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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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EDITORIAL / YBOOAHUK

Serbian Archives of Medicine -
through trials and tribulations

to new endeavors

The year behind us was full of challenges, but
nonetheless one of many achieved goals. It was
also the very first filled with dynamic changes.
One of those was bidding farewell to many of
our longstanding members of the International
Editorial Board of our Journal. They have -
each one in his or her way - to the best of their
abilities and under the circumstances at the
time, given the best they could and I take this
opportunity to thank them for being with us
and helping us grow (Table 1).

To the new members of our current
International Editorial Board - and whose
names you will find in the issue of our Journal
(2025. Vol 154, Issue 1-2) — I wish a warm
welcome. Furthermore, the decision of the
Serbian Medical Society and its President Prof.
Milan A. Nedeljkovi¢, to empower the Editorial
Board with more colleagues from other medical
schools nationwide appeared to be very helpful,
particularly in the situation of financial adver-
sity. Even in the face of that prolonged struggle
that prevented us from expanding our technical
editorial office, medical doctors and university
professors serving on our boards, have gener-
ously accepted taking upon themselves provid-
ing additional technical support and adminis-
trative tasks related to meeting our bimonthly
publication in a timely fashion.

As it is well known, Serbian Archives of
Medicine is the official journal of the Serbian
Medical Society, the oldest society of its kind
in modern medical Serbian history, founded in
Belgrade (Serbia), on April 22, 1872 (according
to the Julian calendar), i.e., May 4, 1872 (ac-
cording to the Gregorian calendar), but the first
issue of the Serbian Archives of Medicine was
published only two years later. Then, Serbia has
not yet regained its sovereignty, but even when
it eventually had, the fight for its preservation
shall obstruct the regular publication of our
journal [1, 2, 3].

Honoring both, the legacy and postulates
of the visionary and cosmopolite founders of
the Serbian Medical Society, as well as the
demands of contemporary publishing, dur-
ing 2025, not only that we have maintained
the trend of growing interest of international
Authors, but significantly increased it in com-
parison to 2024.

The COVID-19 pandemic has shown that
the importance lies in emphasizing diseases
and epidemics not only “where Serbs live” [1]
as Serbian Archives of Medicine’s first editions
wished 154 years ago aiming to increase local
knowledge, but in general, because advances in
technology and transport have brought people
together much faster than then, even when
continents apart [4, 5]. We published results
of national and global researchers addressing
a variety of infectious and non-communica-
ble diseases [6, 7], equally. But, in 2025 we
have not neglected basic biomedical research
either [8], that you can find in this issue as
well (Starcevi¢ et al., 2026, pages 100-106).
During the year behind us, our Journal has as
well followed the technical and technological
advances both in medicine and dentistry [9,
10]. Noncommunicable diseases in less afflu-
ent societies and regions have lived their own
challenges since the COVID-19 pandemic
and together with doctors’ rights, they remain
a bane of our existence. One of the papers ad-
dressing those issues can be found in this Issue
of the Serbian Archives of Medicine (Gali¢ et
al., 2026, pages 107-112).

Truth be told, sometimes it is easier to find
reviewers among legal minds when research-
ers from their field submit to our Journal, than
among doctors themselves irrelevant of the fact
whether the Authors are doctors or lawyers.
Publishing of these papers that address usu-
ally highly sensitive topics not only in Serbia,
but worldwide would not be possible without
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continuous support we get from the professors from the
Faculty of Law of the University of Belgrade and other pri-
vate universities as well, who have volunteered their time
to participate not only as authors, but as reviewers as well.

Furthermore, in 2025 we managed to preserve the
Serbian Archives of Medicine publishing on a bi-month-
ly basis established back in December 2018 and always
on time. Besides the growing trends of submissions first
noted in 2023, in 2025 we witnessed a significant increase
of international authors and acceptance of international
reviewers who accepted providing timely reviews pro bono
(Table 2). We have, thus, fulfilled an important request of
our external evaluators. We publish not only papers re-
lated to regional health problems that provide insights of
regional relevance, but we also ensure that the reviewers
of our regional submissions are international. We are as
indebted to our international reviewers as we value our
regional ones; it is their input that often provides valu-
able insight to readers and, consequently, increases our
visibility worldwide.

Serbian Archives of Medicine has for the seventh year
in a row provided continuous education of our authors and
reviewers that helps them navigate our online submission
system. Although CEON does offer a guide, and we offer
instructions for authors on our journal website 24 hours,
seven days a week, 52 weeks a year including holidays, a
very small percentage of authors shows willingness to use
either and opt for calls and emails to both, the technical
office and Editorial Board members as well. Recently, the
situation was further aggravated by technical difficulties
experienced by several local internet providers, which
made our work in that department more time-consuming
and just as frustrating as it was for our authors. Last year,
again, academic networks have been targeted by hackers
and malware, which occasionally created unpleasant com-
munications between the authors and the reviewers of their
submissions where we aimed to mediate in the best interest
of the publication.

The second year in a row, we have noticed that the
use of iThenticate — introduced back in 2019 in our fight
against plagiarism - has helped discourage authors to use
copy/paste during editing which is a very promising sign!
Unfortunately, at the end of last year iThenticate changed
the interface, and the new one looks like less user-friendly
than the previous one was.

With all local and global events of the 2025, our edi-
torial policy has not failed neither our forefathers, nor
the challenges that the second quarter of our century ex-
pects us to rise up to. In that regard, we have managed to
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25. Csiba Laszlo 51. Goti¢ Mirjana 77. Jurisi¢ Aleksandar
26. Coli¢ Miodrag 52. Gregoric¢ Pavle 78. Kalezi¢ Nevena
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Physical properties of different root canal sealers
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SUMMARY

Introduction/Objective Aim was to evaluate the push-out bond strength to root canal dentine and
radiopacity of three different sealers: Adseal (Meta Biomed Co., Cheongju-si, South Korea), CeraSeal
(Meta Biomed Co.) and control AH Plus (Dentsply Sirona, Charlotte, NC, USA).

Methods In nine dentin discs, T mm thickness, three holes, 1.2 mm diameter, were drilled in with a fissure
carbide bur. Discs were immersed in 0.5% NaOCl and 10% citric acid respectively, for 60 seconds rinsed and
dried. Every hole was filled with different sealer. Specimens were wrapped in gauze previously immersed
in Hank’s balanced salt solution at 37°C/ seven days. The push-out test was performed using universal
testing machine at a cross-head speed of 1 mm/min. The radiopacity was tested (ISO 6876/2012 stan-
dard). Three sealer specimens, 5 mm in diameter and 2 mm thick were prepared and radiographed using
radiovisiography system (CCD sensor, Trophy Radiologie, Marne-la-Vallée, France) with graded aluminum
step-wedge. Gray-scale value was assessed using Adobe Photoshop CS7 (Adobe Inc. San Jose, CA, USA).
Results Mean values of push-out bond strength were 5.21 + 0.87 MPa (Adseal), 0.06 + 0.02 MPa (CeraSeal),
and 3.13 + 0.38 MPa (AH Plus). A statistically significant difference in push-out bond strength was ob-
served among all three sealer groups (p < 0.05). Adseal exhibited the strongest bond strength to root
canal dentine. All sealers achieved radiopacity over 3 mm, with statistically significant difference among
the groups (p < 0.05).

Conclusion The epoxy-based sealer Adseal showed higher bond strength compared to AH Plus and
calcium silicate-based sealer CeraSeal, which, expectedly, showed the weakest dislocation resistance.
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All three sealers fulfilled the ISO standard to be distinguished on dental radiogram.
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INTRODUCTION

Adequate root canal obturation should effec-
tively seal the root canal system, preventing
apical and coronal leakage and enable long-
term success of endodontic treatment. Root
canal sealers should have appropriate physical
properties to achieve three-dimensional sealing
[1]. One of the most important characteristics
of an endodontic sealer is its capacity to ad-
here to radicular dentine. Adequate adhesion
minimizes gap formation at the sealer-dentine
interface, which could otherwise permit fluid
percolation [2], and improves resistance to ma-
terial displacement during functional loading
or clinical procedures [3]. Likewise, materials
that fill the canal space should have adequate
mechanical properties that will strengthen the
root canal and compensate for the reduced re-
sistance caused by instrumentation [4].

Radiopacity is a physical property that en-
ables radiographic visualization of the root ca-
nal filling aiding in the assessment of its quality.
Furthermore, adequate radiopacity is necessary
for distinction of the root canal filling material
from surrounding dental and periapical tissues
and for detection of voids in the root canal seal-
ers or at the interface sealer/dentine or sealer/
core material.

Epoxy resin-based sealers are known for
their favorable physical properties, including
extended working and setting times, low solu-
bility, high flowability, minimal polymerization
shrinkage, and excellent adaptation to dentinal
walls. Their adhesion to dentine is attributed to
the formation of covalent bonds between ep-
oxide rings and exposed amino groups within
the collagen network [5, 6].

Calcium silicate-based sealers are derived
from mineral trioxide aggregate, which is
known for its favorable clinical and biological

Figure 1. Dentine disk sample filled with tested sealers
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outcomes. These sealers are biocompatible [7], form a bio-
mimetic apatite layer when interacting with phosphate-
containing simulated body fluids [8, 9], release calcium
[10], and exhibit excellent compatibility with various core
materials due to their sufficient flow and optimal handling
characteristics [11].

CeraSeal (Meta Biomed Co., Cheongju-si, South Korea)
is a premixed calcium-silicate-based sealer, but unfortu-
nately, there is very little information in literature on its
properties and performance in vitro and in vivo.

Thus, the aim of this study was to evaluate the bond
strength to root canal dentine and radiopacity of Adseal
(Meta Biomed Co.), CeraSeal (Meta Biomed Co.) and AH
Plus (Dentsply Sirona, Charlotte, NC, USA). The null hy-
pothesis was as follows:

1) there is no statistically significant difference in the
bond strength to root canal dentine among the tested seal-
ers;

2) there is no statistically significant difference in radi-
opacity among the tested sealers.

METHODS

1. Three different root canal sealers were used in this study
(Table 1):

- Adseal (Meta Biomed Co.) epoxy resin-based,

- CeraSeal (Meta Biomed Co.) calcium silicate-based,

- AH Plus (Dentsply Sirona) epoxy resin-based used as
a control group.

Table 1. Manufacturer and composition of the tested sealers

Sealer Manufacturer Composition
Base
-epoxy resin
-NS calcium phosphate
Meta Biomed Co.,, -NS zirconium dioxide
Adseal Cheongju-si, mg calcium oxide '
Chungcheongbuk-do, |~ ethylene glycol salicylate
South Korea Catalyst
-N, n-dibenzyl-5
oxanonandiamin-1,9
-amantadine
Meta Biomed Co., -calcium silicates,
CeraSeal Cheongju-si, -zirconium oxide,
Chungcheongbuk-do, | -thickening agent
South Korea
Paste A
-bisphenol-A,
-bisphenol-F calcium
tungstate,
-zirconium oxide,
Dentsply Sirona, -silica iron oxide pigments
AH Plus Charlotte,
NG, Paste B
USA -dibenzyldiamineamino
adamantane tricyclodecane-
diaminecalcium tungstate,
-zirconium oxide,
-silica,
-silicone oil

2. Nine maxillary third molars from humans, extracted
for orthodontic purposes, were cleaned of debris and pre-
served in a 0.2% thymol solution at 4°C for no more than

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):10-14

six months. The teeth were embedded in acrylic (Duracryl
plus, SpofaDental a.s., Ji¢cin, Czech Republic) using stan-
dardized silicone molds measuring 10 x 10 x 15 mm, up
to the cemento-enamel junction. The crowns were then cut
off at the cemento-enamel junction with a diamond saw
operating at a speed of 0.7 mm under coolant, aligned per-
pendicular to the tooth’s long axis. A 1 £ 0.1 mm disk was
sectioned from the middle segment of each tooth. Each
disk had three standardized cavities, each 1.2 mm in diam-
eter, prepared using a 1.2 mm fissure carbide bur (Dentsply
Maillefer, Ballaigues, Switzerland) in a fixed handpiece to
ensure uniform cavity preparation. After this, the disks
were immersed in three different solutions — 0.5% sodium
hypochlorite, 10% citric acid, and saline - for 60 seconds
each and then blotted dry.

The cavities in each disk were randomly assigned to dif-
ferent groups and filled with the respective sealers, which
were mixed according to the manufacturer’s instructions
using a probe in a vibrating motion. Any excess material
was carefully removed with a plastic instrument.

The specimens were wrapped in gauze that had been
soaked in HanKk’s balanced salt solution and incubated at
37°C for seven days. This procedure ensured that each disk
contained all three sealers.

To assess the push-out bond strength of each tested
sealer to the root dentine, a universal testing machine
(Force Gauge PCE-FM 200, PCE Instruments, Meschede-
Freienohl, Germany) was used. Each disk was placed be-
tween two supports, ensuring that the dislocation of the
sealer was not obstructed. A custom-made cylindrical
stainless-steel indenter, 0.8 mm in diameter, applied force
to the sealer at a speed of 1 mm/min until the sealer dis-
lodged from the root canal space. The bond strength (o, in
MPa) was calculated using a specific formula:

F
2rmh

where F is the maximum load (N) measured at fracture, r
is cavity radius (0.6 mm) and h is specimen height (1 mm).

3. The radiopacity was tested in accordance with the
International Organization for Standardization (ISO 6876).
The sealers were mixed following manufacturer’s instruc-
tions and three specimens, 5 mm in diameter, 2 mm high,
were made for each tested material.

After the setting period, the specimens were radio-
graphed using a radiovisiography system (CCD sensor,
Trophy Radiologie, Marne-la-Vallée, France) with an ex-
posure time of 0.04 seconds, a voltage of 60 kV, and an
amperage of 10 mA. The distance from the source to the
object was 35 cm. Each sealer specimen was radiographed
alongside an aluminum step-wedge, which was graduated
from 1 to 10 mm in 1-mm increments. The gray-scale
values for each step of the aluminum step-wedge and the
tested materials were measured using Adobe Photoshop
CS7 (Adobe Inc. San Jose, CA, USA). The correlation
between the logarithm of the aluminum thickness and
its corresponding gray-scale value was utilized to calcu-
late the equivalent thickness of aluminum for each root
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Figure 2. Push-out bond strength mean values (MPa) and standard
deviation (SD)

Table 2. Push out bond strength and radiopacity

S:;z;lzr Push out MPa p Raoi:::p:)aty p
Adseal 521+0.87 0.011* 6.26 £0.57 | 0.009*
CeraSeal 0.06 £+ 0.02 0.001* 3.70£0.17 | 0.001*
AH Plus 3.13+0.38 p <0.001* 4.80+0.11 | 0.001*

*Statistically significant

canal sealer specimen examined. Data were compared
using Welch’s ANOVA with Games—Howell post-hoc test
(a=0.05).

Ethics: This study was approved by the Ethics Committee
School of dental medicine Belgrade University No 36/15.

RESULTS

Regarding the push-out bond strength of all tested
sealers, Adseal demonstrated the highest mean push-
out values (Mean = 5.21 + 0.87), followed by AH Plus
(Mean = 3.13 + 0.38), whereas Ceraseal showed the lowest
adhesion performance (Mean = 0.06 £ 0.02) (Figure 2.).
When comparing the push-out bond strength across all
groups (Adseal, AH Plus, and Ceraseal), Welch's ANOVA
confirmed a statistically significant difference among
the materials (p < 0.001). Comparing the AH Plus and
Ceraseal, the difference between these two sealers was
statistically significant (p < 0.001).

Subsequent Games—-Howell post hoc analysis revealed
that Adseal had significantly higher push-out bond
strength than AH Plus (p = 0.011) and Ceraseal (p = 0.001),
while AH Plus also exceeded Ceraseal (p < 0.001), Table 2.

Regarding radiopacity, Welch’s ANOVA revealed a sta-
tistically significant difference in radiopacity among the
tested sealers (p < 0.001). Games-Howell post hoc analysis
showed that Adseal exhibited significantly higher radi-
opacity compared with AH Plus (p = 0.009) and Ceraseal
(p =0.001). AH Plus also demonstrated higher radiopac-
ity than Ceraseal, and the difference was statistically

‘ DOI: https://doi.org/10.2298/SARH251130003M

Figure 3. Different sealer radiopacity

significant (p = 0.001). These findings indicate that all
three materials differ in radiopacity, with Adseal being the
most radiopaque sealer, followed by AH Plus and Ceraseal
(Table 2. Figure 3.).

All sealers showed a statistically significant difference
in bond strength (0.05).

All three sealers achieved radiopacity over 3 mm Al
There was statistically significant difference in the values
radiopacity of the tested sealers (p < 0.05) (Figure 3).

DISCUSSION

Significant differences between tested sealers were found
regarding the push-out bond strength. Therefore, the first
null hypothesis was rejected.

Push-out bond test is a method commonly used to
evaluate the interfacial bond strength between endodon-
tic materials and root dentine. The advantage of using the
standard push-out test is that multiple slices can be derived
from a single root specimen [12]. On the other hand, these
slices are obtained by preparing the natural root canal of
the tooth which often leads to difficulty in creating a reli-
able baseline due to the intricate intracanal anatomy [13].
In this study a novel set-up model, introduced by Scelza et
al. [14] was used in order to increase the internal validity of
the push-out test by forming artificial standard canal-like
holes in dentine discs.

Resistance to dislocation of root canal sealers is condi-
tioned by various factors such as type of sealer, presence/
absence of smear layer, irrigating solutions, shape of root
canals (C factor), as well as number and size of dentinal
tubules [14-17].

In this study, dentinal discs were immersed in NaOCl
solution and then in 10% citric acid solution with the aim
of removing the smear layer. There is no uniform position
in the literature on the influence of the smear layer on
the push-out bond strength of the calcium silicate-based
sealers to root canal dentine. The use of acids such as ethyl-
enediaminetetraacetic can adversely affect the formation of

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):10-14
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calcium silicate hydrate gel which is being produced during
the hydration process of calcium silicate-based sealers [18].

AH Plus sealer was used as a control material in this
study. This sealer epoxy resin sealer is dimensionally stable
in the long term, is insoluble and has low toxicity [19].
Compared to other sealers, it has a superior dislocation
resistance to root canal dentin and is considered the “gold
standard” in endodontics [20, 21].

Our study showed that epoxy resin-based sealers Adseal
and AH Plus demonstrated higher bond strength values
than calcium silicate-based CeraSeal. High resistance to
dislocation can be explained by the chemical composition
of these sealers, i.e., by forming covalent bonds between
open epoxy paste rings and amino groups present in dentin
collagen as well as low polymerization contraction [22, 23].
Also, cohesion between paste molecules increases resis-
tance to paste dislocation resulting in better adhesion [24].

In this study, Adseal proved to have the highest disloca-
tion resistance to root canal dentine. Lee et al. [25] inves-
tigated physicochemical properties of epoxy resin-based
and bioceramic-based root canal sealers. Flow, final setting
time, radiopacity, dimensional stability, and pH change
were examined according to modified ISO 6876/2012
standards and American National Standards Institute /
American Dental Association specifications number 57.
AdSeal showed bigger expansion rate than the favorable
rate suggested by the international standards, which may
partially explain very high values of bond strength in our
study. The authors in the mentioned study recommended
further investigation of the potential risk of inducing the
vertical root fractures by the sealer expansion [25, 26].

Beautlin et al. [27] found that CeraSeal demonstrated
similar values of push-out bond strength values compared
to AH Plus. This experimental set up model used gutta-
percha which may explain the differing distribution of
bond strength values. On the other hand, a similar paper
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CAMETAK

YBoa/Lum Linmb oBor ncTpaXkvBarba 610 je fja ce MCMUTa jaumHa
Be3€ I PEeHAIeHKOHTPACTHOCT TP PasinymTe NacTe 3a nykerbe
KaHana KopeHa: Adseal Ha 6a3u enokcugHe cmone (Meta Biomed,
YoHrhy, JyxHa Kopeja), CeraSeal Ha 6a3un Kanuujym-cunmkata
(Meta Biomed) n koHTponHa nacta AH Plus (Dentsply Sirona,
LWapnot, CeBepHa KaponuHa, CALL).

Metope Ha geBeT guckoBa ieHTUHA AebrbuHe 1 mm npena-
pucaHa cy no Tpu KaBuTeTa NpeyHnka 1,2 mm KaporaHum
cBpanom. inckosu cy notonsbenun y 0,5% pactsop NaOCl
1 10% pacTBOp NMMYHCKe K1ucenuHe, 60 ceKyHau, 3aTum nc-
npaHu Gr3MONOLLKNM PacTBOPOM M ocylleHn. CBakM KaBUTeT
VCMYHEH je pa3nnynuTom nacTom. Y3opuuy cy ymoTaHu y rasy
HaToM/beHy BeLITauykoM TKMBHOM TeuHolwhy Ha 37° C Tokom
cefam fjaHa. TecT cmuLarba M3Be[eH je Ha YHMBep3asiHOj Ma-
LUWHY Npy 6p3UHK HacTaBKa of 1 mm/muH. Pagrnonaumter je
TecTupaH y cknagy ca ctaHgapaom /SO 6876. MpunpemibeHa
Cy Tpu y30pKa 3anTrBava, 5 X 2 mm, u paguorpaducaHa
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Kopuwherem pagnosusnorpadckor cuctema (CCD ceHsop,
Trophy Radiologie, MapH na Bane, ®paHLycka) ca rpagyncaHum
anyMUHWjyMCKM eTanoHoM. BpeaHOCT cuBe ckarne npoLereHa
je Kopuwhetrbem codpTBepa Adobe Photoshop CS7 (Adobe Inc.,
CaH Xose, KanudopHuja, CAL).

Pesyntatm Cpeptbe BpefHOCTY jaunHe Be3e N3Hocue cy
5,21 £ 0,87 MPa (Adseal), 0,06 + 0,02 MPa (CeraSeal) n 3,13 + 0,38
MPa (AH Plus). YoueHa je CTaTUCTUUKYM 3HaYajHa pa3nuvkay ja-
YMHW Be3e n3mehy cBUX ncnuTUBaHmMx nacra (p < 0,05). Ce
macTe cy ocTBapuie peHAreHKOHTpacTHocT Behy of 3 mm, ca
CTaTUCTUYKM 3HaYajHUM pasnukama usmehy ysopaka (p < 0,05).
3aksbyuyak MacTa Ha 6a3u enokcrgHe cmone, Adseal, nokasana
je jauy Be3y y ogHocy Ha AH Plus n CeraSeal, Koju je, ouekrBa-
HO, MOKa3ao Hajcnabujy oTMOPHOCT Ha AncnoKauujy. Cee Tpu
nacTte ocTBapuie Cy peHAreHKOHTPacTHOCT mponucaHy ISO
CTaHOAPLOM.

KmbyuHe peuu: nacTa 3a nyrerbe KaHasa; PagnoKOHTPACTHOCT;
jauuHa Be3e; Kanuujym-cunukat
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Analysis of clinical characteristics and risk factors for
digestive system manifestations in rheumatic diseases
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'Jinzhou Medical University, Third Affiliated Hospital, Rheumatology and Immunology Department,
Jinzhou City, Liaoning Province, China;

2Jinzhou Medical University, Gastroenterology Department, Third Affiliated Hospital, Jinzhou City,
Liaoning Province, China

SUMMARY

Introduction/Objective The objective of the paper was to explore the risk factors and prediction models
of digestive system complications in patients with rheumatic diseases.

Methods This case-control retrospective study enrolled 326 patients with rheumatic diseases (163 with
digestive system involvement and 163 without), collecting demographic data, laboratory parameters
(liver enzymes, lipid profiles, etc.), and disease types (rheumatoid arthritis, connective tissue diseases,
gout, etc.). Potential variables were screened through univariate analysis, with independent risk factors
subsequently identified using multivariate logistic regression analysis.

Results Univariate analysis revealed significantly higher proportions of males (35% vs. 20.2%, p = 0.003),
alcohol consumption history (23.9% vs. 14.7%, p = 0.035), triglyceride (TG) (1.59 vs. 1.13 mmol/L, p < 0.001),
and aspartate aminotransferase (AST) (21 vs. 19 U/L, p = 0.005) in the digestive system involvement group
compared with controls. Multivariate logistic regression confirmed male gender (odds ratio [OR] = 2.276,
95% confidence interval [Cl]: 1.184-4.376), elevated AST (OR = 1.039 per U/L, 95% Cl: 1.005-1.074) and
hypertriglyceridemia (OR = 5.456, 95% Cl: 3.217-9.252) as independent risk factors (all p < 0.05).
Conclusion Male sex, elevated AST and hypertriglyceridemia constituted core predictive factors for
digestive complications in rheumatic diseases, with a 445.6% increased risk observed at TG levels

> 1.6 mmol/L, necessitating targeted intensive monitoring and clinical intervention.
Keywords: rheumatic diseases; digestive system,; risk factors

INTRODUCTION

Rheumatic and autoimmune diseases, char-
acterized by chronic inflammation of joints,
muscles, and connective tissues, exhibit sig-
nificant global prevalence, affecting approxi-
mately 1-3% of the population [1]. This disease
spectrum encompasses dozens of subtypes, in-
cluding rheumatoid arthritis, systemic lupus
erythematosus, sicca syndrome, and systemic
sclerosis, with their complex pathological
mechanisms leading to multi-system damage
that has become a major contributor to patient
disability, impaired quality of life, and reduced
life expectancy [2, 3, 4]. Among these systemic
manifestations, digestive system complications
warrant particular attention. Clinical studies
demonstrate that over 50% of patients with
rheumatic disease experience varying degrees
of digestive involvement, which not only exac-
erbates the primary condition but often leads to
diagnostic and therapeutic delays due to non-
specific symptoms. Gastrointestinal diseases of
systemic lupus erythematosus include several
clinical manifestations with different frequen-
cies (0.5-10.7% of cases), and liver involvement
includes lupus-associated hepatitis (9.3%) and
autoimmune hepatitis (2.3%) [5]. Patients with
systemic sclerosis have gastroesophageal mani-
festations (93.3%), as well as intestinal manifes-
tations (67.8%) and anorectal manifestations

(18.9%) [6]. Autoimmune diseases can cause a
variety of gastrointestinal manifestations, espe-
cially oesophageal motility disorder and small
intestinal pseudo-obstruction [7, 8]. This high
prevalence and complexity make rheumatic
diseases with digestive complications a signifi-
cant challenge in clinical practice.

The pathological mechanisms linking rheu-
matic diseases and digestive system damage
are multidimensional. On the one hand, au-
toimmune abnormalities can directly trigger
systemic vasculitis and mucosal inflamma-
tion. For example, Behget’s disease frequently
involves the ileocecal region (occurring in
approximately 88% of cases), manifesting as
right lower quadrant pain, hematochezia, and
other symptoms that closely resemble Crohn’s
disease, posing significant diagnostic chal-
lenges. On the other hand, secondary dam-
age from therapeutic agents cannot be over-
looked. Nonsteroidal anti-inflammatory drugs
(NSAIDs) and glucocorticoids can compromise
the gastrointestinal mucosal barrier, with gas-
tric mucosal erosion observed in approximately
30% of patients undergoing long-term NSAID
therapy, substantially increasing the risk of pep-
tic ulcers and perforation. Moreover, immuno-
suppressants (e.g. methotrexate) and biologic
agents may directly induce hepatotoxicity and
pancreatitis [8, 9, 10]. This dual pathological
mechanism establishes digestive complications
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as a distinctive concern in rheumatic disease management,
necessitating close collaboration between rheumatology
and gastroenterology specialists.

Current clinical practice faces significant challenges in
diagnosing rheumatic diseases with concomitant digestive
system involvement. As gastrointestinal symptoms frequent-
ly serve as the initial manifestations of rheumatic diseases
yet lack specificity, misdiagnosis is common. Data indicate
that approximately 23% of patients with systemic lupus
erythematosus presenting with abdominal pain and diar-
rhoea are misdiagnosed with inflammatory bowel disease
or acute abdomen, whereas the oesophageal reflux caused
by salivary gland dysfunction in sicca syndrome is often
mistaken for primary gastroesophageal reflux disease [11].
Such misdiagnoses not only delay treatment of the underly-
ing disease but may also exacerbate the condition through
inappropriate management. Limitations in research further
constrain clinical progress. For example, critical mechanisms
such as immune cross-reactivity in the gut-joint axis and
the association between gut dysbiosis and rheumatic activity
remain underexplored, and stratified management strategies
specifically targeting digestive comorbidities are notably
lacking. These issues collectively contribute to the existing
knowledge gaps in current clinical practice [12].

This study systematically investigates the clinical char-
acteristics and risk factors of digestive system manifes-
tations in rheumatic diseases. Utilizing a rigorously de-
signed retrospective case-control study (163 patients with
digestive manifestations vs. 163 without), the focus is on
analyzing demographic characteristics (e.g. gender differ-
ences), metabolic parameters [e.g. triglycerides (TG)], and
hepatic function indices [e.g. aspartate aminotransferase
(AST), alanine aminotransferase (ALT)] to identify clini-
cal markers for high-risk populations. Concurrently, the
mechanistic links between elevated liver enzymes and both
intestinal barrier dysfunction and systemic inflammatory
responses are explored. Ultimately, this research seeks to
establish a clinical management pathway for rheumatic-
digestive comorbidities, providing evidence-based sup-
port for developing individualized screening protocols (e.g.
regular liver function tests and endoscopic surveillance)
and optimizing therapeutic strategies. By integrating epi-
demiological, molecular biological, and clinical evidence,
this study endeavors to address existing knowledge gaps
and offer both theoretical foundations and practical guid-
ance for reducing the incidence and mortality of digestive
complications in rheumatic diseases.

METHODS
Study population

This retrospective case-control study consecutively en-
rolled 326 patients with rheumatic diseases admitted to
the rheumatology department of a tertiary care hospital
between January 2020 and December 2023, with group-
ing based on the presence or absence of digestive system
clinical manifestations.
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The study employed a sample size calculation formula
for unmatched case-control studies, with the following
parameter settings:

Zup, oPO-PY 25 PP

(Py-Po)

2

1

’

where Z , and Z, represent the critical values of the stan-
dard normal distribution corresponding to the signifi-
cance level and statistical power (Z_, = 1.96 at a = 0.05;
Z,=1.282at f = 0.10); PO denotes the estimated expo-
sure rate of the target factor (e.g. NSAID use history) in
controls, set at 20% based on literature and preliminary
data; P1 indicates the exposure rate in cases, calculated as
P, =(ORxP)/(1-P +ORxP)=33.3% using the an-
ticipated odds ratio (OR = 2.0); and P~ represents the mean
exposure rate across groups (P~ = 0.267). Substituting these
values into the formula yielded a minimum sample size of
170 per group. Accounting for a potential 10% missing data
in retrospective studies, the adjusted sample size was 189
per group (total > 378). Although the actual enrolment of
326 patients (combined cases and controls) fell below this
target, power analysis confirmed > 85% statistical power
under a = 0.05, OR = 2.0, and P = 0.20, meeting method-
ological requirements. Sensitivity analysis demonstrated
that sample size requirements would decrease to < 150
per group if P rose to 25% or the OR increased to 2.5.
Given that consecutive enrolment minimized selection
bias, the final sample of 326 patients remained adequate
for analyzing associations between target exposures and
digestive manifestations.

The inclusion criteria for the case group (with diges-
tive manifestations) were as follows: (1) age > 18 years;
(2) tulfilment of international diagnostic criteria for rheu-
matic diseases (e.g. American College of Rheumatology /
European Alliance of Associations for Rheumatology clas-
sification criteria for rheumatoid arthritis, Systemic Lupus
International Collaborating Clinics criteria for systemic
lupus erythematosus) [13]; (3) presence of at least one di-
gestive system manifestation, including but not limited to
gastritis, splenomegaly, hyperbilirubinemia, hyperlipid-
emia, hepatic steatosis, abnormal liver function, pancreati-
tis, gastrointestinal bleeding, or endoscopically confirmed
mucosal lesions. The control group (without digestive man-
ifestations) shared identical criteria except for the absence
of the aforementioned digestive involvement. Exclusion cri-
teria applied to both groups included (1) concurrent solid
or hematologic malignancies; (2) major surgery or trauma
within three months; (3) pregnancy or lactation; and (4)
missing key laboratory data (e.g. TG, AST).

Data collection
Study variables were systematically collected through the
hospital’s electronic medical record system. Demographic

characteristics included age, gender, body mass index
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(BMI), smoking history (defined as continuous smoking
> six months) and alcohol consumption history (ethanol
intake > 30 g/day for > one year). Disease characteristics
encompassed rheumatic disease types (classified into 21
subtypes, as shown in Table 1) and disease duration (cal-
culated from initial diagnosis). Laboratory measurements
were uniformly performed using Beckman AU5800 auto-
mated analyzers. Liver function tests [AST, ALT, gamma-
glutamyl transferase (GGT), alkaline phosphatase (ALP)]
employed rate assays, lipid profiles (TG, total cholesterol)
utilized enzymatic colorimetry, immunological markers
(rheumatoid factor, immunoglobulins IgG/IgA/IgM, com-
plements C3/C4) were measured via immunonephelom-
etry, and tumor markers (alpha-fetoprotein, carbohydrate
antigen 19-9, carbohydrate antigen 72-4) were analyzed via
chemiluminescence immunoassays.

Data acquisition was independently performed by two
uniformly trained researchers using standardized case
report forms, with all imaging results interpreted under
double-blind conditions by two radiologists holding as-
sociate chief physician qualifications or higher (k = 0.84).

Statistical analysis

Statistical analyses were performed using SPSS 26.0 soft-
ware. Normality was assessed using the Kolmogorov-
Smirnov test. Normally distributed continuous variables
were expressed as mean + standard deviation (X + s) and
compared using independent samples t-tests, whereas non-
normally distributed data were presented as median (inter-
quartile range) (M [Q1, Q3]), with Mann-Whitney U tests
used for inter-group comparisons. Categorical variables
were reported as frequencies (percentages) and analyzed
using chi-square (x*) or Fisher’s exact tests. Variables with
p < 0.05 in univariate analysis were entered into multivari-
ate logistic regression models (forward stepwise method)
to calculate ORs with 95% confidence intervals (95% CI),
with statistical significance set at p < 0.05.

Ethics: This study was conducted in accordance with the
1975 Declaration of Helsinki and approved by the Ethics
Committee of The Third Affiliated Hospital of Jinzhou
Medical University (Approval number: JYDSY-KXY]-
IEC-2025-051). As patient identities were anonymized
and this was an observational study, the ethics committee
granted a waiver of informed consent following review.

RESULTS

Distribution characteristics of rheumatic disease
spectrum

Analysis of 326 patients with rheumatic diseases systemati-
cally compared the disease spectrum distribution and clini-
cal parameters between the digestive system involvement
group (n = 163) and the non-digestive involvement group
(n = 163). Regarding disease type distribution (Table 1),
the non-digestive group was predominantly rheumatoid

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):15-21

arthritis (99 cases, 60.7%), followed by connective tissue
diseases (17 cases, 10.4%) and ankylosing spondylitis (11
cases, 6.7%). In contrast, the digestive involvement group
showed not only rheumatoid arthritis (80 cases, 49.1%) but
also a significantly higher proportion of gouty arthritis (18
cases, 11%), with eight disease subtypes, including ANCA-
associated vasculitis and myositis, exclusively observed in
this group, suggesting unique associations between specific
rheumatic conditions and digestive complications.

Table 1. Patients by type of rheumatic disease with and without gas-
trointestinal disorders

Rheumatic Rheumatic
diseases with | diseases without
Type digestive digestive system
involvement involvement
(n=163) (n=163)

Behget's disease 0 2
Enteropathic arthritis 0 1
Polymyalgia rheumatica 1 2
Sjoégren's syndrome 8 10
Osteoarthritis 3 4
Spondylarthritis 0 1
Connective tissue diseases 12 17
Rheumatoid arthritis 80 99
Ankylosing spondylitis 1 11
Generalized osteoarthritis 1 2
Systemic lupus erythematosus 10 9
Systemic sclerosis 5 3
Psoriatic arthritis 2 2
ANCA-associated vasculitis 2 0
Adult-onset Still's disease 1 0
Takayasu arteritis 2 0
Reactive arthritis 1 0
Myositis 4 0
Gouty arthritis 18 0
Amyopathic dermatomyositis 1 0
Palmoplantar pustulosis 1 0

Univariate analysis: risk factors for digestive
complications

Univariate analysis (Table 2) revealed multiple significant
inter-group differences. The digestive involvement group
had a higher male proportion (57 vs. 33 cases, x* = 8.841,
p = 0.003) and more frequent alcohol consumption (39
vs. 24 cases, x* = 4.427, p = 0.035). Laboratory profiles
demonstrated prominent metabolic and hepatic dysfunc-
tion in this group. Median TG levels were significantly
elevated (1.59 vs. 1.13 mmol/L, z = -7.837, p < 0.001);
liver enzymes were uniformly increased, including AST
(21 vs. 19 U/L, z = -2.839, p = 0.005), ALT (20 vs. 16 U/L,
z =-3.039, p =0.002), GGT (29 vs. 22 U/L, z = —4.360,
p <0.001) and ALP (80 vs. 72 U/L, z = -2.598, p = 0.009).
Notably, rheumatoid factor levels were paradoxically lower
(20 vs. 22.5 TU/mL, z = —2.485, p = 0.013). No statistical
differences were observed in 23 parameters, including age,
BMI, and complement levels.
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Table 2. Univariate factor analysis of rheumatic diseases with and without gastrointestinal involvement

dt Rheumatic diseases with digestive Rheumatic (?Iiseases without digestive e b
involvement (n = 163) system involvement (n = 163)
Age (year) 59.95 + 14.05 61.77 £13.03 1.214 0.226
Male 57 33
Sex 8.841 0.003
Female 106 130
BMI 23.19+£3.19 23.73+£3.19 1.521 0.129
Rheumatoid factor 20(20,55.18) 22.5(20,117) -2.485 0.013
CPR 0.98 (0.34,2.23) 0.63 (0.26, 2.07) -1.016 0.310
ESR 35(20, 65) 33(15,78) -1.625 0.104
IGg 13.2(10.5,16.3) 13.7(11.4,17.2) -0.383 0.702
IGa 3.51(2.47,4.3) 3.34(2.34,4.57) -0.636 0.525
IGm 1.17 (0.75, 1.74) 1.12(0.74, 1.82) -0.006 0.995
c3 1.03(0.82,1.22) 0.99 (0.81, 1.18) -1.041 0.298
c4 0.27 (0.22,0.35) 0.26 (0.19,0.33) -1.280 0.201
AST 21(17,28) 19 (15, 23) -2.839 0.005
ALT 20(13,32) 16 (11, 24) -3.039 0.002
GGT 29 (19, 48) 22 (15, 34) -4.360 <0.001
ALP 80 (63, 95) 72 (58, 89) -2.598 0.009
Bilirubin 10.2 (6.8, 14.5) 9.7(7.3,12.7) -1.354 0.176
TG 1.59(1.13,2.29) 1.13(0.85,1.34) -7.837 <0.001
CHO 4.77 (4.03,5.49) 4.56 (3.96, 5.22) -1.840 0.066
LLLD 2.74(2.17,3.39) 2.57(2.20,3.24) -0.625 0.532
AFP 3.12(1.83, 6.06) 2.98(1.81, 2.98) -0.234 0.815
PG 6(4.2,8.86) 5.9 (3.85, 8.83) -0.614 0.539
CA199 6.46 (3.73,15.4) 7.06 (3.89, 15.08) -0.187 0.851
CA724 3.62(1.56,7.3) 4.3(1.46,8.3) -0.781 0.435
Disease course 5.08 £6.93 5.87 £8.06 0.950 0.343
. ) No 139 135
Smoking history 0.366 0.545
Yes 24 28
Alcohol No 124 139 4.427 0.035
consumption history | Yes 39 24

BMI - body mass index; CPR - C-reactive protein; ESR - erythrocyte sedimentation rate; IGg - immunoglobulin G; IGa - immunoglobulin A; IGm -
immunoglobulin M; C3 - complement C3; C4 - complement C4; AST - aspartate aminotransferase; ALT - alanine aminotransferase; GGT - gamma-glutamyl
transferase; ALP - alkaline phosphatase; TG - triglyceride; CHO - total cholesterol; LLLD - low-density lipoprotein cholesterol; AFP - alpha-fetoprotein;

PG - prostaglandin; CA199 - carbohydrate antigen 19-9; CA724 - carbohydrate antigen 72-4

Table 3. Multivariate logistic analysis of rheumatic diseases combined with digestive system

. 95% confidence interval
Influencing factor B SE Wald x? value p OR — —
Lower limit Upper limit

Sex* 0.823 0.334 6.082 0.014 2.276 1.184 4.376
Alcohol consumption history* -0.035 0.363 0.010 0.922 0.965 0.474 1.964
Rheumatoid factor 0.000 0.000 0.350 0.554 1.000 0.999 1.001
AST 0.038 0.017 4.983 0.026 1.039 1.005 1.074
ALT -0.004 0.010 0.199 0.655 0.996 0.976 1.015
GGT 0.006 0.007 0.755 0.385 1.006 0.992 1.021
ALP 0.004 0.006 0.521 0.470 1.004 0.993 1.016
TG 1.697 0.270 39.625 0.000 5.456 3.217 9.252
Constant -3.836 0.716 28.667 0.000 0.022

AST - aspartate aminotransferase; ALT — alanine aminotransferase; GGT - gamma-glutamyl transferase; ALP - alkaline phosphatase; TG - triglyceride;
*variable assignments: sex (male = 0, female = 1); alcohol consumption history (no = 0, yes = 1); other continuous variables (e.g., AST, TG) used raw measured

values

Multivariate logistic regression: identification of
independent risk factors

Multivariate logistic regression analysis (Table 3) incor-
porating statistically significant factors from univariate
analysis identified three independent risk factors. First,
male gender conferred a 127.6% increased odds of diges-
tive complications (OR = 2.276, 95% CI: 1.184-4.376,
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p = 0.014); second, each 1 U/L increment in AST level was
associated with a 3.9% odds elevation (OR = 1.039, 95%
CI: 1.005-1.074, p = 0.026); and most notably, TG dem-
onstrated the highest OR of 5.456 (95% CI: 3.217-9.252,
p < 0.001), indicating a 445.6% odds escalation among
individuals with elevated TG. Although alcohol consump-
tion history and ALT levels showed significance in univari-
ate analysis, they lost independent predictive value after
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adjusting for confounders (p > 0.05). Other parameters,
including immunoglobulins, complements, and bilirubin,
also failed to achieve statistical significance in the multi-
variate model.

