated with lower odds of SM (OR = 0.4,
95% CI: 0.19-0.81, p = 0.011), while employed individuals
had higher odds compared to unemployed participants
(OR =2.55,95% CI: 1.46-4.44, p = 0.001). No significant
associations were observed for sex, place of residence, liv-
ing arrangement, or marital status (Table 4).

Table 4. Univariate logistic regression with self-medication (SM) with
antibiotics as a dependent variable and socio-demographic charac-
teristics as independent variables

Duborija-Kovacevic N. et al.

In multivariate logistic regression analysis, none of the
examined variables remained independently associated
with SM. Although the overall model was statistically sig-
nificant (x> = 17.749, p = 0.023), individual socio-demo-
graphic factors including age, education, and employment
were not significant after adjustment. This suggests that the
associations observed in univariate analysis may be con-
founded by other variables. The model explained a small
proportion of variance (Nagelkerke R* = 0.065) (Table 5).

Regarding STO with antibiotics (Table 6), female sex
(OR =0.58, p = 0.095) and living in a family/community
setting (OR = 0.32, p = 0.061) showed borderline asso-
ciations, although neither reached statistical significance.
Additionally, being retired was significantly associated with
higher odds of STO compared to unemployed individuals
(OR =2.34, p =0.043).

Multivariate logistic regression analysis showed that
none of the examined variables were independently associ-
ated with STO. However, female sex (OR = 0.57, p = 0.088),
living in a family/community setting (OR = 0.36,
p = 0.102), and being retired (OR = 2.13, p = 0.078)
showed borderline associations with STO with antibiot-
ics (Table 7).

Variable ‘ OR (95% Cl) ‘ p-value
Sex
Female vs. male ‘ 0.87 (0.56-1.36) ‘ 0.537 Table 6. Univariate logistic regression with self-initiated treatment
Age (years) of others (STO) with antibiotics as a dependent variable and socio-
35_49 vs. 18-34 2.63 (0.8-8.67) 0113 demographic characteristics as independent variables
50-64 vs. 18-34 3.9(1.14-1331) 0.030* Variable | ORO5%C) | palue
65-79 vs. 18-34 2.26 (0.68-7.55) 0.183 Sex
>80vs. 18-34 1.21 (0.35_4.1 9) 0.762 Female vs. male ‘ 0.58 (0.3—1 1) ‘ 0.095
Education Age (years)
Secondary vs. low 0.62 (0.37-1.05) 0.074 35-49vs. 18-34 1.78(0.36-8.77) 0477
Higher vs. low 04(0.19-0.81) 0.011% 50-64 vs. 18-34 1.57 (0.33-7.54) 0576
Employment 65-79 vs. 18-34 1.57 (0.33-7.54) 0576
Employed vs. unemployed 2.55(1.46-4.44) 0.001* 280vs. 18-34 0.74 (0.14-3.96) 0.727
Retired vs. unemployed 1.48 (0.81-2.7) 0.199 Education
Pesfidlanes Secondary vs. low 0.59(0.31-1.11) 0.103
Urban vs. rural | 066(036-123) | 0.189 Higher vs. low 0.54 (0.22-1.36) 0.192
Living arrangement Employment
Family vs. alone ‘ 0.83 (0.44-1.57) ‘ 0.573 Employed vs. unemployed 2.17 (0.9-5.19) 0.083
Marital status Retired vs. unemployed 2.34 (1.03-5.36) 0.043*
Single vs. married 1.23 (0.64-2.36) 0.534 Residence
Other vs. married 1.28 (0.64-2.57) 0.480 Urban vs. rural | 075032177) | o515
*p < 0.05 was considered statistically significant L L) G
Family vs. alone | 032(01-1.06) | 0061
Table 5. Multivariate logistic regression with self-medication (SM) with Marital status
antibiotics as a dependent variable and relevant socio-demographic Single vs. married 1.45 (0.57-3.69) 0433
characteristics as independent variables Other vs. married 135 (0.5-3.63) 0549
et ‘ SolEE O e ) ‘ It *p < 0.05 was considered statistically significant
Age (years)
35-49vs.18-34 2.41(0.58-10.01) 0.228 Table 7. Multivariate logistic regression analysis of factors associated
50-64 vs. 18-34 3.06 (0.7-13.36) 0.137 with self-initiated treatment of others (STO) with antibiotics
65-79 vs. 18-34 2(0.5-7.95) 0.327 Variable | OR(95%C) | p-value
>80 vs. 18-34 1.19(0.34-4.13) 0.781 Sex
Education Female vs. male 0.57 (0.29-1.09) 0.088
Secondary vs. low 0.83 (0.47-1.46) 0.511 Living arrangement
Higher vs. low 0.68 (0.3-1.52) 0.342 Family vs. alone 0.36 (0.11-1.22) 0.102
Employment Employment status
Employed vs. unemployed 1.17 (0.44-3.12) 0.751 Employed vs. unemployed 1.82 (0.75-4.43) 0.185
Retired vs. unemployed 0.84 (0.33-2.18) 0.725 Retired vs. unemployed 2.13(0.92-4.93) 0.078
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DISCUSSION

This study showed a high prevalence of SM (43%) and
STO (16.6%) with antibiotics. To our knowledge, this is
the first study demonstrating a significant positive associa-
tion between these behaviors, suggesting they tend to co-
occur. These findings should be considered in future public
health interventions aimed at addressing both simultane-
ously. Although age, education, employment, and living
arrangements were associated with SM and STO in uni-
variate analyses, none remained significant in multivariate
models, indicating a complex, multifactorial background.

The high prevalence of SM among primary healthcare
users in Niksi¢ may be explained by limited awareness of
risks (e.g., adverse effects, interactions, AMR), time con-
straints, perceived knowledge of symptoms and antibiotics,
prior positive experience, mild symptom perception, as
well as insufficient control of over-the-counter antibiotic
sales in Montenegro.

Interestingly, the 43% SM rate in our study is compa-
rable to the global pooled prevalence reported in a recent
meta-analysis [11] and earlier findings from EU countries
such as Bulgaria (43%) and Greece (44.6%) [15, 16]. In
Montenegro, a study from Podgorica reported that 61%
of respondents used antibiotics in the previous year, but
only 44.1% had a prescription [17]. Similar patterns are
reported in Serbia (47.2% lifetime SM) [25] and Albania
(53%) [26], highlighting a regional public health concern
requiring urgent action.

This study is also the first to show a statistically sig-
nificant positive association between SM and STO, sug-
gesting a behavioral continuum where individuals who
self-medicate are more likely to administer antibiotics to
others. In our study, STO refers to self-initiated adminis-
tration of antibiotics to both adults and children. However,
due to the lack of comparable studies, direct comparison is
limited. However, a systematic review reported that about
24% of parents in Italy self-medicated their children with
antibiotics [27]. It may be assumed that children are often
exposed to antibiotic SM in our setting, but this should be
examined in future studies.

Socio-demographic trends suggest higher SM among
middle-aged, employed, and more educated individuals.
Similar findings were reported in China [28]. Our results
can be explained by time constraints, perceived knowledge
about symptoms and antibiotics, and easier access to in-
formation. The availability of antibiotics without prescrip-
tion in our country may further reinforce these behaviors
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NpeBaneHumja u counoaemorpadcku pakTopyu NOBe3aHN ca CaMosieyerem
aHTUbMoTMLMMa Yy onwTuHKM Hukwuh, LpHa lopa

Harawwa [lybopuja-Kosauesuh', AHhena MujaHosuh? BykalwmH CrojaHoBuh#, CnobogaHka Mapojesuh?!,

Cotba 3enosuh-Panyesuh’

'YHuBep3uteT LipHe lope, MeauumHckn dakynteT, Kateapa 3a ¢papmakonorujy n KnuHuuky dapmakonorujy, lMogropuua, LipHa lopa;
2YHusep3uTeT LipHe lope, MpupogHo-maTematnyku Gakyntet, Mogropuua, LipHa lopa;

*CneuwjanHa 6onHuua 3a nnyhHe 6onectu, [p JoBaH Bynajuh’, bpesosuk, Hukwuh, LipHa lopa;

*YHuBep3uTeT LipHe lope, MeguumHckmn dpakyntet, Kateapa 3a aHatomujy, Mogropuuia, LipHa lopa;

5[om 3apaemba Moaropuua, Mogropuua, LipHa lopa

CAMETAK

YBoa/Lums Camoneyeme (CJ1) 1 CaMOVHULMJaTUBHO fleuerse
apyrux (CJ11) aHTM6rOTHLMMA JONPUHOCE AHTUMIKPOOHO] pe3u-
CTEeHLMjI 1 NPeACTaB/bajy 3HauajaH jaBHO3PaBCTBEHM NPOGeM.
Linb oBor nctpaxmBatrba 610 je Aa ce mpoLeHe HbIXoBa yye-
CTasIoCT 1 MOBE3aHOCT ca couuofemorpadckrm daktopuma Ha
HUBOY NprMapHe 3ApaBcTBeHe 3awTute y Hukiwumhy, LipHa lopa.
Metope CnpoBefieHa je cTyAmnja npeceka Ha Y30pKy o 356 oa-
pacnvx NCNUTaHUKA KOjy Cy MOCETUIIN JOKTOPa MeANLIHE Uiu
cneuujanucTy nopoguyHe meauumnHe y lomy 3apaerba Hukwuh
y nepuiogy oa 1. mapta go 31. maja 2024. roanHe. Mopaum cy
NPUKYMJbeH NyTeM UHTEPB]jya KopulherbeM CTPYKTYprpaHor
YNUTHMKA 1 aHanu3npaxun y nporpamy SPSS 25. lNosesaHocTu cy
ncnuTUBaHe Xu-kBaapat n OuiiepoBrm TecToMm, AoK je Cnvp-
MaHOBa Kopesauuja KopurwheHa 3a NpoLeHy jaunmHe ofHoca.
Jlornctnuka perpecyja je npuMer-eHa 3a NcnuTUBakbe pakTopa
nose3saHux ca CJTu CJ1[.

Pesynrtatu Yyectanoct CJ1 nsHocuna je 43%, fok je 16,6% unc-
nuTaHnKa npwjasuno CJ11. YtBpheHa je 3HauyajHa No3UTHBHa
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nose3aHocT n3mehy oBa ABa obpacLia noHawaka (p < 0,001).
CJ1je 6uno yewhe mehy ocobama ctapoctt 35-49 roguHa, 3a-
Noc/ieHMa 1 OHMMa Ca BLIMM 0bpa3oBarbeM, Aok je CJ1I 6uno
yewhe Kog 0coba Koje XuBe y NOPoANYHOM JOMaRMHCTBY UK
3ajeaHunuM. Y yHUBapWjaHTHOj aHanu3w, y3pacT 50-64 rogvHe,
BlLLE 06pa3oBatbe 1 3anoceHoCT 6unm cy nosesanu ca CJl, a
neH3noHepcku ctatyc ca CJ1; mehyTum, HnjeaaH daktop Huje
0CTao 3HayajaH y My/ITBapujaHTHOj aHanM3n.

3akmyuak CJ1u CJ1[] cy yecTu 1 3HauajHO NoBe3aHu obpacym
MOoHalLakba Yy MCMUTUBAHOj nonynaumju y Hukiwmhy n mory npeg-
CTaB/baTu BaXHe jaBHO3[1paBCTBEHE 113a30Be, YKIbyuyjyhn Ha-
CTaHaK U1 Wrpere aHTUMUKPOOHE pe3ncTeHL1je, HEMOBOJbHE
3[paBCTBEHE 1CXofe U HenoTpebHe Tpowkose. OfcycTBO He-
3aBUCHUX coumofemorpadckmx GakTopa noBes3aHux ca OBUM
MOHaLlarMa yKasyje Ha CIoXKeHY, MynTUGaKTOpCKy OCHOBHY
CTPYKTYPY, LUTO 3aXTeBa Aasba UCTPaXmBatba.

KrmbyuHe peunt: aHTMOMOTULY; CaMoreyerse; coumoaemorpad-
cku dakTopu; LipHa lfopa
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SUMMARY

Introduction Dens invaginatus (DI) is a rare developmental anomaly characterized by invagination of the
enamel organ into the dental papilla, creating complex internal anatomy. Type Il DI, according to Oehlers’
classification, presents diagnostic and therapeutic challenges, especially in teeth with incomplete root
development. Early diagnosis and proper management are crucial to prevent pulpal and periodontal
complications, preserve tooth vitality, function and aesthetics. The aim of this report is to describe the
long-term interdisciplinary management of a rare DI type IlIB, highlighting diagnostic challenges, treat-
ment strategies, successful tooth preservation, and importance of long-time controls.

Case outline A maxillary lateral permanent incisor with DI type IlIB in a nine-year-old boy presented with
peri-invagination periodontitis while maintaining pulp vitality and incomplete root formation. A staged,
minimally invasive approach was adopted, initially focusing on periodontal surgery and regenerative
therapy to control infection while preserving pulp vitality and allowing continued root development.
After more than two years of successful vitality maintenance, irreversible pulpitis developed, requiring
complex orthograde root canal treatment followed by apical surgery. Long-term follow-up exceeding
nine years demonstrated complete periapical healing, stable periodontal conditions, functional integrity,
and retention of the tooth in the dental arch.

Conclusion Early diagnosis of Dl is essential, as type lll cases pose major challenges to pulp preservation
and root canal treatment and are often considered for extraction. This case shows that long-term tooth
preservation is achievable despite complex anatomy using an individualized, interdisciplinary approach.
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INTRODUCTION

Dens invaginatus (DI) is a developmental
anomaly characterized by invagination of the
enamel organ into the dental papilla prior to
calcification [1]. The extent of invagination
and pulp chamber anatomy varies consider-
ably, with Oehlers’ classification - types I to
IIT - being the most widely used [2].

According to this classification, type I is a
minor, enamel-lined invagination restricted
to the crown and not extending beyond the
cementoenamel junction [2]. Type II extends
into the root but remains confined within it as
a blind sac. Type III is the most severe form,
in which the invagination extends through the
root, creating a pseudo-foramen that opens ei-
ther apically (type IIIB) or laterally (type IIIA)
into the periodontal ligament. In type III cases,
the apical portion of the invagination is often
lined with cementum [2].

Prevalence ranges from 0.25-10% in full-
mouth surveys [1] and up to 26.1% in specific
populations [3]. The maxillary lateral perma-
nent incisor is most commonly affected, ac-
counting for 86% of cases [4]. Although its

etiology is not fully understood, genetic factors
are considered likely [5].

The abnormal anatomy predisposes af-
fected teeth to caries, pulpal and periodontal
inflammation, posing significant challenges
for endodontic treatment, particularly in im-
mature teeth with incomplete root formation
[1, 2]. Management focuses on preserving pulp
vitality to allow continued root development or
maintaining symptom-free, adequately treated
non-vital teeth, with extraction reserved for un-
treatable or severely compromised cases [4, 6].

The aim of this report is to present the long-
term interdisciplinary management of a rare
DI type IIIB (Oehlers), initially diagnosed with
peri-invagination periodontitis and a vital pulp,
emphasizing diagnostic challenges, treatment
strategies, and the successful preservation of
function and aesthetics.
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CASE OUTLINE
Clinical and radiographic description

A nine-year-old boy was referred to the Department of
Pediatrics and Preventive Dentistry of the University
Medical Centre Ljubljana due to the signs of inflammation
in the area of erupting maxillary right lateral permanent
incisor (the tooth 12). There was no history of trauma
or dental caries. His parents reported a mild pain in this
area, accompanied by oedema, which ceased nine days ago
after antibiotic therapy (500 mg amoxicillin with 125 mg
clavulanic acid, twice per day for five days). The antibiotic
regimen was prescribed by the referring physician prior to
the patient’s presentation at our department. The choice
of this broad-spectrum antibiotic is consistent with the
management of acute odontogenic infections in pediatric
patients, particularly when a mixed aerobic-anaerobic flora
is suspected.

Clinical examination revealed healthy mixed denti-
tion and healthy oral soft tissue, except red gingiva on the
buccal side, associated with the tooth 12, with remnants
of inactive sinus tract (Figure 1a). The crown of tooth
12 was yellowish and exhibited an unusual morphology.
Enlarged palatal cingula, a disto-palatal groove, and a deep
mesio-palatal radicular groove on each side of the cingula
were noticed; however, invagination entrance was hardly
visible. The patient’s oral hygiene was good, with tooth
surfaces free of microbial plaque, but abundant supragin-
gival and subgingival calculus was present. There was no
swelling of the surrounding mucosa, and no tenderness
to palpation. The tooth was not sensitive to percussion
nor pathologically mobile. Gentle periodontal probing
revealed loss of attachment on the distobuccal aspect,
with a probing pocket depth of 5 mm on the not fully
erupted tooth crown. The dental pulp vitality of tooth 12
was confirmed using the electric pulp test and cold test.
The periapical radiograph revealed a cylindrical root that
was slightly widened apically. The coronal half of the in-
vagination canal was very narrow and lined with a thin
layer of enamel, while in the apical half, the invagination
canal expanded dramatically and opened widely into the
periradicular tissues, giving a bell-shaped appearance. The
dental pulp was compressed to the sides, encircling the
bell-shaped invagination. A wide-open pulpo-periodontal
communication was observed. Periapically, a diffuse bony
radiolucency was present. Based on these findings, tooth
12 was diagnosed as DI type IIIB according to Oehlers’
classification [2] (Figure 1b).

Treatment summary

The primary source of infection was determined to be
periodontal (peri-invagination periodontitis), as direct
communication between the invagination and the peri-
odontal ligament facilitated bacterial contamination from
the oral environment. Periodontal surgery was performed
to treat peri-invagination periodontitis and prevent api-
cal bacterial spread, aiming to preserve pulp vitality, in
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accordance with the principles of periodontal regenera-
tive therapy. Following removal of hard and soft deposits
using an ultrasonic scaler, a full-thickness mucoperios-
teal flap was elevated. Granulation tissue and significant
cortical bone loss were observed (Figure 1c, d); however,
the apical region was left untouched to avoid pulp devi-
talization. The bone defect was irrigated with saline, and
the exposed root surface was treated with 24% EDTA gel
(PrefGel, Straumann, Basel, Switzerland) for two minutes,
rinsed with saline and dried. Enamel matrix derivative gel
(Emdogain, Straumann) was applied to stimulate new bone
and connective tissue formation. The flap was sutured with
resorbable sutures (Safil Quick 4/0, B. Braun Melsungen
AG, Melsungen, Germany), and crown fissures were sealed
with glass-ionomer cement — GIC (Fuji Triage Pink, GC
Dental Products, Luzern, Switzerland). A week later, the
crown was additionally sealed with resin (Helioseal F,
Ivoclar Vivadent, Schaan, Liechtenstein). Initial healing
was uneventful. The tooth remained vital and asymptom-
atic at one-, three-, and six-month follow-ups.

The initial decision to perform periodontal surgery but
no endodontic treatment was based on the fact that the
tooth was vital and primary pathology was peri-invagina-
tion periodontitis, not an endodontic infection. The goals
were to eliminate the periodontal inflammatory focus, pro-
mote bone regeneration, and preserve pulp vitality to allow
continuing root development in this immature tooth.

At 12 months, the tooth was vital and asymptomatic
with continued root formation confirmed on periapical
image. Nevertheless, a new palatal sinus tract appeared,
prompting additional surgery. A palatal mucoperiosteal
flap was raised, granulation tissue excised, and the area
irrigated. At 18-, 24- (Figure le), and 30-month (Figure 1g)
evaluations, the tooth remained vital and symptom-free.
Periapical radiographs showed continued root formation
and attenuation of periapical radiolucency (Figures 1f and
h), although a sinus tract intermittently reappeared at the
mucogingival junction.

At 33 months, despite vitality and lack of symptoms,
the invagination canal was treated under the operating
microscope (OPMI PICO, Carl Zeiss Meditec AG, Jena,
Germany), with magnification up to 20x, coaxial halogen
illumination, and a 250 mm working distance. The resin
composite was removed from the palatal surface (Figure 2a
and b), and the invagination entrance in the enlarged pala-
tal cingulum was exposed and enlarged (Figure 2c). The
canal was instrumented with hand files up to ISO 40, ir-
rigated with 2.5% NaOCl and 17% EDTA gel (Straumann),
and medicated with calcium hydroxide paste (Calasept,
Nordiska Dental AB, Helsingborg, Sweden). The entrance
was sealed with GIC (GC Dental Products).

At one- and three-month follow-ups, the tooth re-
mained vital, but the sinus tract persisted. The persistence
of the sinus tract after initial surgery was due to the inabil-
ity to completely seal the invagination and eliminate the
bacterial reservoir, which eventually led to pulp involve-
ment. Five months later, the patient presented with cold
sensitivity and episodes of spontaneous pain. Vitality test-
ing indicated irreversible pulpitis. Cone beam computed
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Figure 1. Preoperative clinical examination (a) and radiograph (b)
showing an erupting maxillary right lateral incisor with type Ill dens
invaginatus; a large bony defect identified during flap surgery was
carefully debrided (c, d); clinical and radiographic views of the vital and
asymptomatic maxillary lateral incisor at the 24-month (e, f); 30-month
(g, h) follow-up examinations

tomography analysis (Figure 2d, e, and f) was followed
by root canal treatment (RCT) under rubber dam and
magnification. After local anesthesia (Scandonest 2% L,
Septodont, Saint-Maur-des-Fossés, France), semi-circular
access cavities to the pulp and invagination were made
(Figure 2g). Cleaning included ultrasonic tips, XP-Endo ro-
tary file (FKG Dentaire, La Chaux-de-Fonds, Switzerland),
and irrigation with 5% NaOCI. To address the complex
internal anatomy in DI type III, 5% sodium hypochlorite
was used. This choice was necessary because necrotic pulp
tissue and microbial biofilm reside in narrow, irregular
spaces that are very difficult, and sometimes impossible,
to access mechanically. Therefore, a higher concentration
of NaOCl provides enhanced tissue-dissolving and antimi-
crobial efficacy. In addition, 17% EDTA (Straumann) was
used to remove the smear layer, thereby allowing deeper
penetration of the irrigants. Calcium hydroxide was placed

‘ DOI: https://doi.org/10.2298/SARH260219048G
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Figure 2. Tooth 12 with a sealant placed on the palatal surface (a);
after removal of the resin composite and preparation using a small
carbide bur and a scaler, the entrance of the invagination became
evident (b); the invagination entrance was then slightly enlarged (c);
cone beam computed tomography images of the maxillary right lateral
incisor showing the invaginated developmental canal on sagittal (d);
frontal (e); and axial (f) cross-sectional views; entry of the invagination
canal with a surrounding semicircular root canal orifice (g); both canal
systems filled with gutta-percha (h); a periapical radiograph shows
the root canal obturation (i): the distal canal is filled up to the apical
constriction, whereas the palatal and buccal canals are filled only up
to the “bending point;”a fractured ultrasonic file is visible in the apical
portion of the invagination

and sealed with GIC (GC Dental Products) and Cavit W
(3M Deutschland GmbH, Neuss, Germany).

Two weeks later, canals were obturated with TotalFill
BC Sealer (Brasseler USA, Savannah, GA, USA) using
single-cone and warm vertical gutta-percha (Figure 2h).
A temporary seal was placed, and postoperative radiograph
was taken (Figure 2i). Final resin composite restorations
were placed at the next visit.

Periapical surgery was performed one month later due
to persistent sinus tract. A 1 mm apicoectomy was done,
canals were prepared with ultrasonic tips (ISO 25), and
retrograde filling was completed using ProRoot MTA
White (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA).
Radiographs confirmed obturation (Figure 3a). After one
week, healing was satisfactory and the patient remained
asymptomatic.