DISCUSSION

This large-scale case-control study systematically identified
independent risk factors and underlying mechanisms for
digestive complications in rheumatic diseases. Male sex,
elevated serum AST, and hypertriglyceridemia were estab-
lished as core predictors, with OR values of 2.276, 1.039,
and 5.456, respectively, providing crucial evidence for early
clinical identification of high-risk patients. Notably, the
heightened risk odds in male patients were closely asso-
ciated with sex hormone-mediated immune dysregula-
tion. Androgens promote Th1/Th17 cell differentiation,
enhancing the release of proinflammatory factors such as
tumor necrosis factor-alpha and interleukin (IL)-17 that
disrupt the intestinal mucosal barrier, whereas estrogens
exert anti-inflammatory protection by upregulating Treg
cell function [14, 15, 16]. This immunological divergence
explains male patients’ increased susceptibility to drug-in-
duced liver injury (e.g. methotrexate toxicity) and ischemic
colitis, consistent with our finding of significantly higher
male representation (35.0% vs. 20.2%) in the complication
group [17].

The independent predictive value of serum AST
(p = 0.026), surpassing that of ALT (p = 0.655), carries
significant pathological implications. As AST is predomi-
nantly localized in mitochondria, its elevation indicates
organelle-level damage, reflecting the gut-liver axis vicious
cycle activated by endotoxin translocation following intes-
tinal barrier disruption [18]. Increased intestinal perme-
ability allows portal vein endotoxins to activate hepatic
Kupfter cells, releasing pro-fibrotic factors such as IL-6 and
transforming growth factor-beta that exacerbate intestinal
mucosal damage. This mechanism explains the compre-
hensive elevation of liver enzymes (AST: 21 U/L; GGT: 29
U/L) in the digestive involvement group and confirms the
3.9% increased risk odds per 1 U/L AST rise in multivariate
models. In contrast, ALT primarily reflects cytoplasmic
injury and shows inadequate sensitivity for early entero-
genic hepatopathy, suggesting that AST should serve as the
core biomarker for monitoring intestinal complications in
rheumatic diseases [19].

Triglyceride demonstrated the strongest predictive effi-
cacy (OR = 5.456) through three pathological mechanisms.
(1) Free fatty acids activate the TLR4/NF-«B pathway, in-
ducing intestinal macrophages to secrete IL-1p and IL-18
that directly disrupt intestinal epithelial tight junctions; (2)
chylomicron deposition causes mesenteric microvascular
occlusion, leading to mucosal ischemic necrosis — particu-
larly prominent in patients with systemic sclerosis; and
(3) hyperlipidemic environments significantly increase
local NSAID concentrations in the intestinal lumen, ex-
acerbating chemical injury via COX-1 inhibition [20, 21].
The median TG level in our complication group reached
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1.59 mmol/L (significantly higher than the 1.13 mmol/L
in controls, p < 0.001), with gouty arthritis accounting for
11% of cases, further evidencing the synergistic activation
of NLRP3 inflammasomes by hyperuricemia and hypertri-
glyceridemia, forming a ‘metabolic-inflammatory storm’
This unique association underscores the necessity for en-
hanced lipid monitoring and intervention in patients with
gouty arthritis.

The disease spectrum analysis revealed critical clini-
cal patterns. Eight disease subtypes, including ANCA-
associated vasculitis and myositis, were exclusively ob-
served in the digestive involvement group, with patients
with myositis exhibiting 100% complication rates attrib-
utable to anti-Jo-1 antibody-mediated smooth muscle in-
flammation. These patients typically presented with esoph-
ageal dysmotility (hypotensive esophagus) and delayed
gastric emptying, warranting cautious use of conventional
prokinetics (e.g. domperidone) due to QT prolongation
risks. These findings indicate the need for disease-specific
individualized management protocols for digestive com-
plications. However, it should be noted that while alcohol
consumption showed significance in univariate analysis
(p =0.035), it failed to maintain significance in multivari-
ate models (p = 0.922), potentially reflecting confounding
effects of alcohol-induced CYP450 enzyme alterations on
drug metabolism, necessitating further pharmacokinetic
analyses [22].

Based on these findings, we propose a three-tier pre-
vention system. First, high-risk patients (males, or those
with TG = 1.6 mmol/L or AST > 21 U/L) should undergo
quarterly monitoring of liver enzyme profiles and fecal oc-
cult blood tests, with consideration for preventive interven-
tions. Specifically, fibrates (fenofibrate 200 mg/day) should
be the first-line treatment for hypertriglyceridemia, as
they activate PPARa to downregulate the NF-kB pathway,
thereby reducing intestinal inflammation. For patients with
persistently elevated AST, a combination of ursodeoxycho-
lic acid (10 mg/kg/day) and bifidobacterium preparations
is recommended to restore the intestinal mucosal barrier.
Male patients with gout require strict control of serum
uric acid levels (< 360 umol/L) to prevent intestinal urate
crystal deposition. Notably, glucocorticoids significantly
increase TG levels (by approximately 28%) — for patients
with hyperlipidemia, IL-6 inhibitors such as tocilizumab
should be prioritized over glucocorticoids.

This study has several limitations. First, the analysis did
not account for medication exposure history (e.g. duration
and dosage of NSAID use). Second, it lacked assessments
of gut microbiota diversity and barrier function markers
such as serum zonulin. Third, limited subgroup sample
sizes (e.g. myositis) restricted stratified statistical power.

CONCLUSION

This retrospective case-control analysis of 326 pa-
tients with rheumatic diseases identified male gender
(OR = 2.276), elevated serum AST (OR = 1.039 per
U/L) and TG (OR = 5.456) as independent risk factors
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for digestive complications in rheumatic diseases. Here,
TG (= 1.59 mmol/L) demonstrated the most prominent
predictive value, conferring a 445.6% increased risk odds,
mechanistically linked to free fatty acid-mediated activa-
tion of the intestinal TLR4/NF-kB inflammatory pathway.
In clinical practice, we recommend quarterly monitoring
of liver enzyme profiles and fecal occult blood tests for
high-risk populations (males, persistent AST > 21 U/L, or
TG > 1.6 mmol/L). These findings provide critical evidence
for establishing an early warning system for rheumatic-
digestive comorbidities, warranting future multicenter
cohort studies to validate the efficacy of interventions in
reducing complication incidence.
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AHann3a KAMHUYKNX KapaKTepPUCTUKA U paKTopa pM3MKa 33 MaHUecTaLmje
AUrecTUBHOT CUCTEMA KO, peyMaTcKux 6onectu

Lw Lly', Jyhunr Xao?

'MeaununHckI yHuBep3uTeT Y HrHuoyy, Tpeha npuapyeHa 6onHuua, Onerberbe 3a peymatonorujy v uvyHonorujy, huHiyoy, MposuHLmja

JbaoHuHr, KnHa;

*MepnuumHckm yHuBep3auTeT y HuHyoyy, Onerbetse 3a ractpoeHteponorujy, Tpeha npuapyxeHa 6onHuua, HrHuoy, lMpoBrHLmja JbaoHuHT,

Knha

CAMETAK

YBoa/Uwm Linb paga 6uo je nctpaxutu daktope pusnka u
mogene npefABuhara KOMMINKaLmja AUreCTBHOT CUCTEMA KOZ,
naLujeHaTa ca peymatckim bonectuma.

MeTope OBO peTpOCNEKTNBHO CTYAMNjCKO UCTPaXKnBaHe Cily-
yaja 1 KoHTposne 0byxBaTuo je 326 naLujeHaTa ca peyMaTCKum
6onectuma (163 ca 3axBaheHolwhy aurecTnBHoOr cuctema n 163
6e3 3axBaheHOCTV UreCT!BHOT CMCTeMa), MPUKYMbajyhn femo-
rpadcke nopatke, nabopatopujcke napameTpe (eH3nMmu jeTpe,
AunuaHY npodun UTA.) 1 BpcTe 6onecTu (peymMaTougHN apTpu-
TNC, 6ONecTy Be3NBHOT TKUBA, TUXT UTA.). loTeHUwmjanHe Bapuja-
6ne cy obpaheHe nyTem yH/BapwjaHTHe aHann3e, a He3aBUCHN
dakTopy pr3iKa Cy HaKHaHO MAEHTUOVKOBaHM Kopuiuherem
MYNTUBapUjaHTHe NOTUCTUYKE PerpecroHe aHanmse.
PesynTati YH/BapujaHTHa aHan3a je moka3ana 3HauajHo Behu
yaeo mylKkapaua (35% Hacnpam 20,2%, p = 0,003), nctopuje
KOH3ymmpatba ankoxona (24,5% Hacnpam 14,7%, p = 0,035), Tpu-
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rnanuepwuga (TG) (1,59 Hacnpam 1,13 mmol/L, p < 0,001) n acnap-
TaT amuHoTpaHcepase (AST) (21 Hacnpam 19 U/L, p = 0,005) y
rpynu ca 3axsaheHnm AMrecTMBHUM cuctemom y nopehery ca
KOHTPOIHOM rpynom. MynTtrBapujaHTHa NOrMCTAYKa perpecu-
ja notBpamna je mywkapue (OR = 2,276, 95% Cl: 1,184-4,376),
nosuweH AST (OR = 1,039/U/L, 95% CI: 1,005-1,074) n xunep-
Tpurnuuepugemujy (OR = 5,456, 95% Cl: 3,217-9,252) kao He-
3aBUCHe GaKTope pu3nKa (cBu p < 0,05).

3aks/byyak Mywkapuu, nosuweH AST 1 xunepTpuramuepu-
JeMuja NpefcTaB/ban Cy OCHOBHe NpeuKTUBHE GakTope 3a
JUrecTMBHe KOMMAMKaLje Kog peymaTcKrx 6onecTu, ca no-
BehaHyM pu3nkom op 445,6% npu HMBoMMa TG > 1,6 mmol/L,
LUTO je 3aXTeBao LbaHO UHTEH3MBHO Npahere 1 KNUHUYKY
VNHTEPBEHLNY.

KrbyuHe peun: peymaTtcke 601eCTy; ANrecTUBHU CUCTEM; daK-
TOPU pU3nKa
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Dragan Vasi¢'?, Dejan Ivanov'?, Valentina Isakovi¢'?, Nikola Nikoli¢', David Skrbi¢!

'University Clinical Center of Vojvodina, Clinic for Abdominal and Endocrine Surgery, Novi Sad, Serbia;
2University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia

SUMMARY

Introduction/Objective Crohn's disease was traditionally managed by gastroenterologists, but in the
past decade, the surgeon’s role has expanded, with specialized inflammatory bowel disease surgeons
now integral to multidisciplinary decision-making. Evidence indicates that early ileocecal resection for
localized terminal ileitis with a predominantly fibrotic component, performed before complications arise,
may improve outcomes and reduce disease-related morbidity. The aim of this study is to evaluate the
impact of early ileocecal resection with Kono-S anastomosis on postoperative disease control in patients
with localized Crohn’s disease, by assessing changes in inflammatory biomarkers, clinical symptoms, and
endoscopic recurrence over a two-year follow-up period.

Methods From 2021 to 2023, all patients in this study were assessed by the Inflammatory Bowel Disease
Multidisciplinary Team of the University Clinical Center of Vojvodina, which determined indications for
surgery. Postoperative recurrence was monitored clinically and endoscopically using colonoscopy and
the Rutgeerts score. Sixty patients underwent laparoscopic ileocecal resection with Kono-S anastomosis.
Results Statistical analyses (IBM SPSS 26) used repeated-measures ANOVA at three time points:
preoperatively, one year postoperatively, and two years postoperatively. Fecal calprotectin showed a
strong time effect (F(1.77,104.51) = 300.13, p < 0.001, r]p2 = 0.84), demonstrating substantial reduction in
intestinal inflammation. Defecation difficulty scores also decreased significantly (F(1.43, 84.28) = 136.36,
p < 0.001, n * = 0.70). Rutgeerts scores showed no significant change between years one and two
(F(1,56) = 3.11, p > 0.05), indicating stable endoscopic findings.

Conclusion Endoscopic monitoring with the Rutgeerts score, supported by fecal calprotectin, proved
most reliable for postoperative surveillance. With careful multidisciplinary selection — especially in patients
with localized, fibrotic disease - early ileocecal resection using the Kono-S technique can effectively
control Crohn’s disease, decrease rehospitalizations and reoperations, and improve quality of life.
Keywords: Crohn’s disease; surgical treatment; ileocecal resection; Kono-S anastomosis; Rutgeerts score
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INTRODUCTION

The incidence and prevalence of Crohn’s disease
have been rising globally, with annual increas-
es in incidence reported 4-15% over the past
three decades. Crohn’s disease represents a sub-
stantial socioeconomic and healthcare burden
worldwide, primarily because it affects a young,
working-age population and follows a chronic,
relapsing-remitting course characterized by
periods of exacerbation and remission [1, 2].
Despite significant advances in medical therapy,
approximately 25% of patients require surgical
intervention within ten years of diagnosis, and
nearly 20% of those who undergo surgery re-
quire reoperation within five years [3, 4].
Historically, Crohn’s disease was managed
predominantly by gastroenterologists, who
were responsible for diagnosis, pharmacologi-
cal treatment, and follow-up, while surgeons
were mainly involved in addressing acute com-
plications. These often resulted in multiple
resections, high-output ileostomies, and, in
some cases, short bowel syndrome. Over the
past decade, however, the surgeon’s role has
evolved substantially. The emergence of the

inflammatory bowel disease (IBD) surgeon
specialized in the surgical management of these
patients has transformed Crohn’s disease care
into a multidisciplinary effort involving gastro-
enterologists, surgeons, radiologists, patholo-
gists, and anesthesiologists [5, 6].

A major challenge in Crohn’s disease man-
agement remains its nonspecific clinical pre-
sentation and delayed diagnosis. On average,
two years elapse between the onset of initial
symptoms (such as diarrhea, hematochezia, or
nonspecific abdominal pain) and the establish-
ment of a definitive diagnosis. This delay often
results in missed therapeutic opportunities and
the development of complications including ste-
nosis, fistulas, abscesses, and perforations [7].

Histopathological examinations have dem-
onstrated that intestinal lesions in Crohn’s
disease may be predominantly inflammatory,
mixed, or fibrotic. While inflammatory changes
may respond favorably to anti-inflammatory or
biological therapy, the mixed and fibrotic types
typically show poor or no response to medical
treatment, necessitating interventional man-
agement such as endoscopic dilation or sur-
gery [8]. The largest study on balloon dilation
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in Crohn’s disease, conducted by Bettenworth et al. [9],
included 1,493 patients who underwent 3,213 endoscopic
balloon dilations. Although the initial success rate was
high, 73.5% required redilation within 24 months, and
42.9% ultimately required surgical resection.

Consequently, recent studies have reconsidered early
ileocecal resection for localized terminal ileitis with pre-
dominant fibrotic involvement before the onset of com-
plications or complete obstruction. This strategy may
improve quality of life and prevent disease progression to
fistulizing or perforating forms that require urgent, ex-
tensive resections, high-output ileostomies, or result in
short bowel syndrome [10, 11]. Increasing attention has
also been directed to the potential influence of anastomotic
technique and mesenteric involvement on disease recur-
rence. To date, no specific anastomotic configuration has
been conclusively shown to reduce the rate of postoperative
recurrence [12].

The Kono-S anastomosis, first described in 2011, has
since demonstrated favorable outcomes worldwide. This
technique forms a “supporting column” of bowel that
maintains luminal diameter and prevents restenosis. The
mesenteric side is positioned centrally within this column,
such that even in cases of mesenteric recurrence, the anas-
tomotic lumen remains patent, thereby reducing the risk
of restenosis, a limitation observed in conventional end-
to-end or side-to-side anastomoses [13].

The aim of this study is to evaluate the impact of early
ileocecal resection with Kono-S anastomosis on postop-
erative disease control in patients with localized Crohn’s
disease, by assessing changes in inflammatory biomarkers,
clinical symptoms, and endoscopic recurrence over a two-
year follow-up period.

METHODS

Between 2021 and 2023, all patients included in this
study were reviewed at the Inflammatory Bowel Disease
Multidisciplinary Team (IBD-MDT) Conference of the
University Clinical Center of Vojvodina, where operative
management was discussed and approved.

Prior to surgery, all patients underwent colonoscopy;,
which confirmed stenosis with a predominant fibrotic
component; in most cases, the lumen was impassable to
the colonoscope. None of the patients had undergone
preoperative endoscopic balloon dilation. As part of the
preoperative assessment, all patients also underwent mag-
netic resonance enterography to determine the location
and length of the affected intestinal segment.

Exclusion criteria included multiple disease localiza-
tions and previous bowel resections for Crohn’s disease.
The presence of fistulas or abscesses was considered a
conditional exclusion criterion; in such cases, the decision
regarding surgical treatment was made on a case-by-case
basis after multidisciplinary discussion. For patients receiv-
ing corticosteroid therapy, tapering was performed preop-
eratively to minimize the risk of postoperative complica-
tions while avoiding inflammatory exacerbation. Ongoing
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anti-TNF therapy was not considered a contraindication
for primary anastomosis formation [11].

Postoperative recurrence was evaluated by the follow-
ing:

« Endoscopy, using colonoscopic findings and the

Rutgeerts scoring system;

o Laboratory parameters, including complete blood
count (CBC), C-reactive protein (CRP), and fecal
calprotectin;

« Clinical assessment, based on patient-reported bowel
function scored subjectively on a 1-10 scale.

All patients underwent laparoscopic ileocecal resection
with construction of a Kono-S anastomosis (Figure 1). An
Enhanced Recovery After Surgery (ERAS) protocol was ap-
plied in all cases, with oral intake initiated on the evening
of surgery. Upon discharge, patients received metronida-
zole 400 mg twice daily for 14 days.
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Figure 1. Kono-S anastomosis

Postoperative initiation of biological therapy was de-
termined according to the American Gastroenterological
Association risk stratification for postoperative recurrence
[14].

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics, version 26 (IBM Corp., Armonk, NY, USA). To
evaluate changes over time, repeated-measures analyses
of variance (ANOVA) were conducted for each inflam-
matory and clinical parameter, including leukocyte count,
C-reactive protein (CRP), fecal calprotectin, and defecation
difficulty scores. The Rutgeerts score, which was assessed
postoperatively to evaluate endoscopic recurrence at the
anastomotic site, was analyzed across the two available
follow-up time points (T2 and T3).

Mauchly’s test of sphericity was used to assess the
assumption of sphericity for each repeated-measures
ANOVA. When this assumption was violated (p < 0.05),
the Greenhouse-Geisser correction was applied to adjust
the degrees of freedom. When the assumption was met
(p > 0.05), results from the sphericity-assumed model were
reported.

If a significant main effect of time was identified,
Bonferroni-adjusted pairwise comparisons were conducted
to determine the specific time points between which dif-
ferences occurred. Effect sizes were expressed as partial eta

www.srpskiarhiv.rs ‘

23



24

Table 1. Baseline demographic and disease characteristics

Variable Value
Number of patients 60
Male 15 (25%)
()
sex,n (%) Female 45 (75%)

Disease location

Localized ileocecal Crohn's disease (100%)

Disease phenotype

Predominantly fibrotic stenosis

Preoperative colonoscopic finding

Stenosis in all patients

Preoperative endoscopic balloon dilation None
Previous bowel resection for Crohn’s disease | None
Multiple disease localizations Excluded

Vasi¢ D. et al.

comparisons showed a significant decrease
from the preoperative assessment to one year
postoperatively (p < 0.001), with no further
significant change between one and two years
after surgery (p > 0.05).

CRP levels also changed significantly
over time (F(1.56, 92.45) = 34.98, p < 0.001,
np’ = 0.37), demonstrating a sustained reduc-
tion at both postoperative time points. A par-
ticularly strong time effect was observed for

fecal calprotectin (F(1.77, 104.51) = 300.13,

squared (n,”) and interpreted according to Cohen’s (1988)
conventions: 0.01 = small, 0.06 = medium, and 0.14 = large
effect.

Ethics: This study was conducted in accordance with the
principles of the Declaration of Helsinki. The research pro-
tocol was reviewed and approved by the Ethics Committee
of the University Clinical Center of Vojvodina (protocol
number: 00-418).

RESULTS

A total of 60 patients were included in the study. Baseline
demographic, disease, and treatment characteristics are
summarized in Table 1. All patients underwent laparo-
scopic ileocecal resection with Kono-S anastomosis.

A repeated-measures analysis of variance (ANOVA)
was performed to examine changes in inflammatory and
clinical parameters across three assessment points: before
surgery (T1), one year after surgery (T2), and two years
after surgery (T3).

The repeated-measures ANOVA revealed a significant
main effect of time for leukocyte count (F(1, 59) = 14.75,
p <0.001, np? = 0.2), indicating a postoperative reduc-
tion in leukocyte count. Bonferroni-adjusted post hoc

p <0.001, n,’* = 0.84), indicating a marked and

continuous decline in intestinal inflammation
across all assessments. Defecation difficulties similarly
improved over time (F(1.43, 84.28) = 136.36, p < 0.001,
np’ = 0.7), reflecting enhanced bowel function one and
two years postoperatively (Table 2).

In contrast, the Rutgeerts score, assessed only postop-
eratively to evaluate endoscopic recurrence at the anas-
tomotic site, showed no significant difference between
the one-year and two-year follow-ups (F(1, 56) = 3.11,
p > 0.05, np* = 0.05), suggesting stable endoscopic find-
ings during the observation period.

Overall, effect sizes ranged from moderate (leukocyto-
sis) to very large (fecal calprotectin and defecation difficul-
ties), indicating substantial variation in the magnitude of
postoperative improvement across parameters.

DISCUSSION

Recent studies have suggested that early ileocecal resection
may lead to better disease control, a lower rate of repeat
surgery, and reduced overall treatment costs compared
with resections performed at more advanced stages of
Crohn’s disease. These findings are supported by data
from Sweden and other population-based cohorts, which
indicate improved surgical outcomes and a declining need

Table 2. Changes in inflammatory and clinical indicators before and after surgery: results of repeated ANOVA measures

Variable Time M (SD) Mauchly W F df1, df2 p np? T1 T2 T3

T 0.3 (0.46) 0.00* 14.75 1,59 <0.001 0.2 - <0.001 <0.001
Leukocytosis T2 0.1(0.3) - -

T3 0.1(0.3) - -

T1 0.6 (0.74) 0.72 3498 | 1.56,92.45 | <0.001 0.37 - < 0.001 <0.001
C-reactive protein T2 0.25 (0.44) - <0.05

T3 | 0.15(0.36) - -

T1 2.2 (0.94) 8.01* 300.13 | 1.77,104.51 | <0.001 0.84 - <0.001 < 0.001
Fecal calprotectin T2 0.85 (0.66) - <0.001

T3 0.4 (0.49) - -

T1 1.2 (0.76) 29.63 136.36 | 1.43,84.28 | <0.001 0.7 - <0.001 <0.001
Defecation difficulties score T2 | 0.35(0.48) - <0.01

T3 0.2 (0.40) - -

T1 - 1.00 3.11 1,56 0.08 0.05 - - -
Rutgeerts score T2 1.16 (0.68) - > 0.05

T3 1.11 (0.65) - -

T1 - before surgery; T2 - 1 year after surgery; T3 - 2 years after surgery; W — Mauchly’s test of sphericity; npZ - partial eta squared;

M - mean; SD - standard deviation;
*p < 0.05;
p<0.01
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for re-resections in recent decades [15, 16]. Our results
are consistent with these observations. In our study, all
patients underwent surgery at an early disease stage be-
fore the development of complications such as abscesses,
fistulas, or bowel obstruction that could otherwise neces-
sitate multiple operations. During the follow-up period,
no patient required reoperation, reflecting the potential
benefit of early surgical intervention.

In all cases, a Kono-S anastomosis was performed.
Because postoperative recurrence frequently develops
at the anastomotic site, its configuration remains an im-
portant determinant of long-term outcome. The Kono-S
technique creates a mesenteric “supporting column” de-
signed to maintain luminal patency and potentially reduce
subocclusive symptoms. In our series, patient-reported
bowel function improved compared with preoperative
status. However, comparative effectiveness data remain
inconclusive. The large, propensity-matched KoCoRICCO
study found no significant reduction in postoperative en-
doscopic recurrence with Kono-S compared with conven-
tional anastomoses [17]. Conversely, other observational
studies and systematic reviews, such as that of Lingam et
al. [18], have reported potential functional and patency-
related advantages, although the evidence quality remains
low and randomized data are lacking. Our results therefore
support the feasibility and functional safety of Kono-S but
cannot confirm superiority in preventing recurrence.

For postoperative recurrence monitoring, inflamma-
tory markers (CRP, leukocyte count, and fecal calprotectin)
were assessed alongside scheduled endoscopic evaluations
at 12 and 24 months. While systemic inflammatory markers
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are not sufficiently specific for detecting endoscopic recur-
rence, they remain useful for identifying complications such
as abscesses or fistulas. In contrast, endoscopic evaluation
using the Rutgeerts score, combined with fecal calprotectin
values, provided a reliable measure of mucosal recurrence.
A Rutgeerts score > 2 at the anastomosis clearly indicated
endoscopic recurrence. When compared with the results
reported by Bak et al. [19], who observed higher rates of
endoscopic inflammation and re-resection during long-
term follow-up, our recurrence rate was lower.

However, several factors must be acknowledged: our
follow-up period was shorter ( two years versus five years
in their study), and our cohort was more selectively de-
fined, excluding patients with prior resections or multiple
disease localizations. These methodological differences
likely contributed to the favorable outcomes observed in
our patient population.

CONCLUSION

Early ileocecal resection with Kono-S anastomosis in pa-
tients with localized, predominantly fibrotic Crohn’s disease
provides effective postoperative disease control, demon-
strated by significant improvement in inflammatory markers
and stable endoscopic findings during two-year follow-up.
In the authors’ experience, structured postoperative surveil-
lance based on the Rutgeerts score and fecal calprotectin
represents a reliable and practical monitoring protocol.
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YTUuaj paHor onepaTMBHOT NeYerba Ha NOCTONePaTUBHU peLuamne Ko 60necHUKa
ca KpoHosom 6onewhy uneouekanHe perunje

[parax Bacuh'?, [lejaH MBaHoB'?, BaneHTrHa MicakoBuh'? Hukona Hukonuh', laBua LLKp6uh'
'YHUBEP3UTETCKN KNMHWUYKY LieHTap BojeoauHe, KnuHuka 3a abgommnHanHy 1 eHgokpuHy xupyprujy, Hosu Cag, Cpbuja;

*Ynueep3utet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja

CAXETAK

YBopa/Lnm KpoHoBa 60necT ce TpagnuUoHanHo neymna Kog
racTpOeHTEpPOOra, anu ce TOKOM MOC/eAbe AeLieHuje ynora
XMpypra 3HayajHoO NpoLWnpKna, Na cy cneunjann3oBaHn Xu-
pyp3u 3a 3anasbeHcKe 601eCT LpeBa NOCTaNn KibyYHU feo
MYNTUANCLMNAMHAPHOT TUMa. [loKa3n yKasyjy Aa paHa uneolle-
KanHa pecekLmja Ko IOKann30BaHOT TEPMUHANIHOT UNeuTrca
ca npeTexxHo pUOPO3HOM KOMIMOHEHTOM, 3BefieHa Npe rnojaBe
KoMnrKaLuja, Moxe NobosbLuaT NCXOAE Y CMakbUT MOpOU-
JOUTET NoBe3aH ca 6onewhy.

Linm oBe cTyguje je fa ce NpoLEeHN yTHLAj paHe nneoueKkanHe
pecekuuje ca Kono-S aHaCTOMO30M Ha MOCTOMEPaTUBHY KOH-
Tposny 6onecTu kog 6onecHVKa ca IoKanM3oBaHoM KpoHoBoM
6onelhy, npoLeHoM npomeHa HbNaMaTopHUX GrioMapKepa,
KIMHWYKNX CUMNTOMa 1 €HOOCKOMCKOT PeLIANBa TOKOM ABO-
rogvwer nepuoga npahera.

Mertope Y nepuopy og 2021. fo 2023. cBv 60necH1UN Y 0BOj
CTYAMjY NpoLieHeHN Cy Of CTpaHe MyNnTUANCLUMANHAPHOT
TMa 3a 3ana/beHcke 60necTy LpeBa YHUBEP3UTETCKOT Ku-
HUYKor LieHTpa BojBoanHe, Koju je ogpehusao nHamMKauuje 3a
onepauujy. MoctonepatvBHY peumane npaheH je KINHUYKM 1
€HJJ0CKOMCKY, NomMohy KonoHocKonuje 1 PyTrepTcoBor ckopa.

DOI: https://doi.org/10.2298/SARH251120008V

LLle3peceT bonecHmKa je NoABPrHYTO NlaNapOCKOMNCKOj 1neoLle-
KaJIHOj peceKuumju ca Kono-S aHacTOMO30M.

Pesyntatm KopuwheH je ANOVA TecT NOHOB/bEHUX Mepetba
y TPU BPEMEeHCKe TauKe: MpeonepaTrBHO, FOAVHY AaHa NOCTO-
nepaTrBHO U ABe rofuHe nocTonepaTusHo. OekanHu Kanmnpo-
TEKTUH je NOKa3ao CHaxaH edpekat BpemeHa (F(1,77; 104,51) =
300,13, p < 0,001, np? = 0,84), yka3yjyhu Ha 3HauajHO CMatbetbe
WHTeCTMHaNHe nHpnamaymje. CKOPOBY OTEXAHOT NpaxHe-
tba Takohe cy ce 3HauajHO cmarmnm (F(1,43; 84,28) = 136,36,
p < 0,001, np? = 0,70). PyTrepTcOBM CKOPOBU HICY MOKa3anu
3HauajHy npomeHy n3mehy npse v gpyre roguHe (F(1,56) = 3,11,
p > 0,05), WTo yKa3yje Ha cTabuiHe eHAOCKOMCKe Hanase.
3akrmyyvak EHgockoncko npaherwe nomohy PyTreptcosor
CKOpa, y3 NoApLKy GeKanHor KannpoTeKT1Ha, MoKa3aso ce
Hajnoy3faHunjM 3a NoCTonepaTUBHM Hafg30p. Y3 Nax/buB
MYNTUAUCLUMIIMHAPHN 0Aabup, nocebHo Ko 6onecHrKa ca
NoKanun3oBaHoM, prbpo3Hom bonelwhy, paHa uneouekanHa
pecekuuja TexHMKoM Kono-S moxe eduKacHO KOHTponucaTu
KpoHoBy 60necT, cMarbUTI pexocnuTanv3aLuje 1 peonepawyje
1 No6OsbLIATY KBAJIUTET XKMBOTA.

KmbyuHe peun: KpoHoBa 6051eCT; XMPYPLUIKO fleUerse; nneoLie-
KasnHa pecekumja; Kono-S aHactomo3a; PyTrepTcoB ckop
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SUMMARY

Introduction/Objective Asthma is the most common chronic disease in children. Status asthmaticus is
a severe exacerbation of asthma that can lead to hypoxemia and respiratory failure. Diagnosing asthma
in preschool-aged children is often challenging as wheezing episodes at this age are most often caused
by viral infections.

The objective was to assess this issue in our population and improve clinical practice for diagnosing and
treating status asthmaticus in preschool children.

Methods A retrospective study included 200 children aged up to five years who were hospitalized with
status asthmaticus during January 2019 - December 2023.

Data on patients, diagnostic procedures, therapy, and clinical course were analyzed.

Results The largest proportion of patients was aged one year (31.5%), and males predominated (60.5%).
The patients were most commonly hospitalized during the fall months, with an average length of hospital
stay of 6.4 days. Allergy was confirmed in 50% of the children. Family history of atopy was present in 56%
of the children. Previously diagnosed asthma was present in 13.5% of the children. At discharge, asthma
preventive therapy was introduced in 91.5% of the children. All the children had a favorable outcome
and were discharged from the hospital.

Conclusion Status asthmaticus most commonly occurs in children in the first year of life, often present-
ing as the initial manifestation of asthma. More than half of the children had a family history of atopy
and confirmed allergies. Timely treatment according to current protocols is crucial for a good outcome.

Keywords: asthma; children; exacerbation; allergy

INTRODUCTION

Asthma is the most common chronic disease in
the pediatric population, with a prevalence of
approximately 14% among children worldwide,
and the prevalence is on the rise [1]. Defining
asthma in preschool-aged children is challeng-
ing, as the underlying pathophysiology in this
age group is not well established, primarily due
to the lack of available objective pulmonary
function tests [2].

A variety of risk factors may be associated
with the development of asthma, including a
positive personal or family history of atopy, a
family history of asthma, exposure to second-
hand smoke, air pollution, or premature birth
[3]. The development of asthma is an interac-
tion between genetic and environmental vari-
ables, many of which are not fully understood
or identified [4].

The clinical presentation typically mani-
fests as a triad of symptoms: cough, difficulty
breathing, and wheezing [5]. The three most
common phenotypes of preschool wheezing,
categorized by the timing of onset, are as fol-
lows: a) transient early wheezing, which occurs
before the age of three and resolves by the age
of six, without any impairment of lung func-
tion; b) late-onset wheezing, which appears
after the age of three, persists into childhood,

and is associated with atopy. Some studies also
suggest a connection with reduced lung func-
tion and bronchial hyperreactivity; c) persistent
wheezing, which begins at an early age (before
three years of age) and is associated with high
levels of IgE, atopy, reduced lung function, and
early sensitization to allergens [6].

Asthma exacerbation is an episode of wors-
ening of the disease characterized by progres-
sive deterioration of symptoms such as difficul-
ty breathing, coughing, wheezing, and a decline
in lung function compared to the child’s usual
status. It requires the use of additional treat-
ment and changes to the existing therapy [7].
A severe asthma exacerbation that does not im-
prove with bronchodilator use and can lead to
hypoxemia, hypercapnia, and secondary respi-
ratory failure is referred to as status asthmaticus
[7, 8]. All patients with asthma are at risk of
developing this condition. Even children with
mild and intermittent asthma can experience
serious exacerbations that require admission
to intensive care units. If not recognized and
treated appropriately, status asthmaticus can
lead to acute respiratory failure and even death.
This serious and potentially life-threatening
condition remains one of the leading causes
of emergency department visits [8, 9]. Rapid
clinical evaluation of patients is necessary to
ensure an appropriate therapeutic approach in
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Table 1. Allergy testing results

Positive | Negative | Test was not
Parameter results | results | performed
(%) (%) (%)
IgE values 18 20.5 61.5
Skin-prick test 18.5 14 67.5
Eosinophils in nasal secretions 15 11 74

IgE — immunoglobulin E

managing status asthmaticus [9]. Viral respiratory infec-
tions are the primary cause of asthma exacerbations across
all age groups [4].

Diagnosing asthma in children aged five years and
younger, particularly those under the age of two, can be
challenging, as episodic respiratory symptoms such as
wheezing and coughing are common in this age group
and are often not related to asthma but rather a result of
viral respiratory infections [5]. The diagnosis of asthma
in young children with recurrent wheezing episodes is
more likely if they exhibit: wheezing or coughing that oc-
curs during exercise, crying, laughing, or in the absence of
obvious respiratory infections; a history of other allergic
diseases (such as eczema or allergic rhinitis); sensitiza-
tion to allergens; a positive family history of atopy; clinical
improvement during 2-3 months of treatment with low
doses of inhaled corticosteroids (ICS); and deterioration
after discontinuation of therapy [5].

In a study involving children aged 2-5 years, the com-
bination of wheezing, increased daytime cough, and night-
time use of 32-agonists was a strong predictor for develop-
ing status asthmaticus the following day. This combination
of three symptoms predicted 70% of exacerbations [10].

Children with recurrent wheezing episodes and suspi-
cion of asthma use a disproportionately large number of
medications, most commonly bronchodilators and cor-
ticosteroids, as the diagnosis, as previously mentioned,
is not easily established in preschool-aged children [11].
According to the 2024 Global Initiative for Asthma rec-
ommendations, asthma treatment in children aged up to
five years should be implemented stepwise. Management
of exacerbations in primary care or an acute care facility
should include inhaled short-acting f2-agonist (SABA)
every 20 minutes for the first hour, systemic corticosteroids
and oxygen. Transfer to the hospital is recommended if
there is no response to inhaled SABA within 1-2 hours; if
the child is unable to speak or drink, has a respiratory rate
> 40 breaths/min. or is cyanotic; if resources are lacking
in the home; or if oxygen saturation is < 92% on room air.
Additional options in the first hour of treatment could be
the use of ipratropium bromide and nebulized isotonic
magnesium sulfate [5].