Follow-up

At the follow-up visits six, 12, 18 months (Figure 3¢, d)
and nine years and five months after orthograde and ret-
rograde treatment, the tooth 12 was asymptomatic, and
with no sinus tract. Objective criteria confirming treat-
ment success were as follows: (1) absence of clinical symp-
toms (pain, swelling, sinus tract), (2) normal periodontal
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Figure 3. Periapical radiograph obtained after periapical surgery (a) with a schematic
representation of the retrograde and orthograde obturation (b); clinical and radio-
graphic views of the maxillary lateral incisor at the 18-month follow-up after periapical
surgery (c, d)

Figure 4. Clinical (a, b) and radiographic (c) views of the maxillary lateral incisor at the
follow-up examination nine years and five months after periapical surgery; the tooth is
functionally and aesthetically well positioned in the dental arch

probing depths and absence of pathological mobility, (3)
normal response to vitality testing of adjacent teeth, and
(4) radiographic evidence of complete periapical healing
with a continuous lamina dura and a visible periodontal
ligament space.

At the last follow-up, clinical examination revealed
healthy gingiva around teeth 11, 12 and 13 (Figure 4a,
b). The crown of tooth 12 was slightly yellowish in color.
No swelling or tenderness was elicited upon palpation of
the surrounding mucosa. None of the teeth was tender
to percussion testing and demonstrated normal mobil-
ity. Periodontal probing demonstrated normal periodon-
tal depths of tooth 12. Both adjacent teeth (teeth 11 and

was obtained from the patient’s parents for
the publication of this case report and any
accompanying images. All identifying de-
tails have been removed or anonymized to
ensure patient privacy.

DISCUSSION

This case demonstrates a staged, conserva-
tive approach to type III DI, prioritizing
pulp vitality and long-term tooth reten-
tion despite complex anatomy. Initial treat-
ment targeted peri-invagination periodon-
titis caused by bacterial contamination.
Following coronal sealing, periodontal
regeneration with enamel matrix deriva-
tives was performed without membranes or
grafts to avoid interference with craniofacial
growth. Pulp vitality was maintained for 2.5
years, allowing root development, although
irreversible pulpitis later required complex
endodontic and surgical management. In
this respect, it is important to distinguish
between infection and pulpitis, the presence
of microorganisms and the host’s response,
respectively. In this case, bacterial infection
spread from the peri-invagination peri-
odontitis, triggering an inflammatory reac-
tion that progressed to irreversible pulpitis.

DI is often underdiagnosed due to its
subtle presentation, typically limited to
a small invagination entrance [7], and is
frequently discovered incidentally on ra-
diographs [8]. Despite its inconspicuous
appearance, DI can compromise pulpal
and periodontal health. The invagination
may contain dental papilla or periodontal

tissue remnants, creating a bacterial niche. The pulp may
be separated from the invagination by a thin enamel or
dentin layer [1] or communicate directly with it [4]. Direct
communication increases the risk of early pulp infection,
whereas pulpitis from caries progression occurs later [4].
Pulp necrosis may develop within a few years and some-
times precedes apical closure [1].

Management strategies for DI range from prophylactic
sealing and restorative measures to endodontic treatment
of the invagination, pulp amputation, conventional or sur-
gical RCT or extraction [7]. However, outcomes remain

unpredictable. Even after prophylactic intervention, pulp
inflammation may occur. Ridell et al. [6] reported inflam-
mation in 11.3% of type I and 100% of type II DI cases.
Pulp survival depends on canal morphology, apical devel-
opment, and avoidance of iatrogenic irritation [7].

Type III DI presents particular therapeutic challenges.
Although pulp vitality preservation after obturation of the
invagination has been reported [9], communication be-
tween the invagination and periodontal ligament facilitates
continuous inflammatory insult [10]. Consequently, more

13) responded normally to dental pulp vitality tests. The
periapical radiograph, taken nine years and five months
after the final treatment, showed completely healed bone
adjacent to the root of tooth 12, with a visible lamina dura
and a normal periodontal ligament space above the root
apex (Figure 4b).

Ethics: The principles of the Declaration of Helsinki were
respected in this case report. Written informed consent
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than half of reported type III cases progress to pulp necro-
sis over time [11]. In the present case, irreversible pulpitis
developed 2.5 years after periodontal surgery.

The sinus tract that developed during the vitality main-
tenance period originated from the peri-invagination peri-
odontitis, not from pulp necrosis. Because the invagina-
tion communicated directly with the periodontal ligament,
bacterial products and inflammatory exudate drained
through the periodontal tissues, forming a sinus tract at
the mucogingival junction. Pulp vitality was maintained
because the pulp remained separate from the invagination
and remained uninfected.

In this case, the invagination canal was wide and irregu-
lar, directly communicating with the periodontal ligament
and partly inaccessible to both orthograde and retrograde
approaches, as previously described in type III DI [12].
Furthermore, apical dilatation can cause inflammatory
complications and eruption disturbances [13], but in this
case eruption and alignment proceeded uneventfully.
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Tepanwuja dens invaginatus Tuna III1B

bopuc lawnupy’, Tomax Xutnj?3, Nlyka XoueBap*

'YHueep3uTeT y JbybrbaHu, MeguumuHckn dakyntet, Kateapa 3a opanHy MeguuuHy 1 napogoHTonorujy, JbybrbaHa, CoBeHuja;
2Ynusep3utet y Jbybsbanu, MeguumHckmn dakyntet, Kateapa 3a 6onect 3y6a u feHtanHy mopgonorujy, JbybrsaHa, CnoseHuja;

*MHcTUTYT 32 Maneobronorujy u esonyumjy, KamHk, CnoseHuja;

*YHuBep3uTeT y JbybrbaHn, MeguuuHckn dakynteT, Kategpa 3a fAeujy v npeBeHTBHY cTomatonorujy, JbybrbaHa, CnoseHuja

CAMETAK

YBog Dens invaginatus (DI) je peTka pa3BojHa aHOManumja Kojy
KapaKTepuLe UHBarnHauwja rnehHor opraHa y 3y6Hy nanwny,
LITO CTBapa CNOXeHyY YHyTpaluky aHatomujy. DI Tuna lll, npema
OnepcoBoj knacnduKaLmjy, NpeacTaBba AMjarHOCTAYKE U Te-
panujcke 13a3oBe, NocebHO KoA 3yba ca He3aBpLUEHUM PacToOM
KopeHa. PaHa finjarHo3a 1 NpaBUIHO fleyere Kiby4YHu Cy 3a
cnpeyaBatrbe NyNMHYX U MApOAOHTAHMX KOMMMKaLWja, OuyBa-
tbe BUTanHocTy, yHKUUje 1 ecteTuKe 3yba. Linmb oBor nprkasa
Cnyyaja je Aa onuLLe AyropoyHO NHTEPANCLMIIMHAPHO fleYere
peTkor obnuka DI Tuna Il1B, nctuuyhm gujarHocTnyke n3asose,
cTpaTeruje neyerba 1 ycrnewHo ovyBatbe 3y6a.

Mpukas 6onecHnka Kop aeBetorofuiltber jeyaka AujarHocTi-
KOBaH je CTalHu1 MakcunapHw natepanHu cekytuh ca DI Tnom
[11B n nepvmHBarMHaLMoHNM NapOAOHTUTUCOM, MPKU Yemy je
BUTANIHOCT Nynne 6una ouyBaHa, a opmMmparbe KopeHa HenoT-
nyHo. [prMer-eH je eTanHu, MUHAMANHO MHBA3UBHW NPUCTY,
NPBOOBUTHO GOKYCMPaH Ha MaPOAOHTaNIHY XMPYPIUjy 1 pere-
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HepaTuBHY Tepanujy Kako 6u ce KoHTponuncana uHdekLuyja, y3
OuyBatbe BUTAJIHOCTU Mynne n oMmoryhaBare KOHTUHYMpPaHOT
pacTa KopeHa. HakoH BuLLe Of [iBe rOANHE YCNeLHOor OApXKa-
Batba BUTAIHOCTY, Pa3ByO Ce NPeBeP3UOVIHN MyANUTUC, LITO
je 3axTeBasno CNOXKEHO OPTOrpafHO Jleuetbe KOPEHCKOT KaHana,
a 3aTVM 1 anmKanHo XMPYpPLLKO neyetbe. [lyropoyHo npahetbe,
JyXe of fileBeT rofjMHa, NoKasano je NoTNyHO nepuanukanHo
3apacTakbe, CTabUIHO NAaPOAOHTANIHO CTakbe, GYHKLMOHAMHN
VHTErpuTeT 1 3afpKaBarbe 3y6a y 3yOHOM nyKy.

3aKsbyyak PaHa gujarHosa Dl je HeonxofHa, jep ciyyajesu Tuna
Il npepcTaB/bajy BenMKe 13a30Be 3a OUyBatbe Nymne 1 neyerbe
KOPEHCKIX KaHasa 1 YeCTo ce pa3maTtpajy 3a ekctpakuyjy. OBaj
CNyyaj mokasyje Aa je AyropoyHo ouyBatbe 3yba moryhe ynp-
KOC C/TOXKeHOj aHaTOMWju KopuLwherem MHANBYAYan30BaHor,
VHTePAVNCUMMIMHAPHOT NpucTyna.

KmbyuHe peumn: dens invaginatus; 3y6 ca He3aBpLUEHM pacToM
KOpeHa; MHTEPAVNCLMMANHAPHO Neyere

www.srpskiarhiv.rs

347



Received « MpumbeHo:
March 13,2026

Revised - PeBusnja:
April 20, 2026

Accepted - MpuxeaheHo:

April 21,2026
Online first: May 18, 2026

Correspondence to:
Ivana NEJKOVIC
Slankamenacka 24
11080 Zemun
Belgrade

Serbia
nejkovici@gmail.com

DOI: https://doi.org/10.2298/SARH260313039S

UDC: 616.211-002-085.37

CASE REPORT / MPUKA3 BONNECHUKA

Sublingual immunotherapy — a good choice for all
forms of birch pollen allergy

Rajica Stosovic'?, Ivana Nejkovi¢', Vesna Tomic Spiri¢'

'University Clinical Center of Serbia, Clinic of Allergology and Immunology, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction High prevalence of hypersensitivity to birch pollen significantly reduces the quality of
life of affected individuals. Control of the simultaneous manifestation of allergic rhinitis and/or asthma
and birch-apple allergy syndrome is particularly challenging. Opinions regarding the effects of allergen
immunotherapy on the control of birch-apple allergy syndrome are divided.

Case outline We present a female patient with poorly controlled allergic rhinitis and asthma due to
hypersensitivity to birch pollen and allergy to apples, in whom sublingual immunotherapy (SLIT) with
an oral lyophilizate of birch pollen was administered. Nine months of SLIT, added to pharmacological
therapy, led to good control of allergic rhinitis and asthma and to the development of apple tolerance.
Conclusion The favorable outcome of SLIT in controlling respiratory allergies and inducing apple tolerance
suggests that it may be a beneficial therapeutic option for the management of all clinical manifestations

of birch pollen allergy.

Keywords: allergic rhinitis; allergic asthma; pollen-food allergy syndrome; allergen immunotherapy

INTRODUCTION

Birch is the largest producer of allergenic tree
pollen in Europe, with a sensitization prevalence
ranging between 7% and 57% of the popula-
tion. Most sensitized individuals have allergic
rhinitis and/or asthma, and more than half also
develop pollen-food allergy syndrome (PFAS),
an immunoglobulin E (IgE)-mediated allergic
reaction to foods from fruits and vegetables as-
sociated with sensitization to inhalant allergens,
most commonly pollen [1, 2]. PFAS is based
on IgE cross-reactivity to structurally similar,
homologous allergens from different protein
families present in both foods and pollen. The
clinical presentation of PFAS is most often mild
(itching and mild swelling of the lips, mouth,
and throat), and only rarely includes symptoms
of anaphylaxis. Pathogenesis-related protein 10
(PR-10) proteins, profilins and lipid transfer
proteins are recognized plant panallergens in-
volved in pollen-food cross-reactivity. Allergens
from the PR-10 family and profilins are usually
responsible for mild clinical manifestations,
whereas allergens from other protein families
are associated with more severe clinical forms of
PFAS. More than 70% of individuals sensitized
to birch pollen who have allergic rhinitis and/
or asthma develop PFAS due to apple allergy
(birch-apple allergy syndrome) [3, 4]. The qual-
ity of life of affected patients is further reduced,
and their management represents a significant
therapeutic challenge [5, 6, 7]. Avoidance of
raw fruit and symptomatic therapy are recom-
mended, while opinions regarding the use of
allergen immunotherapy remain divided [7, 8].

We present a patient with concomitant
seasonal allergic rhinitis, asthma and PFAS
associated with apple allergy, in whom treat-
ment with sublingual immunotherapy (SLIT)
using an oral lyophilizate of birch pollen had
a favorable effect on the control of all clinical
manifestations of birch pollen allergy.

CASE REPORT

We present a 25-year-old female patient with
seasonal allergic rhinitis and asthma due to hy-
persensitivity to birch pollen and PFAS, mani-
fested as allergy to apples. The disease began
suddenly in the spring of 2009, at the age of
nine, with symptoms typical of allergic rhinitis
and mild asthma, followed later that year by al-
lergy to fresh apple (pronounced itching, burn-
ing sensation in the oral cavity and difficulty
swallowing). Based on medical history, clinical
examination, spirometry, skin prick testing, and
measurement of serum specific IgE (sIgE) to
standard inhalant and food allergens, allergic
rhinitis and asthma due to hypersensitivity to
birch pollen associated with allergy to apples
were diagnosed one year later. With regu-
lar allergist follow-ups and pharmacological
therapy, in accordance with recommendations
for moderate-to-severe allergic rhinitis and
mild allergic asthma, the patient maintained
good control of respiratory symptoms until
the end of 2021. In late April 2022 and early
April 2023, despite regular therapy, the patient
was hospitalized due to a sudden worsening of
asthma and severe nasal obstruction. Control of
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Table 1. Results of allergological tests and laboratory findings

SLIT - sublingual immunotherapy; sIgE - specific immunoglobulin E;
slgG4 - specificimmunoglobulin G4; Bet v1 - Betula verrucosa 1 major allergen;
Mal d1 - Malus domestica 1 major allergen

Table 2. Control of allergic rhinitis and asthma before, during and after SLIT

verrucosa 1 major allergen (Bet v1), the major

Features Before SLIT Onff mSoLrln_'Ic_h 12ftmosn|:c|l_1l_s allergen of birch pollen, and cross-reactivity
arter arter to Malus domestica 1 major allergen (Mal d1),
Skin prick test to birch pollen 8 7 8 . _
(wheal diameter in mm) the major apple allergen (PR.1.0 type), were
— - demonstrated (Table 1). Sensitization to the
Skin prick to prick test to apples 9 9 8 : )
(wheal diameter in mm) minor allergens of birch pollen and apple, Bet
Oral apple provocation test 8 0 3 v2 and Mal d4, was not detected (sIgE Bet v2
(visual analogue score) 0.11 kUA/L, sIgE Mal d4 0.16 kUA/L). Based on
SIgE Bet v1 (KUA/L) 31.08 26.90 25.89 these findings, SLIT with an oral lyophilizate
sIgE Mal d1 (kUA/L) 8.09 7.53 71 of a standardized allergen extract from birch
slgG4 Bet v1 (mgA/L) 0.09 0.84 075 pollen was initiated. A pre-seasonal and co-
slgG4 Mal d1 (mgA/L) 0.06 0.62 031 seasonal protocol was applied for nine months

(from early September 2023 to the end of May
2024) in addition to pharmacological therapy.
Before initiation of SLIT, a double open oral
food challenge with a fresh Granny Smith apple

Season 2022 | Season 2023 | Season 2024 | Season 2025 was performed with a cumulative dose of 200

R before SLIT | before SLIT | during SLIT | after SLIT : s
ARV o 035 26 273 g (one medium apple). The test was positive
: : : : (visual analogue score 8). Symptoms resolved
ggmz 2R ;;Z 2'49 ;22 ;32 after administration of two tablets of deslorata-
Nomber of AE '1 '155 ‘0 'g dine. The efficacy of SLIT was assessed based
umber of severe on clinical parameters (Table 2) and laboratory

ACT 16 15 21 22

AR - allergic rhinitis; VAS - visual analogue scale; ATDMS - average total daily medication

score; A — asthma; AE — asthma exacerbation; ACT — asthma control test;
SLIT - sublingual immunotherapy

respiratory symptoms was achieved with parenteral meth-
ylprednisolone administered in tapering doses. PFAS was
successfully controlled by avoidance of fresh fruit. In the
family history, the patient’s brother, father, and uncle have
confirmed diagnoses of allergic asthma. Due to a sudden
worsening of breathing during two consecutive tree pol-
len seasons, the patient presented for examination at the
outpatient clinic of the Clinic for Allergy and Immunology,
University Clinical Center of Serbia, Belgrade, in late May
2023. Investigations conducted in accordance with guide-
lines for allergic rhinitis, asthma, and PFAS confirmed the
diagnoses of moderate-to-severe poorly controlled sea-
sonal allergic rhinitis, mild partially controlled asthma due
to hypersensitivity to birch pollen, and PFAS with allergy
to apples. The diagnosis of allergic rhinitis and asthma
was based on medical history and clinical presentation
during the March—-May pollen season, in correlation with
a positive skin prick test exclusively to birch pollen (papule
diameter 8 mm; saline solution 0 mm; histamine solu-
tion 5 mm) and a high serum concentration of sIgE to
birch pollen (30.29 KUA/L, class 4) (ImmunoCAP system,
Thermo Fisher Scientific, Uppsala, Sweden). The diagno-
sis of birch-apple allergy syndrome was established based
on the patient’s history (itching and burning in the throat
and oral cavity and difficulty swallowing immediately
after apple consumption), a positive prick-to-prick skin
test with apple (9 mm; saline solution 0 mm; histamine
solution 6 mm), and elevated serum sIgE to apples (7.80
kUA/L, class 3). Due to poor control of respiratory aller-
gies and long-term avoidance of fresh fruit, component-
resolved diagnostics (ImmunoCAP system, Thermo Fisher
Scientific) was performed with the aim of introducing al-
lergen immunotherapy. Primary sensitization to Betula
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criteria (oral provocation test with fresh apple
and serum concentrations of sIgE and sIgG4
to the major allergens of birch pollen Bet v1
and apple Mal d1) (Table 1). During the tree
pollen season while receiving SLIT, the patient achieved
good control of rhinitis and asthma, and one month after
discontinuation she also demonstrated good tolerance to
apples, for the first time in more than ten years (Table
1). The favorable outcome of SLIT was accompanied by
high serum concentrations of specific IgG4 to the major
birch pollen allergen Bet v1 (0.84 mgA/L) and to the cross-
reactive major apple allergen Mal d1 (0.62 mgA/L). The
patient decided to discontinue SLIT after the first treat-
ment season. During additional follow-up one year after
discontinuation of SLIT, the patient maintained well-con-
trolled mild allergic rhinitis and mild asthma (Table 2), but
apple tolerance was not maintained. The oral provocation
test with a Granny Smith apple was again positive, with
a lower score of oropharyngeal symptoms, accompanied
by reduced levels of sIgG4 to the major allergens of birch
pollen and apple (Table 1).

Informed consent: Written informed consent was ob-
tained from the patient for this case report publication,
including the medical history and laboratory analyses.

Ethics approval: The publication of this case report was
approved by the Ethics Committee of the University
Clinical Center of Serbia.

DISCUSSION

The high prevalence of birch-apple allergy syndrome is
part of the global “allergy epidemic” and results from the
frequent sensitization to birch pollen and its strong cross-

reactivity with apple. In these patients, seasonal allergic
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rhinitis and/or asthma are often difficult to control with
standard pharmacological therapy [9, 10]. This difficulty is
attributable to cross-reactivity between birch pollen and ho-
mologous tree pollens [11], as well as to the global increase
in airborne pollen concentrations [12]. These factors were
also the main reasons for the poor control of allergic rhinitis
and asthma in our patient. Good control of allergic rhinitis
and asthma until 2021 was associated with relatively low
concentrations of birch pollen in the environment, which
did not exceed 100 pollen grains/m* of air. However, in the
following years very high concentrations were recorded
(298-593 pollen grains/m’ of air) during April and May,
which coincided with poor control of respiratory allergies.
Despite persistently high birch pollen concentrations, SLIT
resulted in good control of allergic rhinitis and asthma, not
only during treatment but also after its discontinuation.
The favorable clinical effect of SLIT was accompanied by
an increase in serum concentrations of specific IgG4 and
a decrease in specific IgE directed against the major birch
pollen allergen, as reported by other authors as well [11,
13, 14]. Nine months of SLIT resulted in good tolerance of
fresh apples, accompanied by increased concentrations of
sIgG4 and decreased concentrations of sIgE to the major
allergens of apple and birch pollen in serum. The significant
role of sIgG4 in blocking IgE-dependent cross-reactivity
between the major allergens of birch pollen and apple has
also been reported by other authors [3, 4, 15]. The block-
ing role of sIgG4 is directly related to the clinical effects of
SLIT in inducing tolerance to apples in birch-apple allergy
syndrome [16, 17]. Identification of the carriers of primary
and cross-reactive IgE responses between birch pollen and
apple is of great importance for the effectiveness of SLIT
in our patient [8, 15, 17]. Although the major birch pollen
allergen is the most common carrier of primary sensitiza-
tion and cross-reactive IgE response to apples, this is not
always the case in clinical practice. In approximately 10%
of patients, the primary (and only) carrier is the minor al-
lergen Bet v2 or another minor birch pollen allergen [17,
18]. In such patients, SLIT unfortunately does not lead to
tolerance to apples. A considerable number of studies, in
which SLIT efficacy was not demonstrated, lack evidence
on the carriers of cross-reactive IgE responses with apples
[19]. The favorable outcome of SLIT in our patient was
also influenced by the daily administration of an oral ly-
ophilizate containing a high concentration of the major
birch pollen allergen and by the absence of sIgE to minor
allergens of birch pollen and apples. The beneficial effect of
SLIT in establishing tolerance to apples was not sustained
to the same extent as the control of respiratory allergies. Six
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CybaunHreanHa umyHoTepanuja — pobap usbop 3a cee popme anepruje Ha nonex

bpese

Pajuua Crowosuh'?, ViBaHa Hejkosuh', BecHa Tomuh Cnmpuh'2

'YHMBEP3UTETCKN KNMHUYKY LieHTap Cpbuje, KnuHuka 3a anepronorujy 1 umyHonorujy, beorpag, Cp6uja;

2Ynusepautet y beorpaay, MeguunHcku dakyntert, beorpag, Cpbuja

CAMETAK

YBog Burcoka yyecTanoct npeocetbrBOCTY Ha NoneH bpese
3HauajHO ymarbyje KBanuTeT xmBoTa obonenux. Hapouuto je
oTexaHa KOHTPOJIa NCTOBPEMEHOT 1CMOJbaBatba aiepritjckor
PVHUTICA U/WAK aCTME U aneprujckor cuHapomMa bpesa—jabyka.
Mwuwmberba 0 edpeKTMa anepreHcKe MMyHOTepanuje Ha KOHTPO-
ny aneprujckor cuHapoma bpesa—jabyka cy nogesbeHa.
Mpukas 6onecHunKa lNpurKasyjemo 6onecHULy ca oLe KOH-
TPONMCaHUM aneprujcKM PUHUTUCOM U aCTMOM yCJiefi Mpeo-
CeT/bMBOCTY Ha NosieH bpese 1 anepruje Ha jabyke, Ko Koje je
npriMerbeHa cybnnHrBanHa MMyHoTepanuja opanHumM mounm-
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3aToM MnoJieHa bpese. [leBeToMeceyHa NprmeHa CybnmHreanHe
UMyHoTepanuje, Npuaogata GapMaKkosoLLKoj Tepanujuy, foBena
je no pobpe KOHTPONe aneprujckor PUHUTMCA U acTMe, Kao 1
[0 YCroCTaB/bakba TonepaHLyje Ha jabyky.

3aksbyuak [1oBo/baH MCXOA CYONMHIBanHe UMyHoTepanuje y
KOHTPOJIN pecnmpaTopHYIX aneprija u NoCTr3aky TonepaHLmje
Ha jabyKy yKa3yje Ha To fia 61 OBaj BUJ Tepanuje Morao 6utm
MOBOJbaH 1360p 3a KOHTPOJTY CBUX KIIMHWUYKMX 06/MKa anepruje
Ha nosneH bpese.

KrbyuHe peun: aneprujcku puHMUTUC; aneprujcka actma; CuH-
[POM MofeH-XpPaHa; anepreHcka MMyHoTepanuja
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SUMMARY

Introduction Malignant chondroid syringoma (MCS) is an exceptionally rare malignant adnexal tumor
with aggressive biological behavior. This report describes a rare case of frontotemporal MCS with calvarial
invasion and intracranial extension.

Case Outline A 65-year-old male presented with a recurrent ulcerated cutaneous tumor in the left fron-
totemporal region, with four previous surgical excisions that had been histopathologically diagnosed as
malignant basal cell carcinoma. Preoperative computed tomography and magnetic resonance imaging
revealed calvarial osteolysis with intracranial tumor extension. Radical excision with craniectomy, dural
resection, and duraplasty was performed, followed by reconstruction using a local transposition flap
and a secondary free split-thickness (Thiersch) skin graft. Histopathological and immunohistochemical
analyses confirmed MCS with bone and perineural invasion and tumor involvement of the deep surgi-
cal margin (R1). Adjuvant conformal radiotherapy was administered. No recurrence or metastasis was
observed during a nine-month follow-up period.

Conclusion MCS may clinically mimic other cutaneous malignancies, which can lead to delayed diagnosis.
Wide surgical excision and long-term follow-up are essential for adequate disease control.

Keywords: sweat gland neoplasms; skin neoplasms; neoplasm invasiveness
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INTRODUCTION

Malignant chondroid syringoma (MCS) is an
exceptionally rare malignant tumor of the ec-
crine sweat glands, first described by Hirsch
and Helwig [1] in 1961 as a “mixed tumor of
the skin” with chondroid stroma. Benign chon-
droid syringoma accounts for less than 0.1% of
primary adnexal tumors and typically presents
as a slow-growing, painless subcutaneous nod-
ule in the head and neck region of middle-aged
men [2, 3]. Its malignant counterpart is even
rarer. By the early 1980s, only isolated cases had
been reported, with Gupta et al. [4] publishing
a collective review in 1982. Subsequent reports
confirmed its aggressive behavior and metastat-
ic potential [5]. Approximately 51 cases have
been documented worldwide [3, 6]. Unlike
the benign type, MCS more commonly affects
the extremities and trunk and shows a female
predominance [3]. It is a potentially aggressive
tumor with a tendency for local recurrence af-
ter inadequate excision and has the capacity for
distant metastasis [7].

We present a rare case of MCS in the left
frontotemporal region of a 65-year-old male,
with calvarial invasion and intracranial exten-
sion.

CASE REPORT

A 65-year-old male patient was admitted to the
University Clinic for Maxillofacial Surgery in
Skopje due to a recurrent cutaneous tumor in
the left frontotemporal region. The patient re-
ported four previous surgical excisions in the
same region in another hospital in 2018, 2019,
2021, and 2022, with repeated histomorpho-
logic diagnoses of basal cell carcinoma, with-
out immunohistochemical confirmation of the

Figure 1. Clinical appearance of malignant chondroid
syringoma
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Figure 5. Digital micrography - Hematoxylin & Eosin (x 40)

DS AR s ; L 3

Figure 7. Digital micrography - Hematoxylin & Eosin (x 80)

tumor cell origin. These pathohistological reports were
issued by a non-reference pathology laboratory in a re-
gional center. Clinically, the lesion presented as a nodular
mass with central ulceration and a peripheral telangiectatic
vessels, elevated above the base, firm and painless on pal-
pation, with scar tissue from previous surgeries (Figure 1).
An incisional biopsy was performed. Preoperative com-
puted tomography (CT) and magnetic resonance imaging
(MRI) of the head and neck revealed bone invasion and
osteolysis in the left frontotemporal region, with intra-
cranial tumor extension (Figure 2). Due to confirmed in-
tracranial extension, multidisciplinary surgical treatment
was indicated.

The patient underwent surgery at the Neurosurgery
Clinic in Skopje, performed by a team consisting of a
neurosurgeon, plastic surgeon, and maxillofacial surgeon
under general endotracheal anesthesia. Radical tumor
excision, craniectomy, and excision of the dura mater
followed by duraplasty were performed (Figure 3). The

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):352-356

Figure 3. Surgical procedure: tumor excision,
craniectomy, duraplasty and flap design
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Figure 6. Digital micrography — Hematoxylin & Eosin (x 80)
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Figure 8. Digital micrography - high molecular weight cytokeratin
(x 20)

primary surgical defect was reconstructed using a local
transposition skin flap, while the secondary defect was re-
constructed with a free split-thickness skin graft according
to Thiersch from the anterior thigh (Figure 4).

The surgical specimen was submitted to the Institute of
pathology at the Medical Faculty in Skopje, which is the
central reference pathohistological laboratory in the coun-
try. Macroscopic examination of the surgical specimen
revealed lobulated tumor tissue with a maximum dimen-
sion of 3.5 cm. Microscopically, tissue sections demon-
strated skin covered by a thin epidermis showing central
ulceration. At this level, a malignant neoplasm composed
of round to oval tumor cells arranged in nests, cribriform,
and trabecular structures was observed (Figure 5). The
peripheral cells of the nests had a cuboidal appearance
(Figure 6). The tumor cells exhibited moderate cellular
and nuclear atypia. The stroma was fibro-collagenous, fo-
cally thickened, with areas showing a chondroid appear-
ance (Figure 7). A moderate lymphocytic inflammatory
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Figure 9. Digital micrography — smooth muscle actin (x 40)

infiltrate was present within the stroma. The tumor dif-
fusely infiltrated into deeper tissues, involving subcutane-
ous adipose tissue and underlying striated muscle. Tumor
involvement was present at the deep resection margin,
while peripheral resection margins were free of tumor.
Lymphovascular invasion was not identified; however,
perineural invasion was present.

Additionally, tumor infiltration into fragments of bone
tissue was confirmed. Immunohistochemical analysis dem-
onstrated expression of high-molecular-weight cytokeratin
in tumor cells (Figure 8), as well as focal weak expression
of smooth muscle actin (Figure 9). In contrast, there was
no expression of epithelial membrane antigen (EMA),
epithelial-specific antigen, cytokeratin 7, cytokeratin 8/18,
cytokeratin 20, c-kit (CD117), CD34, or carcinoembryonic
antigen (CEA). The proliferative index Ki-67 was high,
approximately 40-50% (Figure 10). The histomorphologic
and immunophenotypic findings were consistent with
MCS. According to the Union for International Cancer
Control classification, the tumor was staged as pT4a, NO,
MO, G2, L0, VO, R1, corresponding to stage IVA. Following
surgical treatment, due to high-risk pathological features —
including tumor infiltration of the deep resection margin
(R1) and confirmed perineural invasion (Pnl) - adjuvant
conformal radiotherapy was administered, with a total tu-
mor dose of 60 Gy delivered in 30 daily fractions of 2 Gy
each. At a follow-up nine months after surgery, there was
no evidence of local, locoregional, or distant recurrence.

Ethics: Written informed consent was obtained from the
patient for publication of this case report and any accom-
panying images. All identifying details have been removed
or anonymized to ensure patient privacy.

DISCUSSION

MCS, also known as malignant cutaneous mixed tumor
(CMT), represents an exceptionally rare malignant tu-
mor of the skin adnexa [8]. Four mechanisms of malig-
nant transformation in cutaneous mixed tumors have
been described in the literature [9]: De novo malignant
development, malignant transformation of a long-standing
benign CMT that begins to grow rapidly, secondary skin
infiltration by a malignant mixed tumor originating from
another organ such as the salivary glands, and in extremely

‘ DOI: https://doi.org/10.2298/SARH260309043I

Figure 10. Digital micrography - Ki-67 (x 40)

rare cases development from a pre-existing apocrine or
eccrine adnexal tumor, such as spiradenoma. Clinically,
MCS presents as a firm, painless dermal or subcutane-
ous nodule with slow growth, often mimicking benign
lesions [6]. However, rapid enlargement, ulceration, and
deep invasion may occur [7]. Lesions exceeding 3 cm in
size are typically indicative of malignancy, although be-
nign lesions over 10 cm have also been documented [8,
10, 11]. Head and neck involvement is uncommon for the
malignant variant, with only a limited number of reported
cases [8]. Our case is notable for aggressive behavior with
calvarial and dural invasion, a rare finding documented
only sporadically [12]. Recent reports of chondroid syr-
ingoma with bone erosion support careful imaging and
complete excision when deep invasion is suspected [13].
Osseous metaplasia in benign chondroid syringoma may
mimic bone involvement and should be distinguished from
true bone invasion in malignant cases [14]. Due to nonspe-
cific clinical features, MCS is frequently misdiagnosed. The
differential diagnosis of MCS includes a sebaceous cyst,
dermoid cyst, neurofibroma, pilomatrixoma, amelanotic
nevus, and basal cell carcinoma [15]. Excisional biopsy
with histopathological and immunohistochemical analysis
remains the diagnostic gold standard [6, 10]. Similar to
previously reported cases [12], our lesion was repeatedly
misinterpreted as basal cell carcinoma, likely contributing
to delayed diagnosis. Histologically, our case demonstrates
nests and trabeculae of atypical epithelial cells within a
sparse chondromyxoid stroma [8]. Perineural invasion,
present in our case, has also been documented in malig-
nant forms [6]. Immunohistochemically, MCS typically
shows biphasic expression. The epithelial component is
positive for cytokeratins (including CK5/6), EMA, CEA,
and p63. Areas of mesenchymal chondroid differentia-
tion demonstrate S-100 and vimentin positivity [16]. In
our case, positivity for CK5/6 and partial smooth muscle
actin expression, along with negativity for EMA, CEA,
cytokeratin 7, and other markers, and a high Ki-67 in-
dex (40-50%), support adnexal origin and the diagnosis
of MCS, despite absence of all typical glandular markers.
Fine-needle aspiration biopsy may aid in suspected cases
[17]. Imaging modalities, including CT and MRI, are es-
sential for assessing local extension and metastases [6].
Recurrence rates reach 50%, and distant metastases occur
in up to 60% of cases [3, 18]. Recent reports of pulmonary
metastasis further emphasize the metastatic potential of

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):352-356
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MCS [19]. Wide surgical excision with tumor-free margins
remains the cornerstone of treatment, often complemented
by adjuvant radiotherapy, with or without chemotherapy
[20]. Nine months after treatment, the patient remained
disease-free. Given the high recurrence potential and re-
ports of late metastases even decades after excision, long-
term follow-up is mandatory [8].

MCS is a rare and aggressive adnexal tumor that fre-
quently results in delayed or incorrect diagnosis due to
its clinical and histomorphologic variability. Our case,
characterized by calvarial bone invasion and intracranial
extension, highlights its potential for significant local de-
struction and underscores the necessity of early radical
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CAXETAK

YBog Manuriu XoHAPOUAHN CUPYHIOM NPEeACTaB/ba U3y3eTHO
pefak ManurHy agHeKcanHM TyMop ca arpecyiBHUM 6/0NOLLKM
noHawamem. Linsb oBor pafa je aa ce npukaxe peaak ciyyaj
bpoHTOTEMNOPANHOT ManUrHOT XOHAPOUAHOT CPUHTOMa Ca
MNHBa3MjoM KanBapuje 1 MHTPaKpaHujanHUM LWNPEHEM.
Mpukas 6onecHuka MyLwwkapal, ctap 65 roguHa jaBuo ce 36or
peumnauBmpajyhe ynuepucaHe Tymopcke nesuje y neBoj ppoH-
TOTEMMOPAIHOj Pervju, y3 nofatak o YeTUpPY NPETXOAHE XPYp-
LLKe eKCLM3Mje Koje Cy XMCTONATONOLLKM AVjarHOCTUKOBaHE Kao
ManurHu 6asoLienynapHu KapuyHom. lMpeonepatriBHa Kommjy-
Tepu3oBaHa ToMorpaduja 1 MarHeTHa pe3oHaHLa nokasane cy
OCTeONM3y KanBapyje ca MHTPaKpaHWjalHVM WUpeHem TyMopa.
/13BefeHa je pagvKanHa ekcum3ija Tymopa ca KpaHUeKTOMMjoM,
pecekLnjom aype 1 fypannacTMKoM, HaKoH yera je ypaheHa
PEKOHCTPYKLMja NOKANTHNM TPAHCMO3ULNOHMUM KOXHUM pe-

DOI: https://doi.org/10.2298/SARH260309043I

KHEM U CEKYHIAAPHVM CJTI060HMM KOXKHUM TPaHCMIaHTaToM
AenmmmnyHe aebbuHe (no Tupluy). XuctonaTonoLwKa 1 MyHo-
XNCTOXEMMjCKa aHanm3a NoTBpAnIIE Cy MaIMFHN XOHAPOVHN
CYPUHIOM Ca VIHBA3WjOM KOCTU 1 MePUHEYPaJTHOM MHBA3MNjOM,
y3 MPUCYCTBO TYMOpPa Ha fyb0oKoj peceKuroHoj mapruHu (P1).
MocTonepaTUBHO je MpyMetbeHa ajjyBaHTHa KOHPoOpManHa
pagunoTepanuja. Tokom AeBeToMeceyHor nepuopa npahea
HUWje perncTpoBaH peLnanB, Kao HU MeTacTaTcka bonecT.
3aKrbyyak Manurium XoHAPOUAHN CUPVHIOM MOXeE KITMHUYKIN
VUMUTNPATY Jpyre KOXKHE MalIMrHUTETE, LUTO MOXe A0BECTN 10
opnoxeHe anjarHose. Lnpoka xmpyplLuka ekcumsmja u gyro-
TpajHo npahetbe 60necHNKa KibyYHH Cy 3a afekBaTHY KOHTPOJTY
6onectu.

Kn:ytme peun: Heonnasme 3H0jHI/IX xnesfa; Heorlasame KOXe;
NHBA3BHOCT TyMOpa
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SUMMARY

Introduction Small lymphocytic lymphoma (SLL) / chronic lymphocytic leukemia (CLL) is an indolent
lymphoproliferative disorder characterized by accumulation of mature but dysfunctional B lymphocytes.
Aortic complications have been occasionally reported in lymphoma, most often in aggressive subtypes,
while they are extremely rare in SLL/CLL. The aim of this report was to present a case of recently devel-
oped ruptured abdominal aortic aneurysm in a patient with SLL and its successful hybrid endovascular
management.

Case outline A 58-year-old male with SLL/CLL presented with lower back and right flank pain. Initial
computed tomography scan (CT) demonstrated marked progression of lymphadenopathy and interval
enlargement of the infrarenal aortic diameter compared to prior imaging, remaining below the aneu-
rysmal threshold. Due to persistent symptoms and elevated inflammatory markers, further imaging was
performed. Magnetic resonance imaging of the lumbosacral spine and subsequent CT angiography
revealed a newly developed saccular aneurysm of the infrarenal abdominal aorta with retroperitoneal
hematoma and surrounding lymph node conglomerates. The patient underwent urgent endovascular
repair using an aorto-uni-iliac stent graft with contralateral iliac occlusion, combined with femoro-femoral
crossover bypass. Postprocedural imaging confirmed successful exclusion of the lesion without endoleak.
Conclusion This case highlights a rare vascular complication of SLL/CLL and suggests a possible role of
lymphomatous infiltration and inflammation in aortic wall weakening. Hybrid endovascular treatment
represents an effective therapeutic option.

Keywords: chronic lymphocytic leukemia; small lymphocytic lymphoma; abdominal aortic aneurysm;

endovascular procedure

INTRODUCTION

Small lymphocytic lymphoma (SLL) / chronic
lymphocytic leukemia (CLL) represents an
indolent (slow-growing) lymphoproliferative
disorder characterized by the accumulation
of morphologically mature but immunologi-
cally dysfunctional B lymphocytes in lymph
nodes, bone marrow, and blood [1, 2]. These
two entities are considered different clinical
manifestations of the same disease. In SLL, ma-
lignant cells are predominantly found in lymph
nodes, while in CLL they primarily involve the
peripheral blood and bone marrow. Together,
CLL/SLL belongs to the group of non-Hodgkin
lymphomas.

Given the normal distribution of lymph
nodes along the aorta, paraaortic nodal in-
volvement may occur in CLL due to lympho-
matous infiltration, which may even extend to
involve the adjacent aortic wall, presenting as
periaortic lymphoma. Such infiltration may
lead to structural weakening of the aortic wall
and aneurysm formation [3, 4]. Aortic involve-
ment presenting as aneurysm, rupture, or dis-
section has been reported in the literature, most

often in association with high-grade lympho-
mas, typically diffuse large B-cell lymphoma,
whereas reports of similar aortic complications
associated with indolent B-cell lymphomas,
such as SLL/CLL, are extremely rare. Reports
describing endovascular management of lym-
phoma-related aortic complications are even
less common.

The aim of this report was to describe the
successful hybrid endovascular management of
a ruptured abdominal aortic aneurysm (AAA)
in a patient with SLL and to discuss possible
pathogenetic links between lymphoproliferative
disease and aortic wall weakening.

CASE REPORT

A 58-year-old man presented with a four-day
history of pain in the lower back and right
flank, radiating downward. He denied fever or
urinary symptoms. The patient has a history of
SLL/CLL, diagnosed in 2021, and underwent
six cycles of treatment Gazyva—Chlorambucil
from June 2023 to July 2024. Follow-up with
a hematologist has been irregular despite
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Figure 1. Initial contrast-enhanced computed tomography examination of the abdomen: A - axial
image; B — coronal image; a conglomerate of enlarged lymph nodes is observed in the periaortic

and retroperitoneal region, with a small amount of locoregional free fluid

Figure 2. Magnetic resonance imaging of the lumbosacral spine: A — axial T2-weighted image;
B — coronal T2-weighted image; a saccular aneurysmal dilatation of the infrarenal abdominal

aorta is seen, with locoregional lymphadenopathy

Figure 3. Computed tomography angiography of the abdominal vessels: A — axial image; B
- coronal image; a saccular aneurysmal dilatation of the infrarenal abdominal aorta is clearly
delineated, with locoregional lymphadenopathy and a small amount of retroperitoneal free fluid

recommendations. He denied B symptoms. His medical
history was notable for chronic arterial hypertension, myo-
cardial infarction in 2021, and renal colic on the right side,
also in 2021. On physical examination, the patient was he-
modynamically stable and cardiopulmonary compensated,
with mild hypertension (145/85 mmHg) and normal heart
rate. Enlarged regional lymph nodes were palpable: cervical
and axillary bilaterally, measuring up to 2 cm, and ingui-
nal bilaterally, measuring up to 2.5 cm. The liver was en-
larged, while the spleen was not palpable. Laboratory tests
revealed leukocytosis with lymphocytosis (white blood
cells 33.07 x 10°/L, lymphocytes 17.40 x 10°/L), without
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anemia or thrombocytopenia, and normal
renal and liver function. Marked elevation
of inflammatory markers was also noted
(C-reactive protein 197.5 mg/L).

The initial computed tomography
(CT) scan, compared with a study from
18 months earlier, showed enlargement of
the liver and spleen. There was a marked
increase in intra-abdominal (both intra-
and retroperitoneal), pelvic, and inguinal
lymphadenopathy compared with the pre-
vious scan. The largest lymph nodes were
located retroperitoneally and formed con-
glomerates measuring approximately 6.5 x
5 cm, with free fluid and stranding of the
surrounding fat consistent with inflamma-
tion. Additionally, the infrarenal segment
of the abdominal aorta, although non-
aneurysmal dilated, showed an increase
in luminal diameter from 18 mm on the
prior study to 23 mm on the current ex-
amination (Figure 1).

Due to progression on CT imaging
and abnormal laboratory findings, hos-
pitalization was indicated, and parenteral
antibiotic therapy was initiated, along with
analgesic, symptomatic, and supportive
treatment. After one week of severe back
pain and elevated inflammatory markers
despite ongoing therapy, spondylodisci-
tis was suspected, and an magnetic reso-
nance imaging of the lumbosacral spine
was performed. The examination revealed
a highly suspicious focal saccular aneurys-
mal dilatation along the right contour of
the infrarenal abdominal aorta, measuring
approximately 41 x 30 mm, accompanied
by locoregional conglomerates of lymph
nodes. No changes were observed in the
vertebral bodies suggestive of viable tis-
sue or active infiltration by the underlying
disease (Figure 2).

CT angiography of the aortoiliac seg-
ment, performed the following day, re-
vealed a saccular aneurysm along the right
wall of the infrarenal abdominal aorta,
measuring approximately 4.2 x 2.7 cm in
diameter, accompanied by a retroperitoneal hematoma and
conglomerates of enlarged lymph nodes surrounding the
lesion. Free fluid was also observed in the retroperitoneal
space (Figure 3).

After consultation with the multidisciplinary team, the
patient was considered eligible for an endovascular proce-
dure - endovascular aortic stent graft (EVAR), employing
an aortic uni-graft configuration (Medtronic Endurant II
AUI with right iliac extension, Medtronic, Minneapolis,
MN, USA) with contralateral (left) common iliac artery
occlusion (plug), in combination with a hybrid surgical
femoro-femoral crossover bypass (Figure 4). Given the
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Figure 4. Abdominal aortic angiogram (digital subtraction angiog-
raphy): A — before treatment: an aneurysmal sac is visible; B — after
treatment: complete exclusion of the aneurysm from the circulation,
with preserved flow through the right common and external iliac ar-
teries, while the left common and external iliac arteries are occluded

Figure 5. Follow-up computed tomography angiography: no evidence of endoleak, adjacent
lymph node conglomerates with periaortic hematoma, and postprocedural occlusion of the
left common iliac artery

presence of lymphadenopathy, excisional biopsy of a right
inguinal lymph node, performed by a vascular surgeon,
demonstrated no evidence of disease transformation, con-
firming the persistence of SLL.

Follow-up CT performed 24 hours after the procedure
demonstrated persistent periaortic hematoma and lymph
node conglomerates, with no evidence of contrast extrava-
sation. After the procedurally, the left common and exter-
nal iliac arteries were occluded, while flow was maintained
in the right common and external iliac arteries (Figure 5),
as well as in the femoro-femoral crossover bypass and the
left femoral artery. A second follow-up CT scan performed
one month later showed no significant changes — persistent
periaortic hematoma and adjacent lymph node conglomer-
ates, and no evidence of endoleak.