When discussing second-line treatments for status
asthmaticus, the use of intravenous magnesium sulfate is
becoming increasingly common in children with asthma.
This medication is generally safe with few side effects.
It should be used if there is a poor response to first-line
therapy and is not recommended for mild to moderate
forms of asthma [12].

‘ DOI: https://doi.org/10.2298/SARH250806001V
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Figure 1. Distribution of hospitalized children by season

A review of the literature reveals a lack of studies focus-
ing on status asthmaticus, the most severe and potentially
life-threatening form of asthma exacerbation, and in our
population, there are still no studies addressing this clini-
cal entity. All of the above are reasons for conducting our
research, which would contribute to understanding this
significant health issue in the pediatric population.

METHODS

The study was a retrospective analysis of 200 children aged
up to five years who were hospitalized at the Department
of Pulmonary Diseases, Pediatric Clinic, Institute for Child
and Youth Health Care over five years (January 2019 -
December 2023) with status asthmaticus. Data concern-
ing the patients were collected and analyzed from medical
records: age, gender, anamnestic data regarding the current
illness (type and duration of symptoms), asthma and atopy
information (previous number of wheezing episodes, exist-
ing asthma diagnosis, use of asthma preventive therapy,
presence of eczema, allergic rhinitis, or conjunctivitis, al-
lergies to medications or food, family history of atopy).
Allergy test results (total IgE, specific IgE, prick tests, eo-
sinophils in nasal secretions) and acute-phase inflamma-
tory markers upon admission, as well as data on the hos-
pital course (length of hospitalization, duration of oxygen
therapy, frequency of inhaled bronchodilator use upon
admission, duration of systemic corticosteroid therapy,
use of other therapeutic modalities and asthma preventive
therapy at discharge) were analyzed.

For statistical data processing, IBM SPSS Statistics,
Version 21.0 (IBM Corp., Armonk, NY, USA) was used.
Numerical characteristics are presented as arithmetic
means and ranges (minimum and maximum), while cat-
egorical characteristics are expressed in percentages. The
results are presented in Table 1 and Figure 1.

Ethics: The authors declare that the article was written in
accordance with ethical standards of the Serbian Archives
of Medicine as well as the ethical standards of institutions
for each author involved. Before the start of the study, ap-
proval was granted by the Ethics Committee of the Institute
for Child and Youth Health Care of Vojvodina, Novi Sad,
Serbia (No.: 17/56-23).
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RESULTS
Patient characteristics

In the studied sample of 200 preschool-aged children hos-
pitalized due to status asthmaticus, there were 121 male
children (60.5%) and 79 female children (39.5%).

The largest number of patients were aged one year - 63
children (31.5%). There were 20 children (10%) under one
year of age, 41 children (20.5%) aged two years, 38 children
(19%) aged three years, 22 children (11%) aged four years,
and 16 children (8%) aged five years.

Month of hospitalization and number of hospital
days

Figure 1 shows the distribution of patients by seasons. The
winter months are classified as December, January, and
February; the spring months are March, April, and May;
the summer months are June, July, and August; while the
fall months include September, October, and November.
The highest number of patients was hospitalized in the
fall months, while the lowest number was in the summer
months.

The minimum number of hospital days was 2, while
the maximum number was 22 days. The average number
of hospital days was 6.4 days.

Symptoms and therapy administered prior to
hospitalization

The minimum duration of symptoms prior to hospitaliza-
tion for status asthmaticus was 1 day, while the maximum
duration was 21 days. The average duration of symptoms
was 3.5 days.

Regarding the therapy administered prior to hospital-
ization in the studied sample of 200 children, 155 chil-
dren (77.5%) received SABA inhalations, while 45 children
(22.5%) did not receive inhalations prior to hospitaliza-
tion. Systemic corticosteroids were administered to 100
children (50%), while 100 children (50%) did not receive
this therapy.

Previous wheezing episodes, asthma, personal and
family history of atopy

In the studied sample of 200 children, 152 children (76%)
had a history of previous wheezing episodes, while 48 chil-
dren (24%) did not. Among the 152 children with previous
wheezing episodes, 71 children (47%) experienced 1-3
wheezing episodes, 79 children (51.7%) had more than
three, and data on the number of wheezing episodes were
not available for two children (1.3%).

A previously diagnosed asthma was present in 27 chil-
dren (13.5%), while 173 children (86.5%) had not been
diagnosed with asthma prior to hospitalization. Asthma
maintenance therapy was administered to 37 children
(18.5%), while 163 children (81.5%) did not receive asthma
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maintenance therapy. The minimum duration of asthma
maintenance therapy prior to hospitalization was 15 days,
while the maximum duration was 450 days (15 months).
The average duration of asthma maintenance therapy prior
to hospitalization was 145 days.

Eczema was reported in 45 children (22.5%), while 155
children (77.5%) had not had eczema. Allergic rhinitis was
present in 44 children (22%), while 156 children (78%) had
not previously had allergic rhinitis. Allergic conjunctivi-
tis was reported in 7 children (3.5%), while 193 children
(96.5%) had not experienced allergic conjunctivitis.

Five children (2.5%) had a drug allergy, while 195
children (97.5%) had not reported a drug allergy. Food
allergies were reported in 17 children (8.5%), while 183
children (91.5%) did not have food allergies.

A positive family history of atopy and asthma was pres-
ent in 112 children (56%), while 88 children (44%) did not
have a family history of atopy.

Clinical characteristics at admission

In the studied sample of 200 children hospitalized due to
status asthmaticus, 123 children (61.5%) had oxyhemoglo-
bin saturation at admission < 95%. Wheezing was present
in all 200 children (100%) upon lung auscultation, while
107 children (53.5%) had both wheezing and crackles.

Diagnosis

Regarding specific IgE, it was positive in 36 children (18%),
negative in 41 children (20.5%), and was not tested in 123
children (61.5%). Of the 36 children (18%) with positive
specific IgE results, 13 (36%) had positive results for food
allergens, while 23 (64%) had positive results for inhalant
allergens.

In 37 children (18.5%), the skin prick test was positive:
nine children (24.3%) were positive for food allergens, 22
(59.5%) for inhalant allergens, and six (16.2%) for both.
In 28 children (14%), the test was negative, while in 135
children (67.5%) the skin prick test was not performed.

In 30 children (15%), the value of eosinophils in na-
sal secretions was elevated, 22 children (11%) had non-
elevated values, whereas in 148 children (74%), the value
of eosinophils in nasal secretions was not assessed. The
allergy testing results are presented in Table 1.

Of the 200 children, allergy was confirmed in 100 chil-
dren (50%) by any of the methods mentioned above (el-
evated total IgE and/or positive specific IgE and/or positive
prick test and/or positive eosinophils in nasal secretions).

When analyzing C-reactive protein (CRP) levels in chil-
dren upon hospital admission, CRP values were < 5 mg/L
in 83 children (41.5 %), 5-20 mg/L in 86 children (43 %),
20-100 mg/L in 29 children (14.5 %), and > 100 mg/L in
2 children (1%).

Therapy

In the studied sample of 200 children hospitalized due to
status asthmaticus, 136 children (68%) needed oxygen
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treatment, while 64 children (32%) did not require oxygen
therapy. Among the 136 children who required oxygen, the
minimum duration of this therapy was one day, the maxi-
mum was nine days, and the average duration was 2.3 days.

Antibiotic therapy during hospitalization was adminis-
tered to 136 children (68%), while 64 children (32%) were
not treated with antibiotics. All patients received SABA.
Inhalations were initially performed every 20 minutes for
68 children (34%), every hour for 100 children (50%), and
every two hours for 32 children (16%). Inhaled magnesium
sulfate (MgSO,) was administered to 105 children (52.5%),
while 95 children (47.5%) did not require MgSO, therapy.

Seven children (3.5%) received aminophylline, while
193 children (96.5%) did not receive aminophylline dur-
ing hospitalization.

All children received systemic corticosteroids during
hospitalization, with a minimum duration of one day, a
maximum of 10 days, and an average duration of four
days. Upon discharge, 17 children (8.5%) did not receive
asthma maintenance therapy, while it was introduced for
183 children (91.5%). Among them, 121 children (66.1%)
received ICS, and 62 children (33.9%) received both ICS
and montelukast.

DISCUSSION
Patient characteristics

The prevalence of asthma ranges from just 1% in some
countries to as high as 18%, with over 339 million peo-
ple affected by this disease worldwide. This prevalence
varies between genders and across different age groups.
In children, asthma is more common in boys, while in
adulthood, women show higher prevalence and severity
of the disease. Factors contributing to gender differences
in asthma prevalence and severity include sex hormones,
genetics, environmental factors, and varying responses to
treatment [13].

In a study conducted by Bollinger et al. [14], which
included 222 children aged 3-12 years experiencing acute
asthma exacerbations, a higher percentage of boys (64.8%)
was observed. In the study conducted by Bisgaard et al.
[15], where parents of children aged 1-5 years with respi-
ratory symptoms resembling asthma were contacted by
phone, 55.8% were boys. Similar data have been reported
in other studies [16]. These trends are also confirmed in
our study, which showed that 60.5% of children hospi-
talized due to status asthmaticus were boys, while 39.5%
were girls.

Seasonality of hospitalization

The influence of seasonality on the frequency of asthma
exacerbations is well-documented. The highest rate of
asthma worsening in children occurs during the fall, which
is thought to be related to viral infections and exposure
to allergens when children return to school [17, 18]. A
study by Bloom et al. [19] found that wheezing episodes
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were least common in August (4.1%) and most frequent in
late fall and early winter (30.6%). In our study, the lowest
number of patients was hospitalized during the summer
(12%), while the highest number was hospitalized in the
fall (32.5%), which aligns with the literature.

Symptoms and pre-hospitalization therapy

Upper respiratory symptoms often precede asthma exac-
erbations, highlighting the significant role of viral infec-
tions of the upper airways in triggering exacerbations in
many children [5]. Most children in our study exhibited
mildly elevated CRP levels (84.5% had CRP values up to 20
mg/L). Considering slightly elevated levels of acute-phase
reactants, we believe that most of these patients had viral
infections. Severe asthma exacerbation that does not im-
prove with bronchodilator use is termed status asthmaticus
[7]. Children exhibiting symptoms of severe exacerbation
that do not regress within 1-2 hours despite repeated use of
inhaled SABA require hospitalization [5]. In our research,
155 children (77.5%) received SABA prior to hospitaliza-
tion, while 100 children (50%) were given systemic corti-
costeroids before admission.

The fact that slightly over 20% of children did not re-
ceive inhalation therapy in an outpatient setting, which
is essential for those with severe asthma exacerbations,
indicates the need for improvement in primary health-care
to ensure timely recognition and initiation of treatment for
status asthmaticus.

Previous wheezing episodes, asthma, personal and
family history of atopy

Recurrent wheezing is common in preschool children,
often associated with respiratory tract infections, which
occur 6-8 times a year at this age. Given this, it can be
challenging to determine when wheezing is a result of a
respiratory infection and when it is a symptom of asthma
in childhood. In a study involving children aged 12-59
months with recurrent moderate to severe wheezing epi-
sodes, 71% had at least four episodes of wheezing [20].
In our study, 76% of children had previous episodes of
wheezing, and 51.7% had experienced more than three
wheezing episodes.

There is no gold standard for accurately diagnosing
asthma in preschool-aged children. Diagnosis is based
on the presence of symptoms, evidence of airflow limita-
tion, and response to therapy. In this age group, asthma
diagnoses can sometimes be made too liberally or too
conservatively, leading to significant issues in both cases.
Additionally, routine lung function tests are not conducted
in children under five years of age, further complicating
asthma diagnosis in this age group. The response to ther-
apy in preschool children is a useful clinical parameter
for diagnosis and is recommended in numerous studies
[3]. Status asthmaticus is more commonly seen in chil-
dren who do not have a diagnosed asthma condition and
therefore do not receive asthma therapy. This is supported
by studies conducted by Bollinger et al. [14], where only
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20.1% of children evaluated for acute exacerbations had a
diagnosis of asthma, and by Bisgaard et al. [15], where 20%
of surveyed children aged 1-5 with respiratory symptoms
resembling asthma had a confirmed asthma diagnosis. The
results of our study align with these findings, as only 13.5%
of children had a prior asthma diagnosis, and 18.5% re-
ceived preventive asthma therapy (primarily ICS) before
hospitalization.

Risk factors for asthma development

It is well known that risk factors for the development of
asthma include a positive personal or family history of
eczema, allergic rhinitis, or nasal polyps. Epidemiological
studies indicate that 15-40% of patients with allergic
rhinitis also have asthma, while 76-80% of asthma pa-
tients have allergic rhinitis [21]. In a study conducted by
Bollinger and colleagues, 40.5% of children evaluated for
acute asthma exacerbations had allergic rhinitis, 57.7% had
eczema, and 27.3% had food allergies [14]. In our study,
22% of children had allergic rhinitis, 22.5% had eczema,
8.5% exhibited food allergies, and 2.5% had drug allergies.
Family history of atopy was positive in more than half of
the children (56%).

Clinical characteristics on admission

Status asthmaticus can be accompanied by hypoxemia,
hypercapnia, and secondary respiratory failure. In pediat-
ric acute asthma exacerbations, the percentage of oxyhe-
moglobin saturation is one of the most significant factors
influencing the decision to admit a child to the hospital or
continue treatment at home [8]. In this study, among the
sample of 200 children, 123 (61.5%) had oxyhemoglobin
saturation levels of less than 95% upon admission.

Wheezing is a common clinical finding in patients
with acute asthma exacerbations, resulting from turbu-
lent airflow through narrowed airways. Diminished breath
sounds, due to limited airflow, typically indicate severe
bronchial obstruction. Wheezing is predominantly expi-
ratory and is usually symmetric. Asymmetric distribution
suggests the presence of atelectasis, pneumothorax, or for-
eign body obstruction in the airway [22]. In this study,
as expected, wheezing was present in all children (100%)
during lung auscultation.

Atopy assessment

Asthma is a heterogeneous disease with several underly-
ing phenotypes. Childhood asthma, unlike adult asthma,
is typically characterized by personal and family histories
of atopy, along with positive markers for type 2 allergic
reactions, such as elevated total or specific IgE and eosino-
philia in the airways. This type of asthma responds well
to treatment with ICS. Allergy testing (skin prick tests,
measurement of specific IgE levels) is not routinely re-
quired for the diagnosis of asthma, but it is recommended
in numerous clinical guidelines [3, 23]. Most preschool
children with asthma enter remission or show significant
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improvement by school age [4]. In a study conducted by
Bollinger and colleagues, which included 222 children aged
3-12 years who were examined in outpatient settings for
acute asthma exacerbation, 82.6% of the children had posi-
tive results for various inhalant allergens [14]. In our study,
we assessed atopic status through the following diagnos-
tics: skin prick test, total IgE, specific IgE for inhalant and
food allergens, and eosinophils in nasal secretions. This
diagnostic workup was not performed on all patients, but
only on those with personal and family histories indicat-
ing asthma. Elevated IgE levels were found in 48.7% of
patients, specific IgE was positive in 18% (primarily for
inhalant allergens), while 18.5% of children had a positive
prick test (mainly for food allergens). Additionally, 15% of
children had positive eosinophil levels in nasal secretions.
In total, 50% of the tested children had at least one positive
finding indicating an allergy.

Therapy

Episodes of wheezing should initially be treated with
SABA, regardless of whether asthma has been diagnosed.
However, this treatment may be ineffective in children
under one year of age with bronchiolitis. Therefore, the
response to the administered therapy should be evalu-
ated before continuing it. If the response is incomplete
or absent, it is necessary to reconsider the diagnosis and
differential diagnoses [5]. The cornerstone of treatment
for status asthmaticus is the administration of SABA (pri-
marily salbutamol) at short intervals, along with systemic
corticosteroids and oxygen therapy. In cases of poor re-
sponse to the administered therapy, other therapeutic
options, especially inhaled or intravenous magnesium
sulfate, should be considered [5]. In our study, therapy
was conducted according to current protocols. All patients
were treated with systemic corticosteroids and SABA most
commonly initiated for 20 minutes. Children with severe
asthma exacerbations often experience a mismatch be-
tween pulmonary ventilation and perfusion due to airway
obstruction and atelectasis, which causes hypoxemia. In
such cases, the administration of oxygen is indicated to
maintain oxygen saturation above 92% [22, 5]. In a study
conducted by Donath et al. [23], which included children
aged 1-5 years hospitalized due to asthma, 56.1% of the
children received oxygen therapy. In our study, the per-
centage was slightly higher, at 68%.

Earlier, aminophylline was considered the first-line
treatment during status asthmaticus in children, but today
intravenous magnesium sulfate is recommended rather
than aminophylline due to reduced side effects and compa-
rable efficacy [12]. Nebulized isotonic magnesium sulfate
can be used as an adjunctive therapy in the first hour of
treatment for children aged two years or older with acute
severe asthma (Sa0O, < 92%), especially if symptoms have
persisted for less than six hours [5]. In our study, inhaled
MgSO, was administered to 105 children (52.5%), and no
child received intravenous MgSO,. Seven children (3.5%)
with severe clinical presentations were treated with ami-
nophylline.
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If a patient’s symptoms suggest asthma, and episodes
of wheezing are frequent or severe, while other alterna-
tive diagnoses have been excluded, it is recommended to
start treatment with low-dose ICS as a trial therapy. The
response to treatment should be assessed before deciding
whether to continue therapy. The goal of asthma treatment
in young children is to achieve good symptom control and
maintain normal activity levels, while reducing the risk
of asthma exacerbations, inadequate lung development,
and adverse drug effects [5]. In this study, at discharge, 17
children (8.5%) did not receive asthma preventive therapy,
while it was initiated in 183 children (91.5%); 121 (66.1%)
received ICS, and 62 (33.9%) received both ICS and mon-
telukast.
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CONCLUSION

Status asthmaticus most commonly occurred in children
during their early years, with a higher prevalence in boys
and a significant number of cases presenting as the first
manifestation of asthma. As expected, the highest inci-
dence was noted in the fall months. More than half of the
children had a family history of atopy and confirmed al-
lergies. A significant percentage of children did not receive
bronchodilator inhalations and systemic corticosteroid
therapy on an outpatient basis, indicating a need for im-
provements in primary health-care to ensure timely rec-
ognition and initiation of treatment for status asthmaticus.
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KAnHUUKe KapaKkTepucTKe aCTMaTCKOr CTaTyca KOA AeLie npeALlKOACKOr y3pacTa

loppaHa Bunotujesuh [Jaytosuh'?, 3opaHa JesTh?, MuneHa Bjennua'
MHCTNTYT 33 3gpaBCTBEHY 3alWTHTY AeLle 1 omnaguHe BojsoguHe, Hosu Cag, Cpbuja;

*YHneep3utet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja

CAMETAK

YBoa/Liwmb Actma je Hajuelhie XpoHUYHO oborbetbe y nefuja-
TpUjcKoM y3pacTy. ACTMATCKV CTaTyC je Teluka ersalepbalmja
acTMe Koja MOXe AOBECTU A0 XUMOKCEMIje U pecrnmpaTopHe
nHcyduupmjeHuyje. MocTaB/batbe AnjarHo3e acTme Y NPeALLKon-
CKOM y3pacTy YecTo je M3a30BHO, C 0631POM Ha TO fia Cy enun3o-
[ie BU3MHra y OBOM Yy3pacTy yr/laBHOM Y3POKOBaHe BUPYCHUM
nHdeKumnjama.

MeTtope PeTpocnekTnBHa cTyanja obyxBaTuna je 200 pele,
y3pacTa Ao neT rofuHa, Koja cy bvna xocnutann3oBaHa 36or
aCTMaTCKOr cTaTyca Yy nepuogy of jaHyapa 2019. go feuembpa
2023. rognHe. AHann3npaHu cy nopaum o naunjeHTuma, anja-
THOCTVYKMM MOCTYMNLMMA, TEPanuju 1 KIIMHUYKOM TOKy 6onectu.
Pesynrtatu Hajsehu 6poj 6onecHrka 6110 je y3pacTa of roguHy
naHa (31,5%), y3 npegommHauujy mylkor nona (60,5%). bone-
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CHWUM Cy Hajuellhie XOCMUTan“30BaHM TOKOM jecerbrx meceLu,
a NPOCeYHO Tpajatbe Xocnuranusauuje N3Hocuo je 6,4 naHa.
Anepruja je notBpheHa kof 50% Aeue. ATonujy y nopogmum
nmano je 56% peue. MpeTxoAHO AMjarHOCTUKOBaHY acTMy
umano je 13,5% peue. Ha otnycty je kog 91,5% peue yseaeHa
npeBeHTUBHa Tepanuja 3a actmy. CBa fela Cy Mmana NoBosbaH
1CXO[ NleYetba 1 OTMyLITEHA Cy U3 6onHuLe.

3aK/byyaKk ACTMATCKM CTaTyc Hajuelhe ce jaBrba Ko geue y
NPBYM roAMHaMa X1BOTa, NMPY Yemy je Ko Benvkor 6poja aeLie
TO NpBa MaHudecTaumja actme. Buwwe og nonoBuHe geue nma
atonujy y nopoanum 1 notspheHy aneprujy. 3a noBosbaH ncxog,
KJbYYHO je Aa Tepanuja byae 3anoyeTa Ha Bpeme 1y CKnagy ca
Bakehum npoTokonuma.

KmbyuHe peun: actma; Aela; ersauepbaumja; anepruja
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SUMMARY

Introduction/Objective There is an increasing number of children requiring magnetic resonance
imaging (MRI) of the brain as a diagnostic procedure. During the scan, it is necessary for the child
to remain still for an extended period. This is often challenging due to the patient’s age, as well
as the nature of the disease, which often makes them neurologically altered and uncooperative.
The aim of this study was to evaluate the quality and safety of procedural sedation in children
undergoing MRI of the brain by comparing two different sedation protocols.

Methods The study included 60 participants, aged 1-18 years, who required sedation during MRI of
the brain. Using simple randomization, they were divided into two groups: the dexmedetomidine
group (DEX group) was sedated with dexmedetomidine, and the dexmedetomidine/S-ketamine
(DEX/KES group) received a combination of dexmedetomidine and S-ketamine.

Results Our results showed that the time to achieve adequate sedation was significantly shorter
in the DEX/KES group (6.37 £ 3.62 min) compared to the DEX group (9.03 + 3.48 min) (p = 0.005).
During the initial 10 minutes, the average dexmedetomidine dose was identical in both groups
(1.59 mcg/kg). However, during the continuous infusion phase until the end of sedation, the aver-
age dexmedetomidine dose was 1.47 mcg/kg in the DEX/KES group versus 1.60 mcg/kg in the
DEX group. Analysis of hemodynamic parameters showed better stability in the DEX/KES group.
Complications occurred more frequently in the DEX group.

Conclusion The dexmedetomidine/S-ketamine group provides a faster onset of sedation, better
hemodynamic stability, lower total doses of sedatives, and fewer complications compared to dex-
medetomidine alone.

Keywords: procedural sedation; S-ketamine; dexmedetomidine; magnetic resonance imaging
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INTRODUCTION

In recent years, there has been an increasing
number of children requiring magnetic reso-
nance imaging (MRI) of the brain (endocra-
nium) as a diagnostic procedure [1]. Children
undergoing brain MRI are admitted as out-
patients, and after the diagnostic procedure,
they are expected to be fully awake as soon as
possible and without any additional complica-
tions, as they are discharged home [2]. With the
global economic downturn, financial pressures,
a shortage of medical personnel, and long pa-
tient waiting lists, healthcare institutions have
found it increasingly difficult to complete the
necessary elective surgeries and imaging pro-
cedures. Outpatient anesthesia has provided

a cost-effective and efficient way to manage
scheduled patients, reduce waiting list volumes,
and thereby improve patient satisfaction [3].
Procedural sedation in pediatrics poses
a challenge due to the need to maintain the
child’s safety, comfort, and cooperation, while
minimizing adverse effects. Among the avail-
able sedatives, dexmedetomidine (DEX) is in-
creasingly used due to its combined sedative
and analgesic properties [4]. One of the key
advantages of DEX over other sedative agents
is that it maintains spontaneous breathing and
airway patency, even at higher doses. However,
when administered rapidly and in higher dos-
es, cases of bradycardia, hypotension, and si-
nus arrhythmia have been reported [4, 5, 6].
Continuous infusion rates of DEX can vary
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from 0.2-3 mcg/kg/h. Dose titration is not standardized
[7]. Its relatively slow onset of sedation, insufficient depth,
and potential for hemodynamic instability represent clini-
cal limitations. To overcome these limitations, it is often
combined with other agents.

S-ketamine is a relatively new drug used in pediatric
patients. The main difference between ketamine and
S-ketamine lies in the fact that ketamine is a racemic
mixture, meaning it contains equal parts (50/50) of two
mirror-image molecules: S-ketamine and R-ketamine.
S-ketamine consists solely of the S-ketamine form [8].
It is twice as potent as ketamine and can provide more
reliable sedation and analgesia with a lower risk of side
effects [9]. Clinical studies have shown that S-ketamine
has twice the potency of ketamine in terms of hypnotic
and analgesic effects, with fewer psychiatric side effects.
To achieve the same depth of sedation, the required dose
of racemic ketamine is 50% higher compared to the neces-
sary dose of S-ketamine [10]. Some findings suggest that
S-ketamine provides 50% better recovery of cognitive
function and the same depth of anesthesia compared to
the racemic ketamine mixture [11]. Ketamine differs from
other sedatives in that it has a stimulating effect on the
cardiovascular system [causing increased blood pressure
(BP), tachycardia, and cardiac output]. This occurs due to
its sympathomimetic action on the cardiovascular system
and inhibition of norepinephrine reuptake [12].

The aim of this study was to evaluate the quality and
safety of procedural sedation in children undergoing brain
MRI by comparing two different sedation protocols: DEX
alone and a combination of DEX and S-ketamine.

METHODS

This prospective, randomized clinical study was conducted
at the Clinic for Pediatric Surgery, Institute for Child and
Youth Health Care of Vojvodina. The study was carried
out in the period from December 1, 2024, to February 15,
2025. The study protocol complies with the Declaration
of Helsinki, and the study was initiated after obtaining
approval from the Ethics Committee of the Institute for
Child and Youth Health Care of Vojvodina. Parents of the
children included in the study signed informed consent
after being properly informed about the procedure.

The study included patients aged 1-18 years who re-
quired sedation during MRI of the brain (endocranium).
A total of 60 patients were enrolled. Eligible participants
were under 18 years of age, regardless of sex, and classified as
ASA (American Society of Anesthesiologists) I-IIIL. Patients
classified as ASA 1V, as well as those hospitalized in intensive
care units, intubated, sedated, or on mechanical ventilation,
were excluded from the study. Patients were randomly as-
signed using simple randomization into one of two groups:

o group DEX sedated with DEX only

o group DEX/S-ketamine (group DEX/KES), sedated

with a combination of DEX and S-ketamine.

All patients were previously evaluated in the Preoper-
ative Anesthesia Assessment Clinic, where medical history
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was taken and standard examinations were conducted
(clinical and pediatric examinations, electrocardiography,
laboratory tests, and additional specialist consultations if
needed). The MRI scans were performed under sedation,
following the 1-4-6 fasting rule (clear fluids up to one
hour, breast milk up to four hours, and solid food up to
six hours before the procedure).

All safety measures and equipment were ensured dur-
ing the procedure, including an anesthesia machine, oxy-
gen supply, appropriately sized nasal and oral airways, a
laryngoscope with different blades, endotracheal tubes,
introducers, face masks, and all necessary emergency drugs
and equipment.

All patients received premedication in the preopera-
tive room 20 minutes before the MRI scan: intramuscular
midazolam at 0.1 mg/kg and atropine at 0.01 mg/kg.

In group DEX (30 patients), DEX was administered at
a dose of 1.5-2 mcg/kg over 10 minutes until adequate
sedation (Ramsay score 6) was achieved, followed by con-
tinuous infusion at 1-2 mcg/kg/h during the procedure.

In group DEX/KES, an initial bolus dose of S-ketamine
(0.5 mg/kg) was given, followed by DEX 1-1.5 mcg/kg
until adequate sedation (Ramsay score 6) was reached.
Then, a continuous infusion of DEX at 1-2 mcg/kg/h was
maintained during the procedure.

The level of sedation was assessed using the Ramsay
sedation scale, based on the patient’s response to sound,
verbal commands, or tactile stimulation (Table 1). Once
a Ramsay score of 6 and hemodynamic and respiratory
stability were achieved, patients were transferred to the
MRI scanner. If a Ramsay score of 6 was not achieved after
10 + 5 minutes of infusion or if sedation was inadequate,
additional bolus doses of either DEX or ketamine were
administered, depending on the group.

Table 1. Ramsay sedation scale

Response Level
Awake and anxious, agitated, or restless 1
Awake, cooperative, accepting ventilation, oriented, 5
or tranquil

Awake, responds only to commands 3
Asleep, brisk response to light, glabella tap, or loud noise 4
Asleep, sluggish response to light, glabella tap, or loud noise | 5
Asleep, no response to light, glabella tap, or loud noise 6

Inadequate sedation was defined as difficulty complet-
ing the procedure due to patient movement during MRI
scanning. Sedation was managed to maintain a Ramsay
score of 6, with continuous infusion throughout the proce-
dure. Monitoring included vital signs such as BP, heart rate
(HR), transcutaneous oxygen saturation (SpO), time to
achieve sedation, wake-up time, need for additional medi-
cation, and any complications.

All children breathed spontaneously throughout the
procedure with oxygenation via face mask. Recovery time
was defined as the period from discontinuation of the in-
fusion until achieving a Ramsay score of 2. The quality of
sedation was assessed based on the success of completing
the MRI without movement and the need for additional
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sedation, while safety was evaluated through vital signs
and the occurrence of complications.

Ethics: The study protocol got approval from the Ethics
Committee of the Institute for Child and Youth Health
Care of Vojvodina (November 29, 2024; No. 17-43).

RESULTS

The average dose of DEX administered over 10 minutes to
achieve sedation was identical in both groups (1.59 mcg/
kg). However, the continuous DEX doses during the MRI
procedure were lower in the DEX/KES group (1.47 mcg/
kg) compared to the DEX group (1.60 mcg/kg). The results
are presented in Table 2.

The time required to achieve sedation was significantly
shorter (Z = -2.913; p = 0.000) in the DEX/KES group
compared to the DEX group, as shown in Table 3. The
median time in the DEX group was 10 minutes (range:
6.75-10 minutes), while in the DEX/KES group it was 6
minutes (range: 3-8.50 minutes).

Table 2. Dexmedetomidine dose (mcg/kg) continuously by groups

Value DEX DEX/KES
Average 1.60 1.47
SD 0.33 0.30
Min 1 1
Max 2.5 2
Mediana# 1.5ns 1.5
ICR (P25-P75) 0.37 (1.48-1.85) 0.20 (1.30-1.50)

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile;
P75 - 75th percentile;

*Mann-Whitney U test;

"no statistically significant difference

Table 3. Time required to achieve sedation by groups

Value DEX DEX/KES
Average 9.03 6.37
SD 342 3.68
Min 2 1
Max 15 15
Mediana# 10a 6
ICR (P25-P75) 3(6.75-10) 6 (3-8.50)

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile;
P75 - 75th percentile;

*Mann-Whitney U test;

2p < 0.01

Table 4. Systolic arterial blood pressure (mm Hg) at three examined times according

to groups

Markovic¢ N. et al.

The comparison of systolic BP at different time inter-
vals in both groups is presented in Table 4. In the DEX
group, where continuous infusion of DEX was adminis-
tered without additional sedatives, an increase in the mean
systolic arterial pressure was recorded after 10 minutes;
however, by the end of the procedure, the mean value had
decreased. There were no clinically significant fluctuations.
In the group that received the combination of DEX and
ketamine, systolic arterial pressure remained highly stable
throughout the procedure. After 10 minutes, the median
value remained the same as at baseline, with a minimal de-
crease observed at the end of the procedure. Results of the
Mann-Whitney U test showed no statistically significant
difference between the groups in systolic arterial pressure
values at any of the three time points (p > 0.05).

Based on the results of the Friedman test, a statisti-
cally significant difference was observed across the three
time points for systolic arterial pressure in the DEX group
(x* = 6.158; df = 2; p = 0.046), whereas in the DEX/KES
group, no significant difference was found (x> = 0.080;
df=2;p = 0.961).

The values of Kendall’s coefficient of concordance were
W =0.103 for the DEX group and W = 0.001 for the DEX/
KES group, indicating that the differences were not con-
sistent among most participants in the DEX group, while
in the DEX/KES group, there was a complete absence of
changes between time points.

Wilcoxonss test in the DEX group revealed a statistically
significant increase in systolic arterial pressure after 10
minutes compared to the baseline (Z = -2.057; p = 0.040)
and compared to the end of the procedure (Z = -2.173;
p = 0.030). For all other time point comparisons, no statis-
tically significant differences were found (p > 0.05).

HR values at the three measured time points by group
are presented in Table 5.

Based on the results of the Wilcoxon test and data from
Table 5, a statistically significant decrease in HR was ob-
served 10 minutes after the administration of the loading
dose of DEX in both the DEX group (Z = -3.776; p = 0.000)
and the DEX/KES group (Z = -1.959; p = 0.049).

According to the Mann-Whitney U test, there was no
statistically significant difference in HR values between
the groups at baseline and at the end of the procedure.
However, a statistically significant difference was found 10
minutes after drug administration (Z = -2.079; p = 0.038),
in favor of the DEX/KES group.

The Friedman test showed a statistically
significant difference in HR values across the

Parameters

‘Average‘ SD ‘ Min ‘ Max ‘Mediana"‘ ICR (P25-P75)

three time points in both the control group

DEX (n = 30)

(x* =13.270; df = 2; p = 0.001) and the exper-

At the introduction | 100.67 | 11.80 | 80 | 125 100

20(90-110)

imental group (x> = 26.991; df = 2; p = 0.000).

After 10 minutes 106.10 | 11.02 | 90 | 130 | 106.50™

18 (95.75-113.50)

However, Kendall’s coefficient of concor-

At the end 101.23 | 12.07 | 82 | 133 99

12(92.75-104.25)

dance was W = 0.221 in the control group,

DEX/KES (n = 30)

indicating that differences between the three

At the introduction | 100.77 | 9.46 | 80 | 120 100

15(94.75-110)

time points existed but were not consistently

After 10 minutes 102.83 | 1049 | 90 120 100

23(90-113.25)

present across all participants. In contrast,

At the end 100.177 | 1139 | 85 | 120 95.50

20 (90-110)

W = 0.450 in the group receiving the com-

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile; P75 - 75th percentile;

*Mann-Whitney U test;
"no statistically significant difference

DOI: https://doi.org/10.2298/SARH25103001 1M

bination of DEX and ketamine indicates
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Table 5. Heart rate (beats/min) at three examined times by groups

DISCUSSION

There are numerous clinical studies in chil-
dren that have examined sedation during
MRI using DEX alone, confirming that at

high doses it provides adequate sedation

for pediatric MRI studies without respira-

tory complications, but it is associated with

cardio-inhibitory changes. It leads to a low-

Parameters ‘Average‘ SD ‘ Min ‘ Max ‘Mediana”‘ ICR (P25-P75)
DEX (n =30)

At the introduction | 107.83 |[15.790| 75 | 138 | 106.50 |21 (98.00-118.75)
After 10 minutes 90.50 |17.547| 57 | 125 88.00 |26(79.25-105.25)
At the end 95.77 |13.531| 68 | 115 | 97.00™ |22 (86.00-107.75)
DEX/KES (n = 30)

At the introduction | 110.27 |[22.095| 70 | 160 | 107.50™ |27 (94.00-121.00)
After 10 minutes 10420 |24.633| 60 | 170 | 100.00* |21 (90.50-111.25)
At the end 94.07 61 | 120 96.50 | 19(84.25-102.75)

ering of BP and bradycardia [13, 14]. Some

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile; P75 - 75th percentile

fMann-Whitney U test;
2p < 0,05;

"no statistically significant difference

Table 6. Time of awakening from sedation by groups

Parameters DEX DEX/KES
Average 5.93 6.93
SD 4.21 4.74
Min 2 2
Max 16 20
Mediana# 5 6ns
ICR (P25-P75) 6 (3-8.5) 7(2.75-10)

SD - standard deviation; ICR - interquartile range; P25 - 25th percentile;
P75 - 75th percentile; *Mann-Whitney U test;
"no statistically significant difference

Table 7. Incidence of complications during sedation in the study

groups (n (%))

Complication DEX (n = 30) DEX/KES (n = 30)
No complication? 24 (80) 29 (96.7)™
Bradycardia 4(13.3) 0(0)
Tachycardia 0(0) 1(3.3)
Wetting 2(6.7) 0(0)
Values are expressed as a number (percentage);
¥ test;

"no statistically significant difference

moderately strong and relatively uniform differences
among patients.

All patients maintained spontaneous breathing through-
out the procedure.

The wake-up time from sedation in both groups indi-
cates a greater number of patients with a wake-up time
shorter than 5.93 minutes in the DEX group and shorter
than 6.93 minutes in the DEX/KES group. The results are
presented in Table 6.

Complications were rare and occurred more frequently
in DEX group.

The most common complication in the group that re-
ceived only DEX was bradycardia, present in four (13.3%)
patients, whereas in the DEX/KES group, no patients ex-
perienced this hemodynamic disturbance.

In the DEX group, two patients (6.7%) experienced
enuresis, and one patient (3.3%) required conversion to
general anesthesia. In the DEX/KES group, one patient
developed tachycardia, and one patient experienced a
technical error.

Nausea and vomiting were not observed in either group.
Additionally, hypotension, hypertension, and oxygen de-
saturation were not observed (presented in Table 7).
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studies have also investigated combinations
of DEX and ketamine for pediatric sedation,
demonstrating better sedation outcomes than
using DEX or ketamine alone. The onset of
sedation and recovery are faster while maintaining hemo-
dynamic and respiratory stability, with possible adverse
events such as nausea, vomiting, and hallucinations at-
tributed to the action of ketamine [15, 16]. However, to
our knowledge, the use of DEX-S-ketamine has not been
evaluated for MRI sedation in children.

The results of our study showed good sedation quality
achieved in 26 out of 30 patients (86.7%) in both groups,
indicating that both methods were highly effective in a
clinical setting.

Our findings align with previous research confirming
that DEX is a safe and effective option for procedural seda-
tion in children [17, 18]. Similar findings were reported
by Gao et al. [19], who demonstrated that the combina-
tion of DEX with racemic ketamine allows better sedation
control and shorter time to achieve the desired sedation
level compared to DEX alone.

Our results showed that the time to achieve adequate
sedation was significantly shorter in the DEX/KES group
compared to the DEX group, confirming our primary
hypothesis that the combination of DEX and S-ketamine
enables faster sedation induction. These results are consis-
tent with previous studies in adults using the combination
DEX/ketamine compared to DEX alone [20].

When observing the induction phase (initial dose
during the first 10 minutes), the median DEX dose was
identical in both groups. However, during the continuous
infusion phase until the end of sedation, a 7.5% difference
indicates a potentially lower need for additional medica-
tion in the DEX/KES group due to the additive sedative
effect of S-ketamine.

Although the initial doses were identical, the reduced
need for continuous DEX administration in the DEX/KES
group has clinically significant potential to reduce the risk
of adverse cardiovascular effects associated with higher
cumulative doses [20].

Hemodynamic parameter analysis showed that changes
in systolic arterial pressure were milder in the DEX/KES
group. In the DEX group, after the loading dose, results
showed the expected, clinically significant bradycardia,
whereas changes in the DEX/KES group were milder.