Ethics: Ethical approval for this study was obtained from

the institutional Ethics Committee (No. 6 00-43/9, date:
April 2, 2026).
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DISCUSSION

AAA is defined as a localized dilatation of the abdominal
aorta, typically diagnosed on imaging when the maximum
aortic diameter measures > 30 mm [5]. Several pathophysi-
ological mechanisms have been described in the literature
as playing a role in the development of AAA. These mecha-
nisms include aortic wall inflammation, elastin degrada-
tion, oxidative stress, phenotypic changes and dysfunction
of smooth muscle cells, and breakdown of the extracellular
matrix [6]. Chronic inflammation and immune cell activa-
tion play a central role in the development of aneurysms,
although the mechanisms governing their recruitment and
activation remain incompletely understood [7]. In SLL/
CLL, there is a marked accumulation of clonal B lympho-
cytes in the blood, bone marrow, and lymphoid tissues,
reflecting both increased proliferation and impaired apop-
tosis. B cells play an active role in the pathogenesis of AAA
as they accumulate in the adventitia, promote inflamma-
tory responses and immunoglobulin deposition, interact
with macrophages, and enhance the
expression of matrix metallopro-
teinase-9, an enzyme involved in
extracellular matrix degradation [7].
Interventions targeting B cells, such
as anti-CD20 or B-cell activating fac-
tor receptor blockade, reduce AAA
development and inflammation,
demonstrating that B cell activity
directly drives disease progression
[8]. Although mechanisms linking B
cells to AAA development have been
described, and SLL/CLL is charac-
terized by elevated counts of mature
B lymphocytes, no study to date has
directly investigated the relation-
ship between these two conditions.
Moreover, retroperitoneal lymphoma can form periaortic
infiltrates, which may mechanically compromise the aortic
wall, trigger localized inflammatory responses, and lead
to aneurysm formation.

In literature, individual cases of patients with coexist-
ing AAA and more aggressive forms of lymphoma are re-
ported, whereas our patient has an indolent form of the
disease. Some authors have reported that distinguishing
periaortic lymphoma from a ruptured AAA is challenging
due to overlapping clinical features and imaging findings,
particularly when the aneurysm and tumor are in close
proximity [9, 10]. Because both conditions may present
with mass lesions around the abdominal aorta extending
into the retroperitoneum, differentiating them based solely
on imaging studies is often difficult. Abdominal pain in
AAA associated with periaortic malignant lymphoma may
result from infiltration of lymphoma cells into the aortic
wall, causing rapid aneurysmal expansion, and can persist
even after treatment of the AAA [11]. Cases linking SLL/
CLL to aortic wall damage are exceedingly rare, as reported
in a case of thoracic aortic dissection associated with this
type of lymphoma, which raises the possibility that even
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the indolent form of the disease may lead to severe vascular
complications [3].

The development of AAA is shaped not only by un-
derlying pathophysiological mechanisms but also by de-
mographic, lifestyle, and clinical risk factors. The main
recognized risk factors for AAA are advanced age, male
sex, history of smoking, coronary heart disease, hyperten-
sion, peripheral artery disease, previous myocardial infarc-
tion, and a family history of AAA [12, 13]. Our patient is a
58-year-old male with a history of hypertension and prior
myocardial infarction, and a smoking habit, representing
multiple established risk factors for AAA.

After multidisciplinary team review, an endovascu-
lar approach was chosen, as patients with lymphoma are
generally not managed with open surgery due to the high
risk of postprocedural complications. Retroperitoneal
dissection could result in bleeding from enlarged lymph
nodes that would be difficult to control, and access to
the aneurysm neck would also be impeded by their bulk.
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The literature also suggests that, in such patients, EVAR
is preferred over conventional aortic replacement [11].
According to standard protocol for aorto-uni-iliac EVAR,
occlusion of the contralateral common iliac artery is per-
formed to prevent endoleak type II, specifically by elimi-
nating potential retrograde flow through internal iliac ar-
tery collaterals. This approach is considered routine in this
procedure, as it significantly reduces the risk of endoleak.
Additionally, following the endovascular procedure, a
femoro-femoral bypass was created by a vascular surgeon
as a standard adjunct after deployment of an aorto-uni-
iliac stent graft, in accordance with the guidelines of the
European Society for Vascular Surgery [14].

Endovascular treatment of AAA is minimally invasive
and considered the preferred approach for patients with
relevant comorbidities, as illustrated in our patient with
SLL/CLL.
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XnubpuAaHM eHA0BACKYNAPHU TPETMAH PYNTypUpaHe aHeypu3me abaoMUHaNHe
aopTe Kog 6onecHuKa ca b-cutHohenujcKum HoH-XOLKUHOBUM AMMdOoMOM

Buktop Tunn'?, Arba Hyphesuh', Hukona batnnuh?3, Hesena Pakosuh*, ann6op Wnuh'

'YHVBEP3UTETCKM KNMHUYKM LieHTap BojBopanHe, Lientap 3a paguonorujy, Hosu Cag, Cpbuja;

2YnusepauTet y HoBom Capy, MeanunHckn dakyntet, Hosu Cag, Cpbuja;

*YHNBEP3UTETCKI KNUHUYKY LieHTap BojBoauHe, KnuHuKa 3a BacKynapHy 1 TpaHcnnaHTaumoHy xupyprujy, Hosu Cag, Cpbuja;
*YHIBeP3UTETCKM KNMHWYKM LieHTap BojBoauHe, KnuHuka 3a xematonorujy, Hosu Cag, Cpbuja

CAXETAK

YBopg b-cutHohenujckn HoH-XoLKnHoB numdom (CIT) / xpo-
HUYHa numdoLmTHa neykemuja (XJ1J1) npepcTaBrbajy HAONEHT-
HW numbonponudepaTusHu nopemehaj Koju KapakTepuLle
HaKynsbare 3penux, anv AnchyHKLMoHanHmux b numeounTa.
Y nuTepatypu ce NOBPEMEHO HaBOJE a0PTHE KOMMMKaLuje
Kog MMMpOoMa, NPETEXHO KOZ arpecriBHMjUX NOATUMNOBA, [OK
cy kog CJI1/XJ11 n3y3etHo peTke. Linsb oBor paga je aa ce npu-
Kake pynTypa HOBOHacTase aHeypu3Me abfoMrHanHe aopTe
Kog 6onecHuka ca CJIJ1 1 HeHO ycreLwHo neyere XMbprgHoOM
€HA0BACKYaPHOM TEXHUKOM.

Mpukas 6onecHnka bonecHuk ctap 58 roguHa ca NpPeTXofHO
aunjarHocTtrkosaHum CIJ1/XJ1T jaBro ce 360r 6ona y fokbem
geny neha n gecHoj nym6anHoj noxu. MiHuumjanHm npernes
KomnjyTeprzoBaHom Tomorpadujom (KT) nokaszao je 3HauajHy
nporpecujy numdageHonatuje y OgHOCY Ha MPETXOAHM Mnpe-
rnep, kao n nosehatrbe Anjametpa MHGpPapeHanHor cermeHTa
abaomMuHanHe aopTe, anv 6e3 0CTBaPEHNX KpUTEPKjyMa 3a
aHeypu3MaTCKo NpoLumpere. 36or nepsnctrpajyher 6ona un
MOBVLIEHVX NapameTapa UHPamaLyje HaunkbeHn cy AopaaT-
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HY pagnonoLwKm nperneav. MarHeTHope3oHaHTHU Npernes
nymbocakpasHe KUUMe 1 HakHagHo ypaheHa KT aHrvrorpaduja
OTKPMAY Cy HOBOYOPMMPaAHO CaKyapHO aHeypr3mMaTCKo Npo-
Wpere MHdpapeHanHor cerMeHTa abAoOMMHaHe aopTe ca pe-
TPOnepUTOHEeaNHUM XeMaTOMOM 1 JIOKOPErMoHaHUM peTpore-
PVTOHEANHVIM KOHIMoMepaTimMa MMMPHMX YBopoBa. bonecHunk
je XUTHO 36pVHYT XNOPVAHM EHROBACKYTAPHM TPETMAHOM,
OfHOCHO Nnacuparbem a0pPTOYHUUINjaUHOT CTeHT-rpadTa ca
KOHTpanaTepaaHOM OKJ/ly31joM UnujayHe aptepuje, y Kombu-
Haumju ca pemopodemopanHum 6ajnacom. KoHtponHa KT aH-
riorpaduja NoTBpAMIa je yCrnewHo UCK/byYere aHeypu3me 13
umpKynaumje, 6e3 3HakoBa eHponvKa.

3aksbyuak OBaj Cilyyaj CTMYE PETKY BaCKyNnapHY KOMMMKaLm-
jy kop 6onecHuka ca CJUT/XJ1 v ykasyje Ha To fia niumdomcka
NHOMNTPaLmja 1 MHdnamaLmja Mory AonpuHeTH cnabrbetby
31fa aopte. XnbpraHO eHRO0BACKYNAPHO Jieyere NpeAcTaB/ba
edrKacHy Tepanujcky onuujy.

KmbyuHe peun: xpoHnyHa numoumnTHa neykemuja; b-cutHo-
henujckn HoH-XoLIKMHOB NMMGOM; aHeypu3Ma abgoMyHaHe
aopTe; eHAOBacKyNapHa npoueaypa
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Subcutaneous onlay laparoscopic approach (SCOLA)
in the treatment of epigastric hernia in an obese
patient: a feasible minimally invasive option — a case
report and literature review

Vladimir Milosavljevi¢', Vladica Pejovi¢?, Igor Nad', Stojan Mari¢'

'Bezanijska Kosa University Hospital Medical Center, Department of Minimally Invasive Surgery, Belgrade,
Serbia;
2University Clinical Center of Serbia, Clinic for Burns, Plastic and Reconstructive Surgery, Belgrade, Serbia

SUMMARY

Introduction Primary ventral hernias are a common surgical entity, with epigastric hernias representing
a specific subtype. The evolution of minimally invasive surgery has led to the development of various
techniques, including the subcutaneous onlay laparoscopic approach (SCOLA). This report aims to pres-
ent a case of an epigastric hernia in an obese patient successfully treated with the SCOLA technique and
to review the relevant literature.

Case outline A 31-year-old female patient with a body mass index of 36.7 kg/m’ presented with a
symptomatic epigastric hernia. The diagnosis was confirmed by clinical examination and ultrasound,
which revealed a 4.3 cm fascial defect containing preperitoneal fat. The patient underwent elective
SCOLA repair. The procedure involved creating a subcutaneous working space above the anterior rectus
sheath, hernia sac reduction, primary closure of the fascial defect, and placement of a TiO, mesh fixed
to the anterior rectus sheath. The surgical procedure was completed successfully without intraoperative
complications. The patient was discharged on the first postoperative day. On day 14, the skin sutures were
removed, revealing a well-healed wound. Follow-up examinations at three, six, and 12 months revealed
no evidence of recurrence or mesh-related complications.

Conclusion The SCOLA technique represents a safe and effective minimally invasive option for the
treatment of primary epigastric hernias, particularly in obese patients. It combines the benefits of mesh
reinforcement with a completely extraperitoneal and extrafascial position, avoiding intra-abdominal
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mesh placement and its associated risks.
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INTRODUCTION

Minimally invasive surgical approaches to
ventral hernia repair continue to present a
challenge for many surgeons, despite their
well-documented advantages over open sur-
gery. The first minimally invasive technique for
ventral hernia repair was described by LeBlanc
and Booth in the early 1990s, marking a sig-
nificant milestone in the field [1]. Since that
time, there has been a continuous effort to es-
tablish minimally invasive approaches as the
standard of care, leading to the development
of numerous techniques. These range from in-
traperitoneal onlay mesh (IPOM) procedures
to various preperitoneal and extraperitoneal
approaches, each with specific indications and
technical nuances [2].

In recent years, Claus and Malcher intro-
duced a completely novel concept: the subcu-
taneous onlay laparoscopic approach (SCOLA)
[3]. Originally described for the treatment of
ventral hernias associated with rectus abdomi-
nis diastasis (RAD), this technique has since
been applied to a broader spectrum of condi-
tions. Contemporary literature documents its

use in primary ventral hernias, including um-
bilical and epigastric hernias, both with and
without concomitant diastasis [4, 5].

A primary ventral hernia is defined as a de-
fect in the anterior abdominal wall that occurs
in the absence of prior trauma or surgical in-
tervention. These hernias are characterized and
classified according to their localization and
size [6]. Clinically, patients most commonly
present with a visible bulge on the anterior ab-
dominal wall, accompanied by varying degrees
of discomfort, pain, and functional limitations
that correlate with the size of the hernial defect.
Diagnostic options include clinical examina-
tion, ultrasound imaging, and computed to-
mography, which together provide compre-
hensive anatomical information essential for
surgical planning [6, 7].

Surgical intervention remains the only cu-
rative treatment modality. It is now widely
accepted that minimally invasive approaches
have become superior to open surgery in terms
of postoperative recovery, wound complica-
tions, and hospital stay. However, the choice
of operative technique depends significantly
on the surgeon’s experience, patient-specific
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Figure 1. Preoperative marking of anatomical landmarks and planned
port positions on the anterior abdominal wall

characteristics, and the availability of appropriate equip-
ment [7, 8, 9].

The aim of this report is to present a case of a mini-
mally invasive approach to primary ventral hernia repair
in an obese patient, utilizing the SCOLA technique, and
to provide a detailed description of the operative method.

CASE REPORT

A 31-year-old female patient with a body mass index of
36.7 kg/m® was admitted to the Department of Minimally
Invasive Surgery for elective surgical treatment of an epi-
gastric hernia. The diagnosis had been established prior
to hospitalization through clinical examination and ultra-
sound imaging of the anterior abdominal wall. Ultrasound
examination confirmed a hernial defect located approxi-
mately 4 cm above the umbilicus, with hernial contents
corresponding in density to adipose tissue. The diameter
of the fascial defect was measured at 4.3 cm.
Preoperatively, anatomical landmarks were marked on
the patient’s anterior abdominal wall, including the costal
margins, the position of the hernial defect, and the planned
port insertion sites. Additionally, the anesthesiology team

administered a bilateral rectus sheath block to achieve pro-
longed postoperative analgesia (Figure 1).

Following standard preparation of the operative field
and under general endotracheal anesthesia, a 12 mm skin
incision was made in the midline, at the level of a line con-
necting the anterior superior iliac spines. Dissection was
carried down to the anterior sheath of the rectus abdomi-
nis muscle. A 12 mm working port was inserted, through
which a laparoscope was introduced. Using the laparo-
scope, the subcutaneous space was developed laterally on
both sides. Subsequently, two additional 5 mm working
ports were inserted at the pre-marked positions.

Using an ultrasonic dissecting device (Harmonic scal-
pel), the working space was further developed along the
anterior rectus sheath, progressing cranially toward the
hernial defect. The defect was clearly identified, and the
hernia sac was opened, revealing preperitoneal adipose
tissue as its contents (Figure 2). Dissection was continued
proximally toward the xiphoid process to ensure adequate
space for mesh placement.

After achieving sufficient working space, the fascial
defect was primarily closed using 2-0 Prolene sutures. An
oval TiO,-coated mesh, measuring 15 x 12 cm, was then
introduced and positioned over the closed defect. The
mesh was secured to the anterior rectus sheath with in-
terrupted 2-0 Prolene sutures. Additionally, the umbilicus
was fixed to the anterior rectus sheath using a 2-0 V-Loc™
suture to restore normal anatomical contour (Figure 3).

The subcutaneous space was desufflated, and all skin
incisions were closed with interrupted sutures. The patient
was discharged on the first postoperative day. Skin sutures
were removed on postoperative day 14, revealing a well-
healed surgical site (Figure 4). Follow-up examinations
were performed at three, six, and 12 months postopera-
tively. No recurrence or postoperative complications were
observed during this period.

Written consent was obtained from the patient for the
use of medical documentation for publication.

DISCUSSION

The SCOLA technique represents a recent addition to the
spectrum of minimally invasive anterior abdominal wall

Figure 2. a, b: Intraoperative view: the hernial defect is identified, and the hernia sac is opened, revealing preperitoneal adipose tissue
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Figure 3. Intraoperative view: the TiO,-coated mesh is positioned and fixed to the anterior rectus sheath with interrupted sutures following

primary defect closure

Figure 4. Postoperative appearance at 14 days following suture re-
moval, showing well-healed incisions and restored umbilical contour

hernia surgery. Initially described by Claus et al. in 2018
for the treatment of ventral hernias associated with rectus
diastasis, its application has progressively expanded [3].
Our case demonstrates the successful application of this
technique in an obese patient with a primary epigastric
hernia, contributing to the growing body of evidence sup-
porting its broader utility [4, 5, 8].

Obesity presents a particular challenge in ventral her-
nia repair. This patient population is at increased risk for
wound complications, recurrence, seroma formation, and
surgical site infections following both open and laparo-
scopic procedures [7]. In our patient, with a BMI of 36.7
kg/m?, the choice of surgical technique was carefully con-
sidered. Traditional IPOM repair, while effective, requires
entry into the peritoneal cavity and placement of an intra-
abdominal mesh, which carries risks of mesh migration,
visceral adhesions, and other complications [2, 9]. Recent
comparative studies have demonstrated that the mate-
rial cost of IPOM plus is significantly higher than that of
SCOLA, which is an important consideration in contem-
porary healthcare systems [3, 4]. The SCOLA technique
elegantly circumvents these issues by maintaining the mesh
in a completely extraperitoneal and extrafascial position.

‘ DOI: https://doi.org/10.2298/SARH260307042M

From a technical standpoint, our approach followed the
principles outlined by Claus and Malcher [3], with certain
modifications tailored to our patient’s anatomy. Primary
closure of the fascial defect prior to mesh placement, a
maneuver emphasized by several authors, was performed
to restore the functional integrity of the abdominal wall
and to reduce the likelihood of seroma formation [4, 7].
Mehta et al. [5], in their prospective study of 33 patients
undergoing SCOLA, reported no recurrences during fol-
low-up periods ranging from 4 to 18 months, supporting
the efficacy of this approach.

The choice of mesh material represents another critical
consideration. We utilized a TiO,-coated mesh, which has
demonstrated favorable tissue integration properties and
reduced inflammatory response in experimental studies.
In the context of SCOLA repair, where the mesh is placed
directly beneath the subcutaneous tissue, such properties
are particularly advantageous. The fixation technique,
utilizing interrupted transfascial sutures, ensures stable
mesh positioning while minimizing the risk of migration.
Additionally, we performed umbilicopexy to restore the
natural umbilical contour, an often overlooked but aes-
thetically important step that contributes to patient sat-
isfaction [10].

When comparing SCOLA to other minimally invasive
approaches, several distinct advantages emerge. Unlike
IPOM, it avoids peritoneal entry, thereby reducing the risk
of organ injury and adhesion formation. Deshpande et al.
[4] conducted a prospective observational study comparing
IPOM plus with SCOLA for medium ventral hernias (2—4
cm) and found that postoperative pain was significantly
lower in the SCOLA group on postoperative day 1, at dis-
charge, and at first follow-up. This finding aligns with our
experience, as our patient required minimal postoperative
analgesia and was discharged on the first postoperative day.
Compared to TAPP or eTEP, SCOLA does not require dis-
section of the retrorectus space, which can be technically
demanding and time-consuming, particularly in obese pa-
tients [6, 10]. Furthermore, in patients with concomitant
rectus diastasis, SCOLA offers the unique advantage of
addressing both pathological conditions through a single
approach [1, 8, 11].
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The diagnostic pathway in our patient followed estab-
lished recommendations. Ultrasound examination proved
sufficient for accurate diagnosis and measurement of the
fascial defect, consistent with the experience of other au-
thors who advocate for ultrasound as a first-line imaging
modality in suspected ventral hernias [6]. While computed
tomography provides additional anatomical detail and is
invaluable in complex or recurrent cases, our experience
suggests that in straightforward primary hernias with clear
clinical presentation, ultrasound alone may be adequate
for surgical planning.

Postoperative recovery in our patient was rapid, with
discharge on the first postoperative day and return to nor-
mal activities within two weeks. This favorable outcome
aligns with published series reporting reduced postopera-
tive pain, shorter hospital stays, and earlier return to work
following SCOLA repair compared to open and intraperi-
toneal techniques [4, 8].

The absence of recurrence at 12-month follow-up is en-
couraging, although longer-term surveillance is necessary.
Current literature reports low recurrence rates following
SCOLA repair, with most series documenting follow-up
periods of 12-24 months [4, 5, 8]. Nevertheless, the prin-
ciple of mesh reinforcement of a primarily closed defect,
which forms the basis of this technique, is well-established
in hernia surgery and provides a sound biomechanical ra-
tionale for its efficacy.

Several limitations of this report should be acknowl-
edged. As a single case report, our findings cannot be gen-
eralized without confirmation in larger series. Additionally,
the follow-up period, while adequate for assessing early
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outcomes, is insufficient to draw definitive conclusions
about long-term recurrence rates. Seroma formation, re-
ported in 10-30% of SCOLA cases in larger series [3, 4, 5],
was not observed in our patient, possibly due to meticulous
surgical technique. However, the primary value of this re-
port lies in its detailed technical description and demon-
stration of feasibility in a challenging patient population.

The SCOLA technique represents a safe, feasible, and
effective minimally invasive option for the treatment of
primary epigastric hernias, particularly in obese patients.
It combines the benefits of mesh reinforcement with the
advantages of an extraperitoneal approach, avoiding intra-
abdominal mesh placement and its associated risks. Our
experience demonstrates that with appropriate patient se-
lection and meticulous surgical technique, good outcomes
can be achieved.
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CynKyTaHu OHNej nanapocKkoncku npuctyn (SCOLA) y neyerby enuracTpuyHe XepHuje
KOA rojasHor 6onecHuUKa: U3B0A/bUBA MUHUMA/IHO MHBA3WUBHA ONLMja — NPUKa3

6onecHuKa v nperneg nutepatype

Bnagumup Munocasmesuh', Bnaguua Mejosuh?, rop Hahy', Crojan Mapuh'

KnunHnyko-60nHNYKM LeHTap bexaHujcka koca’, Onerberbe 3a MUHMAHO UHBa3WBHY Xupyprujy, beorpag, Cpbuja;
YHnBeP3NTETCKI KNUHNYKK LieHTap Cpbuje, KnuHuKa 3a OneKOoTrHe, MNAcTUYHY 1 PEKOHCTPYKTUBHY Xupyprujy, beorpag, Cpbuja

CAMETAK

YBop lprmapHe BeHTpasiHe XepHyje NpeacTaB/bajy YecT Xu-
PYPLLKM EHTUTET, NpU YeMy ennracTpUyHe XepHuje YvHe cnewy-
dryaH nogTvn. Pa3Boj MMHMMANHO NHBa3VIBHE XMpPYypPrije JOBEO
je [0 nojaBe pasnuuUTHX TEXHUKA, YKIbYUyjyhn 1 NOTKOXKHY
oHnej nanapockonckm npuctyn (SCOLA). Linm oBor paga je ga
NpUKaxe Cyyaj enuracTpryHe XxepHuje Kog rojasHe 6onecHum-
Lie ycrewHo neyeHe SCOLA TeXHUKOM, Y3 OMMC onepaTuBHe
TeXHVIKe 1 Npernea nuteparype.

Mpukas 6onecHnka bonecHua ctapocTu 31 roanHy, ca UH-
[eKcom TenecHe mace 36,7 kg/m?, jaBuna ce ca CUMITOMATCKOM
enmractTpryHom xepHujom. [lnjarHo3a je notBpheHa KNMHUYKAM
1 YNTPa3ByYHUM NPErnefoMm, KojuM je oTKpuBeH dacuujantm
nedekT o 4,3 cm ca cagpiKajeM Koju je YUMHWUIO NpenepuToHe-
ariHO MacHo TKMBo. bonecHuuy je ypaheHa enektusHa SCOLA
penapauyja. lMpoueaypa je nogpasymesana CTBapatbe MOTKO-
XKHOT pafiHOr NPOCTopa U3Hag ropke dacyyje npasor muwwmha
(musculus rectus abdominis), penoHupare XepHujanHe Kece,

DOI: https://doi.org/10.2298/SARH260307042M

npryMapHo 3aTBapatbe dpacuujanHor AedpekTa 1 NocTaBbare
TiO, mpexuue drKcpaHe 3a npefrby dpacuyjy npaBor MULLIK-
ha. XupypLuKa npoLeaypa je ycnewHo 3aBplueHa 6e3 nHTpao-
nepaTvBHMX KOMNAvKaumja. bonecHuua je otnylwteHa npsor
nocTonepaT!BHOTr AaHa. YeTpHaecTor AaHa HakoH onepauyje
YKJIOHEeHU Cy KOXKHU LLIaBOBU, MPW YeMy je paHa ypefHo 3apa-
cna. Ha KOHTPONHUM NpernieayiMa HakoH TpW, LWecT 1 12 meceuu
Huje 6110 3HaKOBa PeLVANBa HUTY KOMIIMKaLMja MOBE3aHUX
Ca MpPeXMLIOM.