These data suggest that the presence of S-ketamine con-
tributed to a more stable hemodynamic response during
sedation, likely due to its mild sympathomimetic action
which mitigates the hypotensive effects of DEX.

www.srpskiarhiv.rs
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Oxygen saturation remained stable in both groups
throughout the observed period, indicating that neither
DEX nor S-ketamine significantly affected respiratory
function. Preserved respiratory stability, even in sedated
patients, represents a key safety element of the protocol.
These findings are consistent with literature data on DEX
[21] and S-ketamine [22].

Regarding recovery time from sedation, although dif-
ferences were present, they did not reach statistical sig-
nificance, but clinically favored the group receiving only
DEX. There is a study in adults comparing recovery time
with ketamine combination, showing opposite results to
ours, where recovery time was faster [23].

Concerning complications, excellent sedation quality
was achieved in both groups. The most common complica-
tion in the DEX group was bradycardia, which in one case
required medication therapy. No bradycardia was recorded
in the DEX/KES group. This suggests a potential cardio-
protective role of S-ketamine when combined with DEX.

Other adverse reactions (tachycardia, conversion to
general anesthesia) were rare and evenly distributed among
the groups. No urgent pharmacological intervention was
needed in any case. In two cases in the DEX group, en-
uresis occurred after a bolus dose of DEX, described
as a possible effect after higher doses of DEX [24, 25].
Vomiting can occur during or after procedural sedation;
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CAXETAK

YBoa/LUusb Cge je Beh 6poj feLie koA Koje ce yKasyje notpeba
3a npernejom eHAoKpaHMjyma MarHeTHOM pe30HaHLIOM Kao
[leo AmjarHocTnyke npoteaype. TOoKOM CHUMaka NoTpebHo je
[a aeTe byae MUPHO AyXKU BpeMeHcKM nepuogd. Otexasajyhy
OKOJIHOCT YMHM Y3pacT NauujeHTa 1 npupoga 6onectu, 36or
Koje Cy AeLia YecTo HeypPOJIOLLKM N3MeHbeHa 1 HEKOOoMepaTMBHa.
Linrb oBe cTyguje 6uo je fa ce ncnuTa KBanuTeT 1 6e36egHOCT
npovlenypanHe cefaluje Ko feLie TOKOM NperneAa eHOoKpa-
HWjyMa MarHeTHOM pe30oHaHLoM, nopeherbem AiBe pasnuyute
cefaLVioHe weme.

Metoge Cryauja je obyxsatuna 60 nCnuTaHnKa, y3pacTa of
1 po 18 roguHa, Kojuma je 6una HeonxoAHa cepaLivja TOKOM
npernefa eHJoKpaHujyMma MarHeETHOM pe3oHaHLoM. [poctom
paH4oMM3aLMjoM NaLujeHT Cy NofesbeHN Y ABE rpyrne: rpyna
nekcmepetomuauH (rpyna IEKC) cegmpaHa je pgekcmeaeTomu-
LVHOM, a rpyna gekcMmeaeToMuanH / c-ketamuH (rpyna JEKC/
KEC) KombrHaLujom feKcMeaeTOMUAVH / C-KeTaMUH.
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Pesyntatm Hawwu pe3syntati cy nokasanu pa je Bpeme no-
CTM3atba afjekBaTHe cepaumje 6uno 3HayajHo Kpahe y rpy-
nu JEKC/KEC (6,37 £ 3,62 MuH.) y ogHocy Ha rpyny JEKC
(9,03 + 3,48 muH.) (p = 0,005). Kapga ce nocmaTtpa nHMLMjanHa
[03a ToKoM NpBux 10 MUHYTa, CpeaHa fA03a AeKCMefeToMUAN-
Ha 6una je ngeHTMYHa y obe rpyne (1,59 mcg/kg), ann 'y daszm
KOHTMHYMpaHe nHdy3uje A0 Kpaja ceaaLimje npoceyHa Ao3a feK-
cmepeToMuAnHa usHocuna je 1,47 meg/kg y rpynu JEKC/KEC,
Hacnpam 1,60 mcg/kg y rpynu JIEKC. AHanm3a xeMoguHaMCKmxX
napameTapa noka3sana je sehy ctabuntoct y rpynu JEKC/KEC.
Komnnukauuje cy 6une petke u yewhe y rpynu JEKC.

3akrmpyyak KombrHaLja fekcMefeToMUaNH / C-KeTaMyH 0be-
36ehyje 6pxu yBoa y cepauujy, 60sby xemoguHamcKy cTabumn-
HOCT, HUXY YKYMHY A03Yy cefjlaTuBa 1 Makbe KOMMNaukaumja y
nopehetby ca rpynom Koja je nprmarsna camo JeKCMeaeTOMULMH.

KrbyuHe peun: npouefypanHa cepaumja; c-KeTaMuH; fekcme-
BETOMUAVH; MarHeTHa pe3oHaHLa
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Comparative healing outcomes after B-tricalcium
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SUMMARY

Introduction/Objective Aneurysmal bone cysts (ABC), simple bone cysts (SBC), and non-ossifying fi-
bromas (NOF) are common in children. The standard treatment is curettage with defect filling. The graft
selection and surgical approach vary according to the lesion type. While synthetic B-tricalcium phosphate
(B-TCP) is a biocompatible graft, its efficacy in pediatric cases remains unclear. This study assessed radio-
graphic healing, graft integration, complications, and recurrence rates after curettage and B-TCP grafting.
Methods We retrospectively reviewed 63 patients (23 ABC, 21 SBC, and 19 NOF) treated at a pediatric hos-
pital from 2015 to 2023. All underwent intralesional curettage with B-TCP grafting. Healing was assessed
using Wu, modified Irwin, and modified Neer criteria. The stable healing time, recurrence, complications,
and morphometric predictors were also analyzed.

Results Radiographic healing rates were 73.9% for ABC, 85.7% for SBC, and 100% for NOF. Stable healing
occurred at 13.5 + 5.7 months for ABC and approximately 8.7-8.8 months for SBC and NOF (p = 0.0004).
ABC healed more slowly and inconsistently; larger and relation length ratio lesions delayed healing in
both ABC and SBC. Recurrence was observed in 26% of ABC cases (mean 16.7 months), 14% of SBC cases
(mean 13.8 months), and none in NOF.

Conclusion B-TCP grafting is safe and effective for pediatric benign bone lesions; however, healing var-
ies by lesion type. ABC requires longer monitoring due to a higher recurrence risk; SBC mostly stabilizes
within a year; and NOF reliably remodels regardless of size. Focusing on follow-up of high-risk lesions
may improve outcomes and reduce unnecessary interventions.

Keywords: aneurysmal bone cyst; simple bone cyst; non-ossifying fibroma; B-tricalcium phosphate;
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INTRODUCTION

Benign bone lesions frequently occur in chil-
dren and adolescents and usually show char-
acteristic features on imaging. They are often
found incidentally after trauma but can also
present with pain, swelling, and pathological
fractures. Among the most prevalent are aneu-
rysmal bone cysts (ABC), which exhibit local
aggressiveness and can rapidly destroy bone;
simple bone cysts (SBC), which tend to recur
but progress at a slower rate; and non-ossifying
fibromas (NOF), which are generally asymp-
tomatic unless they compromise structural
stability [1].

Their optimal management remains chal-
lenging because of the lack of standardized
treatment protocols [2]. The absence of clear
guidelines leads to variability in surgical ap-
proaches and reconstructive materials, posing
significant challenges for pediatric orthopedic
surgeons. The need for effective, safe, and re-
producible treatment strategies is paramount,
given the long-term growth and functional
implications for young patients. Current sur-
gical interventions typically involve curettage
followed by defect filling [3, 4, 5]. Bone de-
fects can be reconstructed using autologous,

allogeneic, or synthetic grafts. There is no ideal
bone graft available. Autologous bone grafting
is considered the gold standard but is limited
in pediatric patients because of donor-site
morbidity, longer surgery times, and restricted
harvest volume [6]. Allografts and xenografts
serve as alternatives; however, they may pro-
duce inconsistent outcomes and pose poten-
tial immunological risks to the host, including
graft rejection, inflammation, and transmission
of zoonotic diseases [7]. Although synthetic
bone grafts, such as beta-tricalcium phos-
phate (B-TCP), exhibit good biocompatibility,
osteoconductivity, and predictable resorption
[8, 9], clinical evidence regarding their efficacy
and safety in treating benign bone lesions in
children is limited. Radiological scoring sys-
tems, such as the Wu and Irwin criteria, offer a
framework for assessing postoperative healing
[10]. However, their usefulness is limited by the
wide variation in healing rates, recurrence, and
risk of complications among benign bone le-
sions. This variation highlights the need for di-
rect clinical studies to understand the different
outcomes and guide the treatment of specific
lesions.

This study compared healing, graft integra-
tion, complications, and recurrence rates in
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Figure 1. Surgical technique; A - 3-tricalcium phosphate (3-TCP) granules; B - high-
speed burr used to carefully remove bone around the lesion; C, D - Creating a cortical
window to access the lesion; E - opening the cortical window and performing curet-
tage; F - tissue obtained from the bone lesion for histopathology; G — -TCP granules
combined with patient blood; H - defect filled with granules; | - replacing and securing
the cortical window after filling the defect

pediatric patients with ABC, SBC, and NOF after curet-
tage and B-TCP grafting. The findings aim to guide better
treatment and follow-up strategies for each benign bone
lesion type in children and adolescents.

METHODS
Study design and population

This retrospective observational study included 63 pedi-
atric patients (aged 4-18 years) treated at the University
Clinical Center of Nis, Serbia, from January 2015 to
December 2023 with standardized intralesional curettage
and B-TCP filling for benign bone lesions (ABC, SBC, and
NOF). Outcomes were compared among the three types
of lesions. Inclusion criteria were pathohistologically con-
firmed ABC, SBC, or NOF; curettage with B-TCP filling;
and at least 12 months’ follow-up. Patients with malignant
tumors, prior surgery, incomplete imaging, non-standard
adjuvants, or less than 12 months of follow-up were ex-
cluded. Eligible patients were identified using ICD-10 di-
agnostic codes for benign bone lesions and subsequently
confirmed by histopathological examination. From this
initial pool, patients who met the inclusion and exclu-
sion criteria were selected. Based on histopathological
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examination, there were 23 ABC, 21 SBC,
and 19 NOF cases in this study.

Patient demographics, lesion details,
pathological fractures, surgery data, and
outcomes were obtained from records and
radiographs. All patients underwent stan-
dardized intralesional curettage with 3-TCP
filling, as described below.

Surgical technique

All procedures were performed under gen-
eral anesthesia, using a sterile technique.
The lesion was located via fluoroscopy, and a
cortical window, typically 1-2 cm in length,
was created using an osteotome. The lesion
cavity was thoroughly curetted until healthy
bleeding bone was observed. A high-speed
burr was used as needed to debride the cyst
wall, remove the pathological lining, or
enlarge cavities with thick bone septa. The
cavity was thoroughly washed and packed
with B-TCP granules (ChronOS™, DePuy
Synthes, Raynham, MA, USA or TriOSS*,
Bioceramed, Guimardes, Portugal), mixed
with autologous blood. The cortical cap
was returned and sealed with medical wax,
if necessary. Large or unstable defects were
fixed internally using plates or titanium-elas-
tic nails. The incision was closed in layers,
and the operated limb was immobilized as
needed to stabilize the surgical site during
early recovery (Figure 1).

Postoperative protocol and follow-up

Postoperative care involved a period of limited weight
bearing, followed by gradual increases in activity and
weight bearing as tolerated, guided by clinical assessment
and radiographic healing. Clinical and radiographic eval-
uations occurred every 6-8 weeks for six months, then
every 4-6 months until healing, and annually until full
consolidation. Full activity and sports were permitted af-
ter adequate bone remodeling and graft integration were
confirmed.

Radiological assessment

While magnetic resonance imaging or computed tomog-
raphy scans were performed in certain cases for diagnostic
purposes, only standard anteroposterior (AP) and lateral
radiographs were used for the main outcome analysis to
ensure consistency. Radiographic images, collected as part
of the patient data, were analyzed using RadiAnt DICOM
Viewer® 2025.2 (Medixant, Poznan, Poland) by a single
experienced pediatric orthopedic surgeon. Postoperative
healing was evaluated using three validated radiological
scoring systems applied to standard AP and lateral radio-
graphs.
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Figure 2. ABC - aneurysmal bone cyst; two years of follow-up

Figure 3. SBC - simple bone cyst; three years of follow-up

o Wu criteria for defect filling (quantifying cavity fill):
1 <50%; II 50-75%; III 75-90%; IV > 90%;

» Modified Irwin criteria for graft incorporation (as-
sessing biological graft integration): I clear; II hazy;
IIT incorporation; IV remodeling;

» Modified Neer criteria for overall healing outcome: I
complete healing; IT healing with residual defects; III
persistent defect; IV recurrence.

Outcome measures
Primary outcomes
1. Healing outcome was classified as “healed” if lesions
simultaneously achieved all three criteria: a Wu

Grade III or IV (for filling), an Irwin Stage III or IV

‘ DOI: https://doi.org/10.2298/SARH251217009B
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Figure 4. NOF - non-ossifying fibroma; 14 months of follow-up

(for incorporation), and a modified Neer Criteria I
or II (for overall outcome);

2. Stable healing time: the number of months from sur-
gery until X-rays first show sufficient cortical healing
and trabecular bridging, along with clinical stability
and no recurrence or refracture.

Secondary outcomes

1. Recurrence (radiographic evidence, symptomatic
recurrence, need for re-intervention);
2. Pathological fracture;
3. Postoperative complications (infection, nerve injury,
hardware failure, delayed wound healing).
Examples of all three benign bone lesions with follow-
up are shown in Figures 2, 3, and 4.

Baseline characteristics

The baseline characteristics included patient age, sex, le-
sion location (bone and anatomical region), tumor length
[V = (n/6) x length x width X height], tumor volume (lon-
gest craniocaudal distance in AP or lateral radiography),
relation length (lesion length divided by the total length of
the affected bone), and presence of pathological fracture
at presentation.

Statistical analysis

Sample size was calculated in G*Power 3.1.9.2 (one-way
ANOVA, effect size 0.25, a = 0.05, power = 0.95, three
groups). Analyses were performed in IBM SPSS Statistics
version 30.0 (IBM Corp., Armonk, NY, USA). Variable
normality was checked with the Shapiro-Wilk test.
Depending on distribution, either one-way ANOVA or
Kruskal-Wallis test was used. Results are shown as mean +
SD or median (range). Categorical data were analyzed with

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):40-47
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Table 1. Demographic and anatomical characteristics of patients with ABC, SBC, and NOF

Variables ABC (n=23) SBC (n=21) NOF (n=19) p

Age (years)

Mean £+ SD 11.35+3.13 10.76 = 3.36 12.32+3.31 ANOVA p =0.013

Median 11 10 14 KW p=0.011

Range 5-17 4-18 4-17 —

Gender

Male, n (%) 15 (65.2%) 15 (71.4%) 7 (36.8%) é2:0609341:

Female, n (%) 8 (34.8%) 6 (28.6%) 12 (63.2%) —

Bone location

Humerus 11 (47.8%) 10 (47.6%) 0 (0%)

Femur 7 (30.4%) 4 (19%) 9 (47.4%)

Tibia 4(17.4%) 1(4.8%) 10 (52.6%) X =528
p < 0.0001

Radius 0 4 (19%) 0

Fibula 0 1 (4.8%) 0

Calcaneus 0 1 (4.8%) 0

(Fc?f£337§§ph) 2(8.7%) 0 0

ABC - aneurysmal bone cyst; SBC - simple bone cyst; NOF - non-ossifying fibroma;
n - number; SD - standard deviation; ANOVA — mean comparison; KW — median comparison;
X’ - Chi-square test for categorical variables; PxPh — proximal phalanx

Table 2. Results of ABC, SBC, and NOF treated with synthetic bone graft

NOF (mean age 12.32 years; ANOVA,
p = 0.013). Males were predominant in the
ABC (65%) and SBC (71%) groups, where-
as females were more prevalent in the NOF
group (63%) (p = 0.031) (Table 1).

The location of the lesions also dif-
fered significantly (p < 0.0001); ABC and
SBC were most frequently located in the
humerus (48% each), whereas NOF was
found exclusively in the femur (47%) and
tibia (53%) (Table 2).

The incidence of pathological fractures
as initial presentations varied signifi-
cantly among the lesion types (x* = 6.81,
p = 0.033), with a notably lower frequency
observed in NOF (26%) compared to ABC
(65%) and SBC (57%).

ABC lesions had significantly longer
stable healing times (mean 13.5 + 5.7
months) than SBC (8.7 + 3.4 months)
and NOF (8.8 + 2.8 months) (ANOVA
p = 0.0004; Kruskal-Wallis p = 0.0057).
However, the overall healing success rates

Variables ABC(n=23) | SBC(n=21) | NOF (n=19) P were similar (ABC: 74%, SBC: 86%, NOF:
e . 2 _ . . . .
Initial pathologlcal 15(65%) 12(57%) 5(26%) X __ 6.81; 100%, X2 = 451, pP= 0105), lndlcatlng
fracture (%) p =0.033 blel
a5t comparable long-term outcomes.
Healing: Healed (%) 17(73.9%) | 18(85.7%) | 19 (100%) é ~0.105 Tumor length was similar across groups
Healing: Not healed (%) 6 (26%) 3 (14.3%) 0 (p = 0.18); therefore, initial lesion size
< 6 months healed (%) 0% 23.8% 211% was not a distinguishing factor. ABC le-
< 9 months healed (%) 33.3% 57.1% 63.2% sions had the greatest volume (ANOVA
<12 months healed (%) 58.3% 85.7% 89.5% p = 0.0024), whereas NOF lesions had the
Stable healing time ANOVA smallest volume. The relation index was
1348 £5.68 | 8.67+3.38 | 8.84+281 . . .
(mean + SD) p=00004|  highest in ABC and SBC and lowest in
Median stable healing 12 3 9 _léV(\)/OW NOF (ANOVA p = 0.029; Kruskal-Wallis
. p=2 p = 0.0013), indicating more bone involve-
Stable healing range 7-24 4-15 4-14 ment in ABC and SBC.
Tumor length (mean % SD) 625+3.08 | 559+23 | 48217 F/;\’:OO\% Correlation analysis showed that stable
ANOVA healing time was affected by various fac-
Tumor volume (mean +SD) |2231+19.85| 1237 +9.64 | 7.52+4.33 p = 0.0024 tors across the diagnostic groups. For ABC,
Rlelatuon Iengtlhb(mealn + SE) 0234014 | 0224007 | 0154007 A_N((J)g?g healing time moderately increased V\f'lth
(lesion to total bone length) p=0. larger tumor volume (r = 0.34) and relation

ABC - aneurysmal bone cyst; SBC - simple bone cyst; NOF - non-ossifying fibroma;
SD - standard deviation; x* - Chi-square test; ANOVA - one-way analysis of variance;
KW - Kruskal-Wallis test; p < 0.05 considered significant; relation length - lesion length/total bone length

x> or Fisher’s exact test. Kaplan-Meier analysis assessed
recurrence time. Statistical significance was set at p < 0.05.

Ethics: The study was approved by Institutional Ethics
Committees (UCC Nis: 14396/6; Medical Faculty of Nis: 12-
14250-2/2) in accordance with the Declaration of Helsinki.
Written informed consent was obtained from parents or
guardians, and patient confidentiality was maintained.

RESULTS

Patient demographics varied across groups, with patients
with ABC and SBC being notably younger (mean age
11.35 and 10.76 years, respectively) than patients with

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):40-47

length (r = 0.28) but decreased notably
with better healing outcomes (r = -0.56);
tumor length and age had a minor impact.
In SBC, healing time strongly correlated
with tumor volume (r = 0.63), relation length (r = 0.52),
and tumor length (r = 0.45); younger age sped up healing
(r =-0.36), and better outcomes shortened stabilization
time (r = -0.58). NOF had mild links between healing time
and tumor size, and age had minimal influence (r = 0.06).

Opverall, healing time decreased from ABC to SBC to
NOE, with tumor volume and size serving as the primary
predictors of delayed healing. Age was insignificant, except
for SBC cases (Figure 5).

The cumulative healing rates for ABC, SBC, and NOF
at six, nine, and 12 months are shown in a side-by-side bar
chart. ABC had the slowest healing (0%, 33.3%, 58.3%),
SBC showed intermediate rates (23.8%, 57.1%, 85.7%), and
NOF healed fastest (21.1%, 63.2%, 89.5%) (Figure 6).
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Cumulative stable healing rates (%)
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Figure 5. Cumulative healing proportions

ABC - aneurysmal bone cyst; SBC - simple bone cyst;
NOF - non-ossifying fibroma; mo — months (follow-up interval)

The Kaplan—-Meier curve offers a visual representation of
the duration required to achieve stable healing in the ABC,
SBC, and NOF groups. ABC lesions heal more slowly and
unpredictably than SBC and NOE, with approximately 30%
taking over 20 months to show stable radiographic healing.
SBC lesions usually stabilize in 7-15 months, with approxi-
mately 80% showing variable healing. NOF lesions are more
consistent, with approximately 95% stabilizing in 10-12
months and showing clear radiographic improvement.

This study evaluated the healing and complication rates
for each lesion type and treatment. No major infections or
adverse reactions were observed with the p-TCP grafts. For
ABC, six out of 23 surgical patients had recurrences (26%)
after an average of 16.7 months, and one had a pathological
proximal humeral fracture. In SBC, three of 21 treated pa-
tients experienced recurrence (14.2%) after approximately
13.8 months, with one pathological distal femoral fracture
reported. NOF cases showed no recurrence or significant
complications.

DISCUSSION

This study evaluated the healing patterns, morphometric
predictors, and recurrence rates of ABC, SBC, and NOF
treated with curettage and f-TCP grafting. Although all
three are benign pediatric lesions, they demonstrate dis-
tinct biological behaviors and postoperative consolidation
profiles.

Demographic and anatomical features

The age distribution of our cohort (10-12 years) aligns
with the known peak incidence of benign cystic and fibro-
osseous lesions in late childhood and early adolescence [3,
11, 12]. ABC and SBC showed male predominance, consis-
tent with epidemiological data reporting a higher incidence
in boys. In contrast, NOF in our cohort showed female
predominance, likely reflecting sample characteristics

‘ DOI: https://doi.org/10.2298/SARH251217009B

Figure 6. Kaplan—-Meier curve: time to stable healing by lesion group

ABC - aneurysmal bone cyst; SBC — simple bone cyst;
NOF - non-ossifying fibroma

rather than a true epidemiological shift. Lesion locations
were typical: ABC and SBC primarily affected the proximal
humerus and femur, while NOF was confined to the femur
and tibia, consistent with its preference for metaphyseal
regions near the knee. Mechanical stress and high activity
in boys during rapid skeletal growth can interfere with
bone remodeling, making them more prone to metaphy-
seal lesions, benign bone cysts or fibrous conditions, and
fractures [13, 14].

Healing outcomes and stable healing time

Healing rates were high across all groups (ABC 73.9%,
SBC 85.7%, NOF 100%), aligning with published out-
comes, where ABC demonstrated the greatest variability
(65-90%), SBC typically achieved 75-90% healing, and
NOF showed near-universal resolution. ABC heals more
slowly and variably, reflecting its biologically active and
expansile nature and the frequency of cortical destruc-
tion. SBC showed rapid and predictable healing, with most
cases stabilizing within 12 months, paralleling the existing
literature that highlights mechanical recovery once cortical
integrity improves. NOF heals completely and predictably,
as it is self-limiting [15, 16].

ABC had the slowest and most variable healing (mean
13.5 months, range 7-24 months). SBC and NOF stabilized
at similar rates, with median healing times of eight and
nine months, respectively. ABC requires extended osteo-
conduction and shows unpredictable bone growth after
curettage. SBC typically heals 6-12 months post-curettage
and grafting, although complications such as lesion ex-
pansion or delayed healing may occur. NOF consistently
heals within 10-12 months, confirming its status as a self-
limiting, reliably remodeling lesion [17].

The Kaplan-Meier further illustrated these differences:
ABC demonstrated prolonged stabilization with subset
healing beyond 20 months, SBC improved steadily during
the first year, and NOF showed a uniform, self-limiting
course.

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):40-47
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The Kaplan-Meier curves in our study highlighted the
unique healing patterns of benign pediatric bone lesions.
Healing time decreased from ABC to SBC to NOE, reflect-
ing biological differences and aggressiveness of the lesions.

Morphometric predictors of healing

Morphometric characteristics play a crucial role in de-
termining healing kinetics. In ABC, a larger lesion vol-
ume and greater lesion-to-bone relation length were as-
sociated with delayed consolidation, supporting reports
by Dormans et al. [17] and Restrepo et al. [12], who ob-
served that cortical thinning and extensive cystic activity
prolonged graft incorporation due to sustained biological
turnover.

SBC showed the strongest morphometric correlations,
mainly with tumor volume and relation length, indicat-
ing that mechanical factors are crucial for healing. Larger
lesions increase biomechanical demands and the risk of
delayed recovery or fracture [18]. Younger patients recov-
ered faster, supporting earlier research that pediatric bones
remodel more efficiently under stress [10, 14].

NOF exhibits unique remodeling, with healing being
minimally affected by tumor size, location, or age. Studies
have indicated that outcomes rely more on biological mat-
uration than on graft mechanics [19].

Complications and recurrence

No significant early or late postoperative complications
were observed, except for one pathological fracture in the
ABC group and one in the SBC group, findings consistent
with the published literature [20].

Our ABC recurrence rate was 26%, with a mean re-
currence of 16.7 months, aligning with previous pediatric
reports of 20-30% [17]. Most recurrences occur between
12 and 24 months, but some are observed up to 4-5 years,
highlighting the need for prolonged follow-up [15]. Long-
term studies (mean follow-up: 81 months) further em-
phasize the importance of extended monitoring for late
recurrences and complications [21].

Recurrence in our SBC series was 14% with a mean time
of 13.8 months, aligning with published data and likely
due to residual mechanical stress and lesion size [4, 18,
22]. Larger SBCs have higher recurrence rates (41.7%),
and Flont et al. [23] recommend follow-up beyond three
years for early detection and management.

No recurrences or complications were reported for
NOF, reflecting its benign nature and lack of aggressive
postoperative outcomes in existing literature.

Comparison of synthetic grafting outcomes

B-TCP was chosen for its safety, biocompatibility, osteo-
conductivity, and predictable resorption, enabling effective
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healing. Our study found no graft-related complications,
supporting B-TCP as a treatment for pediatric lesions re-
quiring structural support [24].

Clinical implications

This study highlights the importance of lesion-specific
management. The natural characteristics of the lesion play
a significant role in healing patterns.

» ABC requires rigorous long-term monitoring because
of its biological aggressiveness and risk of late recur-
rence;

o SBC benefits from early mechanical stabilization and
shows rapid healing when the cortical support is re-
stored;

o NOF requires minimal intervention and reliably re-
models even when grafted, making extensive postop-
erative imaging unnecessary in most cases.

Morphometric assessment, particularly lesion volume

and cortical involvement, provides valuable prognostic
information and should be incorporated into treatment
planning and follow-up scheduling.

Strengths and limitations

The strengths of this study include consistent surgical tech-
nique, standardized radiologic evaluation using multiple
scoring systems, and the use of stable healing time as a
quantitative endpoint. Limitations include the retrospective
design, modest sample size, and lack of comparison with
other graft types or adjuvant therapies. Future prospective
studies with larger cohorts and comparative grafting tech-
niques are warranted to refine the treatment guidelines.

CONCLUSION

Synthetic B-TCP demonstrated safe and effective integra-
tion across all groups, supporting its use as a valuable bio-
material for pediatric orthopedic reconstruction. Healing
outcomes after curettage and B-TCP filling in pediatric
benign bone lesions are strongly influenced by the lesion
type and morphometric characteristics. ABC have the
longest and most variable healing times and the highest
recurrence rates, whereas SBC heal moderately. NOF re-
model predictably, and healing remains biologically stable.
Lesion-specific approaches are crucial. Patients with larger
ABC and SBC require careful planning, fracture preven-
tion, and follow-up for at least two years. In contrast, NOF
generally requires minimal postoperative surveillance.

Further studies with larger cohorts are required to vali-
date these findings and optimize the management proto-
cols for each lesion type.
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PeTpocnekTMBHO nopehere pesyntarta peKOHCTPYKLMje aHeypPU3MaIHUX 1
CONMTAPHUX KOWITAaHUX LUCTM U HeocuduKyjyher dubpoma Koa neaujaTpmjckux
nayujeHaTa NPUMEHOM CUHTETCKOT KowTaHor rpadra (6-TCP)

Hukona BOJOBmh‘, [paromy6 MKusaHoBuh'?, ViBoHa Hophesuh'?, Crpaxutba KoHcTaHTUHOBUA'
"YHnBep3uTeTCKIN KNMHUUKIA LieHTap ,Huw', Knukika 3a feyjy xupyprujy, optoneavjy v Tpaymatonorujy, Huw, Cpbuja;

*Yuusep3utet y Huwy, MeguumHcku dakyntet, Huw, Cpbuja

CAXETAK

YBoa/Lum AHeypuramanHe KowTaHe yucte (AKL), jeaHocTaBHe
KowwTaHe umncte (JKL) n Heocndukyjyhiv pubpomm (HOD) yectn
cy y negmjatpujckom y3pacty. CtaHAapaHu TpeTMaH Noapasy-
MeBa KrpeTaxy ca nomnyhasarbem KolutaHor gedekra. /136op
rpadTa 1 XMpypLUKM NpUCTyn 3aBuUce of Tuna nesuje. Mako ce
CUHTETCKN 6eTa-TprKanuujym-docdart (B-TCP) kopuct Kao bro-
KomMnaTmounHu rpadt, keroBa edprkacHOCT y NefmnjaTpujcKoj
nonynauuju Hyje NoTryHo pasjaltbeHa. Linmb oBe cTyauje 6uo je
[ia NpoLeHy pagrorpadCKo 3apactame, MHKoprnopawuujy rpad-
Ta, KOMM/IMKaLMje 1 y4ecTanocT peLmamnBa nocsie KupeTaxe v
nonykaBatba 3-TCP rpaHynama.

Metope PeTpocnekTMBHO Cy aHanu3vpaHa 63 nayujeHTa (23
AKLL, 21 JKL, 19 HO®) neueHa y geyjoj 6onHuum y nepuogy oa
2015. po 2023. roguHe. CBY NaLmjeHTX Cy NOABPrHYTA NHTPa-
Ne3noHanHoj Knupetaxu ca B-TCP rpadToBarbem. 3apacTarbe
je ouerbmBaHo nprmeHom Wu, mogudrkoBanux Irwin n Neer
KpuTepujyma, a aHanm3mpaHu cy 1 Bpeme o NoCTr3atba CTa-
GUNHOT 3apacTakba, PeLUAVBY, KOMMNMKaLuje U MophomeTpuj-
CKM NPeAnKTopH.
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Pesynratu Pagrorpadcko 3apactarbe NOCTUrHyTO je kog 73,9%
AKLL, 85,7% JKL| n 100% HO®. CtabunHo 3apacTtatbe ocTBape-
Ho je 3a 13,5 £ 5,7 meceum kop AKLL n 3a oko 8,7-8,8 meceun
kop JKL n HOO (p = 0,0004). AKL| je noka3ana ycnopeHuje un
BapujabunHo 3apacTatbe; Behe u nesuje ca Behm ogHocom
nesmja—KocT crnopuje cy 3apactane kog AKL v JKLL. Peungusn
cy 3abenexeHu kop 26% AKLL (npoceuHo 16,7 meceun) n 14%
JKL (npoceuHo 13,8 meceun), aok kog HO® Huje pernctposaH
HUjefaH peunaus.

3akmyuak B-TCP rpadToBatbe NpeacTas/ba 6e36eHy 1 edu-
KacHy onuujy y fieuetby 6EHUrHMX KOLITaHMX Ne3nja Ko Aeue,
anu ce obpacuy 3apacTakba 3HauajHO pasnukyjy mehy Tunosrma
ne3vja. AKLl 3axTeBa npogy»xeHo npaheme 36or Beher pr3unka
og peunamnsa; JKL Hajuewhe noctvke ctabunusauujy y npsoj
rognHu; HO® noysaaHo pemogenupa He3aBrCHO Of BeIMUMHE.
YcmepeHo npaherbe BUCOKOPU3NYHMX 1e3mja MoXe NobosblLa-
TV UICXOAE 1 CMakbUTU HEMOTPebHe MHTEPBEHLMje.

KrbyuHe peun: aHeypu3manHa KolTaHa LCTa; jeAHOCTaBHa
KoLWTaHa uncTa; Heocudukyjyhu ¢pnbpom; 6eta-Tprkanum-
jym-docdart; feuja optoneauja; KowTtaHu rpadt
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follow-up study

Zeljka Rogac'?, Aleksandar Dimitrijevi¢>*, Dejan Stevanovi¢®

'Clinical Center of Montenegro, Institute for Children’s Diseases, Podgorica, Montenegro;

2University of Montenegro Faculty of Medicine, Podgorica, Montenegro;

3University Children’s Hospital, Belgrade, Serbia;

“University of Belgrade, Faculty of Medicine, Belgrade, Serbia;

*University Clinical Centre of Serbia, Clinic for Neurology and Psychiatry for Children and Youth, Belgrade,
Serbia

SUMMARY

Introduction/Objective Common internalizing symptoms, such as anxiety and depression, in school-age
children with new-onset epilepsy, may not be immediately evident and can be misinterpreted by parents.
This study compares how school-age children with epilepsy and their parents view the children’s anxiety
and depression, following previous findings that internalizing symptoms are common six months after
diagnosis.

Methods The study was conducted at the University Children’s Hospital in Belgrade, Serbia, with as-
sessments performed after diagnosis and again six months later. After obtaining informed consent,
children and their parents independently filled out the Revised Children’s Anxiety and Depression Scale
(RCADS) questionnaire. Paired t-tests assessed changes in scores from baseline to six months, with p <
0.05 considered significant.

Results Throughout the entire group over the six-month follow-up period, all RCADS scores, as well as
self-report and parent ratings, showed significant increases. The most notable increases are seen in the
subscales of social phobia from self-assessment and panic disorder from parent assessments (p < 0.01).
Conclusion Six-month follow-up of internalizing symptoms in our cohort of school-age patients with
new-onset, uncomplicated epilepsy has shown that their parents are not sufficiently aware of the symp-
toms of social phobia, separation, and generalized anxiety, as well as obsessive-compulsive disorder,
although their symptoms become significant after six months. Parents need to be taught to recognize
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their children’s emotions and to seek psychological help when necessary.
Keywords: new-onset epilepsy; parents; children; anxiety; depression

INTRODUCTION

Epilepsy in the pediatric population is rec-
ognized as more than a mere tendency of the
brain to generate epileptic seizures. Children
with epilepsy frequently face psychological
challenges, which also deeply affect their par-
ents and families [1]. Special challenges are
anxiety and depression, which may be hidden
at the beginning and often misunderstood by
parents [2].

Perceptions of internalizing symptoms in
children with epilepsy can vary between ob-
servers, with notable differences often seen
between parental assessments and the child’s
self-reports. Parents tend to overlook psycho-
logical symptoms, while they are more likely
to recognize behavioral disorders [3]. Reilly et
al. [4] showed that symptoms of anxiety and
depression from self-report questionnaires
are more prominent than parent reports, es-
pecially in the areas of anxiety and somatiza-
tion. Children reported sudden episodes of in-
tense discomfort and a fear of losing control,
while parents expressed concern about their

children’s emotional vulnerability and reactions
following these episodes [5]. Conversely, Bal
et al. [6] found that symptoms of anxiety and
depression are consistent between parents and
children. Kavanaugh et al. [7] also indicated
that parents often underestimate symptoms of
anxiety and depression in their children with
epilepsy, though it remains unclear when these
symptoms become more severe. Recognizing
these symptoms is crucial because unrecog-
nized symptoms could lead to other conse-
quences, such as reduced quality of life and
poor academic performance [8]. Reilly et al.
[9] showed that parents’ emotional and psy-
chological state influences their perception of
internalizing symptoms in children, with par-
ents more often reporting such symptoms than
the children themselves.

Earlier, we demonstrated that in school-aged
children with new-onset, uncomplicated epi-
lepsy, there are significant levels of internaliz-
ing symptoms after six months, mainly due to
psychosocial factors at the start and, to a lesser
extent, the adverse effects of anti-seizure medi-
cation (ASM) [10, 11]. Seizure control, quality
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of life, cognitive function, and behavioral issues did not
influence the increase in anxiety and depression symptoms.
When epilepsy is present, these challenges may further
add to the burden on families, who are often already deal-
ing with parental anxiety, family functioning difficulties,
and stress related to the unpredictability of seizures [12].
However, to better support both children and parents, a
broader perspective is necessary. Since issues may arise
early during epilepsy, it is important to examine the back-
ground. Therefore, the present study aimed to systemati-
cally explore anxiety and depressive symptoms from the
perspectives of children with epilepsy and their parents
to help develop guidelines for preventing internalizing
symptoms in children with epilepsy.

METHODS

The research was conducted at the University Children’s
Hospital in Belgrade, Serbia, during the first half of 2020.
It was part of a larger research project that also examined
quality of life, behavior, and cognition [10, 11]. Data col-
lection was conducted using a test-retest design in two
phases: the initial assessment at the time of epilepsy di-
agnosis and a follow-up assessment six months later. The
baseline results obtained at diagnosis served as the con-
trol for comparison with those collected after six months.
The inclusion criteria included school-age children with
a newly diagnosed non-structural epilepsy (confirmed by
electroencephalogram and brain magnetic resonance im-
aging), normal psychomotor and cognitive development
until then, and no other chronic illnesses. Participants in
the study were all children consecutively recruited.

Children and their parents, after signing informed
consent, completed the Revised Children’s Anxiety and
Depression Scale (RCADS) during two visits. They com-
pleted the RCADS separately to prevent influence from
one on the other.

The RCADS has both self-report and parent/guardian
rating versions. Each version has 47 questions evaluat-
ing symptoms: 31 for anxiety, 10 for depression, and six
for obsessive-compulsive disorder (OCD). All questions
are on a Likert scale from 0 (never) to 3 (always), and
the total score for each subscale is the sum of responses.
Six subscales measure specific symptoms: social phobia,
separation anxiety disorder, panic disorder, generalized
anxiety disorder, depression, and OCD. There is also a
total anxiety score (sum of the first four subscales) and a
total internalizing symptoms score (sum of anxiety and
depression). A higher score indicates increased severity
of general and specific symptoms. Psychometric research
has demonstrated that the questionnaire yields reliable and
valid assessments of these symptoms, and the Serbian ver-
sion was employed in this study [13].

Descriptive statistics included absolute values, per-
centages, mean values (M), and measures of dispersion
such as standard deviation (SD) and standard error (SE).
Inferential statistics involved Paired t-tests to examine dif-
ferences in questionnaire scores at baseline (before) and
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after six months (after). Normality of the data distribution
was assessed using the Shapiro-Wilk test. The effect sizes
of significant changes were expressed using Cohen’s d coef-
ficient and interpreted as low (< 0.5), medium (0.5-0.8), or
high (> 0.8) [10]. All analyses were performed with SPSS
Statistics for Windows, Version 18.0. (SPSS Inc., Chicago,
IL, USA) and p-values of less than 0.05 were considered
statistically significant.

Ethics: The study adhered to ethical principles and
the Helsinki Declaration, following the decision of the
Ethical Committee of the University Children’s Hospital,
University of Belgrade, Belgrade, Serbia (No: 13/208).

RESULTS

In the research, only adequately completed data obtained
from completed questionnaires were analyzed. The
Shapiro-Wilk test, accompanied by visual inspection of
histograms and Q-Q plots, indicated that the data met the
assumption of normality. After the second visit, data were
available for 60 children and their parents, because three
children were lost to follow-up and five needed another
ASM after the initial therapy, which was the exclusion cri-
terion. There was no statistical difference in the results of
questionnaires between those who were excluded and the
included children at the first visit, as well as in age, gender,
number of seizures, or levels of intelligence (p < 0.05).

Demographic and basic clinical details are presented in
Table 1. The average age of the respondents at the time of
inclusion in the study was 12.32 (SD = 3.34) years, rang-
ing 7-18 years (Table 1). Concerning the initial number of
seizures before the introduction of ASM, a statistically sig-
nificant reduction is observed after six months (z = -4.52;
p < 0.01), which is highly clinically relevant (r = 0.58).

Table 1. Basic demographic and clinical data of the subjects

After six months
M (SD), n =60

12.45(3.25),7-18
34 (56.7)/26 (43.3)

At beginning
M (SD), n = 68
12.32(3.34),7-18
38(55.9)/30 (44.1)

Parameters

Age (SD), range (yrs)
Male/female, n (%)

Seizure control

Complete 36 (52.9) 35(58.3)
Partial 19 (27.9) 20(33.3)
Poor 13(19.2) 5(8.3)

M - mean values; SD - standard deviation

Throughout the entire group over the six-month follow-
up period, all RCADS scores, along with self-report and
parent ratings, showed significant increases (Tables 2 and
3). The effect sizes are high for most scales (d > 0.8). The
most notable increases are seen in the subscales of de-
pressive disorder and social phobia from self-assessment,
and panic disorder from parent assessments. Comparison
between self-reported and parent-reported RCADS scores
is presented in Figure 1.
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Table 2. Self-report of Revised Children’s Anxiety and Depression Scale

questionnaire scores in the follow-up period (n = 60)

Obsessive-compulsive disorder 1.63(2.58) 3.53 (3.28)%,0.74

Subscale At kﬁ%;r;;ing Afte,:'/ls(i;(S,c:jnths
Self-assessment

Social phobia 4,90 (3.58) 9.12 (4.66)*, 1.22
Panic disorder 2.15(2.48) 5.18 (4.39)%,1.12
Separation anxiety disorder 1.85(2.39) 3.48 (3.42)%,0.88
Generalized anxiety disorder 2.57 (2.63) 5.25(3.27)%,0.83
Total anxiety disorder 11.47 (8.54) | 23.03(13.11)*,1.30
Depressive disorder 2.50 (2.00) 6.77 (4.64)*,1.81
Total internalizing 13.97 (9.66) | 29.80 (16.76)*,1.52

(

M - mean values; SD - standard deviation; d - Cohen’s coefficient;
*p < 0.01 from paired t-tests

Table 3. Parent-report of Revised Children’s Anxiety and Depression Scale

questionnaire scores in the follow-up period (n = 60)

Subscale At beginning | After six months
M (SD) M (SD), d
Parent-assessment
Social phobia 5.35(3.01) 7.73 (4.25)%,0.97
Panic disorder 1.42(1.29) 3.25(3.34)%,1.27
Separation anxiety disorder 2.00 (2.55) 2.98 (3.67)%,0.59
Generalized anxiety disorder 2.35(1.81) 3.90 (2.74)%,0.78
Total anxiety disorder 11.02 (6.05) 17.87 (10.88)*, 1.22
Depressive disorder 2.93(2.22) 6.15 (4.21)*,1.81
Total internalizing 13.95(7.49) | 24.02 (14.33)%,1.36
Obsessive-compulsive disorder 1.52(1.64) 2.32(2.38)%,0.53
M - mean values; SD - standard deviation; d - Cohen’s coefficient;
*p < 0.01 from paired t-tests
e T
bepresivedboric: T |
Generalized anxiety _
—— =
——
ot T ———
mP: t-report after  m Self-reportafter Parent-report before Self-reportbefore

Figure 1. Comparison between Revised Children’s Anxiety and Depression

Scale scores from self-report and parent report

DISCUSSION

This is the first study to compare the experience of inter-
nalizing symptoms in children with new-onset epilepsy
immediately after diagnosis and after six months, from
both parents’ and children’s perspectives. We found that
even at the start, parents tend to downplay their children’s
anxiety symptoms, which tend to become more noticeable
over six months. The findings are concerning, especially as
social phobias become the most common anxiety symptom
in children after follow-up. Wagner et al. [14] have shown
that 20% of school-aged children with epilepsy were diag-
nosed with clinically significant social phobia, developing

‘ DOI: https://doi.org/10.2298/SARH250815005R
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after several years of living with epilepsy, primarily from
the children’s perspectives. Considering that social phobias
in children involve an intense and persistent fear of social
situations where the child expects evaluation, rejection,
or ridicule, and can severely affect the child’s emotional
development, self-confidence, and daily functioning, par-
ticularly in school and social settings, our results highlight
the need for prevention [15]. Although parents might not
realize that social situations can easily trigger anxiety in
their children with epilepsy, the epileptologist guiding the
child has a responsibility to address it.

In the study by Redecker et al. [16], panic disorder was
the most common anxiety disorder among children with
epilepsy. However, we found that parents are less aware
of panic disorder initially compared to children. After six
months, this dynamic shift and the most significant change
in children’s experience of panic disorder are observed in
their parents, as if they become more aware, possibly be-
cause panic disorder is more clinically visible than social
phobias. This can be explained by studies from Kwong et
al. [17] and Kim and Kim [18], which showed that children
exhibited more severe symptoms of social anxiety and ir-
ritability, while parents focused more on the more obvious
clinical symptoms.

On the other hand, the child’s separation anxiety is
more visible to the parents at the beginning and more pro-
nounced after six months, which is not surprising consid-
ering that it is most often directed towards the parents. In
a longitudinal study of children with recently diagnosed
epilepsy, nearly one-third of children met the requirements
for separation anxiety, which is significantly higher than
in the general population, according to parents’ reports.
In contrast, the prevalence of other anxiety disorders was
substantially lower, making separation anxiety the most
common single type of anxiety early in the course of ill-
ness [19]. It should be highlighted that separation anxiety
persists into adulthood, and overprotection is a predictor
of lower quality of life [20]. Separation anxiety also reduces
the caregiver’s independence, highlighting a two-way re-
lationship [21].

What is also surprising is that children are more aware
of their OCD symptoms. In analogous research on pedi-
atric OCD, parents report significant distress, uncertainty
about their child’s future, and burden, especially when
symptom severity is high and family accommodation
occurs [22]. In cases of comorbid epilepsy and pediatric
OCD, parents often face compounded emotional strain,
not only from managing the neurological unpredictability
of epilepsy, but also from navigating their child’s OCD
symptoms [23]. It seems that in the case of children with
epilepsy, obsessive thoughts are also conscious, and that
at the beginning, and especially after six months. OCD
includes not only thoughts, but also actions, which parents
can misinterpret as perfectionism [24]. That emphasizes
the need for psychological support. Kasak et al. [25] found
that having a child with epilepsy negatively affects parents’
mental health, relationship between the parent and the
child, family dynamics, and parental coping styles, so a
bidirectional relationship is clear.
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Even after six months, when it is significantly expressed,
parents notice less generalized anxiety than their children,
which is not surprising since generalized anxiety can of-
ten be hidden. Generalized anxiety disorder in children is
characterized mainly by difficult-to-control worries about
everyday topics (such as school performance, health, and
family dynamics), often accompanied by somatic symp-
toms like tension, fatigue, and disturbed sleep, which se-
riously affect their daily functioning and psychological
well-being [15].

Parents may mistake it for depressive symptoms, which,
according to our results, are initially more noticeable to
them than from the patients’ perspective. However, after
six months, children become very aware of their depres-
sive feelings. Bearing that in mind, there is growing con-
cern: does a parent’s expression of a child’s feelings influ-
ence them, passing their worries to the child? This aligns
with findings from Rosic et al. [26], which show that in
longitudinal studies, children’s depressive symptoms are
reflected in their assessments, while they initially exhibit
more anxiety; conversely, parents display the opposite
pattern. Additionally, Idowu et al. [27] demonstrated that
over time, children’s and parents’ perceptions of anxiety
symptoms become similar, indicating that the symptoms
become interconnected.

Our findings extend previous evidence showing only
moderate agreement between children and parents when
reporting anxiety and depressive symptoms in pediatric
epilepsy by demonstrating that these discrepancies per-
sist and become more clinically relevant over time [28].
Reliance on parental reports alone may therefore result in
under-recognition of emerging internalizing symptoms,
notably less observable anxiety domains. Routine inclusion
of standardized child self-report measures during early
follow-up may facilitate timely identification of psycho-
pathology. Integrating systematic psychological screen-
ing and targeted parent psychoeducation into standard
epilepsy care could improve long-term mental health and
overall clinical outcomes.

Unfortunately, in this study, we did not compare psy-
chological difficulties in children with other chronic ill-
nesses. We know that parents of children with epilepsy
fear night seizures and separation, such as during school
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AHKCMO3HOCT M Aenpecuja Koa, AeLie ca HOBOAMjarHOCTUKOBAHOM ENUIEncujom us
nepcneKkTMBe AeLe U UXOBUX poaUTe/ba — CTYAM]ja LWecTomeceuHor npaherba

Kembka Porau'?, AnekcaHgap Aumutpujesuh4, [lejan CreBaHoBMR®

'KnuHnukn uentap LipHe lope, MHcTuTyT 33 6onectu ajeue, Moaropuua, LipHa fopa;
2Ynneepautet LpHe fope, MegnumHcku pakynter, Moaropuua, LipHa lopa;

YHnBep3uTeTCKa Aevja knuHuKa, beorpag, Cpbuja;

*YHuBep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpag, Cpbuja;

SYHUBEP3WUTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuKa 3a Heyponorujy 1 ncuxujatpujy geue v omnaavte, beorpag, Cpbuja

CAXETAK

YBoa/Lwmb YobruajeHn nHtepHanusyjyhu cumntomm, nonyT
AHKCMO3HOCTM 1 Aenpecuje, KoA AeLie WKONCKOr y3pacTa ca
HOBOAMjarHOCTKOBaHOM eNuEncKjoM YeCTo HICY OUUTNIERHN
1 POAUTEBLU X MOTY MOTPELUHO MPOTYMAUNTH.

OBa cTyguja ynopehyje nepcnekTuBe AeLe WKOCKOT y3pacTa
Ca enunencujom 1 hIXoBKX PoauTesba y norneay [JoXuBIbaja
aHKCMO3HOCTY U Aenpecuje Kog felle, umajyhu y Bugly casHama
[ia Cy UHTEpHaNu3yjyhn CUMNTOMM YeCTu WeCT MeceL HakoH
nocTaBsbatba JujarHose enunencuje.

Mertope Cryavja je cnipoBefeHa y YHUBEP3UTETCKOj feYjoj Ku-
HULM y Beorpagy, Kpo3 fiBe NCTpaXKvBayKe BU3WTE: HeMOCPeaHO
HaKOH NoCTaBsbatba AMjarHo3e 1 WeCT MeceLy KacHuje. HakoH
nobujarba MHGOPMUCAHOT MPUCTaHKa, AeLia U KUXOBW POAM-
Tesbl Cy CaMOCTaJTHO MOMYHUAW CTaHAAPAN30BaHN YNUTHUK
PeBnpunpaHe ckane aHKCMO3HOCTY 1 Aenpecuje Kog Aele. Yna-
PEeHVM t-TeCTOBMMa NpOLietbVIBaHE Cy MPOMEHe y pe3yntaTuma
YMMTHUKA O NoYeTKa A0 LeCT Mmeceuu, npu yemy ce p < 0,05
CMaTpano CTaTUCTUYKM 3HaYajHUM.
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PesyntaTtm Y uenoj rpynu TOKOM LECTOMECeYHOT nepuoga
npahetba, cBM pe3yntaty PeBrampaHe ckane aHKCMO3HOCTY
1 flenpecuje Koa Aele, yKibyuyjyhu pesyntate camonpoLeHe
1 npoLeHe poauTesba, NoKasany cy 3HadajHo noseharbe. Haj-
3HauvajHuja noeehatba cy NnprmeheHa y nogckanama coumjanHe
¢bobuje Ha OcHOBY camonpoLieHe 1 maHuyHor nopemehaja Ha
OCHOBY MpoLeHe poauTesba (p < 0,01).

3aksbyyak LLlectomeceyHo npahetbe nHTepHanu3yjyhux cumn-
TOMa Y HalLlOj KOXOPTY MaLimjeHaTa LKOJICKOr y3pacTa ca HOBO-
OTKPUBEHOM, HEKOMIMJIIKOBaHOM enuJIencujoM nokasano je aa
HbVIXOBW POANTELU HACY AOBOSBHO CBECHM CUMMTOMA CoLmjan-
He $pobuje, cenapaLioHe 1 reHepann3oBaHe aHKCUO3HOCTH,
Kao 1 oMncecrBHO-KOMMYN3uBHOr nopemehaja, ako cvimnTomm
NoCTajy N3paXkeHVjn HaKOH LecT mecew. Popgutery Tpeba Aa
6yny ynyheHu y npeno3HaBame emoLinja CBoje AeLie Kako 6u
MOT/I Aia MOTPasKe NCMXOJOLKY nomoh Kapa je To noTpebHo.

KrbyuHe peun: HOBOOTKpYIBEHa enuiencuja; poauTerby; aeua;
aHKCMO3HOCT; fenpecuja
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of cesarean section by Vejnovic

Aleksandra Vejnovic'?, Ratko Obradovi¢3, Igor Kekeljevi¢?, Nenad Kuzmanovi¢®, Nina Ili¢*,
Tihomir Vejnovi¢'?, Jasminka Vejnovic¢®

"University of Novi Sad, Faculty of Medicine, Department of Gynecology and Obstetrics, Novi Sad, Serbia;
2University Clinical Center of Vojvodina, Clinic of Gynecology and Obstetrics, Novi Sad, Serbia;
3University of Novi Sad, Faculty of Technical Sciences, Chair for Computer Graphics, Novi Sad, Serbia;
“University of Novi Sad, Faculty of Philosophy, Department of English Studies, Novi Sad, Serbia;

*Egon and Ann Diczfalusy Foundation, Szeged, Hungary

SUMMARY

Introduction/Objective Information provided as both visually and verbally is learned better than in-
formation received through either pathway alone. Animation ensures this dual coding. It gives us the
possibility to display abstract details of operation that cannot be observed otherwise. This is especially
important for an operation as common as cesarean section (CS). Although CS is the most common op-
eration in women, animations of uterus suturing are very few. The aim was to develop a 3D-animation
of uterus suturing in CS by Vejnovic modification.

Methods The project was done 2015-2018 as collaboration between the Faculty of Medicine and the
Faculty of Technical Sciences at the University of Novi Sad. The development of the animation included
following steps: filming simulation of uterus suturing on sponge model, interdisciplinary discussion,
making storyboard, recording sound, animating using Blender software (Blender Online Community,
Amsterdam, Netherlands).

Results The animation lasts for 10 minutes and 17 seconds. The film was designed to be self-explanatory.
In the film uterus suturing technique was presented in detail. Important segments are additionally marked
in the video and stressed in the background audio explanation. The educational 3D animation of uterus
suturing in cesarean section — modification Vejnovic is available from: https://youtu.be/zY98Mzyupx8.
Conclusion The animation shows advantages and benefits in surgery education, which might increase
safety for the patient and the surgeon. The animation could help standardize the CS technique and dis-
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seminate precise surgical instructions, ensuring the same obstetrical outcomes.
Keywords: cesarean section; animation; uterus closure; suturing; technique; modification

INTRODUCTION

Educational animations are animations pro-
duced for the specific purpose of fostering
learning. The popularity of using animations
to help learners understand and remember
information has greatly increased since the
advent of powerful graphics-oriented comput-
ers. However, animations were used in early
instructional medical films as early as 1920s.
The animation enabled presentation of details
and surgical sequences that were otherwise
impossible to capture on film [1]. Quirino
Cristiani was a pioneer of animated cinema.
He directed the world’s first feature-length
animated film (El Apdstol, 1917). In 1925, he
collaborated with two famous surgeons, Jose
Arce and Oscar Ivanissevich, who wanted an
animated film showing the technique of their
work. They made two movies: Gastrotomia
(1925) and Rinoplastia (1925), which Sorbonne
University later bought for educational pur-
poses. The films were praised for accuracy and
realism [2]. In late 1920s, American College
of Surgeons and Eastman Kodak made series
of medical films and placed medical motion

pictures at the center of surgical training [1].
The Story of Menstruation [3] is a 1946 10-min-
ute American animated film produced by Walt
Disney Productions. It was commissioned
by the International Cellucotton Products
Company and was shown in a non-theatrical
release to approximately 100 million American
students in health education classes [4]. Over
time animation has become a powerful tool in
education of both lay population and medical
professionals. The reason for this is that anima-
tion combines two types of information that
people receive and process via two distinct but
interdependent pathways. The first pathway is
for verbal inputs, whereas the second is for vi-
sual inputs. These pathways are additive, which
means that the information provided as both
images and words will be better learned than
the information received through either path-
way alone [5, 6].

There are over 200 video recordings and
animated videos related to cesarean section
available on YouTube platform [7]. However,
there are few computer animations explaining
the surgical procedures in cesarean section. The
great majority of them were made to provide
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a description for the patients rather than detailed infor-
mation for medical professionals. Some of them are very
sophisticated, others are simplified. Two interactive anima-
tions can be found on the following links:

http://www.surgerysquad.com/surgeries/virtual-c-sec-
tion-cesarean-surgery/,

https://www.touchsurgery.com/simulations/ain_csec-
tion.

Both of them show steps of cesarean section overall. The
Surgery Squad aims to educate visitors through an interac-
tive, personalized patient education experience. Patients
can play a game about cesarean section. Through the game
they get information about preoperative procedures, anes-
thesia, steps of operation and recovery. The presentation
of operative steps is simple. The closure of the fascia layer
is not included.

On Surgery Squad website visitors can also find FAQ
about cesarean section and watch a live-surgery video.

The Touch Surgery platform is an interactive surgical
simulator for healthcare professionals. It provides a realistic
and detailed guide to the steps of different procedures.
Users can quickly gain an insight into surgery watching
an animation or a live surgery recording, and reading ex-
planations written in the attachment. They can also test
their knowledge and rehearse for surgery.

Animations of a new uterine suturing techniques with
barbed monofilament suture were presented by Alessandri
et al. [8], and from the other side by Ishchenko et al. [9] at
the Third Regional Scientific Forum of Obstetricians and
Gynecologists in 2019, but only the articles without videos
have been published.

There are currently no available educational animations
designed for medical professionals in order to elaborate
on uterus suturing to the finest detail, so that it can be
reproduced in clinical practice.

Cesarean section represents the most common opera-
tion in women. At the same time, it is probably an op-
eration with the greatest performance variability, which is
often overlooked. The cesarean section technique, includ-
ing uterus suturing, varies dramatically. Even within the
same hospital, two surgeons perform different techniques.
It was hypothesized by Vervoort et al. [10] that one of the
factors for developing cesarean scar defect is the way the
uterus was closed. And cesarean scar defect is associated
with complications in future pregnancies such as scar de-
hiscence, uterus rupture, placenta previa, placenta accreta
spectrum, and scar pregnancy which can all contribute sig-
nificantly to maternal morbidity and mortality [11]. There
are plenty of scientific papers comparing the quality of
the uterus incision site and complications depending on
different uterus closure techniques.

Vejnovic modification of uterus suturing in cesarean
section has been shown to preserve the thickness of the
lower uterine segment measured intraoperatively in sub-
sequent cesarean section, have less scar dehiscence and
hysterectomies due to placenta accreta spectrum [12] and
make smaller and fewer cesarean scar defect [13].

This is why the author of the modification decided
to make an educational tool and provide a detailed
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explanation of his technique, not only to his trainees, but
to all colleagues worldwide.

The aim is to standardize the technique of uterus clo-
sure in order to achieve reported outcomes in wider popu-
lation. Increasing the patients’ safety was the underlying
incentive for creating an interdisciplinary team combining
the expertise of obstetricians and professionals who deal
with computer visualization, especially computer graphics.

The aim of this paper was to present a newly developed
3D animation of uterine closure by a modified technique
of cesarean section — modification Vejnovic, and to discuss
other available educational animations of uterus suturing.

METHODS

The development of the educational 3D animation lasted
from 2015-2018 within the project “Interactive educa-
tional 3D simulation of uterus suturing during cesarean
section — modification Vejnovic” granted by the Provincial
Secretariat for Science and Technological Development of
the Autonomous Province of Vojvodina. The project was
done as collaboration between the Faculty of Medicine and
the Faculty of Technical Sciences at the University of Novi
Sad. The development of animation took several steps.

The first step was creating a storyboard. A storyboard
is a graphic organizer in the form of illustrations or images
displayed in sequence for the purpose of pre-visualizing a
motion picture, animation, motion graphics or interactive
media sequence. It constituted the pre-production phase
of animation development.

The initial data were obtained by making a high-reso-
lution film in which an obstetrician, instead of repairing
the uterus, sutured a sponge model of the uterus that was
made by the authors specifically for this purpose.

There were several reasons for this. First, when suturing
the sponge model, the whole procedure was performed
in a relaxed atmosphere. There was time to ask questions
and discuss important aspects of the technique in order to
familiarize the non-medical members of the team with the
problem. In a real operation, the obstetrician must perform
cesarean section in the shortest time, because of the bleed-
ing and other risks for the patient.

The second reason was that in a real operation, the
blood reduces visibility and transparency. Finally, in an
operating theater the procedure is carried out by two sur-
geons, who stand on either side of the patient with other
medical personnel (scrub-nurse, neonatologist, anesthe-
siologist) also present, thus making a very crowded scene.
The position of the camera in such a situation would be
suboptimal and would, therefore, result in bad footage.

Once the sequence of the uterus suturing was captured,
from a few iterations, the first version of the storyboard
was drawn. It was reviewed by the medical members of the
team. Several corrections were made to the storyboard pri-
or to finalizing the version that was used for the animation.

The comments corresponding to individual drawings,
which help every reader, regardless of whether they are a
medical professional, understand the procedure of uterus
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closure in cesarean section — modification Vejnovic formed
an integral part of the storyboard. These comments also
formed the basis for the text that was prepared to be nar-
rated in the background of the animation. In addition, the
background text included important tips and observations
that should help the learner to adopt the technique cor-
rectly. The text was recorded as an audio file.

The sound was recorded by a portable recorder ZOOM
H6 (Zoom Corporation, Tokyo, Japan) that has six inter-
changeable input capsules, which makes the device the
ultimate recorder for film, video, podcast and music.
Raw sound processing was done in Izotope RX (iZotope,
Cambridge, MA, USA), which is the industry leader in au-
dio repair and postproduction job. Sound and image com-
positing was done in Steinberg Cubase software (Steinberg
Media Technologies GmbH, Hamburg, Germany).

For the realization of the project’s graphical elements
the Blender software (Blender Online Community,
Amsterdam, Netherlands) was used [14]. The Blender is
an open-source software and was used for modeling, ani-
mation, simulation, rendering, compositing and editing
(Figure 1).

Figure 1. View of the working environment in the program Blender
(Blender Online Community, Amsterdam, Netherlands), in which the
tissue is seen with the rig, a thread with control objects and a hand
with its rig

The results of the present paper were shown in the form
of a storyboard and a 3D animation film.

Ethics: Ethical approval and informed consent were not
needed for this research, as the entire process was per-
formed using sponge models and computer programs, and
did not involve patients.

RESULTS

According to Vejnovic modification of cesarean section,
there are four steps in closing the uterus incision, result-
ing in a modified suture, which gradually compresses the
incision of the uterus. In this manner the length of the
incision already intraoperatively becomes about half the
size it was. This helps not only to ensure good hemostasis
and uterine closure at the moment of operation, but also to
maintain satisfactory approximation of the whole thickness
of the uterine wall in the first days of puerperium when the

‘ DOI: https://doi.org/10.2298/SARH250807 100V

Vejnovi¢ A. et al.

-
. -

Figure 2. The first step of the repair of the uterus; important detail:
the approximation of the uterine layers is better when whole thick-
ness of the myometrium is involved into the stitch and when decidual
layer is avoided; to achieve this needle should enter at the junction of
serosa and myometrium, involve rich bite of myometrium and exit at
the junction of myometrium and decidua from one side, then enter
decidua-myometrium junction from the other side, take rich bite of
myometrium and exit at the myometrium-serosa junction
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Figure 3. Creating initial suture; important detail: the first stitch is
placed around 2 cm medial to the corner of the incision; thread is used
as an instrument to visualize the corner of the incision and complete Z
stitch safely placing the second stitch lateral to the corner in a healthy
part of the wall
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Figure 4. Creating the first knot; important detail: the knot of the first
Z stitch should lie down at the cranial-medial point of the stitch if the
operator works from the left side of the patient; around 10 cm of free
end of the thread should be marked with Pean instrument in order
to be used later

uterine involution is the most prominent and the healing
process is at its most vulnerable stage. It is particularly
important to preserve the thickness of the lower uterine
segment and thus reduce the risk of complications in the
subsequent pregnancies.

The storyboard of uterus suturing in cesarean section —
modification Vejnovic is presented in Figures 2-12.

The 3D animation film lasts for 10 minutes and 17
seconds. It took one month per minute on average to
develop the animation. The film was designed to be
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TEF

Figure 5. Making the first running-locked suture; important details:
three running-locked sutures are placed towards the midline; the nee-
dle should exit from the opposite side of the incision compared to the
knot of initial Z stitch; then the knot is tied using end of the thread with
the needle and free end of the thread previously marked with Pean;
by tightening the knot, the distance between the sutures is reduced

|

Figure 6. Finishing the first step and starting the second step of the
repair of the uterus; important detail: the free end of the thread is
marked with Pean; the end of the thread with the needle is left with-
out cutting and it will be used in third step; the second step is started
using a new thread
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Figure 7. The second step - creating initial knot on the opposite angle
of the incision; the whole procedure is the same as the first step of
the repair of the uterus, except everything happens as a mirror image
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Figure 8. Making running-locked suture on the opposite angle of the
uterine incision
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Figure 9. The third step of the repair of the uterus; the third step com-
prises the closure of the middle part of the incision using one to two
running-locking sutures from each side
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Figure 10. Making a knot in the central part of the incision; the central
knot is tied using end with the needle of both threads

Figure 11. The fourth step of the repair of the uterus; important de-
tail: during this step, the final shortening of the length of the sutured
incision is achieved; this is done by tying one end of the thread with
a needle from the middle to the free end of the thread in the corner
of the incision; it is done from each side

Figure 12. Finishing the repair of the uterus; this part of the story-
board shows final result of the uterus suturing according to Vejnovic
modification; important effects are that the uterine layers are well
approximated and that length of the sutured incision is reduced by
almost 50%; this will help to maintain the approximation of the uterine
layers during the dynamic period of uterine involution and improve
healing process
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self-explanatory. In the film uterus suturing technique was
presented in detail. Important segments are additionally
marked in the video and stressed in the background audio
explanation. The voiceover in animation was recorded in
three languages: Serbia, English and Russian. The English
version of educational 3D animation of uterus suturing in
cesarean section — modification Vejnovic is available from:
https://youtu.be/zY98Mzyupx8.

DISCUSSION

Studies have shown that using animated movies increases
motivation for learning [15, 16]. Animations are especially
useful when complicated spatial structures and dynamic
processes are involved [15], which can be found in surgi-
cal procedures.

Yue et al. [17] analyzed 430 instructional medical ani-
mations. They investigated degree to which these teaching
tools followed empirically established learning principles
outlined in the cognitive theory of multimedia learning
(CTML). Meeting three main goals of CTML (managing
essential processing, minimizing extraneous processing
and facilitating generative processing) in the development
of animation would enhance learning outcomes. There are
several strategies to meet the CTML goals: words accom-
panying an animation should be presented aurally instead
of visually; animation should contain only educationally
relevant pictorial and verbal information; on-screen text
should not duplicate narration [17].

Striving towards CTML goals, one of the main tasks in
developing our animation was to make an optimal bal-
ance between video and audio elements in order to achieve
the best learning effect in the adoption of the new tech-
nique. Simplifying the visual representation of the target
structures is helping to better identify only the important
elements of the technique. Audio comments provide an-
other way to highlight crucial details and complement the
explanation which would be unnecessarily complicated if
shown visually.

The most important details of uterus suturing by
Vejnovic modification shown in animation could be sum-
marized as following:

The entire thickness of myometrium should be included
in suture to obtain better approximation of the layers. This
is achieved by the needle entering at the junction of the
serosa and myometrium, richly biting the myometrial tis-
sue, and exiting at the junction of the decidua and myo-
metrium.

Decidual layer should not be included in suture (less
than 5 mm of decidua in not considered inclusion) to avoid
edge eversion.

The length of the sutured uterine incision should be
approximately 50% smaller than initially and the level of
sutured uterine incision should be in the level of surround-
ing uterine wall not above it.

The biggest challenge in the production of graphic ele-
ments for us was the animation of the threads, because of
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the movement of the threads through specific pathways in
the tissue, a large number of stitches, and thread tightening
and binding of complex knots.

The animation of the threads could be performed by 3D
animation, but such an animation involves setting a large
number of key frames. It would require a rig with several
hundred controls, which would be hard to use and the
animation process would be extremely slow and imprac-
tical. For these reasons, instead of a complex animation,
a computer threads simulation was used. The thread is
basically a long, curved line which is divided into several
hundred segments. This line was applied with Soft body
physics from Blender software, which is usually used to
simulate soft tissue in character animation. So, the line
becomes flexible and it is influenced by gravity and col-
lision with surrounding elements, but also with itself. By
using Soft body physics, a precise control of the movement
of the thread was achieved.

The sutured tissue was animated by 3D (complex) ani-
mation using the rig, because it is a practical and reliable
way to be animated in cases there is no requirement for
realistic behavior of the tissue. New objects for collision
in the form of tubes through which the thread passes dur-
ing suturing were added to the tissue and these tubes are
not visible during the rendering process and final picture
creating.

For rendering Blender Internal renderer was used. This
was our choice because it was important to achieve trans-
parency and clarity of the image instead of a photorealis-
tic representation. This is an unrealistic type of renderer
which makes it easy to achieve a stylized image look, re-
sembling medical illustrations. Algorithm rendering takes
place at a high speed and almost in real time.

Performing cesarean section is a skill every obstetrician
must be familiar with. Surgery education is specific and
training in the operating room on real patients cannot be
tully replaced. Features and behavior of myometrial tissue
while cutting and suturing can hardly be simulated. One
can feel it only when operating on a real patient on their
own. To prepare for this responsibility, it is important to
adopt and understand as many details as possible before
entering the operating theatre. Cesarean section training
using videos, simulations on mannequins and computer-
enhanced visual learning module improves knowledge
and confidence levels among obstetrics residents [18, 19,
20]. However, even when assisting in cesarean section, or
watching a live-surgery videos, one cannot gain a complete
insight into the pathway of the needle through the tissue,
the depth of the suture bites etc. Those shortages can be
overcome using animation. This is the first animation ex-
plaining uterus suturing in cesarean section — modification
Vejnovi¢. It complements publications that have been pub-
lished so far describing the modified technique [21, 22].
It is intended to be used as a part of the curriculum about
cesarean section — modification Vejnovi¢, which comprises
lectures, animation, hand-on training on sponge models
and live-surgery session.
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CONCLUSION

We can conclude that, after extracting the newborn, sutur-
ing the uterus is the next most crucial step in the cesarean
section. This is because it is important not only for the
current pregnancy, but for the following pregnancies as
well. From our point of view, the way of closing the uterus
directly influences the healing process, and the incidence
of acute and chronic complications. This is why the modi-
fication of uterine suturing represents the biggest value of
Vejnovic modification.

Our animation has several advantages in medical edu-
cation. Firstly, it does not take place in the operating the-
atre, where the benefit of the patient always stands before
education. Secondly, it provides a young doctor with an
opportunity to repeatedly see the procedure on the screen,
while being able to enlarge or show in slow motion many
segments of the operation. Finally, the whole procedure
can be watched a countless number of times. This practi-
cally means that a young doctor will be present at the real
operation only after familiarizing with almost the whole
procedure in the virtual world. After that, during the actual
operation, they will be able to elaborate on fine details to-
gether with a senior surgeon. On the other hand, the time
an experienced surgeon spends on the education of young
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HoBopa3BujeHa TpOAMMEH3MOHANHA aHMMALMja 3aTBapatba MaTepuLLe NPUMEHOM
moauduKoBaHe TeXHUKe LLapCcKor pesa no BejHosuhy

Anekcangpa BejHoBuh'2, Patko O6pagosuh’, Urop Kekersesuh?®, HeHag Kyamanosuh?, Husa Mnuh*, Tuxomnp BejHosnh'?,

JacmuHka BejHoBuh?

'YHuep3utet y HoBom Capy, MeanumHcku dakynter, Kategpa 3a ruHekonorujy u akywwepctso, Hosu Cag, Cpbuja;
2YHMBEP3UTETCKM KIMHUYKN LieHTap BojBoguHe, KnHuka 3a ruHekonorujy n akywepctso, Hosu Cag, Cpbuja;
*YHuBep3uTet y HoBom Capy, GakynTeT TexHUUKMX HayKa, KaTeppa 3a komnjytepcky rpaduky, Hosn Cag, Cpbuja;
*YHnBep3uteT y HoBom Capy, unosodcku dakynteT, Kateapa 3a eHrnecku jesnk u KibuxeBHocT, Hosu Cag, Cpbuja;

*OoHpauyja,EroH n Ana Aucdanyun’, Cereann, Mahapcka

CAMETAK

YBop/Liwm VHdopmaLimje npeacTaB/beHe BU3yenHo 1 Bepban-
HO 60Jbe ce YCBajajy off OHUX Koje Cy MprKa3aHe camo jeAHUM
of fiBa HauMHa. AHMMaLmja Npy»Ka OBO ABOCTPYKO KOAMpatbe
1 fjaje MOryRHOCT 3a MpuKa3 ancTpakTHUX AeTarba onepaiuje
Koju ce nHaue He mory youutu. OBO je Noce6HO BaXKHO 3a yye-
CTase onepauuje Kao LTO je Lapckuy pes. Mako je uapckn pes
Hajuewwha onepaumja Ko »eHa, NoCToju Manu 6poj aH1MaLmja
LmBetba Matepue. Linrb oBor paga j 6mo pa3suti 3[ aHumau-
jy WrBera MaTepuLie TOKOM LLapcKor pe3a no mogudukaumju
BejHoBMA.

MeTope lNpojekar je peanusosaH y nepuogy og 2015. go 2018.
roavHe y capagrmn MeguuuHckor dakynteta n Qakyntera Tex-
HUYKMX HayKa YHuBep3uTeTa y Hosom Cagy. Pa3Boj aHumaumje
obyxBaTao je cnefiehe Kopake: CHMare crmynalmje wmse-
tba MaTepuLe Ha mogeny of cyHhepa, HTEPANCLUNINHAPHY
LMNCKyCujy, n3papy cleHapuja (ctopuboppa), CHUMame 3By-
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Ka, aHummpatrbe nomohy codptepa bnengep (Blender Online
Community, AMcTepfam, XonaHguja).

Pesynrtatn AHnmaumja Tpaje 10 muHyTa 1 17 cekyHan. Gvnm
je pn3ajHMpaH Tako fa ce pasyme 6e3 foAaTHMX objallmbetba. Y
tbeMy je feTasbHO NpefCcTaB/beHa TeXHIKa LWVBEHba MaTepuLie.
BaHW cermeHTV Cy OAATHO Ha3HaYeHN Y BUAEY U HarnalleHu
y NO3aAMHCKOM IN1acoBHOM objaLutberby. EnykaTtueHa 3[1 aHuma-
Lmja WrBeHa MaTepuLie Npu Lapckom pesy — BejHoBuhesa mo-
AndriKaumja — BOCTYMHa je Ha: https://youtu.be/zY98Mzyupx8.
3aK/byvaKk AHMMaLMja Npy»a NPeAHOCTY U KOPUCTU Y XUPYP-
LWKoj 06y, wTo noBehaa 6e36eAHOCT NaLMjeHTa 1 X1pypra.
Morna 6y nomohw cTaHAapAM3aLmMju TEXHIKE LIapCcKor pe3a
U Wnpekby NPeLusHX XUpYpLLKKX ynyTcTaBa, 06e36ehyjyhin
UCTe aKyllepcKe NCxoge.

KrbyuHe peun: Llapcki pes; aHMaLmja; 3aTBaparbe MaTepuLie;
LINBEHE; TEXHUKA; MOoAVdUKaLmja
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Staging of relapsing-remitting multiple sclerosis
— the promising role of the BDNF/VEGF ratio
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SUMMARY

Introduction/Objective Brain-derived neurotrophic factor (BDNF) and vascular endothelial growth
factor (VEGF) may play important roles in the development and monitoring of multiple sclerosis (MS).
BDNF is a neuroprotective factor in the process of inflammation, degeneration, and demyelination in
MS. Inflammatory cells stimulate angiogenesis in demyelinating lesions through the release of VEGF,
which is a proinflammatory factor.

Methods The study included 86 subjects: 20 healthy individuals and 66 patients with relapsing, who
were divided into three groups: patients in remission, patients at the onset of MS relapse, and patients
at the end of corticosteroid therapy for disease relapse.

Results The study showed a statistically significant difference in BDNF concentration between patient
groups at baseline and at the end of therapy for disease relapse, as well as a difference in VEGF concen-
tration between groups. The BDNF/VEGF ratio was increased in patients in remission compared with the
control group; this ratio decreased significantly in patients at the onset of MS relapse compared with
patients in remission.

Conclusion This study describes the BDNF/VEGF ratio for the first time as a biomarker that may be of
interest in well-controlled longitudinal studies for staging relapsing-remitting multiple sclerosis and
evaluating the response to therapy during relapses.

Keywords: relapsing-remitting multiple sclerosis; BDNF; VEGF; BDNF/VEGF; CRP; IL-6

INTRODUCTION

Multiple sclerosis (MS) is a chronic immune-
mediated neurodegenerative disease of the
central nervous system (CNS) characterized
by demyelination and axonal degeneration [1].
There are several clinical forms of the disease:
relapsing-remitting (RR-MS), primary progres-
sive (PP-MS), and secondary progressive MS
(SP-MS). The most severe form of the disease
is PP-MS, which occurs in 15% of patients. In
85% of patients, the disease manifests as RR-
MS. The processes of deterioration (relapse)
and improvement (remission) occur at differ-
ent intervals. However, on average, 50% of pa-
tients with RR-MS show clinical signs of SP-MS
after a period of 10 years. Additionally, some
patients experience progression independent of
relapse activity, a form of disease progression
in which disability worsens without relapses or
inflammatory activity, highlighting the neuro-
degenerative nature of the disease even in the
absence of acute flare-ups [2].

Inflammation is the basis of the pathogen-
esis of MS. Inflammation causes demyelination,
and autoreactive T lymphocytes play a lead-
ing role in initiating the disease. Autoreactive
T lymphocytes are activated in the peripheral
circulation due to a pathogen, where clonal
expansion occurs. Activated autoreactive T

cells infiltrate the CNS, where they upregu-
late proinflammatory mediators and activate
microglia/macrophages, leading to inflamma-
tion and demyelination [3]. However, besides
clonal expansion, there is a significant imbal-
ance in T cell subtypes. Th1 and Th17 subtypes
become dominant and lead to microglia and
macrophage activation, secretion of proinflam-
matory cytokines, and thus contribute to the
initiation and maintenance of inflammation.
The functional activity of Treg cells becomes
significantly reduced, and there is no adequate
inhibition of autoreactive cell activation. The
lack of effective Treg cells leads to a state of
chronic inflammation [4].