3akspyuak SCOLA TexHMKa NpeacTaB/ba CUTYPHY U epuKacHy
MVIHVIMaJTHO MHBAa3VIBHY OMUWjy 3a Jleuerbe NpUMapHUX enu-
racTPUYHMX XePHWja, NOCe6HO KoA rojasHux 6onecHrka. OHa
KOMO6VIHyje NpeAHOCTM Ojadatba MPEXILIOM Ca MOTMYHO eKCTpa-
NepuTOHeanH!M 1 eKcTpadacLmjanHim NPUCTYNoMm, Yme ce
n3beraBa NHTPaabAoOMMHANIHO NMOCTaB/batbe MPEXNLE 1 Npa-
Tehun pusunym.

KmyuHe peun: ennractpuuHa xepHuja; SCOLA; MUHUManHO
VHBa3MBHa X1PYpruja; BEHTPanHa XepHKja; rojasHocT
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Electroconvulsive therapy in a young adult
patient with treatment-resistant depression and
electroencephalogram epileptiform activity

Zagorka Gojkovi¢', Zvezdana Stojanovi¢'?, Jasmina Maksi¢®, Nevena Jovanovi¢? Nikolina Petrovi¢?

'Military Medical Academy, Clinic of Psychiatry, Belgrade, Serbia;
2University of Defense, Military Medical Academy, Faculty of Medicine, Belgrade, Serbia;
3Military Medical Academy, Clinic of Neurology, Belgrade, Serbia

SUMMARY

Introduction Electroconvulsive therapy (ECT) causes a seizure which is different from a convulsion in
epilepsy. Despite this, ECT remains a challenge in patients with comorbid epileptiform activity. Our aim
was to indicate the importance and safety of the ECT in a young adult with treatment-resistant depres-
sion (TRD) and electroencephalogram (EEG) epileptiform activity.

Case report A 21-year-old female patient was scheduled for ECT due to TRD and suicidal behavior. During
the preparation for ECT, EEG epileptiform activity was noticed, and upon the anticonvulsant medication
administration, the patient received the acute ECT, combined with quetiapine XR 600 mg/d, duloxetine
60 mg/d and pregabalin 450 mg/d, since the disease was life threatening. We noted a significant increase
in the stimulus dose, i.e., elevation in the convulsive threshold during ECT. The clinical outcome was with-
out adverse events and with a reduction of the depression severity. The continuation of the maintenance
ECT, psychopharmacotherapy and psychotherapy was planned.

Conclusion ECT is the most effective therapy for TRD, while the presence of EEG epileptiform activity is
not a contraindication for ECT, with the advantage of the ECT Thymatron IV device (Somatics Inc., Venice,

FL, USA), as a four-channel digital EEG machine, allowing us to record and analyze EEG.
Keywords: depression; ECT; EEG; young adults; suicidal behavior

INTRODUCTION

In the era of technological advancement, de-
pression is one of the leading mental health
problems among young adults. The prevalence
of treatment-resistant depression (TRD) in
young adults is as high as 40% and is associated
with a higher risk of suicide [1, 2]. Young adults
with depression often use deliberate self-harm
which is an important risk factor for suicide
attempts [3].

ECT (electroconvulsive therapy) reduces
the severity of depression faster and more
significantly compared to antidepressants [4,
5]. In adolescents younger than 18 years with
depression and suicidal behavior (SB), the ef-
fectiveness of ECT is increasing with age, and
with more than eight ECT sessions in a series
(acute ECT) [6, 7].

It is important to keep in mind that ECT
causes a seizure which is different from a con-
vulsion in epilepsy, namely there is no abnor-
mal connection and therefore does not lead to
the appearance of spontaneous epileptic activ-
ity. Despite this, ECT remains a challenge in
patients with epilepsy and comorbid epilepti-
form activity [8, 9].

Our aim was to indicate the importance
and safety of ECT in a young adult patient
with TRD and electroencephalogram (EEG)
abnormal waveforms.

CASE REPORT

A 21-year-old female patient has been treated
for depression since the age of 18, and the
diagnosis of recurrent depressive disorder
was established based on the International
Classification of Diseases, tenth revision crite-
ria at the age of 19. The course of treatment is
characterized by frequent hospitalizations (six
in total) due to maintenance of depression and
SB (deliberate self-harm using razor blades -
approximately 50 new and 100 old scars in the
area of breasts, abdomen, upper legs, forearms;
and deliberate self-poisoning using medications
and alcohol) (Figure 1).

She has mostly been prescribed two or more
psychiatric medications: antidepressants (du-
loxetine 30-60 mg/d, fluoxetine 20-40 mg/d,
sertraline 50 mg/d, escitalopram 10-20 mg/d),
antipsychotics (olanzapine 5-20 mg/d, carip-
razine 3 mg/d, aripiprazole 15 mg/d, chlor-
promazine 150 mg/d, clozapine — missing data,
quetiapine 50-600 mg/d), mood stabilizers
(lithium carbonate 600-1200 mg/d, valproate
500 mg/d), benzodiazepines and non-benzo-
diazepines (clonazepam 1 mg/d, pregabalin -
missing data), psychostimulants (methylphe-
nidate 18-36 mg/d).

Due to TRD and high suicide risk, the pa-
tient was referred to the Clinic of Psychiatry
Military Medical Academy for acute ECT. She
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Figure 1. Deliberate self-harm in our patient with treatment-resistant depression

was admitted with the following therapy: duloxetine 60
mg/d, pregabalin 450 mg/d, and quetiapine XR 600 mg/d,
and this therapy was continuously maintained during
acute ECT. Among other medications, she had desmo-
pressin 120 mg/d, prescribed by a urologist for nocturnal
enuresis. Due to recent deliberate self-harm, she was sur-
gically examined and antibiotic therapy (trimethoprim
sulfamethoxazole) was prescribed for seven days. With a
body mass index (BMI) of 33.1 kg/m? a hygienic-dietary
regimen was implemented in accordance with the dieti-
cian instructions.

It should be noted that she is unemployed, childless,
and that she lives with her sister. At the age of two, she was
observed at the Institute for Maternal and Child Health
Care in Belgrade, due to a head injury as the result of the
fall. An EEG was performed, and the findings were nor-
mal. A computed tomography (CT) of the head showed
discrete brain edema. During growing up, nocturnal en-
uresis, nail biting and thumb sucking were present. The pa-
tient’s mother informed us that, during the school period,

Gojkovic¢ Z. et al.

patient had episodes of staring at one spot
or at another student, for couple of sec-
onds during which she seemed “absent”.
Since she was 12 years old, due to noctur-
nal enuresis classified as primary enuresis,
the urologist prescribed her desmopressin
at a dose of 120 mg/d. She was subjected
to verbal abuse and social isolation by her
peers because of her physical appearance.
Her mother punished her physically, with
frequent verbal insults, while her father was
absent and uninterested. She does not abuse
psychoactive substances and alcohol. Heredity factor is
present: father with alcohol use disorder, brother being
treated for bipolar disorder, sister for anxiety-depressive
disorder, two uncles committed suicide.

Preparation for ECT, description of ECT and ECT
treatment

In accordance with the guidelines for ECT preparation
[9] the following diagnostic procedures were performed:
blood tests (complete blood count, metabolic panel, thy-
roid hormones) — test results were within the reference
ranges; chest X-ray, electrocardiography, fundoscopy -
unremarkable; magnetic resonance imaging of the brain
- normal finding; EEG. She was examined by a cardiologist
and an anesthesiologist prior to induction into general
anesthesia.

The EEG showed a generalized spike-wave complex-like
activity with an anterior maximum for about one second
during hyperventilation and spontaneously at the end of

Liile

—

Figure 2. Abnormal electroencephalogram with epileptiform activity in our patient with treatment-resistant depression

-

Figure 3. Abnormal electroencephalogram with epileptiform activity after sleep deprivation in our patient with treatment-resistant depression
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the recording, i.e., there are interictal borderline to specifi-
cally generalized epileptiform discharges (Figure 2).

The EEG after sleep deprivation indicated, that, during
wakefulness and sleep, spike-wave complex series of 3 Hz
lasting up to 5-6 seconds became more frequent with a
maximum over the frontal regions and, more dominantly
on the right side (Figure 3). Due to recorded EEG abnor-
malities, nocturnal bedwetting, and data about episodes of
staring, the neurologist introduced anticonvulsant medi-
cation lamotrigine, with a gradual increase in the dose to
150 mg/d, desmopressin was removed from the therapy.

The following clinical scales were performed: Hamilton
Depression Rating Scale 21 (HAM-D 21) score 32; child-
hood trauma questionnaire total score 62, emotional
abuse score 21, physical abuse was 18; Mini-Mental State
Examination score 30.

The patient signed an informed consent for ECT and
general anesthesia. For ECT we utilized Thymatron System
IV device (Somatics Inc., Venice, FL, USA), and brief puls-
es (0.5 ms), the electrodes were placed bi-temporal. Setting
the stimulus dose was based on the “half-age” method [10].
Acute ECT was applied three times a week in general an-
esthesia. The patient received a total of 20 ECT sessions
in acute ECT, with a recorded increase from the initial to
final dose of the stimulus, 50.4 mC vs. 200.1 mC, respec-
tively (Figure 4).

A more significant reduction in depressive symptom-
atology was recorded after fifth ECT session (HAM-D 21
score was 21), however therapy continued until 20th ECT
session, i.e., until HAM-D 21 score was 11. There were no
changes in cognitive functioning.

The combined administration of ECT and psycho-
pharmacotherapy (quetiapine XR 600 mg/d, duloxetine
60 mg/d and pregabalin 450 mg/d), along with an anticon-
vulsant medicine, resulted in the termination of nocturnal
enuresis and reduction in the severity of depression and
SB. BMI at the end of hospital treatment was 29.4 kg/m?,
i.e,, she lost 10 kg.
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Ethics: The patient gave her informed consent and the
study was approved by the Ethics Committee of the
Military Medical Academy (Decision No. 19/2025).

DISCUSSION

The use of ECT in psychiatric patients with comorbid
epilepsy may be considered a serious clinical challenge
[9, 11, 12]. Accordingly, a study from 2006 reported that
ECT is safe to use in patients with epilepsy and that no
dose adjustments of anticonvulsant medications are neces-
sary [13], and ECT can also be used for the treatment of
refractory epilepsy and status epilepticus [14, 15]. There
are studies stating the contradictory results, that after ECT
there was a tendency to epilepsy [16, 17]. However, our
experience so far, as in other researches, did not establish
this [14, 15, 18]. The main disadvantage of the “half-age”
method which we used is that it is not possible to know
the individual seizure threshold, i.e., whether the stimulus
dose is sufficiently above the convulsive threshold to en-
sure the effectiveness of ECT. In our patient, a significant
increase in the stimulus dose, i.e., a raise in the convulsive
threshold is evident.

Despite the fact that ECT shows a response rate of 50%
to 90% in young adults with TRD with suicidal ideation
or psychotic symptoms, its use in practice remains low
[2, 19]. Our patient was diagnosed with recurrent depres-
sion at the age of 19, and was referred for ECT at the age
of 21. Explanations for this discrepancy can be partly ex-
plained by the small number of ECT centers in Serbia.
Namely, ECT was only applied at the Military Medical
Academy Clinic of Psychiatry in Belgrade, until 2016,
when ECT center at the Clinic of Psychiatry, Clinical
Center Kragujevac was open [18]. Another possible ex-
planation is a common belief about the association of ECT
with cognitive impairments. By using reliable methods of
cognitive testing (computerized neuropsychological tests),
it has been shown that the deficit of cognitive functions
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improves during the treatment of depression with ECT
[20, 21, 22], therefore, the effect of ECT is the same as in
the adult population [2].

Due to the severity of the clinical presentation, it was
not possible to discontinue the use of psychopharmaco-
therapy in our patient, which is in accordance with the
results of the positive effects of ECT in combination with
antidepressants and antipsychotics, while lamotrigine of all
mood stabilizers raises the seizure threshold the least [23].

This presentation also aims to emphasize the impor-
tance of EEG in psychiatry, namely, our patient had an
EEG performed immediately after a traumatic brain injury
and as part of preparation for ECT. After traumatic brain
injury, EEG epileptiform activities were determined in 16
% of patients [24], however EEG changes are not uniform,
that is, they depend on the severity and location of trau-
matic brain injury and can gradually develop over time
(if serial recording is performed), which was not done in
our patient [25]. In patients with bipolar disorder, it has
been shown that abnormal EEG with epileptiform activ-
ity is possible predictor of lithium resistance [26]. Also,
EEG is important for treating TRD, considering that
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EnekTpoKOHBYN3MBHA Tepanuja Kog MAagor oapacaor bonecHuKa ca
TepanopesnCcTEHTHOM Aenpecujom U enektpoeHuedanorpadpckom

enunentTuGopPMHOM aKTuBHoOLWhy

3aropka lojkosuh', 3Be3aaHa CTojaHoBuh'?, JacMHa Makcuh?, HeBeHa JoBaHoBUh?, HukonmHa Metposuh?

'BojHOMeaMLUMHCKa akageMuja, KnuHvka 3a ncuxujatpujy, beorpag, Cpbuja;

2YHuBep3uTeT oabpaHe, BojHomeanumHcKa akapemuja, MegnunHcku dakynter, beorpag, Cpbuja;
BojHOMeaMLMHCKa akagemuja, KniHka 3a Heyponorujy, beorpag, Cpbuja

CAMETAK

YBop EnexktpokoHByn3vBeHa Tepanuja (EKT) n3asusa Hanag Koju
Ce pa3ninKyje of KOHBYN3uja Kog envnencuje. Ynpkoc tome, EKT
oCTaje 13a30B Kof 6onecHnKa ca KoMOpOULHOM enunenTu-
dopmHom akTmBHOLWRY. Linmb papa je 61o Aa ce ykaxke Ha 3Hauaj
1 6e36enHoCT EKT y neyerby TepanopesncTeHTHe aenpecuje
Kop Mnafe ofgpacie ocobe Kog Koje cy yTBpheHe enekTpoeH-
uedanorpadcke (EEM) abHopmManHoCTh ca enunentudopmMHOM
aKTUBHOLWNYy.

Mpukas 6onecHuka Mprikasyjemo 6onecHuLy ctapy 21 roauHy
Kop Koje je 360r TepanopesncTeHTHe Aenpecuje 1 CynuuaanHor
noHallarba 6vna nnaHupaxa EKT. Tokom nprnpeme 3a EKT ycTa-
HoBrbeHe cy EEM abHopmanHocTu ca enmnenTdopMHOM aKTMB-
How Ry, a 6onecH1La je HAKOH YK/byurBatba aHTUKOHBYI3MBA
noABprHyTa akyTHoj EKT, y kombrHaumju ca kBeTranuHom XR
600 mg/d, pynokcetriHom 60 mg/d v nperabanvHom 450 mg/d,
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jep je bonect 6una onacHa no xuBoT. MprmeheHo je 3HauajHO
nosehatrbe Ao3e CTUMynyca, OAHOCHO MOPACT KOHBYI3UBHOT
npara Tokom EKT. KnuHnuku ncxop je 6no 6e3 HexerbeHnx
porahaja, y3 pegyKuujy TexuHe genpecuje. MnaHnpaH je Ha-
CTaBaK Jieyerba ofpxaBajyhom EKT, ncuxodpapmakotepanuvjom
1 NCHXOTepanujom.

3akmyuak EKT je HajedmKacHumja Tepanuja 3a Tepanopesu-
CTEHTHY Aenpecujy, a npucyctso EEI abHopManHocTh Huje
KOHTpamHAnKauwja 3a EKT, y3 gogatHy npegHOCT anapata 3a
EKT Thymatron IV (Somatics Inc., Beneumja, ®J1, CAl), Koju Kao
yeTBOpOKaHanHu aurutanHu EET ypehaj omoryhasa cHumarbe
1 aHanwu3y EET.

KrmbyuHe peun: fenpecyja; eNeKTpOKOHBY/I3VBHa Tepanmja;
enekTpoeHuedanorpaduja; Mnagy ogpacnu; CymumaanHo no-
Halake
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SUMMARY

Atopic dermatitis is an inflammatory skin disease that is characterized by a chronic-relapsing course
and a pronounced feeling of itching. Altered production of structural proteins, lipids and antimicrobial
peptides results in epidermal impairment, leading to the early onset of disease, more severe lesions and
numerous comorbidities. Atopic dermatitis has recently been recognized as a systemic type 2 inflamma-
tion and emerging novel therapeutic modalities reflect sophisticated molecular and immunopathological
pathways. The aim of this article is to provide a thorough review of the existing knowledge regarding
the most significant immunological aspects of the development and progression of atopic dermatitis.
Keywords: atopic eczema; epidermis; inflammation; Th2 cells

INTRODUCTION

Atopic dermatitis (AD) is a dermatosis char-
acterized by pruritus and typical cutaneous
lesions that vary through acute, subacute, and
chronic phases [1-6]. It affects approximately
20% of children and 2-10% of adults [1, 2, 4].
Additionally, 40-60% of patients with atopic
dermatitis also have another form of atopy,
such as asthma, allergic rhinitis or food allergy
[1, 2, 4, 6]. The pathogenesis of AD reflects a
multifactorial condition, with genetics under-
pinning epidermal barrier impairment as an
initial state, triggered by environmental insults
(allergens, irritants, pollutants) and microbi-
ome alteration, contributing to the sustained
type 2 inflammation [1, 5]. This article seeks
to provide a thorough review of the current
knowledge with regard to key mechanisms in-
volved in the development and progression of
atopic dermatitis.

EPIDERMAL BARRIER IN AD

A damaged skin barrier in some hereditary dis-
eases is directly related to the disease pheno-
type, while in atopic dermatitis it represents an
initial condition that triggers further inflamma-
tion and sensitization [5, 7-9]. Abnormalities
in the production of structural proteins, lipids,
and antimicrobial peptides result in skin bar-
rier dysfunction, early onset of disease, more
extensive lesions and a greater number of co-
morbidities [1, 2, 5, 10]. An impaired barrier
culminates in increased permeability of the
epidermis, heightened transepidermal water

loss (TEWL), compromised natural moisturiza-
tion of the skin, dysregulated skin surface pH,
and penetration of exogenous agents: irritants,
aeroallergens, contact sensitizers, and microbial
products [5, 11-14]. Epidermal barrier defi-
ciency manifests clinically as extremely dry
skin, followed by intense pruritus, scratching
and rubbing, creating ‘itch-scratch’ cycle that
underlies secondary bacterial infections and
contact sensitization [5, 14-17].

The cornerstone of the skin barrier is the
integrity of the stratum corneum. The main
components of corneocytes are keratin fila-
ments organized by filaggrin (FLG), which
form the basis of the extracellular lipid matrix
[2]. Defective FLG or its reduction contributes
to the reduced production of acidic metabolites
and an increase in skin pH, reduced activity of
enzymes involved in lipid metabolism (beta-
glucocerebrosidase, acid sphingomyelinase),
accumulation and impaired secretion of lamel-
lar bodies, and disruption of the entire lipid
organization of the stratum corneum [7, 18,
19]. Apart from FLG, other essential constitu-
ents are loricrin, involucrin, corneodesmosin,
SPRR3/4 (small proline-rich proteins) and
claudin-1 and -3, which are vital for epider-
mal integrity [19]. Additionally, diminished
ceramide levels in the stratum corneum con-
tribute to increased TEWL and epidermal
damage. Significant accumulation of very short
ceramide chains and reduced ceramide/cho-
lesterol ratio are present in AD patients [20].

Environmental agents contribute to im-
paired barrier permeability, affecting its struc-
ture and function, while simultaneously trig-
gering keratinocyte activation and alarmin
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Environmental Agents Trigger Epidermal Barrier Dysfunction
and Type Il Inflammation: Cellular and Molecular Cascade
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release — interleukin (IL)-25, IL-33 and thymic stromal
lymphopoietin (TSLP), inducing involvement of type 2
innate lymphoid cells (ILC2s) with subsequent type 2 in-
flammation and IL-4, IL-5 and IL-13 secretion, reflecting
the link between the epidermal barrier and inflammation
[1,9,21,22]. IL-4 and IL-13 in turn damage the epidermal
barrier through altered filaggrin and loricrin expression,
with reduced levels of antibacterial peptides, resulting in
permanent epidermal dysfunction (Figure 1) [1, 9, 21, 22].

IMMUNE DYSFUNCTION DRIVES DISEASE
Keratinocytes and alarmin release

Thymic stromal lymphopoietin (TSLP), secreted by kerati-
nocytes, plays a paramount role in altered immune response
observed in allergic diseases and AD [2, 18]. TSLP, as an in-
terleukin-7 cytokine, acts on dendritic cells to stimulate the
naive CD4+ T lymphocytes, inducing the production of IL-
4,1L-5 and IL-13 [2, 21]. This induction of Th2 cytokines
impacts other immune cells such as mast cells, basophils,
innate lymphoid cells (ILCs), macrophages and epithelial
cells [2]. Beyond TSLP, keratinocytes also release other
alarmins such as IL-25 and IL-33 [2, 18]. IL-33, part of the
IL-1 cytokine family, is produced mainly by epithelial cells
in response to allergenic and microbial stimuli. It promotes
a type 2 immune response by activating ILC2s, leading to
the secretion of IL-5 and IL-13 [22]. IL-33 reduces filaggrin
expression in keratinocytes, generates the itch sensation,
and activates Th1 and Th2 cells. Elevated levels of IL-33
are observed in lesional AD skin, while serum IL-33 levels
correlate with disease severity [22].
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Langerhans cells and innate lymphoid cells type 2
are highly positioned in the immune hierarchy

Langerhans cells (LC) are pivotal in AD pathogenesis,
alongside keratinocytes [23, 24]. LCs participate in the
recruitment and polarization of various immune cells in
AD [25]. GWAS studies linked CD207 gene mutations
to a heightened risk of AD. LCs show increased activity
and proliferation in an AD model [25]. LCs are basically
antigen-presenting cells and are responsible for the activa-
tion of Th2 and B-lymphocytes. It has been experimen-
tally shown that TSLP can induce AD precisely through
the activation of LC. Activated LCs secrete CCL17 and
CCL22 and thus further polarize the Th2 phenotype [25].
Additionally, LCs facilitate IgE production by mature
B-cells and binding through low-affinity receptor FceRII/
CD23 and FceR], resulting in IL-16-mediated attraction
of Th cells, inflammatory epidermal dendritic cell (IDEC)
precursors, and eosinophils. IDECs in turn, bind IgE via
FceRl, polarizing naive T-cells into Th1 characteristic of
chronic AD [25]. LCs also secrete CCL5, enhancing eo-
sinophil infiltration typical of AD [25].

The activation of T-cells, eosinophils, basophils, macro-
phages, mast cells, and innate lymphoid cells type 2 (ILC2),
along with secretion of cytokines, culminates in localized
inflammation in the atopic skin [23]. ILC2s are funda-
mental in shaping the immune response, maintaining tis-
sue homeostasis, and driving inflammation [20]. Elevated
levels of active ILC2s present in AD lesions are associated
with increased levels of type 2 cytokines and inflammation,
whereas decreased numbers of NK cells were noted in the
blood of AD patients [20]. ILC2s secrete IL-4, IL-5, IL-9
and IL-13 upon activation by alarmins (TSLP, IL-25, IL-33)
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or eicosanoids, even in the absence of antigenic stimu-
lation, fostering a Th2 response [22, 26]. Regarding the
main immune pathways, the interaction of OX40L/OX40
between stimulated dendritic cells and T cells, may rep-
resent a key mechanism in atopic inflammation [1, 9, 21,
22]. The OX40L-0X40 interaction between dendritic cells
and T-cells also contributes to this response [22]. OX40
(CD134) expression is enhanced on T cells, following spe-
cific T cell receptor activation, OX40L-OX40 mediates the
antigen presentation process and plays a significant role
in allergic diseases and tumor pathologies. Recent studies
indicate that inhibiting OX40-OX40L interactions sup-
presses T cell-driven inflammation in AD [22, 26].

The persistent “vicious cycle” of immune activation

The inflammatory “vicious cycle” and epidermal bar-
rier damage are initiated by activated keratinocytes and
Langerhans cells, which secrete IL-10, IL-12, IL-18, IL-
23,1L-17, IL-22, TSLP. This cascade further triggers Th2-
mediated inflammation and the secretion of cytokines IL-
4,1L-13, IL-31 and IL-22, compromising the epidermal
barrier by reducing the expression of filaggrin, loricrin,
claudin, and periplakin [20, 22, 27]. Concurrently, type 2
cytokines (IL-4, IL-5, IL-13) reactivate ILC2 and eosino-
phils [23, 27].

The increased production of IgE in AD stimulates
mast cells and basophils [5, 26]. IgE can be non-specific
(intrinsic AD-iAD) and allergen-specific (extrinsic AD-
eAD). Elevated levels of specific IgE increase the risk of
developing atopic march [23]. IgE-mediated stimulation of
mast cells triggers degranulation and release of histamine,

‘ DOI: https://doi.org/10.2298/SARH251119045)

IL-6, IL-8, PGD2, aTNF, IL-23, and IL-31 [27]. Specific
IgE binds to and activates dendritic epidermal cells and
epidermal Langerhans cells that secrete proinflammatory
cytokines TSLP, CCL17, CCL18, CCL22, and IL-33, initiat-
ing T-cell sensitization and subsequent inflammation [20].

Numerous studies underscore the importance of Th2-
mediated inflammation in allergic diseases [28]. Th2 in-
flammation is a key phenomenon in the onset of immune
dysfunction leading to the acute phase of atopic dermatitis
characterized by high levels of IL-4 and IL-13. These cy-
tokines activate B lymphocytes to secrete IgE, adversely
affecting filaggrin production in a feedback loop, while the
release of IL-5 sustains eosinophilia in AD patients [19].
Type 2 inflammatory response is characteristic of antipara-
sitic and antitoxic effects, and allergic inflammation [28].
This type of immune response initially involves ILC2 and
keratinocytes, along with dendritic cells, macrophages and
Langerhans cells, extending to the activation of Th2, Tc,
NK, B-cells, eosinophils, mast cells and basophilic granu-
locytes, leading to the secretion of IL-4, IL-5, IL-9, IL-13,
IL-31 and IgE, the primary mediators of inflammation in
AD (Figure 2) [28]. Clinical studies have already shown
the efficacy of monoclonal antibodies directed against IL-
4,1L-13, and IL-31, or their receptors, in the treatment of
AD [1, 5, 22].

In chronic AD lesions, the Th1-mediated immune re-
sponse predominates, featuring gamma-interferon and
IL-12 [5, 26]. Over time, some patients also exhibit a Th17/
Th22 response that significantly affects keratinocyte lipid
metabolism and epidermal function [27, 29]. Dendritic
cells and eosinophils produce IL-2 and IL-18 while ac-
tivating Th1 lymphocytes and promoting secretion of
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aTNE IL-2, IL-12, aINF favoring chronic inflammation
in AD. Thl-released YIFN induces keratinocyte apopto-
sis, whereas IL-17 and IL-22 induce epidermal acanthosis
clinically manifested by lichenoid lesions of chronic AD
[22, 27]. Chronic AD lesions show elevated levels of IL-5
and IL-12, and decreased levels of IL-4 and IL-13 [27].
Furthermore, increased expression of VEGF originat-
ing from keratinocytes and mast cells is detected in AD,
mediating angiogenesis in chronic inflammation [27].
Research has demonstrated that IL-17A induces Th2 in-
flammation, with IL-4 reversibly inhibiting IL-17A. Thus,
elevated levels of IL-17A were detected in peripheral blood
mononuclear cells in severe AD [30]. y§ T-cells, a primary
source of IL-17A, participate in inflammation, tissue re-
pair, pathogen elimination, immune regulation and tumor
suppression [19]. AD patients exhibit elevated levels of
circulating Vy9V82+ T-cells, which also produce IL-4 and
IL-13, crucial in the pathogenesis of AD. Beyond allergic
cutaneous inflammation, yd T-cells also contribute to air-
way allergic inflammation by promoting IgE reactivity and
Th2 inflammation [30]. According to previous studies, a
subpopulation of lymphocytes, Th9 cells, and IL-9 may
also have great potential in the development of allergic
inflammation [31]. Elevated IL-9 levels in skin and blood
observed in AD patients correlate with the SCORAD in-
dex, and findings suggest that IL-9 involved in the patho-
genesis of AD originates from activated mast cells, not Th9
cells. However, studies found IL-9 levels correlate with Th9
cells and PU.1 transcript in peripheral blood mononuclear
cells, as well as with VEGF expression in AD lesions [31].

Fibroblasts - the secret of AD inflammation

Recent studies highlighted the role of fibroblasts in the
pathogenesis of AD. Altered fibroblasts in AD affect ke-
ratinocyte terminal differentiation markers, such as fil-
aggrin and loricrin, and lack leukemia inhibitory factor
(LIF), impairing epidermal differentiation [32]. In AD,
particularly at the epidermal-dermal border, COL6A5+
COL18A1+ fibroblasts show an inflammatory phenotype
(CCL2, CCL19, CCL26, IL-32). Abnormal fibroblast adhe-
sion, disturbed synthesis and metabolism of collagen, and
damaged epidermal barrier are observed [32]. Conversely,
COL18A1 inhibits angiogenesis and disrupts dermal or-
ganization by binding to extracellular matrix components
in AD. Furthermore, upregulated CCL19 and CCL2, in-
teracting with CCR7, CCR1 and CCR2 on T-lymphocytes
and dendritic cells, contribute to the infiltration of type 2
inflammatory response cells [32]. In addition, fibroblasts
interact with Th2/Th22 and TRM (tissue-resident memory
T cells) cells via CXCL12, promoting allergic inflammation
in AD [32]. Experimental evidence has shown fibroblast-
eosinophil interaction could play a significant role in the
inflammatory cascade. In cell cultures, IL-37b inhibits
IL-31/IL-33-induced expression of aTNF, IL-6, CXCL3,
CCL2, and CCL5, promoting autophagic mechanisms
through regulation of the AMPK-mTOR signaling pathway
[32]. Namely, elevated levels of IL-33 and PRG4 inhibit NF-
kB activation, a key regulatory inflammatory mechanism.
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Deletion of the Ikkb (inhibitor of nuclear factor kappa-B
kinase subunit beta) gene leads to the development of AD
manifestations, increased expression of CCL11, infiltration
of eosinophils and Th2 inflammation [32].

The JAK/STAT signaling pathway as an integral part
of AD inflammation

The JAK/STAT signaling pathway represents a central
mechanism in modifying multiple immune processes in
AD pathogenesis [26, 33, 34]. Previous research indicates
that the JAK/STAT pathway enables IL-4, -5, -13, -31, and
TSLP to exert effects, epidermal barrier regulation, nerve
modulation and pruritus etiopathogenesis [26, 33, 34]. The
JAK family includes four kinases associated with receptors:
JAK1, JAK2, JAK3 (janus kinase 1/2/3) and TYK2 (tyro-
sine kinase 2), while STAT (signal transducer and activator
of transcription) includes seven proteins: STAT1, STAT?2,
STAT3, STAT4, STAT5, STAT5a, STAT5b, STAT6 [26, 33,
34]. The proposed mechanism of the JAK/STAT signaling
pathway includes phosphorylation of intracellular receptor
domain, subsequently recruiting and inducing phosphory-
lated STAT dimerization that culminates in translocation
into the nucleus and regulation of gene transcription by
binding to DNA [26, 33, 34]. TSLP binds to the heterodi-
meric receptor TSLPR, containing the IL-7Ra receptor, and
interacts with JAK1 and JAK2, with further STATS5 activa-
tion [34]. IL-4 binds to the IL-4R type I receptor, resulting
in JAK1 and JAK3 phosphorylation, which activate and
phosphorylate the IL-4Ra chain (common to IL-13Ral in
type II IL-4 receptor) and STAT6. IL-4 and IL-13 bind to
IL-4R type I leading to JAK1 and TYK2 phosphorylation,
STAT3 and STAT® activation, inducing reduced filaggrin
expression, epidermal barrier dysfunction, and increased
TSLP, IL-25, IL-33 production in keratinocytes [26, 33, 34].
IL-5 binding to the a subunit of its receptor, and IL-3 and
granulocyte-macrophage colony-stimulating factor (GM-
CSF) binding to the p subunit, activate and phosphorylate
JAK1 and JAK2, as well as STAT, STAT3 and STATS5 [26,
33, 34]. IL-31 binds to its receptor complex’s a subunit,
containing oncostatin-M-receptor-p (OSMRP). The IL-
31Ra-OSMRP complex activates JAK1 and JAK2, STAT3
and STATS5, and to a lesser extent, STAT1 [26, 33, 34].
During AD’s chronic phase, Th1, Th17 and Th22 sub-
populations and cytokines sustain local inflammation, the
presence of proinflammatory cytokines, and epidermal
hyperplasia [26, 33, 34]. The JAK-STAT signaling path-
way indirectly influences differentiation and function of
Th17 cells through the activation of STAT?3, affecting the
release of pro-Th17 cytokines: IL-6, IL-21, and IL-23, and
the final production of IL-17. On the other hand, IL-22
after binding to its receptor leads to the phosphorylation
of JAK1 and TYK2, and STAT3, STAT1 and STATS5 [26,
33, 34]. Elevated Th1 cytokine levels include yIFN, IL-12,
and granulocyte colony-stimulating factor (G-SCF). IL-12
primarily stimulates naive T-cell differentiation into the
Th1 subpopulation. IL-12 receptor beta subunits binding
activates JAK2 and TYK2, and STAT4, as well as STAT1,
STAT3, and STATS5, to a lesser extent [26, 33, 34]. YIFN,
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playing its pathophysiological role in epidermal dysfunc-
tion by reducing ceramide and long-chain fatty acids ex-
pression, upon its receptor binding, activates JAK1 and
JAK2, and STAT1 [26, 33, 34]. JAK1’s implication in epi-
dermal barrier dysfunction is linked to JAK1-dependent
exertion of IL-4, IL-5, IL-13, IL-22, TSLP, and yIFN [26,
33, 34]. Abundant JAKI1 activation is associated with cu-
taneous overexpression of serine proteases and epidermal
degradation, whereas STAT3, as a key transcription factor,
impacts keratinocyte differentiation and thus skin integrity
maintenance. Inhibition of JAK1/JAK2/JAK3/STAT?3 axis
benefits epidermal barrier functionality by enhancing fil-
aggrin, loricrin and other factors responsible for epidermal
homeostasis [26, 33, 34].

NOVEL DISCOVERIES AND EMERGING
THERAPEUTIC TARGETS

Recent studies highlight the role of small molecules, re-
ceptors, ion channels, transcription factors and signaling
pathways in AD development and treatment. Among these,
phosphodiesterase-4 (PDE4) plays a crucial role in AD
pathogenesis, with four subtypes, of which PDE4B par-
ticularly impacts the inflammatory response [26]. PDE4
is present in various cells, including basophils, mast cells,
neutrophils, eosinophils, monocytes, macrophages, B and
T lymphocytes, endothelial cells, and dermal fibroblasts
[26, 35]. PDE4 primarily hydrolyzes cyclic adenosine mo-
nophosphate - cAMP, or cyclic guanosine monophosphate
- cGMP [26, 36]. cAMP affects the regulation of the inflam-
matory and immune response, with elevated levels of cAMP
suppressing lymphocytes and monocytes [26, 36]. AD pa-
tients exhibit increased adenylate cyclase levels, leading to
accumulation of cAMP and compensatory PDE4 activation
[35]. This stimulation of PDE4 results in inadequate cAMP
metabolism, with elevated levels of prostaglandin E2, IL-6
and IL-10 in monocytes of AD patients, contributing to
Th1/Th2 imbalance and Th2 cytokines prevalence [35, 36].
Inhibiting PDE4 prevents intracellular cAMP degradation,
activation of PKA (protein kinase A) and Epac 1 / Epac 2
(exchange factor directly activated by cAMP 1/2), which
lead to the inhibition of NF-kB mediation, promoting pro-
duction of anti-inflammatory cytokines via CREB (cAMP-
responsive element binding) protein interaction [26, 36].
PDE4 inhibition influences immune functions by regulat-
ing inflammatory cytokines, T cell activation, neutrophil
degranulation, antigen presentation, epidermal integrity,
and oxidative stress suppression [26].

AHR (aryl hydrocarbon receptor) and NRF2 (nuclear
factor erythroid 2-related factor 2) are transcription fac-
tors of cytoprotective genes involved in detoxification
mechanisms and antioxidant activity of enzymes [37].
AHR, located in the cytosol, forms complexes with several
proteins [22, 26]. Upon ligand binding, AHR dissociates
from other proteins, translocates to the nucleus, and binds
to the DNA molecule, regulating target gene expression.
These receptors exhibit pro-inflammatory and anti-inflam-
matory activity after exposure to various exogenous and
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endogenous factors. AHR is found in Treg, Th17, Th22, T,
v8 T and ILCs [26]. AHR is involved in keratinocyte dif-
ferentiation and proliferation mechanisms, inflammatory
cytokine production, and T-cell immune regulation [22].
Studies confirmed AHRSs critical role in FLG expression
in human keratinocytes. Activated AHR binds to the EDC
(epidermal differentiation complex) locus, regulates tran-
scription factor OVOLL1 and stimulates FLG, loricrin and
involucrin expression [22]. Additionally, AHR regulates
NREF?2 activation, inducing expression of cytoprotective
genes encoding detox and antioxidant enzymes [22, 38].
NRF2 activation interferes with Th2 cytokines via STAT6
dephosphorylation. NRF2 also suppresses proinflamma-
tory cytokines (IL-6 and IL-1f) production by impairing
NF-«B transcriptional activity [22]. Modulating AHR and
NRF2 inducers achieves significant epidermal barrier re-
generation and inflammation suppression in experimental
AD models [22, 38, 39].

TLRs, as part of innate immunity, exhibit polymor-
phism in AD and pathological functions, affecting epi-
dermal barrier repair delay, antimicrobial defense im-
pairment, Th2 inflammation stimulation, Th1 response
transition in AD chronicity, pruritus and UV radiation
effects [40]. TLR activation is vital in microbial defense.
Staphylococcal enterotoxin B increases TLR6 expression
on monocytes in AD, while TLR2 stimulation on dendritic
cells and monocytes leads to dysfunctional maturation and
increased IL-17A production in AD [40]. Additionally,
TLR2 activation interferes with IFNGR/JAK/STAT1 signal-
ing pathway, reducing Th1 chemokines expression, while
St. aureus ligands stimulate TLR2-mediated IL-10 secre-
tion, directing Th1/Th17 response towards Th2 inflam-
mation [40]. TLR agonists showed ameliorating effects on
AD symptoms, barrier function and inflammation, while
several experimental models underlined the need for care-
ful modulation instead, considering diverse TLR functions
in AD and inconsistent expression levels in various stages
of the disease [40].

Research has focused on discovering new activation
mechanisms for mast cells, crucial in allergic and atopic
diseases, which could represent potential targets for novel
therapies. MRGPRX2 (Mas-related G protein-coupled
receptor-X2) has gained importance in AD pathogenesis
research in recent years [41]. MRGPRX2 involves non-
IgE-mediated mast cell degranulation [41]. Elevated levels
of MRGPRX2 agonists, such as neuropeptide SP, human
B-defensin, cortistatin 14, and TSLP, are present in AD
[39]. MRGPRX2 is expressed by basophils and eosinophils,
in addition to mast cells and sensory neurons. MRGPRX2
facilitates effector cell degranulation, leading to inflamma-
tion [41]. Antagonizing MRGPRX2 demonstrated signifi-
cant improvement of AD phenotypic changes, preservation
of involucrin expression and periostin downregulation,
suggesting that MRGPRX2 may be a novel therapeutic
target in AD [41].

In type 2 allergic diseases, including AD, there is an
abnormally increased NLRP3 (NLR family pyrin domain
containing 3) inflammasome activation [42]. NLRP3, a
protein complex, consists of NLRP3 protein, ASC and

Srp Arh Celok Lek. 2026 May-Jun;154(5-6):372-378



Atopic dermatitis — novel insights in the immunopathology of the disease

caspase-1. It can be activated via the NF-«xB pathway, ion
channels, and lysosome damage [42]. House dust mite
allergens stimulate keratinocytes to form the NLRP3 in-
flammasome, secreting IL-1 and IL-18 and initiating
inflammation [42]. NLRP3 inflammasome activation in
keratinocytes increases production of ROS particles and
NF-kB signaling pathway activation. Phosphorylation of
p38, ERK and JNK in keratinocytes triggers the MAPK
(mitogen-activated protein kinase) signaling pathway and
in turn activates the inflammasome via MAPK/AP-1/NF-
kB [42]. NLRP3/IPF4/IL-33 axis activation in keratinocytes
is also identified in AD, contributing to disease patho-
genesis [42]. Suppressing NLRP3 expression effectively
reduces inflammation, highlighting NLRP3 inhibitors’
therapeutic potential [42].

CONCLUSION

Given the accelerated implementation of new therapeutic
options in clinical practice, such as biologics and small
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molecule therapies, we believe that an in-depth review of
current knowledge in the field of immunopathogenesis
of atopic dermatitis provides an essential overview of the
basic principles that modern therapies are based on, while
broadening horizons for future research. The coming years
are expected to bring an expansion of the application of
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tributing to a more precise individual approach and strati-
fication of patients with atopic dermatitis as well.
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ATONMjCKN AepMaTUTUC — HOBM YBUAW Y UMYHONaTo0THjy 6onecty

Catba JakosrbeBuh'? VBa bapjaktaposuh®*, [lyrwa Jakosrbesuh®, Onusepa JleBakos'?, Jbyba ByjaHoBuh 2

'YHusep3auteT y HoBom Cagy, MeauuuHckn dakynteT, Kategpa 3a fepmatoBeHeponoLuke 6onectu, Hou Cag, Cpbuja;
2YHUBEP3UTETCKM KINMHUYKN LieHTap BojBoauHe, KnnHuka 3a KoxHo-BeHepryHe 6onectn, Hosu Cag, Cpbuja;
Ynusep3utet y Hosom Cagy, Megnumtckm pakyntet, Katefpa oniwteo6pa3osHux npegmeta, Hosu Cag, Cpbuja;
*YH1BEP3UTETCKM KNMHUYKM LieHTap BojBoauHe, LieHTap 3a nabopatopujcky anjarHoctuky, Hosu Cap, Cpbuja;
Yuuepautet y HoBom Cagy, ®apmaueyTcku dpakyntet, Hosu Cag, Cpbuja

CAXETAK

ATONWjCKN AepMaTUTUC je nHNaMaTopHa 6onecT Koxe Kojy
KapaKkTepuLly XpOHUYHO-peLuavBajyfiin Tok 1 n3paxeH ocehaj
cBpaba. HapyLueHa npoayKLyja CTRYKTYPHIX NPOTENHa, nnuaa
1 aHTUMUKPOGHMX NenTnaa AoBoau fo owTeherwa enngep-
MVCa 1 MOCNEANYHOT PAHOT HacTaHKa 60N1ecTy, U3pakKeHnjnx
nesuja n 6pojHNX KomopbuanTeTa. ATOMMjCKM AePMaTUTIC je
HefjaBHO NPEeno3HaT Kao cucTemMcka Hdnamayuja Tvna 2, WTo
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Y3 HOBe Tepanujcke MoganuTeTe ogpaxasa coducTmympaHe
MoOJIeKyflapHe 1 MMyHonaTonoLlKke nyTese. Linsb oBor unaHka
je pa npyxw cBeobyxBaTaH Npernes Aocafallibux casHarba o
Haj3HaYajHNjUM MMYHONOLLKMM acneKT1UMa pa3Boja 1 nporpe-
Cuje aToNujcKor AepmaTtuTmCca.

KmbyuHe peun: aTonujckn ekuem; enuaepmuc; nHdnamauuja;
Th2 henwnje
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IIpe nopHomema pyKonica YpegHUIITBY Yacomuca ,,CprcKkmn
apxuB 32 HeTOKyIHO neKapcTBo (CA) cBu ayTopu Tpeda ga
npountajy Yuyrcrso 3a ayrope (Instructions for Authors),
riae he nponahu cBe morpedne madpopmanuje o micamwy
¥ OIpUIpeMN paja y CKIafy ca CTaHAapANMa JacoImuca.
Beoma je BayKHO Ia ayTopu IpUIpeMe paj IpeMa JaTiuM
NponosnNujaMa, jep YKOIIKO pyKomuc He dyne ycknahen
C OBMIM 3aXTeBNMa, YpegHnmTBo he ogmoxxury mnm ogdu-
TH 1eT0oBO IMydnukoBame. PagoBu odjaBmenn y CA ce He
xoHopapuy. 3a wiaHke koju he ce odjasurn y CA, camom
noHyfioM paga CpIICKOM apXIBY CBY ayTOPY paja peHoce
CBOja ayTOpCKa IpaBa Ha M3aBava gacomuca - Cpncko
NeKapCcKo APYIITBO.