Various biomarkers of inflammation provide
information about disease progression, remis-
sion, exacerbation, and response to therapy.
The immune system response includes the
production of peptides, cytokines, and free
radicals, as well as increased activity of vari-
ous immune cells. Proinflammatory cytokines
(IL-2, TNF-alpha, IFN-gamma, IL-17) domi-
nate and contribute to the inflammatory pro-
cess, while anti-inflammatory cytokines (IL-4,
IL-10, IL-13) limit the inflammatory response
[5]. In addition to acquired immunity, the role
of the innate immune system should be em-
phasized. Microglia, the primary resident im-
mune cells of the CNS, play a pivotal role in
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neuroinflammation, tissue repair, and neural homeostasis,
and their activity is altered in MS. However, under the in-
fluence of proinflammatory cytokines, microglia can also
lead to neuron and oligodendrocyte damage. They increase
the production of IL-6, IL-12, IL-23, and thus enhance the
activation of Th1 and Th17 cell subtypes. Additionally,
they begin to release reactive oxygen and nitrogen species,
leading to oxidative stress [6]. Chronic inflammation leads
to the overproduction of reactive oxygen and nitrogen spe-
cies, which disrupt homeostasis and damage axons. Free
radicals damage mitochondrial membranes, DNA, and re-
spiratory chain enzymes. Damaged mitochondria, besides
producing less ATP, produce increased amounts of free
radicals, which in turn cause greater damage. Oxidative
stress and metabolic dysfunction processes lead to neu-
ronal damage and neurodegeneration [7].

Brain-derived neurotrophic factor (BDNF) and vascu-
lar endothelial growth factor (VEGF) may play important
roles in the pathogenesis of MS and monitoring disease
progression [8]. BDNE produced primarily by neurons and
glial cells, is essential for neurogenesis, differentiation, and
neuroprotection and serves as a key mediator of synaptic
plasticity. Changes in blood and central nervous system
(CNS) levels of BDNE, along with the conversion of its pre-
cursor, proBDNE into its active, mature form, have been
linked to the pathogenesis of several neurological diseases,
including MS [9]. Studies have shown that BDNF levels in
the blood of MS patients are significantly lower than those
in healthy controls [10]. Both neurons and immune cells,
including lymphocytes, macrophages, and astrocytes, syn-
thesize proBDNE. In MS, inflammatory factors increase the
production of proBDNE However, during inflammation,
the conversion of proBDNF to its active form is impaired,
as inflammatory mediators decrease the activity of the en-
zymes responsible for this process [11].

BDNF has been confirmed to play a neuroprotective
role in the subsequent processes of inflammation, de-
generation, and demyelination. BDNF promotes repair,
regeneration, and remyelination and prevents clinical
progression of the disease [12]. BDNF exerts its effects by
binding to the TrkB (tyrosine kinase B) receptor with high
affinity, promoting cell survival and various trophic effects.
Oligodendrocytes and their progenitors also express the
TrkB receptor, through which BDNF stimulates their dif-
ferentiation and myelin production, playing a key role in
remyelination [13]. However, in patients with MS, lower
concentrations of BDNF have been shown, and its protec-
tive role is reduced as well [10]. Proinflammatory cytokines
TNF-alpha, IL-1, and IL-6 decrease the concentration of
BDNE Cytokines inhibit its transcription in neurons and
glial cells by activating signaling pathways (e.g., NF-kB)
and increasing oxidative stress, thereby damaging neurons
and reducing BDNF production [11].

In MS, VEGF expression increases due to mitochon-
drial dysfunction and the higher metabolic demands of
demyelinated axons. Damaged mitochondria become less
efficient at producing ATP, while demyelination requires
greater ATP consumption to maintain axonal conduction.
As a result, even when oxygen levels are sufficient, cells
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experience a state of “virtual hypoxia.” This condition trig-
gers HIF-1a-dependent activation of VEGF gene transcrip-
tion as a compensatory response to local metabolic stress
[14]. The concept of “virtual hypoxia” and metabolic ex-
haustion in MS is supported by MRI spectroscopy [15] and
metabolic profiling studies [7], which show altered energy
metabolism in the brain.

Initiation of angiogenesis has been associated with the
pathogenesis of many diseases, including MS. Previous
studies have shown that proinflammatory factors within
demyelinating lesions stimulate angiogenesis [16]. In the
early stages of MS, VEGF acts as a proinflammatory me-
diator, contributing to lesion formation. Several studies
have also reported significantly elevated VEGF levels at
all stages of MS compared to healthy controls, reinforcing
its role in the disease process [17].

Considering the protective role of BDNF and the proin-
flammatory role of VEGF in the areas of inflammation and
neurodegeneration during the alternating phases of the
disease, the aim of this cross-sectional study was to evalu-
ate the predictive value of the ratio of these parameters in
the phase of remission, that is, in the phase of relapse in
patients with RR-MS.

METHODS
Subjects

The study was conducted in 2022 as a cross-sectional study
in the Department of Neurology, the Central Chemical
Laboratory, and the Institute of Medical Research of
the Military Medical Academy in Belgrade. The Ethics
Committee of the Medical Faculty of the Military Medical
Academy of University of Defense confirmed the ethical
acceptability of all research procedures.

The study included 86 subjects, non-smokers -20
healthy individuals and 66 patients diagnosed with RR-
MS by clinical, laboratory, and radiological examinations.
The participants were divided into four groups:

I - group of healthy subjects (H; n = 20); formed for
research purposes, mean age 35.95 + 8.98 years. Healthy
controls were individuals without a diagnosis of multi-
ple sclerosis or any other neurological, autoimmune, or
chronic inflammatory disease, who were free from acute
infection and not receiving any therapy that could affect
immune function.

II - group of patients in remission (MS REM; n = 23);
patients diagnosed with RR-MS who were in remission
at the time of the study, mean age 42.13 + 8.49 years.
Remission is defined as the absence of disease relapse in a
period of at least six months.

III - group of patients at the onset of disease relapse
(MS REL1; n = 23); this group comprised patients diag-
nosed with RR-MS who were experiencing the onset of
a disease relapse at the time of inclusion. The mean age
was 36.92 * 10.64 years. A relapse was defined with an
increase of at least one point on the Expanded Disability
Status Score (EDSS). Patients experiencing an acute relapse
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received high-dose intravenous methylprednisolone (typi-
cally 1 g/day for five days) according to standard clinical
practice. Blood samples for biomarker analysis were col-
lected before the initiation of corticosteroid therapy.

IV - group of patients at the end of disease relapse
therapy (MS REL2; n = 20); the group comprised RR-MS
patients who had completed a five-day course of high-dose
intravenous methylprednisolone for relapse management
at the time of evaluation. The mean age was 38.67 + 12.27
years. Sampling in this group occurred after completion
of corticosteroid therapy.

Of the 66 patients enrolled in the study, 35 patients
were untreated, while the remaining 31 received various
forms of therapy. Specifically, 21 patients received inter-
feron therapy (11 patients received Betaferon (interferon
beta-1b, 250 ug every other day; Bayer AG, Leverkusen,
Germany), four received Avonex (interferon beta-1a, 30
pg intramuscularly once weekly; Biogen Inc., Cambridge,
MA, US), and six received Rebif (interferon beta-1a, 22
pg subcutaneously three times per week; Pfizer Inc., New
York City, NY, US). In addition, six patients were treated
with dimethyl fumarate (240 mg twice daily), two patients
received monomethyl fumarate (380 mg daily), one patient
received fingolimod (Gilenya, 0.5 mg once daily), and one
patient was treated with mitoxantrone therapy (12 mg/m?*
intravenously per clinical protocol). The therapy is pre-
scribed by a clinical neurologist.

Medical history data were obtained from each subject’s
medical record at RR-MS, and EDSS was determined by
a clinical neurologist.

Biochemical analyses

Biomarkers were measured in the blood of the subjects.
Blood samples were collected by venipuncture in the
morning, after 12 hours of fasting. Venipuncture was
performed with a vacuum system (Becton Dickinson,
Plymouth, England) in vacutainers containing clot acti-
vator (serum) or vacutainers containing heparin (plasma).
Blood samples were centrifuged at 2500 rpm for 15 min-
utes. Plasma/serum was then divided into smaller aliquots
and stored at -80°C until analysis.

In patients who were in the relapse phase of the disease,
blood collection was performed before the start of therapy.

The concentration of the biochemical parameters:
C-reactive protein (CRP) and ferritin were measured
(CRP - Advia 1800, Clinical Chemistry Analyzer System,
Siemens Healthcare GmbH, Erlangen, Germany; ferritin
- Siemens, Dade Behring BN II Nephelometer, Siemens
Healthcare Diagnostics Ltd.). Serum BDNF, VEGE, and
IL-6 concentrations were determined using commer-
cially available ELISA Kkits, according to the manufac-
turer’s instructions (BDNF - Elabscience Biotechnology
Inc., Huston, TX, USA, sensitivity 3.9 pg/mL; VEGF -
Invitrogen Thermo Fisher Scientific, Waltham, MA, USA,
sensitivity < 5 pg/mL; IL-6 - R&D Systems, Minneapolis,
MN, USA, sensitivity 0.7 pg/mL).
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Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics, Version 22.0 (IBM Corp., Armonk, NY, USA).
Results are presented as numbers, percentages, means and
standard deviations. The Shapiro-Wilk test was used to
test the normality of the data distribution. A statistically
significant difference between parameters that had a nor-
mal distribution was determined using the ANOVA test,
followed by a Bonferroni post hoc test. For parameters that
did not have a normal distribution, the Kruskal-Wallis test
and the ¥ test were used. Spearman’s and Pearson’s correla-
tions were used to determine the presence of a statistically
significant correlation between variables, as a function of
normal distribution. The significance level for all statistical
tests was set at p < 0.05.

Ethics: This study was conducted in accordance with
the World Medical Association Declaration of Helsinki.
Informed consent was obtained from patients or their rep-
resentatives. The Ethics Committee of the Medical Faculty
of the Military Medical Academy approved this study (No.
3/4/2023).

RESULTS

While no significant differences were found between
groups in ferritin, CRP, and IL-6, a higher leukocyte count
was measured in the MS REL2 (at the end of relapse treat-
ment) than in the other three groups. Increased BDNF lev-
els were observed in MS REL?2 (after corticosteroid treat-
ment) compared with patients in MS RELI. Significantly
lower VEGF levels were observed in MS REM compared
with healthy subjects. Although VEGF levels in MS REL1
were not different from those in MS REM, higher VEGF
levels were measured in MS REL2 compared with MS REM
after corticosteroid therapy (Table 1).

A very weak positive correlation was recorded between
VEGF and leukocyte count, and a negative correlation was
observed between BDNF and CRP. A weak positive cor-
relation was also found between CRP and ferritin and IL-6
(Table 2).

The BDNF/VEGF ratio was significantly increased in
MS REM patients compared with healthy subjects (H).
This ratio decreased significantly in MS RELI patients at
the onset of relapse compared with patients in remission
(MS REM) (Figure 1).

In the receiver operating characteristic curve (ROC) for
the BDNF/VEGEF ratio, the area under the curve (AUC) was
greater than 0.7, indicating a suitable predictive parameter
for monitoring disease progression from MS remission (MS
REM) to disease relapse (MS REL1) (Figure 2).

DISCUSSION

This pilot study investigated the correlation between clini-
cal and biochemical parameters and tissue factors (BDNE,
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Table 1. Demographic, clinical, and laboratory parameters of patients divided into the following
groups: healthy, patients with multiple sclerosis in remission, patients with multiple sclerosis
at the beginning of relapse, and patients with multiple sclerosis at the end of therapy during

disease relapse

Demographic, clinical and H MS REM MS REL1 MS REL2
laboratory parameters n=20 n=23 n=23 n=20 P
Male 60 348 60.9 65
Sex (%) 0.163
Female 40 65.2 39.1 35
Duration of illness (years) 11.77 7.91 6.05 0.00
EDSS* 222 3.52 235 0.00
Therapy MS (yes/no) 100% 17.4% 20% 0.00
Leukocytes x 10%/L 58*1.16 54+1.65 6.57 +2.67 | 11+3.55%% |0.000
CRP mg/L 0.57+08 | 0.75+1.48 | 247 +9.66 0.4+ 1.06 0.063
IL-6 pg/mL 349+429 | 22+0.96 445+7.23 249+1.76 | 0.799
Ferritin ug/L 54.23 £50.2 | 69.77 +£46.18 | 54.68 +44.37 | 53.29 +50.9 | 0.355
BDNF ng/mL 783+183 | 767+1.76 6.19+2.9 | 9.09 +3.34% | 0.004
VEGF A ng/mL 0.22£0.09 | 0.13+0.04* | 0.16+£0.06 | 0.27 +0.22% | 0.002

MS - multiple sclerosis; H - healthy; MS REM - patients with MS in remission; MS REL1 - patients with MS
at the beginning of relapse; MS REL2 - patients with MS at the end of therapy during disease relapse; EDSS
- Expanded Disability Status Score; CRP - C-reactive protein; IL-6 — interleukin 6; BDNF - brain-derived
neurotrophic factor; VEGF - vascular endothelial growth factor;

*p < 0.05;

p < 0.01 statistical significance compared to group H;

*p < 0.05;

*#p < 0.01 significance compared to group MS REM;

&p < 0.05;

&p < 0.01 significance compared to group MS REL1

Table 2. Spearman’s correlation analysis between brain-derived neurotrophic factor, vascular
endothelial growth factor A, white blood cell count, C-reactive protein, interleukin 6, and ferritin
in multiple sclerosis

BDNF VEGF A Le CRP IL-6 Ferritin
Rho (p) Rho (p) Rho (p) Rho (p) Rho (p) Rho (p)
BDNF - 0.018 0.059 -0.177 -0.067 -0.047
IL-6 -0.067 -0.026 0.085 0.163 - 0.155
VEGF A 0.018 - 0.185 0.000 -0.026 0.006
Le 0.059 0.185 - -0.035 0.085 0.049
CRP -0.177 0.000 -0.035 - 0.163 0.254*
Ferritin -0.047 0.006 0.049 0.254* 0.155 -

BDNF - brain-derived neurotrophic factor; VEGF - vascular endothelial growth factor; Le — white blood cells
count; CRP - C-reactive protein; IL-6 — interleukin 6;
*p < 0.05

VEGEF) in a group of RR-MS patients at different stages of
the disease.

The patient group MS-REL2 (at the end of corticoste-
roid treatment) had a significantly higher leukocyte count
than the other three patient groups, which is consistent
with other publications [18]. Patients were treated with
i.v. corticosteroids after diagnosis of MS relapse, so leu-
kocytosis was a sign of the effect of corticosteroids. It is
already known that leukocytosis can be induced by cor-
ticosteroids. High-dose corticosteroids have been associ-
ated with the extent and earlier onset of leukocytosis [19].
Leukocytosis in MS patients is usually a byproduct of the
increase in neutrophil count, and the mechanism itself is
not fully understood. However, the mechanism is thought
to be based on the interaction of leukocytes and endo-
thelial adhesion molecules [20]. Although the patients in
MS-REL2 received corticosteroid therapy at relapse onset,
the potential immunological effects of corticosteroids on
biomarker levels cannot be fully excluded.

Although an increase in inflammatory markers would
be expected in MS patients, no significant differences were
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found between groups in ferritin, CRP,
and IL-6 in this study. There was no sta-
tistically significant difference between
the patients with RR-MS and the control
group, and there was no difference in the
concentration of these parameters dur-
ing the different phases of the disease.
This is in contrast to the results of other
studies, in which a significantly higher
concentration of ferritin [21], IL-6 and
CRP was found in MS patients com-
pared with the control group. CRP is not
only an indicator of an acute phase of
disease but can also indicate the location
of alesion. Studies show that the greatest
increase in CRP occurs in patients with
symptoms of cerebellar and brainstem
damage [22].

Some other studies have shown that
the concentration of BDNF decreases in
MS lesions and that the concentration of
this neuroprotective protein decreases
with disease progression. However, in
our study, no significant changes in
BDNF were observed in MS REM pa-
tients and in patients at the onset of re-
lapse compared with the control group.
However, a significant increase in BDNF
was observed after corticosteroid treat-
ment compared with patients who had
relapsed before treatment. Although the
patient cohort was small, the observed
results are consistent with earlier reports
showing a significant increase in the
protein concentration after relapse [23].

The inflammatory process in MS le-
sions leads to an increase in the concen-
tration of VEGE which is responsible for

angiogenesis, but is itself a proinflammatory factor [14].
The study found a significantly lower concentration of
VEGF in patients in remission compared with healthy
individuals. These data differ from published studies that
have found higher VEGF concentrations at all stages of
the disease [10]. In this study, significantly higher VEGF
concentrations were found at the end of MS relapse
therapy compared with patients in remission, which is
consistent with published data from other studies [17].
Unexpectedly, VEGF levels at the beginning of the disease
relapse were not significantly different from those in remis-
sion. Unchanged VEGF levels at the beginning of relapse
compared with disease remission could be due to an insuf-
ficient time interval for the full extent of VEGF increase,
and the significantly higher VEGF levels at the end of MS
relapse therapy could also be due to the corticosteroids,
especially from the aspect of the resulting leukocytosis.
It has already been shown that in many diseases whose
pathogenesis is based on the process of angiogenesis, there
is a correlation between a higher VEGF concentration and
leukocytosis [24]. One of the possible explanations for the
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Figure 1. Brain-derived neurotrophic factor / vascular endothelial
growth factor serum ratio of patients classified into the following
groups: healthy, multiple sclerosis patients in remission, multiple
sclerosis patients at the beginning of relapse, and multiple sclerosis
patients at the end of therapy during relapse;

MS — multiple sclerosis; H - healthy; MS REM - patients with MS in remission; MS
REL1 - patients with MS at the beginning of relapse; MS REL2 - patients with
MS at the end of therapy during disease relapse; BDNF/VEGF - brain derived
neurotrophic factor / vascular endothelial growth factor ratio;

*p < 0.05

presence of angiogenesis in MS lesions is because a large
amount of ATP is needed at the sites of axon demyelin-
ation to conduct impulses and that, at the same time, ATP
production at the damaged axons has been reduced. In this
way, the state of hypoxia reflects the chronic demyelination
of axons [14].

The data indicate that VEGF is necessary for BDNF
to exert its effects. The study found that BDNF stimu-
lates the release of VEGE, and that the effects of BDNF
in the prefrontal cortex of mice depend on VEGF re-
lease. Additionally, BDNF-induced dendrite complexity
is blocked by a selective VEGF-Flk-1 antagonist. VEGF
infusion induced neurotrophic effects that were abolished
by BDNF neutralization, indicating their reciprocal depen-
dence [25]. The reciprocal dependence between BDNF and
VEGEF is based on the overlap of their signaling pathways
(PI3K/Akt and MAPK/ERK) and mutual regulation of ex-
pression, enabling a synergistic effect on neuroplasticity
and neuronal survival [26, 27].

Considering the interaction of these two important
factors, the BDNF/VEGF ratio can be considered as an
anti-inflammatory indicator showing the neuroprotective
properties of BDNF and the proangiogenic and proinflam-
matory properties of VEGE Considering the limitations
of the study, the data indicate that the BDNF/VEGF ratio
is significantly higher in patients with RR-MS, who are
in remission (MS REM) compared with healthy controls.
In contrast, this ratio decreases at the onset of MS relapse
relative to patients in remission. All patients in the study
who were in remission received therapy (17 patients re-
ceived interferon therapy (Betaferon or Rebif) and six pa-
tients received dimethyl fumarate therapy) that could have
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Figure 2. Receiver operating characteristic curve was analyzed to
evaluate the significance of brain derived neurotrophic factor / vas-
cular endothelial growth factor ratio in predicting disease stage; the
figure shows the percentage of sensitivity and specificity; the measure
of separability is expressed by the area under the curve, with a con-
fidence interval of 95%; a ratio of AUC > 0.7 is suitable for predicting
disease progression;

MS — multiple sclerosis; MS REM - patients with MS in remission; MS REL1 —
patients with MS at the beginning of relapse; AUC - area under the curve; SE
- standard error; p - statistical significance

anti-inflammatory and neuroprotective effects in the dam-
aged areas. The neuroprotective and anti-inflammatory
effects of this therapy have long been known. Interferon
has been shown to affect the expression of certain genes,
which has short- and long-term effects on the immune
response in MS [28]. However, previous studies have not
shown any effects of interferon therapy on BDNF [29]. At
the same time, a higher ratio of BDNF/VEGF in patients
in remission (MS REM) was negatively correlated with the
concentration of VEGE. Moreover, ROC curve analysis
indicates that the BDNF/VEGEF ratio has potential as a
reliable indicator of progression of RR-MS progression
from remission to relapse.

Limitations of the study

This study has several limitations. The sample size was
small and included patients at different clinical stages of
RR-MS, resulting in biological variability and limiting the
generalizability of the findings. The cohort also exhibited
therapeutic heterogeneity, with multiple disease-modify-
ing therapies represented, which restricted the ability to
account for treatment effects. In addition, corticosteroid
use, particularly in the MS REL2 group, may have affected
BDNF and VEGF concentrations. The cross-sectional de-
sign further limits conclusions about temporal changes or
predictive value, so the ROC results should be interpreted
with caution. Finally, the BDNF/VEGF ratio remains an
experimental parameter and requires further validation.

Opverall, these factors indicate that the findings should
be considered preliminary and confirmed in larger, lon-
gitudinal, and treatment-stratified studies.
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CONCLUSION

The BDNF/VEGEF ratio could be important for the assess-
ment of the MS stage in patients with RR-MS, especially
with regard to the prediction of the transition from the re-
mission phase to relapse. As this relationship was described
for the first time in the study conducted, the relevance of
its change during the disease stage remains to be clarified.
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CTagunjymu y penancHo-peMUTEHTHOj MyATUNIOj CKNepo3u — NepcrnekTUBHA yNora

opgHoca BDNF-VEGF

AnekcaHgapa Crajuh’, Tamapa AHhenuh? Kocta KapaHosuh', Munow Togoposuh', Agam Hukuh', MBaHa CreBaHoBuA',

Mwunuua HuHkosuh'

'YHuBep3uTeT ofbpaHe, BojHomeauLmMHCKa akagemuja, MeguumHcku dakynteT, Beorpag, Cpbuja;
YHnBep3uTeT oabpaHe, BojHomeaMLMHCKa akagemuja, VIHCTUTYT 3a MeamumHCKy 6uoxemujy, Beorpag, Cpbuja;
3YHnBep3uTeT oabpaHe, BojHomeaMLMHCKa akaaemuja, VIHCTUTYT 3a MeanLMHCKa UCTpaxuBatba, beorpag, Cpbuja

CAMETAK

YBoa/LUnm HeypotpodHu moxpaHu dpaktop (BDNF) 1 Backy-
napHwy engoTenHy daktop pacta (VEGF) mory 61T of 3Hauaja y
pa3Bojy 1 npaheky Toka MynTunie cknepose. BDNF nma Heypo-
NPOTEKTVBHY yNOry y mpoLecrima nHdnamauuje, fereHepatuje
1 JeMujennH3auuje Kog MynTunne cknepose. Y femunjennHu-
3aUMOHMM Nne3unjama nHbNamaTopHe henvje NoacTAYy aHrmo-
reHe3y ocnobabhajyhu VEGF, koju je Takohe nponHpnamaTopHm
dakTop.

MeTope Y cTyaujy je 6uno ykibyueHo 86 ncnutaHuka — 20
3[1paBUX NCMUTaHMKA KOjU Cy YNHWIIN KOHTPOJHY rpymny 1 66
60necH1Ka ca penancHo-PEMUTEHTHOM MyNITUMIOM CK/IEPO30M.
BonecHuum cy 6unu nogerbeHn y Tpu rpyre: 6onecHuike y pe-
murcmju, 6onecHrKe Ha NoYeTKy penanca 6onectu n bonecHnke
Ha Kpajy KOPTMKOCTepoVAHe Tepanuje.

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):61-67

Pesyntatu CTyguja je nokasana CTaTUCTUYKY 3HaYajHe pasnuvke
y KoHUeHTpauwmju BDNF n3mehy 6onecHrKa Ha noyeTky 1 Ha
Kpajy Tepanuje penanca 601ecTyi, Kao U 3HauajHe pasnnke y
KoHLUeHTpaumju VEGF nsmehy rpyna ucnutanuka. OgHoc BDNF/
VEGF 610 je Byl Kop 6onecHrKa y pemucuju y nopeherby ca
KOHTPOJTHOM IPyroMm, 0K je 0Baj OfHOC 6110 3HaUajHO HXKI KOf,
60necHKa Ha NOYeTKy Tepanuje penanca MyaTune ckiepose
Y OBHOCY Ha 6oniecH1Ke y peMucmju.

3aksbyyak OBa cTyamja npsu nyT onucyje ogHoc BDNF/VEGF
Kao bromapKep Koju 61 Morao 6vTI of HTepeca Y L06PO KOH-
TPOAVICAHVM NTOHTUTYAVHANHIM CTyAnjaMa 3a oapehuBatbe CTa-
AMjyma penancHo-peM1UTEHTHE MYNTHMNIE CKNepo3e 1 MPoLieHy
OAroBopa Ha Tepanujy TOKOM penanca.

KmbyuHe peun: penancHo-pemMyTeHTHa MyNITUMIIa CKNepo3a;
BDNF; VEGF; BDNF/VEGF; CRP; IL-6
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SUMMARY

Introduction/Objective Sick leave represents an indicator of health and has multiple consequences for
individuals, employers, and the health system. In Serbia, the association between sick leave and general
practitioner (GP) visits has not been sufficiently explored. This study aimed to examine the association
between sick leave and GP visits among the working-age population in Serbia, considering predispos-
ing, enabling, and need factors.

Methods Data from the 2019 Serbian National Health Survey were analyzed, based on a sample of
4,652 respondents aged 18-65 years. Descriptive statistics and logistic regression methods were used
to identify factors associated with GP visits in the previous 12 months, with sick leave (yes/no) included
as a predictor in the model.

Results Multivariate analysis showed that sick leave was statistically significantly associated with higher
odds of GP visits (OR = 2.11). The strongest enabling factor was having a chosen GP (OR = 3.95), while
significant predisposing factors included marital status, education, and type of employment. Among
need factors, poor self-rated health, long-term limitations, and previous hospitalization were strongly
associated with GP visits. The model demonstrated good discriminatory ability (Nagelkerke R? = 0.32;
ROC AUC = 0.78).

Conclusion Sick leave significantly increases the odds of GP visits. Enabling and predisposing factors
play a key role, particularly having a chosen GP. The results indicate the importance of general practice
accessibility as a resource for reducing inequalities in healthcare utilization among the working-age
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INTRODUCTION

Sick leave is an indicator of health with sig-
nificant implications for individuals, employers,
and healthcare systems, affecting productivity
and healthcare costs [1, 2, 3]. Although studies
have examined the determinants of sick leave
[1-5], the relationship between sick leave and
primary care utilization, particularly general
practice, is less understood.

General practitioners (GPs) play crucial
roles in health promotion, prevention, diag-
nosis, and treatment, making them pivotal in
providing continuity of care [6, 7, 8] and acting
as gatekeepers to specialized services [8, 9, 10].
They address socioeconomic issues, and their
attitudes, practices, and recommendations for
workplace adjustments can impact absentee-
ism [6]. Despite their multifaceted roles, the
impact of GPs concerning sick leave certifica-
tion remains inadequately researched [3, 6, 8].

In Serbia, GPs serve a central role in primary
healthcare, with around 70% of the population

using public services [11]. Since 2005, patients
have been able to choose GPs, and capitation
has been introduced to incentivize quality [11,
12]. General practice is delivered through 158
primary health centers [12]. By 2019, Serbia
had 3,493 GPs, with a preference for public over
private services (69.4% vs. 5.6%) [11]. GPs are
responsible for certifying sick leave that vali-
dates the need for time off from work due to
health issues, and influences the management
of health conditions [3, 6, 8, 11]. The certifica-
tion impacts an individual’s access to sick leave
and the workflow within general practice set-
tings, making it a key aspect in understanding
the relationship between sick leave and utiliza-
tion of this sector.

This study aims to examine the impact of
sick leave on the frequency of GP visits, pro-
viding insights into general practice utilization
patterns among Serbia’s working population.
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METHODS

This secondary data study utilized information from the
2019 Serbian National Health Survey. The survey was con-
ducted by the Statistical Office of the Republic of Serbia,
the Dr. Milan Jovanovié Batut Institute of Public Health
of Serbia, and the Ministry of Health of the Republic of
Serbia [13]. The survey followed the methodology of the
European Health Interview Survey (EHIS Wave 3), an
international study aimed at assessing population health
across the European Union. The methodology ensures rep-
resentative data for calculating health indicators, enabling
cross-national comparisons.

A stratified two-stage sampling method was used to
assess health factors nationally. Out of 13,589 registered
household members aged 15 and over, 11,790 completed
the self-administered questionnaire (response rate 89.5%).
Secondary data from 4,652 working-age individuals, aged
18-65 years, were analyzed [13]. Three types of question-
naires were employed: a household panel, face-to-face in-
terviews, and a self-administered questionnaire.

This study followed Andersen’s behavioral model [14],
categorizing factors into predisposing, enabling, and need
factors. Predisposing factors included demographic and
socioeconomic characteristics: gender (male/female),
age (18-25 to 56-65), marital status (married, single, di-
vorced, widowed), education (college/university, second-
ary, primary school), employment status (self-employed,
employed by an employer), and occupations classified as
blue-collar (manual labor, skilled trades, service industry
jobs) or white-collar (office jobs, professional roles, techni-
cal positions) [14, 15]. Enabling factors included having a
chosen general practitioner (yes/no), wealth index (rich,
middle, poor), and geographic region (Belgrade, North-
ern Serbia, Central and Western Serbia, and Southern and
Eastern Serbia) [14, 15]. Need factors focused on sick leave,
self-rated health, long-standing activity limitations, and
hospitalization [14, 15]. Variables were coded as categori-
cal or dichotomous. Sick leave was categorized based on
whether respondents had taken sick leave in the past 12
months (yes/no). The dependent variable was whether the
respondent had visited a GP in the past 12 months (yes/no).

The data were analyzed using Chi-square tests (x*) to
examine associations between categorical variables, with
significance set at p < 0.05. Logistic regression (univari-
ate and multivariate) assessed the relationship between
independent variables and GP visits, with sick leave in-
cluded as an independent variable. Results were reported
as odds ratios (ORs) with 95% confidence intervals (CIs).
Multicollinearity was checked using variance inflation
factors, all below 5. Model fit was confirmed by the Hos-
mer-Lemeshow test (p > 0.05), Nagelkerke R? and ROC
analysis. Cross-validation confirmed the model’ stability
across different data subsets. Outliers and influential data
points were assessed using CooK’s distance, with necessary
adjustments made to ensure model accuracy and validity.
All analyses were performed using IBM SPSS Statistics,
Version 22.0 (IBM Corp., Armonk, NY, USA).
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Ethics: The 2019 Serbian National Health Survey adhered
to international ethical standards (Declaration of Helsinki,
2008), the Decision on the Program of Official Statistics,
and the Regulation on establishing the Plan of Official
Statistics 2019 [13]. Privacy and data confidentiality were
protected under the General Data Protection Regulation
[13]. Participants received written information about the
study’s purpose, rights, and details for inquiries or com-
plaints, providing written informed consent. Anonymity
was ensured through data de-identification, stored secure-
ly, and results published in an aggregated form. Permission
for secondary data use was obtained from the Dr. Milan
Jovanovi¢ Batut Institute of Public Health of Serbia.

RESULTS

The study comprised 4,652 working individuals (mean
age 42.68 + 11.2 years). Overall, 15.8% reported sick leave
in the past 12 months, with a higher prevalence among
women (18.2%) than men (13.9%). Analysis of sociode-
mographic, economic, and health characteristics of respon-
dents revealed statistically significant differences between
individuals who used sick leave and those who did not. Sex
was significantly associated with sick leave, with a higher
proportion of women in the sick leave group compared to
the group without sick leave (55.5% vs. 45.5%; p < 0.001).
Age structure differed significantly between groups
(p < 0.001). The sick leave group had a lower proportion
of younger respondents (18-25 years), while those aged
46-55 and 56-65 years were more represented compared
to the group without sick leave. Marital status also showed
a significant association with sick leave (p < 0.001). The
proportion of widowed and divorced individuals was con-
siderably higher among those who used sick leave, while
the proportion of single individuals was lower compared to
the group without sick leave. Significant differences were
recorded according to education level (p = 0.044). The sick
leave group had a lower proportion of respondents with
higher education, while respondents with primary educa-
tion were more represented compared to the group without
sick leave. Employment status was statistically significant
(p < 0.001), with employees working for an employer using
sick leave more frequently compared to the self-employed.
Among enabling factors, having a chosen GP was strongly
associated with sick leave (p < 0.001), with almost the en-
tire sick leave group having a chosen GP. Differences were
also found according to wealth index (p = 0.049), as well as
region of residence (p < 0.001). Health indicators exhibited
the most pronounced differences between groups. Self-
rated health differed significantly (p < 0.001), with the sick
leave group having a considerably higher proportion of re-
spondents with poorer health status. The presence of long-
term health limitations was significantly more frequent
among respondents who reported sick leave (p < 0.001).
Additionally, hospitalization in the previous 12 months
was significantly more prevalent in the sick leave group
(p <0.001) (Table 1).
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Table 1. Distribution of participants characteristics

Knezevic S. et al.

. Without sick .
0 0 2
Variable Category N % leave N (%) With sick leave N (%) x*/df/p
Male 2469 53.1 2179 (54.5) 290 (44.5)
Sex 20.99/1/ < 0.001
Female 2183 46.9 1821 (45.5) 362 (55.5)
18-25 322 6.9 301 (7.5) 21(3.2)
26-35 963 20.7 859 (21.5) 104 (16)
Age (years) 36-45 1298 279 1127 (28.2) 171 (26.2) 33.98/4/ < 0.001
46-55 1250 26.9 1066 (26.7) 184 (28.2)
56-65 819 17.6 647 (16.2) 172 (26.4)
Married 3420 735 2979 (74.5) 441 (67.6)
. Single 836 18 749 (18.7) 87 (13.3)
Marital status - 70.80/3/ < 0.001
Widowed 324 7 228 (5.7) 96 (14.7)
Divorced 72 1.5 44 (1.1) 28 (4.3)
College/University 1380 29.7 1,212 (30.3) 168 (25.8)
Education Secondary school 2880 61.9 2515 (62.9) 365 (56) 6.24/2/0.044
Primary school 392 8.4 273 (6.8) 119(18.3)
Self-employed 560 12 515(12.9) 45 (6.9)
Employment status 14.61/1/ < 0.001
Employed by an employer 4092 88 3485 (87.1) 607 (93.1)
. Blue collar 2690 57.8 2348 (58.7) 342 (52.5)
Occupation - 0.32/1/0.572
White collar 1962 42.2 1652 (41.3) 310 (47.5)
N No 176 3.8 162 (4.1) 402.)
Chosen general practitioner 127.51/1/ < 0.001
Yes 4476 96.2 3838(95.9) 638(97.9)
Rich class 2540 54.6 2209 (55.2) 331 (50.8)
Wealth index Middle class 980 211 845 (21.1) 135 (20.7) 6.02/2/0.049
Poor class 1132 243 946 (23.7) 186 (28.5)
Belgrade 1157 249 988 (24.7) 169 (25.9)
Northern Serbia 1111 239 962 (24.1) 149 (22.9)
Region ) 73.15/3/ < 0.001
Central/ Western Serbia 1401 30.1 1215 (30.4) 186 (28.5)
Southern/Eastern Serbia 983 21.1 835(20.9) 148 (22.7)
Very good / good 3450 74.2 3086 (77.2) 364 (55.8)
Self-rated health Fair 900 19.4 742 (18.6) 158 (24.2) 82.99/2/ < 0.001
Poor / very poor 302 6.5 172 (4.2) 130(19.9)
. oL No 2950 63.4 2681 (67) 269 (41.3)
Long-standing limitations 169.42/1/ < 0.001
Yes 1702 36.6 1319 (33) 383 (58.7)
Lo No 4000 86 3535(88.4) 465 (71.3)
Hospitalization 28.31/1/ < 0.001
Yes 652 14 465 (11.6) 187 (28.7)

In the sample of 4652 respondents, 3434 respondents
(73.8%) had at least one visit to a GP in the previous 12
months (Table 2).

Table 2. General practitioner visits in the previous 12 months

General practitioner visit N %
No 1218 26.2
Yes 3434 73.8
Total 4652 100

The results of univariate logistic regression analysis
showed that predisposing, enabling, and need factors
were significantly associated with GP visits. Among pre-
disposing factors, sex was a significant predictor, with
women having higher odds of GP visits compared to men
(OR =1.35; p < 0.001). Older age groups had increased
odds of visits compared to the reference group (18-25),
with the most pronounced effect observed among respon-
dents aged 56-65 years (OR = 1.95; p < 0.001).

Single individuals had significantly lower odds of visits
compared to married individuals (OR = 0.54; p < 0.001),

‘ DOI: https://doi.org/10.2298/SARH240925101K

while divorced individuals had increased odds of GP visits
compared to married individuals (OR = 1.91; p = 0.024).
Respondents with secondary education visited GPs less
frequently compared to respondents with higher educa-
tion (OR = 0.84; p = 0.013). Respondents employed by an
employer had higher odds of GP visits compared to self-
employed individuals (OR = 1.41; p < 0.001).

Among enabling factors, having a chosen GP showed
the strongest association with GP visits, with more than
fourfold higher odds of visits compared to respondents
without a chosen GP (p < 0.001). Respondents from the
middle economic class visited GPs less frequently com-
pared to the higher class (OR = 0.82; p = 0.014). Compared
to Belgrade residents, respondents from other regions had
higher odds of GP visits, with the most pronounced ef-
fect recorded in Southern and Eastern Serbia (OR = 2.32;
p < 0.001).

Need factors showed associations with GP visits. Re-
spondents who used sick leave had three times higher
odds of visiting a GP compared to those without sick leave
(p <0.001). Respondents who rated their health as fair/

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):68-74



Impact of sick leave on GP visits in Serbia

poor had higher odds of GP visits compared to respon-
dents with good health (OR = 3.43; p < 0.001). The pres-
ence of long-term health limitations was strongly associ-
ated with GP visits (OR = 2.75; p < 0.001), while previous
hospitalization represented the strongest single predictor
(OR =6.70; p < 0.001) (Table 3).

The multivariate logistic regression model showed satis-
factory discriminatory ability (Nagelkerke R* = 0.32; ROC
AUC = 0.78), indicating good model capability to distin-
guish between respondents with and without GP visits.

Among predisposing factors, marital status and edu-
cation retained statistical significance in the multivariate
model. Single individuals had lower odds of GP visits com-
pared to married (OR = 0.62; p < 0.001), while respondents
with secondary education visited GPs less frequently com-
pared to respondents with higher education (OR = 0.82;
p = 0.026). Employment status also showed a significant
association, with respondents employed by an employer
having higher odds of GP visits compared to self-employed
(OR=1.29; p=0.014).

Among enabling factors, having a chosen GP showed
the most pronounced association with GP visits, with
respondents with a chosen GP having almost fourfold
higher odds of visits compared to those without a chosen
GP (p < 0.001).