OIIIITA YIIYTCTBA. CA odjaBbyje pajjoBe Koju o caja
HIICY HUT/IE 00jaB/beHN, Y LIe/IOCTI WM [Ie/IOM, HUTH IIPYXBa-
henn 3a odjaBpuBame. CA 0djaBbyje pajjoBe Ha €HITIECKOM 1
cpIicKkoM je3uky. 35or dorbe mocrymHOCTH 1 Behe LuTnpaHocTH
IIperopydyje ce ayTopuMa Jia pajioBe CBUX 0d/INKa Ipefajy
Ha eHI7IecKoM jesuky. Y CA ce 0djaBmyjy cnenehe kareropuje
pajioBa: YBOJHNI[Y, OPUTMHATHN PafiOBM, IPETXOHA 11 KpaTKa
CaOIIIIITe b, IPMKA3U OIECHNKA U CITy4ajeBa, BUEO-WIAHIM,
CTIMKe 13 KIMHIYKE MeUIIHE, IIPeTIeNHI PAfiOBH, aKTye/THe
TeMe, PafIoBY 3a IIPAKCY, PA/IOBY U3 VICTOPYje MEAVIIHE 1 je3N-
Ka MeMIIMHe, MeAUIIMHCKe eTIKe, Pery/laTOpPHIX CTaHapa y
Me[IVLIVIHY, M3BEILTaj)i Ca KOHIPeca 1 HAyYHMX CKYIIOBa, INMIHY
CTaBOBM, KOMEHTApH 110 II03MBH, IIMCMA YPeIHNUKY, IPUKa3H
KIbUT3, CTPY4He BecTH, In memoriam v gpyru npunosu. Opu-
TMHAJTHY PaJIOBY, IIPETXOJHA 1 KPaTKa CAOIIIITeba, IPUKa3K
dorlecHMKa 1 CTy4ajeBa, BUeO-WIAHIIM, C/IMKe U3 KIMHIYKe
MeJUIVHe, IPerIeffHN PaloBA U aKTyeJIHe TeMe, IyOINKYjy
Ce HCK/bY4MBO Ha €HITIECKOM je31KY, a OCTaJie BpCTe pajjoBa
ce MOTy ITyO/IIKOBATH 1 Ha CPIICKOM je3UKY CaMo II0 OfTyLi
Ypenuuirsa. PafoBu ce yBeK JOCTaB/bajy ca Ca)KETKOM Ha
@HITIECKOM U CPIICKOM je3UKYy (y CKJIOIy caMor pyKOIIuca).
TekcT paza KyuaTu y nporpamy 3a odpany Tekcta Word,
¢dourtom Times New Roman v BenmdmHOM coBa 12 Tavyaka
(12 pt). CBe yeTupyu MapruHe IMOJEeCUTU Ha 25 i, BETNIU-
Hy cTpaHnie Ha popmar A4, a TeKCT KYLATHU C JBOCTPYKUM
IIPOpPEJOM, IeBUM IOPaBHAIbEM U YB/Ia4eeM CBAKOT I1acyca
3a 10 mm, de3 febera peun (xudenanuje). He kopuctntu
Tady/IaTope U y3acTOIIHe IIpasHe KapakTepe (crejcoBe) pajn
[OpaBHama TeKCTa, Beh anaTke 3a KOHTPOITY IIOpaBHAbA Ha
newupy u Toolbars. 3a perasak Ha HOBY CTpaHy JOKyMeHTa He
KOPUCTUTH HU3 ,eHTepa®, Beh nck/byunBo oniyjy Page Break.
ITocre cBaKoOr 3HaKa MHTEPIYHKIIMje CTABUTH CAMO jeflaH
IIpa3aH KapakTep. AKO ce y TeKCTY KOPYCTe CIIeL/ja/THI 3HALH
(cumdonm), kopucturu dout Symbol. Tlogann o kopuutheHoj
JIUTepPaTypU Y TEKCTY O3HAUaBajy ce aparckum dpojeBuma y
YIJIaCTUM 3arpajiama — Hip. [1, 2], u To pegociefoM Kojum ce
110jaBIbYjy y TeKcTy. CTpaHMIle HyMEepUCATHU PELOM Y AObeM
J[IeCHOM YIJIy, II0U€B Off HACTIOBHE CTPaHe.

[Ipy mucarby TeKCTa Ha €HITIECKOM je3UKy Tpeda ce mpupp-
JKaBaTH jesnyKor cranpgapna American English v xopuctutu
KpaTKe U jacHe peveHuIle. 3a HasyBe JIeKOBA KOPUCTUTI VIC-
K/bY4MBO reHepudKa yMeHa. Ypehaju (amapari) ce osHauaBajy
(adpuuknm HasuBMMa, a MIMe U MeCTO IpousBohada Tpeda

HaBECTH Y OO/IMM 3arpajiamMa. YKOJIIKO e Y TeKCTY KOPYCTe
O3HaKe Koje Cy CII0j C7I0Ba 1 dpojeBa, MPeL3HO HAIICaTH
dpoj Koju ce jaB/ba y CYIEpCKPUIITY WM CYICKPUITY (HIIp.
#Tc, IL-6, O,, CD8). YKONHMKO Ce HemTo yodudajeHo muie
KypsusoM (italic), Tako ce u HaBopu, HIIp. renu (BRCAI).

YKONMKO je paji 1eo MarucTapcKe Te3e, OHOCHO JOKTOPCKe
fucepranyje, win je ypaben y okBupy HayqHOT IIPOjeKTa,
10 Tpeda nocedHo HasHauyuTH y HanoMeHn Ha Kpajy Tekcra.
Takobe, ykonmko je paji IpeTXOJHO CAOIIITEH Ha HEKOM
CTPYYHOM CacCTaHKY, HABECTH 3BaHMYaH Ha3MB CKYIIa, MECTO
U BpeMe OfipyKaBalba, [Ia JIM je paji M Kako MyOIMKOBaH (HIIp.
VICTU VIV IPYTadujy HACNIOB VTN CaXKeTaK).

KIMHNYKA CTPAJKVBAIbA. KnHnyka McTpaknBama
ce mepuHMIIY Ka0 MICTPaXKMBakbha YTNIIaja jeTHOT WM BULLe
CpeficTaBa WM Mepa Ha MCXOJ 3ipaBba. Perucrapcku Spoj
UCTpaXMBalba Ce HaBOM Y TTOCIIENbeM Pefy CaXkeTKa.

ETMYKA CATTTACHOCT. Pykomcy o ncTpaknBamymMa Ha
/bymvMa Tpeda [ia cafipKe M3jaBy y BUY IMJMCAHOT IPUCTAaHKa
MCIUTUBAHMX 0C00a Y CKIafly ¢ XeICHHIIKOM AeK/IapalijoM
1 O0dperbe HalIeXXHOT eTHYKOT 0A00pa fIa Ce MCTPAKMBAEbE
MO)Ke M3BECTH U [Ia je OHO Y CK/Iajiy C IIPaBHMM CTaHapAMMa.
EkcriepuMeHTa/THA NCTPKUBaba HA XyMaHOM MaTepujamy
U COUTUBAba BpIIEHA HA XMBOTUbaMa Tpeda fa cajpike
13jaBy eTHYKOT 0A00pa yCTaHOBe U Tpeda Ia Cy Y Car/IaCHOCTH
C IIPaBHMM CTaHJAPAMIMA.

M3JABA O CYKOBY MHTEPECA. V3 pykomnuc ce npuia-
Ke TIOTIMCAHA U3jaBa y oKBUpY odpacua Submission Letter
KOjOM Ce ayTopu M3jallmbaBajy o cBakoM Moryhem cykody
MHTepeca VI BeroBoM OfiCYCTBY. 3a HofatHe nHQOpMaIje
0 pasMYMTUM BpCTaMa CyKoda MHTepeca MOCeTHUTI MHTeP-
HeT-cTpaHuIyy CBETCKOT yApy)Kerba YPeTHINKA MEIUIIMHCKIX
vyacormca (World Association of Medical Editors - WAME;
http://www.wame.org) o, HasuBoM ,,IlonuTuKa u3sjase o
cykody mHTepeca®.

AYTOPCTBO. Cse 0code Koje cy HaBefieHe Ka0o ayTOpH
pana tpeda ga ce kBanudukyjy 3a ayropcro. CBaku ayTop
Tpeda Jia je y4ecTBOBAO JOBO/LHO Y Pajly Ha PYKOIMCY KaKo
Sy Morao ia mpeysMe OITOBOPHOCT 3a IIe/IOKYIIAH TeKCT I
pesynrare 3HeceHe y pajly. AyTOPCTBO Ce 3aCHMBA CaMO Ha:
SUTHOM JONPMHOCY KOHIICIIIMjU Pajia, JOdMjarby pesynTaTa
VIV QHA/IM3Y M TyMadelby Pesy/nTara; IIaHuparby pyKomca
VIV 1b€TOBOj KPUTIYKO]j PEBU3H)Y OF, SHATHOT MIHTENEKTYaTHOT
3Ha4Yaja; 3aBPIIHOM JOTEPUBalby Bep3yje PyKOIca Koju ce
IpuIpeMa 3a MTaMIambe.

AyTopn Tpeda 1a IpuIOXKe OMNC FOIPUHOCA IOjeANHATHO
3a CBaKoOI KoayTopa y oKBupy odpaciia Submission Letter.
DuHaHCHparbe, CAKYIUbakbe MOJATaKa MV TeHePaTHO HafIITe-
[iatbe MICTPKMBAYKE TPYIIe CAM 10 Cedt He MOTY OIpaBaTH
aytopctBo. CBU IPYTM KOjU CY JOIIPUHENN M3PAJI Pajia, a
KOj HUCY ayTOpH pyKomca, Tpedasno du fa dyny HaBeeH! y
3axBa/HIUIN C OIVICOM FIXOBOT JONIPMHOCA Pajly, HAPABHO,
y3 IMCAaHM IPUCTAHAK.
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IUTATJAPU3AM. Op 1. janyapa 2019. rofuse cBY pyKOIMCH
HOABPraBajy ce IPOBEpH Ha IIarujapyusam/ay TOIIaTujapusam
npexo SClndeks Assistant - Cross Check (iThenticate). PagoBu
KOJI, KOjUX ce JJOKasKe IIarujapusam/ ayTorvarujapusam duhe
ofdmjeHn, a ayTopy CaHKI[VIOHVMCAHN.

HACJIOBHA CTPAHA. Ha 1pBoj CTpaHMIV PYKOIIMCA TPe-
da HaBectu crepnehe: HacoB pana de3 ckpahenniia; npenor
KPATKOT HAacJI0Ba Pajia, IlyHa VIMeHa 1 IIpe3uMeHa ayTopa
(de3 TuTyna) MHAEKCcHMpaHa dpojeBrMa; 3BaHMYAH HA3UB
yCTaHOBa y KOjIMa ayTOpH pajie, MeCTo U ApKaBy (pefocie-
JIOM KOjJ OfiroBapa VH/IeKCMPaHVM dpojeBuMa ayTopa); Ha
JHY CTpaHMIIe HABECTY MMe U IIpe3NMe, afipecy 3a KOHTAKT,
Spoj tenedona, axca u MMeji afipecy ayTopa 3ay>KeHor 3a
KOPECIOHEHI Y.

CAJKETAK. ¥3 opurunanuu paf, IpeTXogHO ¥ KPAaTKO
CaOIIITEe e, IPErIe]l TUTepaType, IpuKa3s crydaja (dome-
CHMKA), paji U3 UCTOPUje MEe[ULIHE, aKTyeJIHY TeMY, paji
3a pyOpUKY je3VK Me[MIMHE U paj 3a IPaKcy, Ha APYToj 110
peny CTpaHMIM JOKYMeHTa Tpeda IPUIOKUTH CaXKeTaK pajia
odnma 100-250 pedn. 3a OpUrrHaIHE PALOBE, IPETXOFHO U
KPAaTKO CaOIIITee caKeTak Tpeda a uMa cefehy cTpyk-
Typy: YBoa/Inm pasia, Metogie pasia, Pesynrary, 3axk/byyax;
CBaKIU Off HaBeJJeHMX CerMeHaTa MICaTH Kao IocedaH Iacyc
KOju TTounise dongosaHoM peun. HaBecTn HajBaXkHUje pesyi-
tare (HyMepy4Ke BpeIHOCTH) CTATUCTIUKE aHA/IM3e U HIBO
3HAYajHOCTM. 3aK/by4yakK He cMe OuTH yoruiTeH, Beh Mopa
OUTH AMPEKTHO MOBe3aH ca pe3y/ITaTuMa paja. 3a IpuKase
dorecHnka caxxerak Tpeda ia mma cnenehe fenose: Ysop (y
HOC/Ief[Fb0j PedeHNIM HaBeCTH 1b), [Ipukas domecHmka,
3ak/pydak; cerMeHTe Takohe mmcaru Kao mocedaH macyc
KOjy IIOUMIbe OOJIIOBAHOM pedlt. 3a OCTajIe TUIIOBE PajjoBa
Ca)keTaK HeMa I0CedHY CTPYKTYPY.

K/bYYHE PEYMN. Vicrion Ca’keTKa HaBeCTH Off, TPY JIO ILIeCT
K/BYYHVX peur uam uspasa. He Tpeda fa ce monapbajy peun
U3 HAC/IOBa, a K/by4He peun Tpeda fja Syfy peneBaHTHE MIN
omucHe. Y n3dopy kbydHux peun kopuctutu Medical Subject
Headings - MeSH (https://www.nlm.nih.gov/mesh/meshhome.
html).

ITPEBOJ HA CPIICKM JE3VIK. Ha Tpehoj 1o peny crpasu-
IV JOKyMEHTa IIPUIOKUTY HAaCIOB Pajia Ha CPIICKOM j€3UKY,
IyHa MIMeHa ¥ IIpe3uMeHa ayTopa (Oe3 TMTy/Ia) MHeKCUpaHa
dpojeBuMa, 3BaHIYAH HA3MB YCTAaHOBA Y KOjIMa ayTOPM paje,
MecTo 1 ipxaBy. Ha cne;[ehoj — 4eTBPTOj IO Pefly — CTPAHNMI
TOKyMeHTa IIpUIOXNTH caxxeTak (100-250 peun) ¢ KIby4HIM
peunma (3-6), 1 TO 3a pajioBe y KOj/IMa je 0daBe3aH caxeTak
Ha eHI7IeCKOM je3uKy. [IpeBof mojMoBa us cTpaHe 1uTeparype
Tpeda na dynme y Ayxy cpIckor jesuka. CBe cTpaHe pedn min
CHUHTArMe 3a Koje II0CTOju OfiroBapajyhe nme y HaleM jesuky
3aMEHNUTH TUM Ha3MBOM. YKO/IMKO je paji y IleIOCTU Ha CpII-
CKOM je3UKY, IOTpedHO je peBeCTy Ha3uBe Ipuora (Taderna,
rpauKOHa, CTMKA, CXeMa) YKOJIMKO VX MMa, IIeJIOKYITHI TEeKCT
Y ¥UMa U JIETEH/ly Ha eHITIECKU je3NK.

CTPYKTYPA PAJIA. CBy IOTHACTIOBY Ce TIMIIY BETUKUM
macHuM croBuma (domnp). OpurnHamIHu paj U IPeTXORHO

U KpaTKO caollITemne odaBe3Ho Tpeda fa uMajy cnegehe
nopHacnose: YBox (e pafia HaBeCTHU Kao MOCTIEN b Macyc
YBopa), MeTope pasa, Pesynratu, [luckycuja, 3akpyydax,
JIutepatypa. IIpernen nuteparype U akTyelnHy TeMY 4MHe:
YBop, oprosapajyhu noguacnosn, 3akpyuak, JInteparypa.
ITpBoMMeHOBaHM ayTOP IIPEr/IeHOT pajia MOpa [ia HaBezie dap
HeT ayTouurara (Kao ayTop Win KoayTop) pajoBa myOImKo-
BaHIIX y YacommcnMa ¢ perjeHsujoM. Koayropn, yKonmmko ux
uMa, MOPajy ja HaBey dap jefaH ayTOLUTAT pafioBa Takohe
yOIMKOBAHMX Y YacoNucKuMa ¢ perieHsnjoM. [Ipukas cnydaja
wmt donecHuka dnHe: Yoy (Llyp pama HaBeCTH Kao IOC/IeNbI
nacyc Yopa), [Iprkas donecuuxa, [Jyckycuja, JInteparypa.
He Tpeda xopuctutu nmeHa donecHnKa, MHULIMjasIe, HUTH
dpojese ucropuja domectu, HAPOUUTO y WIyCTpaLujama.
ITpukasy domecHMKa He CMejy UMATH BUIIIE Of IIeT ay TOpa.

ITpunore (Taderne, rpaduKoHe, C/IVIKe UTA.) HOCTABUTH Ha KPaj
PYKOIIVCa, a y CAMOM TeJTy TeKCTa jaCHO Ha3HAINTI MeCTO Koje
ce ogHOCK Ha faTy npuor. Kpajwa nosunmja mpuiora duhe
ozipeheHa y ToKy mpuirpeMe paja 3a mydIuKoBatbe.

CKPAREHMIE. Kopuctuty camMo Kafia je HeOolXoflHO, U
TO 32 BeOMa JIyTauke HasyBe XeMUjCKIX jeIUberba, OTHOCHO
HasuBe Koju cy kao ckpahenmuiie Beh npernosnar/pusu (cTaH-
napnHe ckpahenutie, kao Hip. [JHK, cupa, XVIB, ATII). 3a
cBaKy ckpaheHMITy IIyH TepMuH Tpeda HaBeCTU IPY IIPBOM
HaBODemYy y TeKCTY, ceM ako HUje CTaHJapAHa jeIMHNUIIA
Mmepe. He kopuctutu ckpahenniie y nacnosy. VsderaBaru
kopuurheme ckpaheHnia y caxxeTky, aji ako Cy HeOIIXOJIHE,
cBaky ckpaheHuIy 0djacHNTH IIpH IIPBOM HaBODerY y TEKCTY.

JELVIMAJIHN BPOJEBI. Y TekcTy pajja Ha €HITIECKOM
jesuky, y Tadenama, Ha rpaMKOHMMA U IPYTUM IIPUIO3MMA
meuyMarnHe dpojeBe mucaTy ca TadkoM (Hmp. 12.5 £ 3.8), a
Y TEKCTY Ha CPIICKOM je3NKy ca 3ape3oM (Hmp. 12,5 £ 3,8).
Kapg rog je To Moryhe, poj 3a0Kpy>KIUTI Ha jefHY AeLuMaty.

JEOVIHUITE MEPA. Jly>x1uHY, BUCUHY, TEXXUHY U 3alIPEMUHY
M3paXKaBaTU y METPUYKIM jefvHMIIaMa (MeTap — 11, KUIOTpaM
(rpam) - kg (g), murap - [) nnu wuxoBuM genosuma. Teme-
paTypy uspaxkasaru y crenennma Llensujyca (°C), konuauny
cyIcraHiie y Monuma (mol), a IpUTICaK KPBY Y MIIMMETpUMa
sxuBMHOr ctyda (mm Hg). CBe pesynraTe XeMaTONOLIKNX,
KIMHUYKMX U OMOXeMIjCKIX Meperba HaBOUTH Y MeTpud-
KOM crcteMy pema MehynapogHom crcremy jemuuna (SI).

OBVIM PAJTOBA. IenokynHy pyKOIC pajja KOjy YMHE — Ha-
CTIOBHA CTpaHa, CaXKeTaK, TeKCT Pajia, CIIVICAK INTEPAType, CBU
IPUJIO3H, OHOCHO NOTIIVICH 32 X 1 JIeTeHzia (Tadere, CiIuKe,
rpadyKOHM, CXeMe, LIPTeX), HACTIOBHA CTPaHa I CAKETaK Ha
CPIICKOM je3MKy — MOpa MI3HOCUTH 32 OPUTUHAIHY Paf, pa
U3 ICTOpMje MeiNLHe U nperes nureparype go 5000 pedn,
a 3a IIPETXOJJHO M KPATKO CAOIIITebe, IPUKa3 dOTIeCHNKa,
aKTYe/THy TeMY, paj 3a IIPaKcy, efyKaTUBHM YWIAHAK I paj 3a
PYOpuKy ,,Jesuk Menuuuue go 3000 peun; pajoBK 3a ocTae
pySpuke Mory umaru HajBuire 1500 peun.

Buzmeo-pagoBu Mory Tpajati 5-7 MUHYTa 1 SuTH y popMary
avi, mp4 (flv). Y npsom Kazipy ¢puiMa Mopa ce HaBeCTH: y
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HafiHac1oBy CpIICKY apXVB 32 [[e/IOKYIIHO IEKaPCTBO, HACIOB
paa, pesnMeHa I MHNUIVjaIi MIMEHA U CPEefEbeT CI0Ba CBUX
ayTopa paza (He ¢puaMa), roguHa u3paje. Y Lpyrom Kaupy
Mopa OUTH YCHUM/BEH TEKCT Paja y BIAY aIlCTpaKTa fo 350
peun. Y mocienmeM Kapy ¢uaMa MOry ce HaBeCTy MMeHa
TEXHUYKOT 0cod/ba (peXuja, CHUMAaTeb, CBETIIO, TOH, (OTO-
rpaduja u ci1.). Y3 Busieo-pajioBe TOCTABUTH: II0OCEOHO TEKCT
y Buay amncrpakra (go 350 peun), jenny dpororpadujy kao
WIYCTpALjy IPUKa3a, M3jaBy IOTIIVICAHY Of CBET TEXHITIKOT
ocod/pa fia ce 0PIy ay TOPCKIIX IIpaBa y KOPUCT ayTopa paja.

ITPVJTIO3M PAJTY cy tadere, ciuke (potorpaduje, iprexi,
cxeMe, TpaduKOHN) 1 BUAEO-IIPUIO3N.

Caaka Tadena Tpeda jja dyze cama o cedy 1ako pasym/puBa.
HacrioB Tpeda otkyriaty nsHaz Tadese, a odjallmberba ICIIOf ibe.
Taderse ce 03HauaBajy apanckum dpojeBnma pema pefocieny
HaBobema y TexcTy. Tadese pTaTy UCK/BY4UBO Y IPOrpaMy
Word, xpos mexn Table-Insert-Table, y3 nedunncare TaqaHOr
dpoja kornoHa u peroa Koju he unHuTH Mpexy Taderne. [le-
CHUM K/IMKOM Ha muiy — nomohy omrmja Merge Cells n Split
Cells - cnajatn, ogHocHO genuty hennje. Kymarn pontom
Times New Roman, BenmuuHOM C/10Ba 12 pt, ¢ jeTHOCTPYKUM
popenoM u de3 yBadera Tekcta. Kopumrhene ckpahenne
y Tademu Tpeda 00jaCHUTH y JIETeH M MCTION, Taderne. YKOMMKO
je PYKOIIVC Ha CPIICKOM je3UKY, IPUIOKUTH HasuBe Tadena
u IereHy Ha oda jesuka. Takobe, y jenHy Tadeny, y okBupy
ucte henmmje, yHeTV 1 TeKCT Ha CPIICKOM ¥ TEKCT Ha €HITIECKOM
jesuKy (HMKaKO He ITpaBUTH JBe Tadese ca Ba jesukal).

Cnuke cy cBu odmuuy rpaguuKux IpuUIora 1 Kao ,,cmke y
CA ce 0djaBmyjy dotorpaduje, pTesxu, cxeMe 1 rpadpuKOHIL.
Cryke ce 03Ha4aBajy aparickuM OpojeBrMa Ipema pefocie-
my HaBobema y Tekcty. [IpnMajy ce MCK/bYYMBO JUTUTATHE
¢dororpaduje (upHO-Oente nnu y doju) pesonyuuje HajMame
300 dpi u popmara samnuca tiff unu jpg (Mane, MyTHe 1 CIVIKe
nourer kBanuTeTa Hehe ce mpuxBataTy 3a mrTammame!). Yko-
JIVIKO @y TOPY He TIOCeyjy WM HICY Y MoryhHOCTH fja locTaBe
pururante pororpaduje, oHZAa OPUIMHANIHE CIMKe Tpeda
ckeHypary y pesonyuuju 300 dpi v y OpUriHaIHOj BEINYNHI.
YKOJMKO je paji HeOIXOZHO MITYCTPOBATH Ca BUIIE CIIMKA, ¥
pany he ux dutnu odjaBpeHo Hekonuko, a ocrane he durn y
e-Bepaujii WiaHKa Kao PowerPoint pe3enTanyja (cBaka c/imka
Mopa STV HyMepucaHa ¥ IMaTy JIETeH/Y).

Bupeo-npunosn (unycrpanuje pajsa) Mory Tpajatu 1-3 mMu-
HyTa u dutn y popmary avi, mp4(flv). Y3 Buzeo focraButu
0CedHO CIMKY Koja &1 dwta minycTpalyja Bueo-rnpuKasa
y e-u3famy 1 00jaB/beHa y IITAMIIAHOM U3Jakby. YKOIMKO je
PYKOIINC Ha CPIICKOM je3UKY, IIPVUIOKUTY HasWMBe CIUKA 1
JIereHy Ha 0da jesuka.

Cruxe ce y cBeCIM MOTY IITaMIIaTH Y O0ju, any JOfaTHe
TPOLIKOBE IITaMIle€ CHOCE ayTOPH.

Ipaduxonn tpeda na dyny ypabenn u nocrabeHn y mporpamy
Excel, ma du ce Bupene mparehe BpegHocTu pacropebene o
henujama. Vicre rpadukone npexonuparu n'y Word-os fo-
KYMeHT, TZie ce TpadMKOHI O3HAYABajy apaICKIM dpojeBrMa

IIpeMa pefociieny HaBohemwa y Tekcty. CBM mojanu Ha rpa-
¢duxony kyuajy ce y doury Times New Roman. Kopuihene
ckpahenniie Ha rpaduKOHy Tpeda 0OjaCHUTH Y JIeTeH M UCIION
rpaduKoHa. Y IITaMIIaHOj Bep3Uju WIaHKa BepOBaTHUje je fia
rpaduxkoH Hehe Suty mTamman y doju, Te je dorbe nsderasaru
kopumtheme doja y rpaduKOHNMA, WV MX KOPUCTUTHU Pasyn-
YUTOT MHTEH3UTETA. YKOJIVKO je PYKOIIVC Ha CPIICKOM je3KY,
IPWIOXKWUTY HasuBe rpadKOHa 1 JIereHy Ha 0da jesuka.

IIprexu u cxeMe ce OCTaB/bajy y jpg win tiff popmary. Cxeme
ce mory upraru u y nporpamy CorelDraw wm Adobe Illustrator
(porpamu 3a pajj ca BeKTOpyMa, KpusaMa). CBM IIoaLy Ha
cxemn Kynajy ce y poury Times New Roman, Be/dnHa CloBa
10 pt. Kopuuthene ckpahenniie Ha cxemn Tpeda odjacHUTH
Y JIETeH/IY CHOJ, cXeMe. YKOJIUKO je PYKOIMC Ha CPIICKOM
jesMKY, IPUIOKITH Ha3uBe CXeMa I JIETeH/ly Ha 00a je3nKa.

3AXBAJIHUIIA. HaBecTu cBe capafiHMKe KOju Cy JJOIPK-
HeJIM CTBaparby pajia a He VICITybaBajy MepuIa 3a ay TOPCTBO,
Kao 1ITO ¢y ocode Koje 0de3debyyjy rexunmuky nmomoh, momoh
y IMcamby paja WK PyKoBOJie ofie/berbeM Koje 0de3dedyje
ommTy noppmky. PrHaHCHjCKa ¥ MaTepujanHa moMoh, y
OQNIMKY CIIOH30PCTBA, CTUIICH/INja, TIOKJIOHA, OIIpeMe, JIEKOBa
u fipyro, Tpeda Takobe fa dyne HaBezeHa.

JIMTEPATYPA. Crucak pedepeHLI je OFTOBOPHOCT ayTo-
Pa, a [UTHpaHM WiaHIM Tpeda fa SyAy aKo IPUCTYIaYHN
yuTaomyMa acomnuca. Crora y3 cBaky pedepeHiry 0daBesHo
tpeda HaBecTnt DOI §poj wiaHKa (jeAMHCTBEHY HUCKY Kapak-
Tepa Koja My je nopie/beHa) u PMID §poj yKONMKO je WiaHak
uHpexcupas y dasu PubMed/MEDLINE.

Pedepeniie HyMepycaTyt pegHIM apaIiCKuM dpojeBuMa Ipema
penocneny HaBobema y Tekcty. bpoj pedeperiiy He du Tpedaso
na dyze Behu oz 30, ocuM y Iperyiefly TuTepaType, y KojeM je
IIO3BOJbEHO JIa UIX 6y;[e 1o 50, My MeTaaHa/IN3MY, ITe MX je 10-
3B07beHO 110 100. Bpoj uuTHpanyx opurnHaTHKUX pajioBa MOpa
Sty HajMame 80% oy yKymHor dpoja pedepeHIn, OTHOCHO
Opoj LINTHMpPaHNUX KIbITa, TIOI/IAB/bA Y KEbMIaMa I IPeT/IeHUX
wraHaka Mamy o 20%. Ykonmko ce fomahe MoHorpadcke
nydnuKanuje ¥ WIaHIM MOTY YBPCTUTHI y pedepeHlie, ayTo-
PY CY LY)XHU [ia MX LuTHpajy. BehnHa nurupannx Hayqamx
yraHaka He 01 Tpedaso ma dyzme crapumja of IeT rOAMHA.
Huje 03BO/bEHO LUTHUPatbe AlCTPaKaTa. YKOIMKO je SUTHO
KOMEHTApUCATH Pe3y/TaTe KOjii Cy IyO/IMKOBAHNU CaMO Y BULY
afCTPaKTa, HEOIIXOIHO je TO HABECTH Y CAMOM TeKCTY pajia.
Pedepentie wianaka koj cy puxsaheHy 3a IITaMITY, a/Iu jOLI
HICY 00jaB/beH, Tpeda 03HAUNTIL Ca in press U IPUTIOKNUTH
JI0Ka3 O IIpUXBaTamby paja 3a 00jaB/buBalbe.

Pedepente ce utupajy npema Bankysepckom cruny (yHu-
(dbopMucaHNM 3aXTeBMMa 3a PYKOIIICe KOjii Ce Ipefiajy duoMe-
IVILIMHCKIM YaCOINCUMa), KOji je ycroctasuo Melyynapogsn
KOMUTET ypeJHUKa MeAMIMHCKYX dacomica (http://www.
icmje.org), unju popmar xopucre U.S. National Library of
Medicine n da3e HayuHux mydvkanuja. [Ipumepu HaBoherma
mydnukarpyja (WIaHaKa, KEbUIa n APYTux MOHOrpadija, eek-
TPOHCKOL, He0djaB/beHOT 11 APYTOT 0djaB/beHOT MaTepujaja)
Mory ce mpoHahu Ha MHTepHeT-cTpannLy https://www.nlm.



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

nih.gov/bsd/uniform_requirements.html. ITpunmixom HaBobera
JUTepaType BeoMa je BayKHO IIPU/P>KABATH Ce IOMEHYTOT
CTaHJapya, jep je To jenaH of HajduTHUjuX (akTopa 3a NH-
IeKCHparbe IPUINKOM KIacuUKaIje Hay IHIX JacOIINCa.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
PYyKOIIC 00aBe3HO IPUIOKUTH 0dpasal] Koju Cy HOTIVCAIN
CBUL ayTOPY, @ KOj)1 cafip>kit: 1) 13jaBy fa paji IPeTXORHO Hulje
IyO/IMKOBAH U J]a HYije MICTOBPEMEHO NOTHET 32 0djaB/blBakbe Y
HEKOM JIPYTOM JacOMVICY, 2) M3jaBy /ja Cy PyKOINC IPOYNTaIIN
¥ OfJOdPUIIV CBY @y TOPY KOjU MCITYIbaBajy MepuiIa ay TOPCTBa,
U 3) KOHTaKT [OfIaTKe CBYX ayTopa y pagy (azpece, umejn
agpece, Tenedone uty.). branko odpasai Tpeda mpeysern ca
UHTepHeT-cTpanule yacormca (http://www.srpskiarhiv.rs/en/
submission-letter/SubmissionLetterForm2023.pdf).

Takobe je moTpedHO HOCTaBUTH KOMMje CBUX JO3BOJIA 3a: pe-
IPOAYKOBatbe IIPETXOHO 00jaB/beHOT MaTepHjaa, yIoTpedy
wiyctpanuja u odjas/pyBarme NHGOPMaLja O IO3HATHM JbY-
JVIMa VIV IMEHOBAbe JbY/IV KOjU Cy OTPUHE/IN M3Pajiy paja.

YIAHAPVUHA T HAKHAJNE 3A OGPATTY 1 OBJAB/bI-
BAIBE YWIAHKA. [Ta 6u paj; S0 pasmaTpaH 3a 0djaB/plBatbe
y vaconucy Cpiicku apxueé 3a uenoKyiHo 1exapciiéo, CBU
ayTOpPU KOjJi Cy JieKapyu uau cromarosnosu n3 Cpduje Mopajy
Sutn wraHoBy CpIICKOT TeKapCcKOT APYIITBa (y CKIamy ca
wraHoM 9 Craryra JJpyiTsa) y TOAMHY Y KOjoj paj Ipenajy
Ha pasMaTparbe.

Crnepehe HakHaze cy odaBesHe kako du paj duo mpernenas,

odpaben 1 notenuujanHo odjaBwen y Cpiickom apxusy 3a

UenoKyTIHO NeKaPCii6o:

 HAaKHaJla 3a IperJie] CBAKOT PUM/beHOT paga momahnx
ayropa: 6.000 guHapa 1o pagy;

» HAKHaJa 3a npuxBaheH paji, OFHOCHO HaKHa/a 3a 0dja-
B/bUBabe pasa fomahux ayropa: 12.000 gunapa o papny;

» HaKHa/la 3a IIperjiefi CBaKOT IPUM/BEHOT Pajja CTPAHUX
aytopa: 75 eBpa (n1u 9000 gyHapa) o pagy;

 HaKHaJia 3a prxBaheH paji, ONHOCHO HaKHaJa 3a 00jaB/bu-
Bame paja cTpaHux ayTopa: 150 eBpa (1 18000 ayHapa)
110 pafy.

Haxnape ce mnahajy npe mpernenama, OZHOCHO Ipe 0dja-
B/bMBama paja. Panosu 3a koje Hucy miahene nakuase Hehe
duTH Ipernefany, OZHOCHO 00jaB/beHN.

Tpeda HamoMeHyTI fa yIUIaTa HaKHafe 3a [Iper/Ie]] paja Huje
rapaHuuja fa he pag dSutu npuxsahen u odjasrmen y Cpiickom
apxusy 3a UenoKyiuHo 1ekapciieo.

YcraHoBe (mpaBHa /IMIja) He MOTY IIPEKO CBOje IpeTIaTe
7la MCIIyHe OBaj ycIoB ayTopa (pusimykor mia). Y3 pykomuc

pazna Tpeda HOCTaBUTHU KOIMje YIUIATHUIIA 32 YWIAHAPUHY U
HaKHaJly 3a IIpeIie]] YIaHKa, Kao 0Kas o ymnaTama. Jacomnuc
IIpUXBaTa JOHALYje Off CIIOH30Pa KOjy CHOCE JIe0 TPOIIKOBA
VIV TPOLIKOBE Y LIMHI OHMX ayTOpa KOji HUCY y MoryhHOCTH
Ta M3MHUpe HaKHa[ly 3a Iperyief] WiaHKa (y TaKBUM CITydaje-
BIMa ITOTPeSHO je YacOoINCy CTaBUTH Ha YBIUJ, OIPABIAHOCT
TaKBOT CIIOH30PCTBA).

C/IAILE PYKOIIMCA. OnnajH cucteM 3a IOfIHOLIEH€ Pa-
nosa Boiuhe Bac Kpo3 HOCTYIAK yHOCA ITOfiaTaKa O WIAHKY U
OTIIpeMarba BaIlNX laToTeKa. PYKOIIVC pajia 1 CBY IPITIO3N Y3
Paj OCTaB/bajy ce UCKIbYIMBO eeKTPOHCKN IIPEKO CHCTeMa
3a IIpMjaB/byBatbe Ha MHTEPHeT-CTPAaHMIN Jacommca: http://
www.srpskiarhiv.rs

HATIOMEHA. Paj; koju He ICIIy1aBa yC/IOBE OBOT YIIyTCTBA
He Moxke dutu ynyheH Ha penensujy u duhe Bpahen ayTo-
puMa Jia ra lonyHe 1 ucnpase. [IpuppxaBameM yIyTCTBa 3a
IpuUIpeMy pajia 3HaTHO he ce cKpaTuTi BpeMe Lie/IOKYIIHOT
Ipolieca jo 0djaB/byBamba pajja y YacoIucy, mro he mosurns-
HO YTUIIATU Ha KBAJIMTET WIAHAKA U PEIOBHOCT M3/IaXKerha
Jacornuca.

3a cBe fmopaTHe MH(GOPMALMje, MOIIMO Jia Ce 0dpaTuTe Ha
Iorle HaBefleHe azipece 1 dpojeBe TenmedoHa.

ATTIPECA:
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of the
Serbian Archives of Medicine, authors should read the In-
structions for Authors, where they will find all the necessary
information on writing their manuscript in accordance with
the journal’s standards. It is essential that authors prepare
their manuscript according to established specifications,
as failure to do so will result in paper being delayed or
rejected. Serbian Archives of Medicine provides no fee for
published articles. By submitting a paper for publishing
consideration, authors of a paper accepted for publication
in the Serbian Archives of Medicine grant and assign all
copyrights to the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine publishes
papers that have not been, either in their entirety or partially,
previously published, and that have not been accepted for
publication elsewhere. Serbian Archives of Medicine publishes
papers in English and Serbian. For better availability and ci-
tation, authors are encouraged to submit articles of all types
in English. The journal publishes the following article types:
editorials, original papers, preliminary and short communi-
cations, case reports, video-articles, images in clinical medi-
cine, review articles, current topics, articles for practitioners,
history of medicine articles, language of medicine articles,
medical ethics (clinical ethics, publication ethics) and regula-
tory standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries, letters
to the editor, book reviews, professional news, In memoriam
and other articles. Original papers, case reports, preliminary
and short communications, review articles, current topics,
video-articles and images in clinical medicine are published
in English only, while other article types may be published in
Serbian if the Editorial Office reaches such decision.

The papers are always submitted with Summary in both Eng-
lish and Serbian, included in the manuscript file. The text of
the manuscript should be typed in MS Word using the Times
New Roman typeface, and font size 12 pt. The text should be
prepared with margins set to 25 mm and onto A4 paper size,
with double line spacing, aligned left and the initial lines of
all paragraphs indented 10 mm, without hyphenation. Tabs
and successive blank spaces are not to be used for text align-
ment; instead, ruler alignment control tool and Toolbars are
suggested. In order to start a new page within the document,
Page Break option should be used instead of consecutive
enters. Only one space follows after any punctuation mark.
If special signs (symbols) are used in the text, use the Symbol
font. References cited in the text are numbered with Arabic
numerals within parenthesis (for example: [1, 2]), in order of
appearance in the text. Pages are numbered consecutively in
the right bottom corner, beginning from the title page.

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be
indicated in the brackets. If a letter-number combination is
used, the number should be precisely designated in superscript

or subscript (i.e., *Tc, IL-6, O,, CD8). If something is com-
monly written in italics, such as genes (e.g. BRCA1), it should
be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a research
project, that should be designated in a separate note at the end
of the text. Also, if the article was previously presented at any
scientific meeting, the name, venue and time of the meeting
should be stated, as well as the manner in which the paper
had been published (e.g. changed title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any research
related to one or more health related interventions in order to
evaluate the effects on health outcomes. The trial registration
number should be included as the last line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medical
research should contain a statement that the subjects’ written
consent was obtained, according to the Declaration of Helsinki,
the study has been approved by competent ethics committee,
and conforms to the legal standards. Experimental studies with
human material and animal studies should contain statement
of the institutional ethics committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript must
be accompanied by a disclosure statement from all authors
(contained within the Submission Letter) declaring any po-
tential interest or stating that the authors have no conflict
of interest. For additional information on different types of
conflict of interest, please see World Association of Medical
Editors (WAME, www.warme.org) policy statement on conflict
of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis and
interpretation of results; design of manuscript or its critical
review of significant intellectual value; final revision of the
manuscript being prepared for publication.

The authors should enclose the description of contribution to
the article of every co-author individually (within the Submis-
sion Letter). Funding, collection of data or general supervi-
sion of the research group alone cannot justify authorship.
All other individuals having contributed to the preparation
of the article should be mentioned in the Acknowledgment
section, with description of their contribution to the paper,
with their written consent.

PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check (soft-
ware iThenticate) for plagiarism and auto-plagiarism control.
The manuscripts with approved plagiarism/auto-plagiarism
will be rejected and authors will not be welcome to publish
in Serbian Achieves of Medicine.



INSTRUCTIONS FOR AUTHORS

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full names
and family names (no titles), indexed by numbers; official
name, place and country of the institution in which authors
work (in order corresponding to the indexed numbers of the
authors); at the bottom of the page: name and family name,
address, phone and fax number, and e-mail address of a cor-
responding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objective,
Methods, Results, Conclusion. Each segment should be typed
in a separate paragraph using boldface. The most significant
results (numerical values), statistical analysis and level of
significance are to be included. The conclusion must not be
generalized; it needs to point directly to the results of the study.
In case reports, the summary should consist of the following:
Introduction (final sentence is to state the objective), Case
outline (Outline of cases), Conclusion. Each segment should
be typed in a separate paragraph using boldface. In other types
of papers, the summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or phrases
should be typed. The keywords need not repeat words in the
title and should be relevant or descriptive. Medical Subject
Headings — MeSH (https://www.nlm.nih. gov/mesh/meshhome.
html) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of the
manuscript should include: title of the paper in the Serbian
language; each author’s full name and family name (no titles),
indexed by numbers; official name, place and country of the
institution in which authors work. On the fourth page of the
manuscript the summary (100-250 words) and keywords
(3-6) should be typed, but this refers only to papers in which
a summary and keywords are compulsory. The terms taken
from foreign literature should be translated into comprehen-
sible Serbian. All foreign words or syntagms that have a cor-
responding term in Serbian should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) - if any - should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section headings
should be in capital letters using boldface. Original articles
and preliminary and short communications should have the
following section headings: Introduction (objective is to be
stated in the final paragraph of the Introduction), Methods,
Results, Discussion, Conclusion, References. A review article
and current topic include: Introduction, corresponding section
headings, Conclusion, References. The firstly named author

of a review article should cite at least five auto-citations (as
the author or co-author of the paper) of papers published in
peer-reviewed journals. Co-authors, if any, should cite at least
one auto-citation of papers also published in peer-reviewed
journals. A case report should consist of: Introduction (objec-
tive is to be stated in the final paragraph of the Introduction),
Case Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer to
papers published in the Serbian Archives of Medicine within
previous six months; their form is to be comment, critique,
or stating own experiences. Publication of articles unrelated
to previously published papers will be permitted only when
the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of the
text a particular enclosure should only be mentioned and its
preferred place indicated. The final arrangement (position)
of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for very
long names of chemical compounds, or as well-known ab-
breviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should be
indicated when it is first mentioned in the text unless it is a
standard unit of measure. No abbreviations are allowed in the
title. Abbreviations in the summary should be avoided, but if
they have to be used, each of them should be explained when
first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, includ-
ing text of the manuscript and all enclosures, a decimal point
should be used in decimal numbers (e.g. 12.5 + 3.8), while in
Serbian papers a decimal comma should be used (e.g. 12,5 +
3,8). Wherever applicable, a number should be rounded up
to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter — 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol), and
blood pressure in millimeters of mercury column (mmHg).
All results of hematological, clinical and biochemical measure-
ments should be expressed in the metric system according to
the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript - title
page, summary, the whole text, list of references, all enclosures
including captions and legends (tables, photographs, graphs,
schemes, sketches), title page and summary in Serbian — must
not exceed 5,000 words for original articles, review articles
and articles on history of medicine, and 3,000 words for case
reports, preliminary and short communications, current top-
ics, articles for practitioners, educational articles and articles
for “Language of medicine”, congress and scientific meeting
reports; for any other section maximum is 1,500 words.
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Video-articles are to last 5-7 minutes and need to be submitted
in the flv video format. The first shot of the video must contain
the following: title of the journal in the heading (Serbian Ar-
chives of Medicine), title of the work, last names and initials of
first and middle names of the paper’s authors (not those of the
creators of the video), year of creation. The second shot must
show summary of the paper, up to 350 words long. The final
shot of the video may list technical staff (director, cameraman,
lighting, sound, photography, etc.). Video-articles need to be
submitted along with a separate summary (up to 350 words),
a single still/ photograph as an illustration of the video, and a
statement signed by the technical staff renouncing copyrights
in favor of the paper’s authors. To check the required number
of words in the manuscript, please use the menu Tools- Word
Count, or File-Properties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explanatory.
The title should be typed above the table and any explanatory
information under the table. Tables should be numbered in
Arabic numerals in order of citation in the text. Use MS Word,
the menu Table-Insert-Table, inserting the adequate number
of rows and columns. By the right click of the mouse, use the
options Merge Cells and Split Cells. Use Times New Roman,
font size 12 pt, with single line spacing and no indent to draw
tables. Abbreviations used in tables should be explained in the
legend below each respective table.

If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
Also, the table cells should contain text in both languages (do
not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘tigures’ in the Serbian Archives of Medicine. Figures should be
numbered in Arabic numerals in order of citation in the text.
Only original digital photographs (black-and-white or color),
of minimum 300 dpi, and jpg or tiff format, are acceptable
(small, blurry and photographs of poor quality will not be
accepted for publishing!). If authors do not possess or are not
able to provide digital photographs, then the original photos
should be scanned in 300 dpi, and saved in original size. If
a paper needs to be illustrated with a considerable number
of figures, several figures will be published within the paper,
and the rest will be available in the electronic version of the
paper as a PowerPoint presentation (every figure needs to be
numbered and be accompanied by legend). Video-enclosures
(illustrations of a paper) can last 1-3 minutes and are submit-
ted in the flv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used as
a placeholder in the electronic version of the paper, and as an
illustration in the printed version.

If the manuscript is entirely in the Serbian language, photo-
graphs and corresponding legend should be both in Serbian
and English.

Photographs may be printed and published in color, but pos-
sible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the legend
below the respective graph. In the printed versions of papers,
graphs are generally published in black-and-white; therefore,
it is suggested to avoid the use of colors in graphs, or to utilize
colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs and
corresponding legend should be both in Serbian and English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vec-
tors, curves, etc.). The text in the schemes should be typed
in Times New Roman, font size 10 pt. Abbreviations used in
schemes should be explained in the legend below the respective
scheme. If the manuscript is entirely in the Serbian language,
schemes and corresponding legend should be both in Serbian
and English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing techni-
cal assistance, assistance in writing the paper or running the
department securing general support. Financial aid and all
other support in the form of sponsorship, grants, donations of
equipment and medications, etc., should be mentioned as well.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journal’s readers. Therefore, following each reference, its
DOI number and PMID number (if the article is indexed for
MEDLINE/PubMed) should be typed. References should be
numbered in Arabic numerals in order of citation in the text.
The overall number of references should not exceed 30, except
in review articles, where maximum of 50 is acceptable, and in
meta-analyses, where up to 100 references are allowed. The
number of citations of original articles must be at least 80%
of the total number of references, and the number of citations
of books, chapters and literature reviews less than 20%. If
monographs and articles written by Serbian authors could be
included in the reference list, the authors are obliged to cite
them. The majority of the cited articles should not be older
than five years. Use of abstracts as references is not allowed. If
it is important to comment on results published solely in the
form of an abstract, it is necessary to do so within the text of
the article. The references of articles accepted for publication
should be designated as in press with the enclosed proof of
approval for publication.

The references are cited according to the Vancouver style (Uni-
formed Requirements for Manuscripts Submitted to Biomedical
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Journals), rules and formats established by the International
Committee of Medical Journal Editors (http://www.icmje.org),
used by the U.S. National Library of Medicine and scientific
publications databases. Examples of citing publications (journal
articles, books and other monographs, electronic, unpublished
and other published material) can be found on the web site
https://www.nlm.nih. gov/bsd/uniform_requirements.html. In
citation of references, the defined standards should be strictly
followed, because it is one of the essential factors of indexing
for classification of scientific journals.
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