Need factors remained statistically significant in the
multivariate model. Sick leave remained a significant inde-
pendent predictor of GP visits (OR = 2.11; p < 0.001). Re-
spondents who rated their health status as fair had increased
odds of GP visits compared to respondents with good or
very good self-rated health (OR = 1.49; p = 0.002). The pres-
ence of long-term health limitations was associated with
approximately twofold higher odds of GP visits (p < 0.001),
while previous hospitalization represented a strong predictor
of GP visits (OR = 3.99; p = 0.002) (Table 4).

DISCUSSION

This study examined the association between sick leave
use and frequency of GP visits in the working-age popula-
tion of Serbia, using data from the 2019 Serbian National
Health Survey. The results provide insight into patterns of
primary healthcare utilization in the context of sick leave,
with particular emphasis on the role of chosen GPs among
the working-age population.

In our sample, 15.8% of respondents reported sick leave
use [16]. Multivariate logistic regression analysis revealed
that after adjusting for predisposing, enabling, and need
factors, eight variables remained independently associ-
ated with GP visits: sick leave, marital status, education,
employment status, having a chosen GP, self-rated health,
long-term limitations, and hospitalization. Notably, sex,
age, wealth index, and region — which showed significant
associations in univariate analysis — did not retain signifi-
cance in the adjusted model.

Sick leave emerged as a statistically significant indepen-
dent predictor of GP visits. Respondents who used sick leave
had more than twice the odds of GP visits compared to those
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Table 3. Univariate analysis of factors associated with general prac-
titioner (GP) visits

Variable | OR(95%C) | p
Predisposing factors

Sex (female vs. male) 1.35(1.19-1.53) | <0.001
Age 36-45 (vs. 18-25) 1.37 (1.06-1.77) | 0.017
Age 46-55 (vs. 18-25) 1.56 (1.20-2.03) | 0.001
Age 56-65 (vs. 18-25) 1.95(1.47-2.59) | <0.001
Single (vs. married) 0.54(0.47-0.63) | <0.001
Divorced (vs. married) 1.91(1.09-3.35) | 0.024
Secondary education (vs. higher) 0.84(0.73-0.96) | 0.013
(EV”;‘ZE}’_Z‘:T]%;S;QZTF""V” 141 (1.18-1.68) | <0.001
Enabling factors

Chosen GP (yes vs. no) 4.05 (3.13-5.24) | <0.001
Middle class (vs. higher) 0.82(0.69-0.96) | 0.014
Northern Serbia (vs. Belgrade) 1.39(1.17-1.67) | <0.001
Central/Western Serbia (vs. Belgrade) | 1.25(1.05-1.47) | 0.010
Southern/Eastern Serbia (vs. Belgrade) | 2.32 (1.90-2.83) | < 0.001
Need factors

Sick leave (yes) 2.98 (2.69-3.64) | <0.001
Fair self-rated health (vs. good) 2.46 (1.98-3.06) | < 0.001
Poor self-rated health (vs. good) 3.43 (1.85-6.36) | <0.001
Long-term health limitations (yes) 2.75(2.36-3.21) | <0.001
?;i;’gﬁlﬁ:t&z)'” the previous 6.7 (3.04-14.75) | <0.001

*Reference categories: male, age 18-25 years, married, higher education, self-
employed, no chosen GP, higher class, Belgrade region, no sick leave, good
self-rated health, no long-term health limitations, and no hospitalization

Table 4. Multivariate logistic regression - predictors of general
practitioner (GP) visits in the previous 12 months

Variable | OR | 9s%cl [ p
Predisposing factors

Single (vs. married) 0.62 | 0.51-0.76 | <0.001
Secondary education (vs. higher) 0.82 | 0.69-0.98 | 0.026
(E\Zggﬁ?n%;;e?ployer 129 | 1.05-1.58 | 0.014

Enabling factors
Chosen GP (yes vs. no)

395 | 2.97-5.24 [ <0.001

Need factors

Sick leave (yes) 2.11 | 1.69-2.64 | <0.001
Fair self-rated health (vs. good / very 149 | 1152193 | 0002
good)

Long-term health limitations (yes) 2.06 | 1.71-2.49 | <0.001

Hospitalization in the previous

12 months (yes) 3.99 | 1.64-9.72 | 0.002

*Reference categories: married, higher education, self-employed, no chosen
GP, no sick leave, good/very good self-rated health, no long-term health
limitations, and no hospitalization

without sick leave. The attenuation of the effect in the ad-
justed model suggests that the association between sick leave
and GP visits is partially mediated by health-related factors.
This finding confirms the dual role of GPs in certifying sick
leave and managing health conditions [3, 6, 8].

Sex showed a significant association in univariate analy-
sis, with women having higher odds of GP visits compared
to men. However, unlike some international studies [7,
15, 16], sex did not remain significant in the multivari-
ate model. This suggests that the observed differences be-
tween men and women can be explained by other factors
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included in the model, such as marital status, education,
employment type, and health status.

Similarly, age demonstrated a clear gradient in univari-
ate analysis, with older age groups showing progressively
higher odds of GP visits. However, age did not remain
significant in the multivariate model after adjusting for
other factors. This suggests that the age-related increase
in GP visits is largely explained by the higher prevalence
of health needs and greater likelihood of having a chosen
GP among older individuals.

Marital status retained statistical significance in the
multivariate model. Single individuals had a significantly
lower odds of GP visits compared to married. This finding
aligns with previous research suggesting that married indi-
viduals may have better health-seeking behavior and social
support that facilitate healthcare utilization [3, 16, 17].

Education emerged as an independent predictor, with
respondents with secondary education visiting GPs less
frequently compared to those with higher education.
Lower visit rates among individuals with lower education
indicate the importance of educational status as a deter-
minant of health literacy, which has been confirmed in
previous studies [3, 16, 17].

Employment status also showed a significant association
in the multivariate model, with respondents employed by
an employer having higher odds of GP visits compared
to self-employed individuals. This finding indicates po-
tentially better institutional support and easier access to
healthcare services in the formal employment sector [4].

Having a chosen GP emerged as the strongest predictor
of GP visits in the multivariate model, with respondents
who had a chosen GP showing almost fourfold higher odds
of visits compared to those without one. This emphasizes
the crucial role of continuity of primary healthcare in Ser-
bia. In Serbia, as in many European countries, the GP plays
a central role in assessing work capacity and certifying
sick leave, which encourages contacts with the healthcare
system [7, 18, 19]. This association underscores the im-
portance of ensuring universal access to chosen GPs as a
fundamental component of equitable healthcare.

The wealth index showed a significant association in
univariate analysis but did not remain significant in the
multivariate model. This finding, unlike the previous study
[20], suggests that in Serbia’s context, economic disparities
in GP utilization may be mediated by other factors, indi-
cating universal access to primary healthcare regardless of
socioeconomic status.

Region of residence demonstrated significant associa-
tions in univariate analysis, with all regions outside Bel-
grade showing higher odds of GP visits. However, regional
differences did not retain significance in the multivariate
model. This suggests that the observed geographic varia-
tion in GP utilization may be explained by differences in
the distribution of chosen GPs, socio-demographic char-
acteristics, and health needs across regions [18].

Need factors remained statistically significant predictors
in the multivariate model, demonstrating their fundamen-
tal role in driving GP utilization. Respondents who rated
their health as fair had an increased odds of GP visits com-
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pared to those with good or very good self-rated health.
The presence of long-term health limitations was associ-
ated with more than twice the odds of GP visits, while
previous hospitalization represented one of the strongest
predictors. These findings are consistent with studies con-
ducted in Sweden, confirming that health needs are the
primary driver of primary care utilization [2].

Although the study has the advantage of a representative
sample, certain limitations should be considered. The data
are based on self-reporting, which may lead to information
bias, and the cross-sectional study design precludes draw-
ing causal conclusions. Additionally, the specific mecha-
nisms through which sick leave and the role of the chosen
GP affect visit frequency were not examined in detail. Fu-
ture longitudinal research could deepen understanding of
these relationships.

The study identifies key factors influencing GP visits in
Serbia, with sick leave playing a significant role in increas-
ing primary healthcare utilization. The findings indicate the
need to strengthen cooperation between primary healthcare
and occupational medicine services to improve healthcare
for the working-age population. Higher visit rates among
employees on sick leave confirm the role of GPs in certify-
ing sick leave and managing health conditions.

The observed differences in visits according to educa-
tion and employment status in the multivariate model
indicate the existence of inequalities in healthcare access.
Particularly lower visit rates among individuals with lower
education and the self-employed indicate the need to im-
prove health literacy and reduce structural barriers to ac-
cess to healthcare services. The strong independent effect
of having a chosen GP emphasizes the critical importance
of ensuring universal registration as a mechanism for re-
ducing healthcare inequalities. The strong association of
long-term limitations and previous hospitalizations with
GP visits confirms the importance of an accessible primary
healthcare system that ensures continuity of care for the
working-age population of Serbia.

CONCLUSION

This study identifies the key factors influencing general
practitioner visits among Serbia’s working-age population,
with sick leave playing a crucial role in increasing health-
care utilization. Predisposing factors such as marital status,
education, and employment status, along with having a
chosen GP, significantly affect the likelihood of GP visits.
Need factors, including self-rated health, long-term activity
limitations, and previous hospitalization, further influ-
ence healthcare-seeking behavior. General practitioners
are pivotal in managing health during periods of sick leave
certification. To reduce inequalities and improve access to
general practice, targeted policies are essential. Ensuring
universal registration with chosen GPs, improving health
literacy among lower-educated individuals, and strength-
ening support for self-employed workers can address
disparities and enhance health outcomes across Serbia’s
working-age population.
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Ytuuaj 6onoBarba Ha noceTe NeKapy onwTe meauLuHe Koa pasHO aKTUBHOT

CTaHOBHUWTBA Yy Cpbujun

CHexxaHa KHexxesuh', Tamapa lajuh?3, fparaH Bykonuh?, TatjaHa MapuHkosuh', AnekcaHgap CresaHosuh',

[paran MapuHkosuh?®, Hena hoHosuhS, lann6op Crajuh®
'AKafiemuja CTpyKOBHUX cTyAMja  MonuTexHuka', beorpan, Cpbuja;

Cpncka akagemuja Hayka 1 ymeTHocTw, leorpadcku nHctutyT  JoaH Lipujuh’, beorpag, Cp6uja;

3YHuBepauTer ,[puBpenHa akagemuja y Hosom Capy’, ®akynteT 3a opraHusauuoHe ctyavje ENIYKA, beorpag, Cpbuja;
*YHnBep3uTeT 3a nocnoBHe cTyauje, akynTeT 3a Typu3am 1 xoTenujepcTso, bara Jlyka, Penybnuka Cpncka, bocHa u XepLuerosuHa;
YHusepauTet y beorpapy, Dakyner 3a cneuunjanty eaykaumjy u pexabunutauujy, beorpag, Cpbuja;

YHuBep3uTeT y KparyjesLy, GakynTeT MefvLMHCKMX HayKa, KaTeppa 3a xurnjeHy v ekonorujy, Kparyjesau, Cpbuja

CAXETAK

YBog/Lum bonosarme npeacTas/ba NokasaTtesb 3apassba 1 UMa
BULLUECTPYKe nocneauLe no nojeanHue, nocaoaaBLe 1 3apas-
cTBeHU crctem. Y Cpbuju nosesaHocT nsmehy 6onoBatrba 1
nocerta fiekapy oniTe MeMLMHe Huje [JOBO/bHO NCTPaXeHa.
Linmb oBor ncTpaxmBatrba jecTe fa ce McnuTa rnose3aHocT 6os10-
Bakba V1 MOCeTa SieKapy OnLuTe MeanLMHe Mehy pafiHO akTBHOM
nonynaumjom y Cpbuju, y3 pasmatpatbe npeaucnoHmpajyhmx,
omoryhasajyhux n ¢paktopa norpeba.

Metope AHanusunpaHu cy noaauy 13 HaumoHanHor nctpaxm-
Batba 34paBsba CTaHOBHKKa Cpbuje 2019, Ha y30pKy of 4.652
ncnuTaHrKa ctapoctu 18-65 rogmHa. KopuwheHe cy metoge
[EeCKpUNTVBHE CTaTUCTMKE U IOTUCTUYKa perpecuja paau UaeH-
TnduKoBarba pakTopa NoBe3aHux ca noceTama Jiekapy onLite
MeJuLMHe y MPeTXoAHUX 12 Meceuu, npu yemy je 6onoBarbe
(ma/He) yKkibyyeHO Kao MpefuKTop y MOAeny.

Pe3yntatn MynTtvBapujaHTHa aHanm3a nokasana je aa je 6o-
NOoBakbe CTaTUCTUYKYM 3HaYajHO NoBe3aHo ca Behom BepoBaT-

DOI: https://doi.org/10.2298/SARH240925101K

Hohom noceta nekapy onwte meguumnHe (OR = 2,11). Hajjaun
omoryhaBajyhu ¢pakTop 6110 je nocefoBatbe 13abpaHor nekapa
onwrte MeamumHe (OR = 3,95), BOK Cy 3HaYajHW NpeanCnoHMpa-
jyhn dakTopm ykbyumBanu 6payHu ctatyc, obpasoBarbe v UM
3anocnewa. Mehy ¢paktoprma notpe6a, 3npasbe NPoLeHEHO
Kao NoLLe, AyroTpajHa OrpaHNYeHOCT U MPETXOAHA XOCIUTanu-
3auuja 6unm cy 3Ha4ajHO NoBE3aHW ca moceTama Jiekapy onLTe
mMeguuuHe. Mogen je nokasao fo6py AVCKPUMUHATHBHY CMO-
co6HocT (Nagelkerke R* = 0,32; ROC AUC = 0,78).

3aksbyuak bonosarbe 3HauajHo noBehasa BepoBaTHONY noceTa
neKapy onwTte meanumHe. KibyuHy ynory umajy omoryhaeajyhu
1 npegucnonmpajyhu dakropm, nocebHo nocefoBatbe 13a-
6paHor nekapa onwTe MeguuMHe. PesynTtati yKasyjy Ha 3Ha-
yaj JOCTYMHOCTH OMLUTe MeAMLIHE Kao pecypca 3a CMatbetbe
HejeAHaKoCTV Y Kopuwwhetby 30paBCTBEHE 3aLWTUTE Y PagHO
aKTuBHOj monynauuju 'y Cpbuju.

KrbyuHe peum: noHallatbe; onliTa MeANLVIHA; HejeJHaKoCT y
30paBJby; 30PaB/be Ha pagy; Nocao
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Attitudes and experiences of the Serbian Medical
Society members concerning the clinical practice
guidelines

Ljubica Bukanovi¢, Nada Dimkovi¢, Vi$nja Lezai¢, Dragoslav Stamenkovi¢
Academy of Medical Sciences of Serbia Medical Society, Belgrade, Serbia

SUMMARY

Introduction/Objective The Academy of Medical Sciences of the Serbian Medical Society (SMS) carried
a survey on clinical practice guidelines (CPGs) among doctors, members of the SMS with the aim of
examining use and attitude of doctors on CPGs.

Methods We obtained the addresses of 2876 members of 20 SMS sections randomly-selected from a total
of 62 SMS sections. Out of all invited members 482 (16.8%) responded. Self-administered questionnaire
survey consisted of 21 questions that included demographic information, sources of informing and
doctors’ experience with CPGs, their use and barriers to CPGs use.

Results Among the 482 respondents there were significantly more women (64.1%) than men, majority
were aged 45-60 years, 411 (85.3%) of them were employed in public health institutions and most were
specialists. Respondents were informed about CPGs at meetings (30.9%), from the literature (16.3%),
from both sources (17.5%), during studies (20%), but 7% of them were not informed so far. Aimost all
(452) respondents agree that CPGs are useful, 150 use national, 76 international, and 213 both. During
the last year, 101 (21%) of respondents did not use any CPGs. The main reasons for not using the CPGs
are lack of information and difficult access to CPGs.

Conclusions The respondents consider CPGs useful for practice. Lack of information about CPGs and
access to them was found as the main barrier for their use. It obligates the continuous preparation of

CPGs and regular and efficient notification of doctors about them.
Keywords: clinical practice guidelines; survey; attitude; barriers

INTRODUCTION

The rapid development of medical science in
recent decades is accompanied by an extremely
large number of published papers from vari-
ous fields of medicine. Hence, one of the biggest
challenges is the transfer of scientific results into
practice. Clinical practice guidelines (CPGs)
are one of the tools that help to respond to that
challenge. As CPGs are required to be consis-
tent with evidence-based medicine, all guideline
recommendations should be evidence-based.
The authors of the CPGs find this evidence in
the results of large multicenter studies, meta-
analyses, and other studies that have determined
that a particular diagnostic method is reliable or
a particular therapeutic method is effective. In
the CPGs, evidence from the literature is sum-
marized into recommendations that enable
safe, effective, ethical, and standardized health
care. The World Health Organization defines
evidence-based CPGs as “a set of recommenda-
tions to support informed decision-making on
the desirability of carrying out specific inter-
ventions at clinical or public health level, since
these guidelines provide a basis for selecting and
prioritizing, among a set of possible interven-
tions, the most appropriate” [1].

In 1990, the Institute of Medicine (US) de-
fined in the instruction for the preparation of

the CPGs that “practice guidelines are system-
atically developed statements to assist practi-
tioner and patient decisions about appropriate
health care for specific clinical circumstances”
[2]. Since then, numerous CPGs have been
published worldwide by national and interna-
tional association of health care professionals,
reference health care institutions and policy
makers. In Serbia, national CPGs has been is-
sued by the Ministry of Health since 2001, and
more than 50 CPGs have been published so
far. In recent years, and especially during the
COVID-19 epidemic, the creation of the CPGs
has stalled. With the aim of ensuring continu-
ous development of the CPGs, the Ministry
of Health entrusted the Academy of Medical
Sciences (Academy) of the Serbian Medical
Society (SMS) to organize and manage the de-
velopment of the CPGs.

Our national CPGs are developed in ac-
cordance with the principles stated in the
aforementioned document of the Institute of
Medicine (US) [2], as well as in the Appraisal
of Guidelines for Research and Evaluation II
(AGREE II) [3]. However, the development
and publication of quality CPGs do not imply
that they will be applied in clinical practice.
Numerous papers have been published since
the 1990s on the experience, interest, attitudes
of doctors of various specialties on CPGs, as

Received  MpummeHo:
March 2, 2025

Revised - PeBusnja:

January 12,2026

Accepted - MpuxeaheHo:
January 19,2026

Online first: January 30, 2026

Correspondence to:

Ljubica DPUKANOVIC

Pere Velimirovic¢a 54

11000 Beograd

Serbia
ljubicadjukanovic@yahoo.com



76

well as on the strategies of CPGs implementation and fac-
tors influencing the use of CPGs [4-8]. Although CPGs
have been issued in Serbia for over 20 years, there have
been no examinations of doctors’ use and opinions about
the CPGs. Therefore, the Academy carried out a survey on
CPGs among doctors, members of the SMS with the aim
of examining how many doctors used CPGs and what was
their attitude and experience about CPGs.

METHODS

From the SMS secretariat, we obtained the addresses of
2876 members of 20 SMS sections randomly-selected from
a total of 62 SMS sections. A self-reported cross-sectional
survey among these doctors from different branches of
medicine was carried out. The invitation to participate in
the survey was sent via email with a link to the survey de-
veloped using Jotform platform. The email stated the pur-
pose of the survey and pointed out that it was anonymous
and voluntary. The invitation was sent on December 19,
2023 and repeated on January 15 and 26, 2024. Pre-testing
of the questionnaire was carried out to check whether the
questions were understandable and acceptable and wheth-
er any question was missing. Twenty doctors of different
specialties were included in the pretest, thereafter several
questions were corrected.

The survey tool was developed by authors who have ex-
perience in developing guidelines and survey methodology,

Table 1. Respondent characteristics

Dukanovic Lj. et al.

while researching the literature and incorporating experi-
ence from previous studies into the survey development
process. [5, 7, 8]. The questionnaire consisted of 21 ques-
tions. The first ones were related to the demographic
characteristics of the participants and their institutions,
followed by questions about the use of the CPGs, their
characteristics, as well as sources of informing doctors
about CPGs. The answers to the questions could be: 1)
yes or no, 2) choice of one of the five-point Likert scale
statements (1 = strongly agree; 5 = strongly disagree), 3)
choice of several offered options. Textual answers could
be given to two questions.

Statistical analysis was performed in SPSS software ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA). Data were pre-
sented as numbers and percentages. The x* or Fisher’s exact
test was used to evaluate differences between groups with
a p value for significance of 0.05.

Ethics: The study was approved by Ethical Board of SMS
(No 01/2290; Nov. 24, 2025).

RESULTS

Out of 2876 SMS members invited to participate in the
survey, 482 (16.8%) responded and most of respondents
were specialists in various fields of medicine (Table 1).
There were significantly more women than men both
among non-specialists and among specialists. The biggest

Employed in Title
Variables Total University | General | Health
number (ersity . Other MD Resident | Specialist | Dr. sc. Professor
clinic hospital center
Responded, number 482 161 1102 181 30° 44 35 249° 65 89
(% of total number) (33.4%) (22.8%) (37%) (6.2%) (9.1%) (7.3%) (51.7%) (13.5%) (18.5%)
Sex, number (%)*
173 76° 54 32 11 8b 15 b (900, 30 45
Males (35.9%) | (47.2%) | (49.1%) | (17.7%) | (367%) | (182%) | (42.9%) | 7> %) | (s4.50) | (50.6%)
Females 309 85* 56* 149°* 19% 36* 20* 1740% 35* 44*
(64.1%)* (52.8%) (50.9%) (82.3%) (63.3%) (81.8%) (57.1%) (67.2%) (45.4%) (49.4%)
Age, years (%)°
<30 7 (1.5%) 2(1.2%) 2(1.8%) 3(1.7%) 0 2(45%) | 4(11.4%) | 1(0.4%) 0 0
31-45 101 34 33 31 3 13 20%* 48° 15 5
(21%) (21.1%) (30%) (17.1%) (10%) (29.5%) (57.1%) (19.3%) (23.1%) (5.6%)
46-60 256 93 542 94 15 16 11 133b** 36 ** 60 5**
(53.1%)** | (57.8%)** | (49.1%)** | (51.9%)** | (50%)** | (36.4%) (31.4%) (53.4%) (55.4%) (67.4%)
61-70 99 24 21 472 7 11 0b 60" 11 17
(20.5%) (14.9%) (19.1%) (26%) (23.3%) (25%) (24.1%) (16.9%) (19.1%)
>70 19 (3.9%) 8 (5%) 0° 6 (3.3%) 5(1.7%) 2 (4.5%) 0P 7 (2.8%) 3 (4.6%) 7 (7.9%)
Employed in, number (%)
Public health 411*% 150 % 96* 146 * 19* 37% 32¢% 211% 58* 73%
institution (85.3%) (93.2%) (87.2%) (80.7%) (63.3%) (84.1%) (91.4%) (84.7%) 89.2(%) (82.0%)
Private health o o o 29¢ o o Y 5 o o
institution 42 (8.7%) | 1(0.6%) 9 (8.1%) (16.2%) 3 (10%) 4(9.1%) | 3(8.6%) | 25(10%) | 4(6.2%) 6 (6.7%)
Pensioners 29 (6%) 10 (6.2%) | 5 (4.5%) 6(3.3%) | 8(26.7%) | 3(6.8%) 0 13(5.2%) | 3(4.6%) |10(11.2%)

Data are presented as number and percentage of the number of respondents from the subgroup indicated in the column header except for the first row;

MD - doctor of medicine; dr. sc. - Doctor scientiae

*significant (p < 0.05) differences between males and females;
**significant difference in relation to other age groups;

*significant difference compared to other institution of employment;

asignificant difference (p < 0.05) in relation to the other three employment institutions;

bsignificant difference in relation to other titles;

<significant difference (p < 0.05) compared to other employees in private health institution
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Table 2. Sources of informing survey participants about clinical practice guidelines (CPGs)

the Cros abtamed: | Number | Py | Meetings | Liteature | NEEREE | aiis | Noe
Total number (%) 482 (100%) 49 (10.2%) 54 (11.2%) 152 (31.5%)* | 80(16.6%) 86 (17.8%) 28 (5.8%) 33 (6.8%)
Sex, number (%)

Males 173 20 (11.6%) 14 (8.1%) 50 (28.9%)* 31(17.9%) 34(19.7%) 14 (8.1%) 10 (5.8%)
Females 309 29 (9.4 %) 40 (12.9%) 102 (33)* 49 (15.9%) 52(16.8%) 14 (4.5%) 23 (7.4%)
Age, years (%)

<30 7 2(28.6%) 0 2 (28.6%) 0 0 2(28.6%) 1(14.3%)
31-45 101 19 (18.8%) 9 (8.9%) 29 (28.7%)* 16 (15.8%) 9 (8.9%) 9 (8.9%) 10 (9.9%)
46-60 256 23 (8.9%) 34(13.3) 79 (30.9%) * 44 (17.2%) 46 (18%) 14 (5.5%) 16 (6.3%)
61-70 99 5(5.1%) 11(11.1%) 33(33.3%)* 16 (16.2%) 26 (26.3) 3(3%) 5(5.1%)
>70 19 0 0 9 (47.4%)* 4(21.1%) 5(26.3%) 0 1(5.3%)
Employed in, number (%):

University inst. 161 24 (14.9%) 16 (9.9%) 40 (24.8%) 33(20.5%) 23 (14.3%) 15(9.3%) 10 6.2%)
General hospital 110 12 (10.9%) 10(9.1%) 41 (37.3%)* 14 (12.7%) 19 (17.3%) 4(3.6%) 10(9.1%)
Health center 181 21(11.6%) 25 (13.8%) 61 (33.7%)* 58 (32%) 37 (20.4%) 8 (4.4%) 10 (5.5%)
Other 30 2 (6.7%) 3(10%) 9 (30%) 7 (23.3%) 5(16.7%) 1(3.3%) 3(10%)
Data are presented as number and percentage of total number of respondent group presented in this row;

*significant difference (p < 0.05) in relation to all other sources of informing presented in this row

Table 3. Selected questionnaire responses about the importance and characteristics of clinical practice guidelines (CPGs)

Questions Sgs:]egely Agree ﬁf}':g?sraa;r:: Disagree ZT;:S?QIZ
GG el o ke propTasdecsionsinthe (57w | et 16830 | 9w | 5w
g:;; ZZSEL"LCC%?;;'IZ ﬂiirt'g dhg’/h;:g:ﬁf]rr:;°mme“dat'°”5' CONCISe | 584 (58.9%) | 154 (32%) | 22 (46%) | 17(3.5%) | 5(1%)
Easy to-find online CPGs are more acceptable than printed ones. 101 (21%) | 187 (38.8%) | 120 (24.9%) 22 (4.6%) | 52(10.8%)
Regular presentation of new national CPGs at meetings is necessary. | 324 (67.2%) | 133 (27.6%) 16 (3.3%) 8 (1.7%) 1(0.2%)

Data are presented as number and percentage of the total number of respondents

difference in the proportion of women and men was found
among participants from health centers (82.3% vs. 17.7%).
Almost five times more female than male doctors work in
health centers, while the majority of male doctors were
employed in university clinics and general hospitals. About
half of all participants were aged 45-60 and only in the
subgroup of residents the majority were aged between 31
and 45. Most of the participants (41-85%) were employed
in public health institutions (Table 1).

When asked how they got information about the CPGs,
one third of respondents answered that they got it at meet-
ings. It was significantly the most common type of infor-
mation compared to the others mentioned, which were
almost equally distributed (Table 2). A total of 33 (7%) of
respondents were not informed about CPGs so far. Such
a distribution can also be seen in subgroups formed ac-
cording to gender and age. Nevertheless, in the small sub-
group of participants under the age of 30 an equal number
of respondents received information about CPGs during
undergraduate studies as well as in other possible ways.
It can also be noted that a higher percentage of partici-
pants younger than 45 were uninformed about CPGs com-
pared to older ones but the difference was not significant
(p = 0.07). Those employed at university institutions dif-
fer from others, because the number of those informed
at meetings and from the literature differs insignificantly,
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but a significantly smaller number was informed during
the studies (p < 0.03).

The 452 (93.6%) of respondents agreed that CPGs en-
able doctors to make appropriate decisions in the preven-
tion, diagnosis, and treatment of diseases. The following
responses were received to questions about the character-
istics of the CPGs: 438 (90.9%) agree that each recommen-
dation in the CPGs should be clearly highlighted and ac-
companied by concise explanations; 288 (59.8%) answered
that online CPGs are more acceptable than printed ones
(Table 3).

When asked which CPGs the participants use, 150
(31.1%) of them answered that they use national CPGs,
76 (15.8%) international, 213 (44.2%) both national and
international. While the largest percentage of doctors of
medicine and residents use national CPGs (52.3% and
40%), doctors of science and professors use more interna-
tional ones (30.4% and 27.8%, data not presented). When
asked about the CPGs use by the participants, 43 (8.9%)
answered that they do not use CPGs. However, during the
last year, 101 (21%) of respondents did not use any CPGs.
The largest percentage of them answered that the reason
was that they were not informed about the CPGs from
their profession (48.5%) or that they could not easily access
CPGs (25.7%). Even 385 (79.9%) of respondents did not
know that the national CPGs are available on the website

www.srpskiarhiv.rs ‘
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Table 4. Questionnaire responses on the use of clinical practice
guidelines (CPGs)

Question Yes
So far you have used?

National CPGs 150 (31.1%)

International CPGs 76 (15.8%)

Both national and international 213 (44.2%)

You have not used any CPGs 43 (8.9%)

Have you used any CPGs at least once during the 381 (79%)°

last year?

Eou did not use the CPGs during the past year 101 21%)°
ecause

You were not informed about the CPGs from your 49 (48.5%)"

profession

You cogld not easily access a CPGs from your 26 (25.7%)"

profession

There are no new national CPGs in your profession 10 (9.9%)®

You f(_eel that the CPGs cannot be helpful in your 10 (9.9%)°

practice

You do not have time to read CPGs 6 (5.9%)°

Are you aware that national CPGs are available on

the website of the Ministry of Health and Academy 385 (79.9%)°

Data are presented as number and percentage of:

total number of respondents;

Pnumber of respondents who did not use the CPGs during the past year;
*significantly different in relation to other reasons for not using CPGs;
Academy - Academy of Medical Sciences of Serbian Medical Society

of the Ministry of Health and Academy (Table 4). A similar
percentage of respondents agreed that regular presenta-
tion of the new national CPGs at meetings is necessary
(Table 3).

Respondents had the opportunity to give textual answer
about how the use of the CPGs could be improved. The
majority insisted on better information about the CPGs.
Also, they emphasized the importance of regular updates
of the CPGs and the creation of concise CPGs with clearly
highlighted recommendations and algorithms that help
their use. When asked which CPGs are missing, the most
frequent answers (at least 10% of respondents) are lack of
national CPGs from gynecology and obstetrics, pediatrics,
anesthesia, rare disease, palliative treatment.

DISCUSSION

Academy of SMS carried out a self-reported cross-sectional
survey among member of SMS with the aim of checking
the use of CPGs and the attitude of doctors about them.
Out of a total of 482 respondents, 452 (93.8%) agreed
that CPGs enable doctors to make appropriate decisions
in the prevention, diagnosis, and treatment of diseases.
The respondents are most often informed about CPGs at
meetings and from literature but 33 (6.8%) of them had
not received information about CPGs so far. About 75% of
respondents use national CPGs, whether they use only na-
tional (31.1%) or both national and international (44.2%).
A total of 43 (8.9%) respondents answered that they do not
use CPGs, but when asked if they used any CPGs during
the past year, even 101 (21%) of respondents gave a nega-
tive answer. As the most common reason for not using the
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CPGs was lack of information about CPGs and difficulties
to access them.

Out of the 2876 SMS members to whom email was sent
asking them to participate in the survey, 482 (16.8%) re-
sponded. That is a lower response rate compared to those
presented in similar surveys. However, it can be noted that
the response to the survey on CPGs was higher in 1990s
[4, 5, 9] than in the last few years [10, 11, 12]. Most of the
respondents in our survey were employed and therefore
burdened with numerous obligations, and the number of
different surveys is constantly increasing, so this can justify
the low response rate. Nevertheless, the proportion of doc-
tors in the sample according to gender, age and employ-
ment institutions is consistent with the proportions in the
health system of Serbia published by the Institute of Public
Health of Serbia [13]. Respondents are mostly informed
about CPGs at meetings (30.9%) and from the literature
(16.3%) or from both of those sources (17.5%). Although
some other authors formulated the answers to the ques-
tions on CPGs awareness a little differently compared to
our questionnaire, the data about information among their
respondents was similar to ours [5, 14].

About 94% of our respondents believe that CPGs are
useful for diagnosing and treating patients. A similar an-
swer was obtained in other studies [5, 9, 14, 15]. and only
a small percentage of respondents in both our and these
studies believe that CPGs are not useful. The answers
about the use of CPGs are not in concert with the positive
opinion about their usefulness obtained by majority of our
respondents. While 8.9% answered that they do not use
CPGs at all, even 21% did not use any CPGs during the
past year. In previously published surveys, answers about
the use of CPGs were defined differently. However, in sev-
eral published surveys, the percentage of respondents who
do not use or rarely use CPGs is about 20%, i.e., the same
as in our survey, but the percentage of those who often
use the CPGs is about 40% [5, 14, 15]. As the percentage
of doctors who rarely use CPGs is not negligible, special
attention was paid to this problem [9, 14-20]. The most
common reason for not using CPGs in our and several
other surveys [9, 14, 18], as well as in one analysis of 37
surveys [17] was lack of the awareness and the inability to
access CPGs. Even 80% of our respondents did not know
website where national CPGs are available. Among the
other barriers to using the CPGs that we and others have
found are lack of time, poor applicability, uselessness in
practice, reduction of the doctor’s autonomy, oversimpli-
fication as “cookbook,” low knowledge on CPGs [6, 9, 14,
16-21].In the textual answers participants of our survey
insist on better availability and information about CPGs
and publishing of CPGs from areas for which there were
no national CPGs. Opinions about CPGs format, printed
or electronic, are equally distributed.

Our survey showed that doctors trust the CPGs recom-
mendations, they are interested in national CPGs and their
regular updates, but they lack timely notification about
new national CPGs. Respecting the opinion of the survey
participants, Academy took the following measures.
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In cooperation with Republics expert commissions
(consisted of experts from certain fields), Academy en-
gaged medical experts to create new CPGs/update existing
ones, particularly in the field with the most interest.

The instructions for creating CPGs were innovated and
precisely defined [22], with the aim of making them not
only in accordance with generally accepted recommenda-
tions and rules [3, 23] but also clear and easy to understand
and apply.

Associations of doctors, institutes for public health, as
well as the management of health institutions participate
in regular notification of doctors about new CPGs.

CPGs are readily available on multiple physician-known
websites.

Academy organize the promotion of each new CPGs as
well as the presentation of the CPGs at doctors’ meetings
and congresses.

The study has some limitations. The response rate is
low, so even though the sample consists of doctors of dif-
ferent specialties and ages, this is a limitation of the study.
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Also, we do not have data on the characteristics of doctors
who did not answer the questionnaire. In addition, it is a
cross-sectional study and it would be important to repeat
the survey in order to see the effects of the measures we
have taken to improve implementation of the CPGs.

CONCLUSION

This first survey on CPGs in Serbia showed that doctors
are interested in CPGs, especially national ones, and that
they consider them useful for practice. Lack of information
about CPGs and access to them was found as the main bar-
rier for their use. The interest in national CPGs and their
regular updating obliges all those responsible to ensure the
continuous development of CPGs and their most efficient
implementation.
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WcKycTBa M cTaBOBM YnaHoBa CPNCKor neKapcKor ApyLuTea 0 BOAUUMMA Aobpe

K/NIMHUYKeE npaKce

Jby6uua hykaHosuh, Haga Jumkosuh, Buwwra Jlexanh, Iparocnas CrameHkoBuh
Akagemuija MegnUMHCKIUX Hayka Cprickor nekapckor apyLtea, beorpag, Cpbuja

CAMETAK

YBoa/Lwnb Akagemuja MeguumHCKrX Hayka CpricKor iekapckor
JpYyLTBa CNPOBesia je aHKeTy 0 BOAUYMMA Ao6pe KIMHUYKe
npakce (Bognun) mehy unaHosrma Cprnckor nekapckor Apy-
wrea (CJ1[) ca unbem fa ce ucnuTa ynorpeba 1 CTaB Nekapa
0 BOAMYMUMA.

MeTtope Y cekpetapujaty CJ1[1-a nobunu cmo agpece 2876
ynaHoBa 20 cekuuja CJ1[1-a Koje cy cnyvajHo ogabpaHe o
YKYNHO 62 cekumje. Og no3BaHUX nekapa ogrosopuna cy 482
(16,8%). YNUTHWK, KOjU Cy CaMOCTanHO NomnyHaBaan yYecHuLu,
cacrojao ce oA 21 nuTarba 0 AeMorpadCKim KapaKkTeprcTMKama
yYecHUKa, n3Boprma nHpopmalnja o BOANYMMA, yNoTpebu 1
npenpekama 3a NpMMeHy Boguya.

Pesyntatu Mehy 482 nekapa, y4ecHnKa y aHKeTw, 61no je BuLle
XeHa (64,1%) Hero myLiKapaLla, BehuHa je 6vna y3pacta og 45
[0 60 rogmHa, 411 (85,3%) je 6uno 3anocneHo y yctaHoBama
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Yy jaBHOj CBOjuHY, a BehiHa cy 6vnun cneuujanicti. YuecHnum
Cy MHGOPMMCaHUN O BOAMYMMA Ha cacTaHuuma (30,9%), n3 nu-
Tepatype (16,3%), 13 oba oBa n3Bopa (17,5%), Tokom cTyauja
(20%), a 7% Hwje po Taga UHGopmMMcaHo o BognUrMa. l0TOBO
CBW yyecHuUUM (452) carnacHu cy Aa Cy BOAMYMN KOpUcHY; 150
KOPWCTY HaLUMOHasHe, 76 UHTepHaLMoHanHe, a 213 u jegHe n
Apyre Boamye. Tokom npetxoaHe roguHe 101 (21%) yuyecHUK
Huje KOPUCTVO HujefaH BoauY. Kao rnaBHM pa3nor HekopuLuhe-
tba HaBes Cy HeobaBeLUTEHOCT U HEMPUCTYNAYHOCT BOAMYA.
3aKrbyyaK Jlekapy, y4eCHULM aHKeTe, cMaTpajy Aa cy BOANYM
KopucHu y npakcu. Kao rnaBHe y3poke Hekopuwhera Bogu-
Ya HaBeNn Cy HeflOBO/bHO ObaBeLLTaBaHbe O HOBVIM BOANYMMA
1 HEMPUCTYMayHoCT Bogmuya. To obaBesyje Ha KOHTUHYMPaHY
13pagy BOAMYa 1 pefoBHO 0baBeLLTaBakbE fekapa o thima.
KmbyuHe peun: Bognuun fobpe KInHMYKe Npakce; aHKeTa; CTaB
nekapa; npenpeke
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CASE SERIES / CEPUJA CJTYMAJEBA

Adnexal torsion in pregnancy - relying on a six-year
hospital experience in solving this problem

Dragana Magli¢'?, Olivera DZati¢-Smiljkovi¢'? Milica Mandi¢?, Ljubomir Srbinovi¢?, Rastko Magli¢'?

'Narodni Front Clinic of Obstetrics and Gynecology, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction Adnexal torsion is a serious complication in pregnancy that can lead to ovarian ischemia
and necrosis. This retrospective study aimed to provide clinically driven guidelines for treatment of
adnexal torsion during pregnancy.

Case report We analyzed data from 10 patients who underwent surgery for adnexal torsion between
2018 and 2023. The most common symptoms were pelvic pain, nausea, and vomiting. Laparoscopy and
laparotomy were equally performed, with the choice depending on factors like trimester and tumor size.
Unfortunately, adnexectomy was the most common surgery due to delayed presentation and advanced
necrosis. Despite this, pregnancy outcomes were favorable, with most patients delivering live babies.
Discussion The most frequent adnexal tumor in pregnancy is the corpus luteum cyst. Several studies
suggest laparoscopic management of adnexal torsion in pregnancy with excellent maternal and fetal
outcomes. Both delayed diagnosis and intervention can lead to adnexal necrosis and hence increase the
risk of miscarriage and maternal morbidity

Conclusion Expectant management is not recommended. Due to the increased risk of miscarriage and
maternal morbidity, laparoscopy (detorsion and cystectomy) is the safest and most effective type of
surgery in the first trimester. Laparotomy might be more appropriate in the third or late second trimester

or with a very large adnexal mass.
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INTRODUCTION

Torsion of the adnexa is an acute surgical condi-
tion and potentially lethal if left to be treated
inappropriately [1]. It occurs due to rotation of
the adnexa (the ovary and the fallopian tube) on
their vascular axis, leading to partial or complete
strangulation of the blood supply. The rotation
may be either incomplete or complete, and in
some cases, both the ovary and the fallopian tube
are involved, leading to ischemia and necrosis)
[1]. Some of the causes of adnexal torsion are
sexual intercourse, exercise, and sudden move-
ment but the most common underlying cause
is an ovarian cyst greater than 3 cm in size.
Pregnancy and in vitro fertilization (IVF) are
other risk factors. Pregnancy itself double the
risk of torsion up to five times, and the rough
estimate is five cases per 10,000 pregnancies
[2, 3]. Ovarian torsion during pregnancy is an
extremely emergent condition with dire conse-
quences for both the mother and the fetus. Large
ovarian cysts such as corpus luteum cysts and
ovarian hyperstimulation syndrome as a result
of assisted reproductive technologies (ART) are
some other risk factors for adnexal torsion [4].
Torsion of the vascular pedicle leads to venous
and lymphatic obstruction with resultant stasis,
ischemia, and edema [5]. This ultimately results
in necrosis of the tissue and can produce a local
or pelvic inflammatory process. Early diagnosis

and timely surgery are required to save the
adnexa and their function [1, 3, 5].

Symptoms and clinical presentation of ad-
nexal torsion are typically non-specific, making
it hard to diagnose. Common presentations in
pregnant patients are subacute or acute severe
pelvic discomfort, often accompanied by nausea
and vomiting, and signs of acute abdomen [6].
These symptoms also occur with other diseases
of the gynecologic and non-gynecologic etiol-
ogy including ectopic pregnancy, rupture of a
cyst, appendicitis, cholecystitis, ileus, and pelvic
inflammatory disease [7], and therefore lead to
diagnostic misdirection and treatment delays.
It is particularly difficult to diagnose adnexal
torsion during the second trimester of pregnancy
since its symptoms may mimic premature labor
or renal colic [8]. There are no tumor markers
or blood tests that can differentiate between
adnexal torsion and acute conditions during
pregnancy [1].

Adnexal torsion during pregnancy is also
made difficult by the enlarged uterus, espe-
cially after the first trimester [9]. The enlarged
uterus pushes the adnexa posteriorly, making
it difficult for physical and ultrasonographic
assessment [9]. Ultrasonographic evidence of
adnexal torsion consists of unilaterally swollen
adnexa (large ovary with stromal edema and
peripherally displaced follicles) and the pres-
ence of free fluid in the cul-de-sac. Doppler
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Table 1. Clinical manifestations associated with ovarian torsion in
pregnancy

Clinical manifestation n %
Age (y) 27.14/-3.9

Parity 1.1

Adnexal mass 7 70%
Pelvic pain 10 100%
Sudden onset 6 60%
Nausea and vomiting 5 50%
WBC count > 12 x 10%/L 4 40%
Elevated CA 125 5 50%
Elevated CRP 4 40%
Fever 3 30%
Cul de sac fluid 7 70%

WBC - white blood cell; CA - cancer antigen; CRP - C-reactive protein

Table 2. Surgical results associated with ovarian torsion in pregnancy

Operative methods n %
Laparoscopy 5 50%
Laparotomy 5 50%
Mass size (cm) 7.8+3.6x57+3.1|(4.7-12) x(1.7x11)
Operative time (min) 40.1+284 20-70
Blood loss (mL) 46.5 +34.3 10-20
Left side of adnexal 3 30%
mass

Right side of adnexal 7 70%
mass

Detorsion 1 10%
Cystec'tomy and 1 20%
detorsion

Salplngectomy and 1 30%
detorsion

Adnexectomy 6 40%
Salpingectomy 1 10%

Table 3. Comparation outcome between laparoscopy and laparotomy
in pregnant women with ovarian torsion

Laparoscopy (n =5) Laparotomy p
(n=5)
Age (y) 324+27 27.4+5.98 0.127
Parity 1.20£0.45 1.2+0.45 1.00
BMI (%) 21.7 £3.1 228+19 0.167
Tu mass size (cm) 6.92+2.6 10.2+3.39 0.123
Operative time (min) | 28.2+11.58 60+10 0.02
Hospital stay (d) 4+19 98+7.1 < 0.001
Blood loss (mL) 41.8 £24.1 51.7+584 0.241
Live term baby 4 (80%) 5 (100%) 0.347
Preterm delivery 1 (20%) 2 (40%) 0.312
Abortion 1(20%) 0

ultrasound may demonstrate diminished or no blood flow
in the vascular pedicle but not always [10].

Ischemia and necrosis of the ovary and fallopian tube
occur due to restricted or absent blood supply. Delayed
diagnosis and surgical intervention can lead to permanent
destruction of the ovaries, tissue necrosis, and signs of an
acute abdomen, which may jeopardize the pregnancy with
miscarriage or premature delivery [6].

Management of adnexal torsion is either expectant or,
most often, surgical. They pose risks for both the fetus and
the mother. Where adnexal torsion is incomplete, expect-
ant management (wait-and-watch without treating) is
acceptable because the adnexa will spontaneously untwist
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and improve. However, in complete and multiple torsions,
expectant management will lead to irreversible damage [11].

As mentioned, the pregnant uterus with distension, and,
if any, maternal obesity, can hamper diagnosis by limiting
visualization under transabdominal ultrasonography [12].
In the second trimester, visualization of the adnexa by
transvaginal ultrasonography may not be sufficient due to
their lateral position outside the pelvis. Computed tomog-
raphy scans should be avoided lest there be fetal exposure
to radiation [5]. Magnetic resonance imaging is helpful if
it is available, but the most accessible imaging tool remains
ultrasound [13]. Bloating, limited field of view, and altered
anatomy during late pregnancy can all pose challenge to
ultrasound visualization of the adnexa and contribute to
the challenge of diagnosing adnexal torsion [9, 13].

Once emergency diagnosis, and short incursive episode of
expectant management in some, has been achieved, adnexal
torsion is treated by laparoscopic or open surgery [14]. The
most common surgical procedures are cystectomy, detorsion,
or, in the case of tissue necrosis, salpingo-oophorectomy
[14]. Compared to laparotomy (open), laparoscopy is less
invasive, involves less blood loss and thromboembolic
consequences, and leads to faster patient recovery [15].
However, during the second and third trimester, the dis-
tended abdomen and intraperitoneal pressure caused by
pneumoperitoneum (carbon dioxide gas insufflation of the
peritoneum) can complicate laparoscopic visualization and
surgical management and even carry greater risk for both
the mother and fetus [14, 15].

The objective of this study was to provide clinically
driven guidelines for the treatment of adnexal torsion
during pregnancy, based on six-year single-center clinical
data. Given the rarity of adnexal torsion during pregnancy,
we aimed to analyze the conditions leading to it, report on
symptoms, and evaluate treatment options and their effects
on pregnancy outcomes.

CASE SERIES

This retrospective study was conducted at the Narodni
Front Gynecology and Obstetrics Clinic in Belgrade, Ser-
bia. We analyzed the medical records of pregnant patients
diagnosed with adnexal torsion between 2018 and 2023.
During this six-year period, 10 cases were admitted and
treated. We excluded patients with a preoperative diagnosis
of adnexal torsion that was not confirmed during surgery.

We analyzed demographic data, including age and parity,
presenting symptoms and clinical signs, surgical approach
(laparoscopy vs. laparotomy) and type of surgery (cystec-
tomy, salpingectomy, detorsion, adnexectomy), duration of
surgery, estimated blood loss, histopathological findings,
and obstetric outcomes (miscarriage, gestational age at
delivery, and mode of delivery). Additionally, we analyzed
laboratory data, including white blood cell (WBC) count,
C-reactive protein (CRP) levels, and cancer antigen (CA)
125 levels. We also reviewed ultrasound findings, including
the size and location (left or right) of the adnexal mass,
ovarian stromal blood flow [resistance index (RI)], and
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HP finding

ovarii

B Cystadenoma mucinosum

m Cystadenofibroma serosum
ovarii et papiloma serosum
superficialis ovarii

Tu ovari infarceratum-corpus
luteum cysticum
haemorrhagicum ovarii

| Cystis paraovarialis

As for comparison between laparoscopy
and laparotomy, we noted that hospital stay
and operative time were both significantly
shorter in the laparoscopy group. There was
no difference between the two groups regard-
ing the outcome of pregnancy. There was
only one miscarriage (10%).

Histopathological assessment was carried
out that proved that 30% of the patients had
an ovary mucinous cystadenoma, 30% had a
hemorrhagic corpus luteum cyst with ovar-
ian infarction, and 20% had a large follicular

Figure 1. Histopathological (HP) finding

pregnancy status after surgery (gestational age at delivery,
miscarriage, preterm delivery). Transvaginal and transab-
dominal ultrasound examinations were performed using the
Acuson Sequoia 512 ultrasound system (Acuson, Mountain
View, CA, USA; vaginal transducer 4-9 MHz; abdominal
transducer 1.3 MHz. - 5.7 MHz).

Due to the small sample size, statistical analysis was
limited to descriptive statistics, including mean, standard
deviation (SD), standard error (SE), minimum-maximum
range, median, and mode. Microsoft Excel (Microsoft,
Redmond, WA, USA) was used for statistical analysis.

In 43,835 deliveries during the study period, there were
10 patients with preoperative diagnosis of adnexal torsion,
which was proven by operation, with a rate of 2.3 per 10,000
pregnancies. Nine patients (90%) had adnexal torsion in the
first and second trimesters, and one patient had torsion at the
time of delivery. The mean age of the patients was 27.1 £ 5.1
years (18-36 years), and the mean parity was 1.1 + 0.4 (1-3).
Three (30%) of them had a history of pelvic surgery, two
for ovarian cystectomy and one for an ectopic pregnancy.

The most common presenting symptom was pelvic
pain (100%), which was of sudden onset in the majority,
followed by vomiting and nausea (50%). Seven (70%) of
the patients had palpable adnexal mass on gynecological
examination, who were at the first and second trimesters
of gestation. Normal blood reports were obtained in most
of them, except for four of them with a mild elevation in
WBC count (> 12 x 109/L) and CRP levels. CA 125 was
raised in 50% of the patients. Adnexal mass was present
in all (100%) patients, right-sided in 70%, with a mean
diameter of 7.8 £ 3.6 x 5.7 + 3.1 cm. Seven patients had free
fluid in the cul-de-sac. Eight patients had normal uterine
artery (RI) and ovarian stromal blood flow on Doppler
ultrasound. In two of them, there was an undetectable
blood supply to the adnexa due to necrosis of tissue and
severe strangulation of the vascular pedicle.

Equal frequency was applied in using laparoscopy and
laparotomy. Patients in the first trimester, particularly with
a small adnexal mass, were treated by laparoscopy as the
procedure of choice. Laparotomy was reserved for patients
in the third trimester or for bigger adnexal masses.

Adnexectomy was the most common procedure (60%),
which likely reflects referral and diagnostic delays, and, as
a result, more advanced disease at surgery.
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cyst as the cause for adnexal torsion. There
were no postoperative infections (Figure 1).

Ethics: This study was approved by the Ethics
Committee of the Narodni Front Obstetrics and Gynecol-
ogy Clinic, Belgrade, Serbia (No: 22008/2024/022318).

DISCUSSION

The reported incidence of adnexal torsion varies in the
literature, with rates of 5.9 per 100,000 in non-pregnant
women and 1.6-5 per 10,000 in pregnant women [2]. Ad-
nexal torsion is more common during pregnancy due to
the presence of corpus luteum cysts and increased ovarian
mobility caused by hormonal changes [5]. Our study found
alower incidence of 0.023%, which may reflect differences
in population characteristics or reporting practices.

Eight of our patients (80%) also had in the first and initial
second trimester (4th to 16th week gestation) a palpable
adnexal mass on one side. The smaller uterine size during
this period facilitated palpation. As was previously cited
(6], the first trimester was the most common presentation
time for adnexal torsion (60% of our study cases). The
clinical presentation of adnexal torsion in our series was
similar to that seen in non-pregnant women, with non-
specific symptoms most being the most common. Sudden
unilateral pelvic pain was the most common symptom,
most commonly worsening with time and nausea and
vomiting [16]. Fever and acute abdomen can be present as
necrosis of tissue progresses [7]. Differential diagnosis in
pregnancy is based on gestational age and may be miscar-
riage, hematoma retroplacental, and rupture of the uterus
[8]. In the current study, all the patients presented with
acute onset of pelvic pain on one side, and 50% presented
with nausea and vomiting.

A palpable adnexal mass, typically larger than 5 cm,
was detected on examination in 70% of our patients, most
of whom presented in the first trimester. Palpation was
painful and discomforting [1]. This relatively high rate of
palpable masses likely reflects the more advanced gesta-
tional age of presentation in our series. While there is no
specific laboratory test for adnexal torsion, we recorded
subtle increases in WBC count, CRP, and CA 125 in some
patients. It is thus conceivable that subtle CRP and CA
125 increases are non-specific but possibly evocative of
adnexal torsion [10]. Ultrasound remains the gold standard
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for adnexal torsion diagnosis in pregnancy, with a readily
available non-invasive imaging modality. Color Doppler
and measurement of RI in the ovarian stroma can be em-
ployed to assess the ovarian blood supply and monitor
possible ischemia. The core of ultrasound diagnosis of
adnexal torsion is an edematous swollen ovary (larger than
the contralateral one), low or absent blood flow, and free
fluid in the pelvis [10]. Incidence of ovarian torsion after
stimulation of ovaries in IVF is 0.025% to 0.2% [17]. Adnexal
torsion is enhanced by assisted reproductive techniques
through risk of ovarian hyperstimulation syndrome and
ovarian enlargement. In our study, 40% of patients had a
history of IVE which establishes the association between
ART and adnexal torsion [17].

The most common adnexal tumor in pregnancy is the
corpus luteum cyst, but dermoid cysts, and cystadenomas
are more common in non-pregnant women [17]. The lit-
erature suggests that the most frequent histopathological
diagnoses of adnexal torsion are mature cystic teratoma
(46.3%), serous cystadenoma (17.5%), and mucinous cyst-
adenoma (11.3%) [17]. Our findings were for the most part
consistent with these reports, with corpus luteum cysts
being found in 40%, mucinous cystadenomas being found
in 30%, and serous cystadenomas in 10%. Greater adnexal
masses (greater than 5 cm) have a higher risk of torsion.
Risk appears to be highest between 10- and 17-weeks’ ges-
tation [7]. The average size of the tumor was 7.8 x 5.8 cm
in our experience, and 40% of patients had torsion occur
between 10 and 17 weeks, consistent with this. While a few
reports have suggested that cysts larger than 15 cm will be
malignant [8], in our population, we could not find any
malignant adnexal tumors.

Several studies suggest laparoscopic management of
adnexal torsion in pregnancy with excellent maternal and
fetal outcomes [11]. A meta-analysis of 163 studies by
Didar et al. [15] showed laparoscopy to be the most com-
mon surgical intervention (56.88%), and open surgery was
performed in only 10% of patients [16]. Detorsion with
cystectomy (29.06%), salpingo-oophorectomy (27.32%),
and detorsion (18.31%) were the most frequent operations
[14]. Laparotomy and laparoscopy were performed with the
same frequency (50% each) in our study. Laparotomy was
reserved for enormous adnexal masses or late gestational
ages. Adnexectomy was the most common procedure (70%),
perhaps due to delay in diagnosis and presence of advanced
disease (tissue necrosis or gangrene) at the time of surgery.
Cystectomy, salpingectomy, or detorsion was performed in
the remaining 30% of patients. A retrospective study of 60
adnexal torsion patients found the likelihood of ovarian
preservation was highest if surgery were performed within
four hours of symptom onset (83% vs. 56% > 4 hours,
p =0.39) [5, 6]. This indicates the need for urgent early
diagnosis and intervention to maximize the chances of pre-
serving the ovary. Compared to open surgery, laparoscopy
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has several advantages, including less invasiveness, less
blood loss, less postoperative pain, faster recovery, lower
risk of thromboembolism, and shorter hospital stay [15].
Pregnancy laparoscopy may also enhance visualization and
minimize uterine manipulation, with potential reduction
in the risk of miscarriage, preterm labor, and premature
rupture of membranes. There are several studies that have
established the safety and feasibility of laparoscopy during
pregnancy [14]. American Society of Gastrointestinal and
Endoscopic Surgeons recommendations prefer the use of
laparoscopy in the management of acute abdominal condi-
tions during pregnancy [12].

Our retrospective review of laparoscopy versus lapa-
rotomy for adnexal torsion in pregnancy revealed no marked
difference in pregnancy outcome. However, patients who
underwent laparoscopy experienced less pain, less blood
loss, shorter hospital stay, and earlier recovery. Based on
these findings, we recommend laparoscopy as the method
of choice for adnexal torsion in pregnancy, especially dur-
ing the first trimester.

CONCLUSION

Adnexal torsion is a pregnancy complication that, albeit
unusual, is severe. The most common presenting symptoms
of acute-onset unilateral pelvic pain, nausea, and vomiting
should prompt urgent referral to a tertiary facility. Both
delayed diagnosis and intervention can lead to adnexal
necrosis and hence increase the risk of miscarriage and
maternal morbidity [18, 19]. While there are no specific
laboratory tests for adnexal torsion, an elevated WBC count
and CA 125 can be suggestive. ART can increase the risk
of adnexal torsion in pregnancy.

The most frequent underlying reason for adnexal torsion
in pregnancy is the corpus luteum cyst. Expectant man-
agement is not typically recommended due to increased
miscarriage and maternal morbidity. Laparoscopy appears
to be the safest and most efficacious type of surgery in the
first trimester [18]. Detorsion and cystectomy are the op-
erations of choice. Laparotomy might be more appropriate
in the third or late second trimester or with a very large
adnexal mass. After 20 weeks of gestation, the distended
uterus may complicate laparoscopic visualization and
manipulation, and the Trendelenburg position may impair
maternal respiratory function.

Our findings show that laparotomy and laparoscopy are
equivalent in pregnancy outcome but that laparoscopy has
some perioperative advantages. We would recommend a
multicenter study of a larger group of patients to further
evaluate the optimal management of adnexal torsion dur-
ing pregnancy.

Conflicts of Interest: None declared.
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Top3uja agHeKca y TpyaHohu — ocnarbatbe Ha WecToroauilbe 60/IHUYKO UCKYCTBO Y

pewasarby 0BOr Npobaema

[parana Marnuh'? Onusepa Llatnh-Cmuskosuh'?, Munnua Manguh?, Jby6ommp CpbuHosuh? Pactko Marnuh'2
'THeKoNoLWKo-aKylwepcKa KnuHuka ,HapopHu dpoHT’, beorpag, Cpbuja;

*YHneep3uTet y beorpagy, MeanunHcku dakyntert, beorpag, Cpbuja

CAMETAK

YBop Top3uja agHeKca je 036ubHa KoMnnvKauuja y TpyaHohu
KOja MOXe fOBECTM 10 NCXeMmje U HeKpo3e jajHuKa. OBa peTpo-
CMeKTMBHa CTyAuja UMana je 3a Lvb Aa NPYXKu KNMHWUYKI 3aCHO-
BaHe CMepHULe 3a Jleuetbe Top3uje afHeKca TOKOM TpyaHohe.
AHanusupanu cmo nogatke 10 6onecHuLa Koje cy onepucaHe
360r Top3uje agHeKca y nepuogy og 2018. no 2023. roanHe.
Mpukasun 6onecHuka Hajuewhu cumntomm 6unu cy 6on y
Kapnuuu, My4yHuHa 1 nopahame. Jlanapockonuja u nanapo-
TOMMja Cy MPUMEHVIBaHE NOAjeAHAKO YeCTo, NPy Yemy je 13bop
3aBUCKO of GpaKTopa NomnyT TPpUMecTpa TpygHohe 1 BenuyrHe
Tymopa. HaxkanocT, Hajuewwhn 3axBat 6una je agHeKceKTomuja
360r KacHOT jaB/bakba NaLyjeHTKNHba 1 y3HanpegoBae HeKpo-
3e. Ynpkoc Tome, ncxogy TpyaHohe 6uni cy noBorbHM, a BehuHa
naLyjeHTKMba poauna je »KrBy HoBopoheHuas,.
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Anckycnja Hajuelwhn agHekcanHm Tymop y TpyaHohu je uu-
CTa XyTor Tena. Buwe ctyguja ykasyje Ha To fia nanapoCcKoncko
neyeme Top3uje agHeKca y TpyaHohu faje ognnyHe ncxope
no Majky 1 nnog. KacHo noctaBsbarbe ujarHo3se v ofnararbe
orepaLuje Mory JOBECTU 10 HEKPO3e afiHeKca 1 TiMe nosehatu
pu3rK of nobayaja 1 MopbuanTeTa MajKe.

3akrbyyvak EKCNeKTaTVBHO fleuetbe ce He npenopyuyje. 36or
nosehaHe moryhHoCTU no6ayvaja 1 MajunHor Mop6uAanTeTa,
nanapockonuja (aeTopsuja 1 LMCTeKTOMYja) Hajée3beaHwja je n
HajeduKacHmWja BpCTa onepauyje y NpBoM Tpomeceyjy. Jlanapo-
TOMUja MOXe 6UTU NpuKNagHuja y Tpehem unm KacHoOM Jpyrom
TpOMeceyjy Unu Kof BEeNMKMX afHEKCaNHUX Maca.

KmbyuHe peun: Top3uja afHekca; TpyaHoha; nanapockonuja;
nanapoTomuja
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— a case report and literature review
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SUMMARY

Introduction Foreign body aspiration (FBA) is a rare but potentially life-threatening event occurring
most commonly in children and older adults. The clinical presentation of occult FBA in adults is usually
subtle, manifesting as chronic cough, wheezing, and exertional dyspnea. A delay in diagnosis is not
uncommon for weeks or even months due to the subtle nature of the symptoms. Direct visualization
via bronchoscopy continues to be the gold standard for diagnosing and treating FBA. In this report, we
present a case of a man treated for five years for difficult-to-treat asthma with unnoticed tooth aspiration.
Case outline A 63-year-old non-smoker male patient was referred to the Clinic of Pulmonology, University
Clinical Center of Serbia, with chief complaints of dyspnea and chronic cough over the course of five years.
He sought medical help several times and was diagnosed and treated as late-onset bronchial asthma,
which failed to improve even with optimized therapy. A high-resolution CT scan was performed, which
showed a calcified body in the left main bronchus measuring 16 x 13 mm, which was later extracted via
flexible bronchoscopy. There was immediate symptom relief after extraction. Pulmonary function tests
after the procedure showed no bronchial obstruction, with a negative bronchodilator test.

Conclusion A difficult-to-manage asthma requires a thorough workup to rule out alternative diagnoses.
Foreign body aspiration, even though a rare occurrence in adults without obvious risk factors, must be
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considered to prevent long-term complications.

Keywords: asthma; foreign body aspiration; bronchoscopy

INTRODUCTION

Foreign body aspiration (FBA) is a rare but po-
tentially life-threatening event occurring most
commonly in children and older adults [1].
Adult patients frequently have underlying risk
factors for aspiration, such as altered mental
status, alcohol or drug intoxication, and neu-
romuscular weakness [2].

The clinical presentation of occult FBA in
adults is usually subtle, manifesting as chronic
cough, wheezing, exertional dyspnea, or he-
moptysis. A delay in diagnosis is not uncom-
mon for weeks or even months due to subtle
symptoms [3]. In adults, aspiration occurs most
commonly in the right bronchial tree [4]. These
patients are frequently misdiagnosed as hav-
ing pneumonia or difficult-to-treat asthma [5].
Direct visualization via bronchoscopy contin-
ues to be the gold standard for diagnosing and
treating FBA [6].

In this report, we present a case of a man
treated for five years for difficult-to-treat asth-
ma with unnoticed tooth aspiration.

CASE REPORT

A 63-year-old nonsmoker male patient was re-
ferred to the Clinic of Pulmonology, University
Clinical Center of Serbia, with chief complaints
of dyspnea and chronic cough over the course

of five years. He sought medical help sev-
eral times and was diagnosed and treated for
late-onset asthma with high doses of inhaled
corticosteroids / long-acting beta2-agonists
and underwent multiple courses of antibiot-
ics. During this period, the patient underwent
routine laboratory tests, which did not reveal
clinically significant abnormalities. While he
received multiple courses of antibiotics for pre-
sumed respiratory infections, these were pre-
scribed empirically based on clinical symptoms,
without alarming laboratory findings, and no
chest radiography was performed at that time.
Even with optimized asthma therapy, there was
no clinical improvement.

Medical history was negative for other ill-
nesses. Subsequently, the patient reported
blood-streaked sputum over the previous two
months. He was admitted to our clinic for fur-
ther evaluation. On physical examination per-
formed by a pulmonologist, he was eupneic,
with an oxygen saturation of 98%, and there
were no obvious signs of bleeding diathesis.
On auscultation, unilateral left-sided wheez-
ing was noted with decreased breath sounds.
Chest X-ray showed a focal consolidation of
the left lower lobe (Figure 1). A high-resolution
computed tomography (HRCT') scan was per-
formed, which showed a calcified body in the
left main bronchus measuring 16 x 13 mm with
surrounding mucosal inflammation (Figure 2).
A detailed medical history was retaken, during
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Figure 1. Chest X ray showing a focal consolidation of the left lower
lobe

Figure 3. Bony foreign body in the left main bronchus with surround-
ing granulation tissue and signs of post-obstructive pneumonia

which he reported that approximately five years prior to
presentation he awoke without a tooth (an incisor), which
had previously undergone a dental procedure. Except for
leukocytosis (13.7 x 10>/mm®) and elevated C-reactive pro-
tein (53 mg/L), all laboratory parameters were normal.
Flexible bronchoscopy via the transoral route was per-
formed under local anesthesia. The entrance to the left
main bronchus was found to be stenotic. Lodged in the
middle part of the left main bronchus, a bony foreign body
was observed just below the level of central carina with sur-
rounding granulation tissue and signs of post-obstructive
pneumonia — edematous mucosa with mucopurulent se-
cretions (Figure 3). Mechanical extraction was performed
using alligator forceps, and the foreign body was identi-
fied as a tooth approximately 20 mm in length (Figure 4).
Extraction combined with partial removal of granulation
tissue and secretions resulted in immediate symptom relief.
Pulmonary function tests after the procedure showed no
bronchial obstruction, with a negative bronchodilation test.
Bronchial washings taken for Gram and Ziehl-Neelsen
staining and cultures were negative. Control bronchos-
copy was performed after three days, which showed small
amounts of remaining granulation tissue (Figure 5). The

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):86-90

Figure 2. High-resolution computed tomography of the lungs showing
a calcified body in the left main bronchus

Figure 4. Extracted tooth

patient was discharged and remained asymptomatic on
routine follow-up. A follow-up HRCT performed after two
weeks showed no signs of a foreign body.

Ethics: The principles of the Declaration of Helsinki were
respected in this case report. Written informed consent
was obtained from the patient for publication of this case
report and any accompanying images. All identifying de-
tails have been removed or anonymized to ensure patient
privacy.

DISCUSSION

FBA is a medical emergency that necessitates prompt di-
agnosis and treatment [7]. A recent global epidemiologi-
cal assessment demonstrated that FBA remains relatively
infrequent overall, with a notably lower incidence in adult
populations over recent decades despite ongoing cases be-
ing documented across age groups [8]. In contrast, another
study yielded different results, demonstrating that FBA
is frequently misdiagnosed as other respiratory diseases,
including asthma, chronic obstructive pulmonary disease,

www.srpskiarhiv.rs ‘

87



88

Figure 5. Follow-up bronchoscopy after the extraction, showing small
amounts of remaining granulation tissue

recurrent pneumonia, and bronchiectasis [6, 9, 10], similar
to what has been found in our case report. We do not have
precise data on the incidence of foreign body aspiration in
our institution. Approximately 12 cases are diagnosed over
a six-month period. As a large referral center, we encounter
a relatively high number of foreign bodies. Also, this was
the first case in our experience of a misdiagnosed foreign
body aspiration involving a tooth. According to the most
recent guidelines, difficult-to-treat asthma is defined as
asthma that is uncontrolled even with high-dose inhaled
glucocorticoids and a second controller therapy [11].
Walker et al. [12] highlighted the significant clinical util-
ity of HRCT in severe asthma evaluation. In our case, the
patient had been using high- dose inhaled glucocorticoids
and met the criteria for difficult-to-treat asthma, but never
underwent an HRCT for further evaluation. This high-
lights why it is crucial to maintain a high clinical suspicion
for alternative diagnoses when treating difficult-to-treat
asthma with a poor response to therapy. A study from 2020
showed that common reasons for poor response to asthma
therapy are incorrect inhalation technique and poor patient
adherence [13]. Although rare and commonly overlooked
in adults, another possible differential diagnosis is occult
FBA [6]. Among the most commonly aspirated objects are
meat, nuts, or fish bones, as previous data suggest [14]. By
contrast, in a recent multicenter study, the most common
object aspirated among adults is a tooth, as an increasing
number of people undergo dental treatment. Psychiatric
and neurological diseases, severe trauma, alcoholism, seda-
tive use, poor oral hygiene, and advanced age are all risk
factors for airway foreign bodies in adults [8]. Our patient
did not have any obvious risk factors, which suggests the
importance of including FBA in the differential diagnosis
of other pulmonary diseases. Symptoms associated with
FBA can sometimes be non-specific, and include cough,
dyspnea, wheezing, stridor, and hemoptysis [15]. A study

‘ DOI: https://doi.org/10.2298/SARH230518013M
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Figure 6. Follow-up high-resolution computed tomography performed
two weeks later showed no signs of a foreign body

from 2023 pointed out that the clinical presentation of
FBA varies depending on the level of obstruction and the
duration of foreign- body retention in the tracheobronchial
tree. In patients with occult FBA, the impacted foreign
body is generally small and tends to lodge distally within
the airways, leading to chronic respiratory symptoms [16].
Diagnosis of FBA can be challenging, especially when it
presents with chronic, nonspecific respiratory symptoms
as it did in our patient. According to Bhatti et al. [17], a
delay in the diagnosis of FBA can lead to complications
such as recurrent pneumonias, bronchiectasis, recurrent
hemoptysis, and lung abscesses. The initial step in diagnos-
ing FBA is most commonly a chest X-ray, which can be
useful; however, it is limited in specificity, as the overlying
mediastinal structures can obscure the foreign body [18].
A high index of suspicion should be kept for FBA if there
are secondary changes on chest X-ray, such as atelectasis
or obstructive pneumonia [15]. Unlike the chest X-ray,
HRCT has a reported sensitivity of 100% for detecting a
foreign body, and a specificity of 66.7% according to one
comparison study [19]. In our case, where the correct di-
agnosis was delayed, an earlier HRCT would have been
crucial for prompt treatment.

Bronchoscopy has an established role in treating FBA
[20]. There is no clear protocol regarding the type of initial
bronchoscopy used for treating FBA. Literature data from
a cohort study reports a success rate of 98% with flexible
bronchoscopy, of which 75% of the cases were achieved by
a single procedure, and 25% of the cases requiring more
than two procedures. In the same study, formation of gran-
ulation tissue was observed in 44% of the cases [21].In a
large study consisting of 25,998 adult patients who aspi-
rated a foreign body, treatment with flexible bronchoscopy
was associated with lower rates of morbidity and mortality
compared with rigid bronchoscopy, as general anesthesia
is avoided [22].

Recent studies highlight that flexible bronchoscopy can
be enhanced with adjunctive tools such as baskets, snares,
and electrocautery to improve extraction success, espe-
cially in complex or chronically retained foreign bodies,

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):86-90
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underscoring the evolving role of technique adaptation in
adult airway management [23].

Rigid bronchoscopy can be used as a backup option
if flexible bronchoscopy is unsuccessful [3]. Recent data
demonstrate that when flexible bronchoscopy fails to re-
trieve certain airway foreign bodies, particularly those that
are large or difficult to grasp, rigid bronchoscopy is fre-
quently employed successfully as a complementary inter-
vention, highlighting its continued importance in complex
adult cases [24].

For our patient, flexible bronchoscopy with forceps ex-
traction was sufficient for complete removal of the foreign
body.
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In conclusion, difficult-to-treat asthma requires a thor-

ough workup to rule out any alternative diagnoses. Foreign
body aspiration, although rare in adults without obvious
risk factors, should always be considered to prevent long-
term complications.
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Acnupau,uja CTPaHOr TeJia norpeLwHo p,ujaruocmuosal-la KaO0 aCTmMma — NpuKa3s

6onecHuKa u nperneg nutepatype

Wean Munusojesuh’, Munuua KoHtuh'?

'YHUBep3uTeTCKN KNMHUYKY LeHTap Cpbuje, KnuHuka 3a mynmonorujy, beorpag, Cpbuja;

2Ynneepautet y beorpaay, MegnunHcku akyntert, beorpag, Cpbuja

CAMXETAK

YBop Acnmpaiimja CTpaHor Tesa je PeTKo, NOTeHLMjaIHO XWBOT-
Ho yrpoxaBajyhe cTarbe, Koje ce Hajuelwhe foraha kog geue v
cTapujux ocoba. KnnHuuKka cnmka oKynTHe acnmpavyje cTpaHor
Tena je Hajuewwhe cynTunHa, ca HecneuneUIYHUM CUMITOMMA
NonyT XPOHWYHOT Kallyba, BU3MHra U HTONIepaHLmje Hanopa.
MocTaB/mbare TauHe AnjarHo3e ce HePeTKO OANlaxe Heferba-
Ma, MOHEKaA 1 MeceLnMa, ycne HecneumpuuHux CUMnToma.
BbpoHxockoncka AMpeKTHa Br3yenm3sauuja n ekcTpakLmja npea-
CTaBJbajy 3M1aTHN CTaHAAPA Y AnjarHO3M 1 Tepanuju acnupawm-
je ctpaHor Tena. Mpukasyjemo ciyyaj 6onecH1Ka Koju je net
roAvHa fieyeH 360r TellKe acTMe ca HeAujarHOCTUKOBaHOM
acnupaumjom 3y6a.

Mpwukas cnyyvaja bonecHnk cTap 63 roguHe, Henyway, ynyheH
je Ha KnuHuKy 3a nynmosnorunjy YHUBEpP3UTETCKOT KIIMHUYKOT
ueHTpa Cpbuje, ca raBHMM Terobama y BuYy OTEXaHOT JUcakba
1 XPOHUYHOT Kallsba Koje Tpajy net roguHa yHasaga. [perneaaH
je of cTpaHe nekapa y BiiLLe HaBpaTa, HAKOH Yera je MocTaB/be-

DOI: https://doi.org/10.2298/SARH230518013M

Ha AnjarHo3a 6poHxmjaiHe acTMe ca KaCHUM NoYeTKom; Mehy-
TVIM HUje NMao Noborbllare YyNPKOC MakCUManHO ONTUMU30-
BaHOj Tepanuju. YUntbeH je CKeHep BUCOKe pe3osyumje rpyaHor
KOLLa, Ha KOME je yOU€eHO KanundUKoBaHO Teo Yy lyMeHy JieBor
rnaBHor 6poHxa fgumMeHsuja 16 X 13 mm, Koje je HakHagHO 13Ba-
hHeHo pnekcmbunHom 6poHxockonujom. Oamax HakoH Bahetrba
JoLuso je fo nobosbliaka cumntoma. TectoBu niyhHe dyHKUuje
YUMHEHW HAaKOH MpoLieaype 6unu cy 6e3 6poHxooncTpyKLyje,
Ca HeraTVBHUM GpOHXOAMNATaLVjCKUM TECTOM.

3aksbyuak [pe noctaB/barba JujarHo3e Telke acTMe, Heon-
XO[HO je feTa/bHO NCMUTATV CBe anTepHaTUBHe AujarHose.
Acninpaumja CTpaHOT Tena, MakKo je PeTKO CTake KOA 0fpac/inX
6e3 jacHux dakTopa pu3iKa, Mopa ce y3eTn y pa3maTpatrbe npu
AndepeHumjanHoj anjarHo3n Kako 6u ce cnpeyunne gyrotpajHe
KomnnmKauuje.

KrbyuHe peun: acTMa; acnvpalimja CTpaHor Tefa; 6poHX0CKo-
nvja
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SUMMARY

Introduction Follicular lymphoma belongs to the group of indolent lymphoid neoplasms originating
from mutated germinal center B cells, characterized by a nodular or follicular histological pattern of
infiltration. Primary involvement of extranodal sites is rare. The aim of this study is to present the clinical,
histological, and immunohistochemical features of a rare case of gallbladder follicular lymphoma, along
with a literature review, highlighting key diagnostic and therapeutic considerations.

Case outline We present the case of a 60-year-old female patient who underwent laparoscopic cho-
lecystectomy for ultrasound-confirmed gallbladder calculosis. Based on the morphological findings,
supplemented by immunohistochemical analysis, the lesion identified in the tissue samples corresponded
to follicular non-Hodgkin lymphoma.

Conclusion Gallbladder lymphoma is a rare malignancy often found incidentally. Diagnosis relies on
histology and immunohistochemistry, which distinguish it from adenocarcinoma and other lymphomas.
Accurate classification is essential for proper management and prognosis.

Keywords: follicular lymphoma; MALT; gallbladder; non-Hodgkin lymphoma; immunohistochemistry

INTRODUCTION

Follicular lymphoma is an indolent lymphoid
neoplasm originating from mutated germinal
center B-cells, characterized by a nodular or fol-
licular histological pattern of infiltration [1]. The
tumor is composed of a mixture of centrocytes
and centroblasts (small cleaved follicular center
cells and large noncleaved follicular center cells)
(Figure 1). Follicular lymphoma is the second
most common subtype of all non-Hodgkin
lymphomas (NHL) and the most common
indolent lymphoma. It accounts for 20-25%
of adult NHL cases in the United States, with
an annual incidence of approximately 14,000

¥ (S v G ; + =
Figure 1. Follicular lymphoma of the gallbladder (H&E;
X 10)

new cases. The median age at diagnosis is 59
years, and it is more common in women, with
a female-to-male ratio of 1.7:1.0 [2]. The classic
cytogenetic abnormality in follicular lymphoma
is the translocation t(14;18)(q32;q21), resulting
in juxtaposition of the BCL-2 gene on chromo-
some 18921 with the immunoglobulin heavy
chain gene on chromosome 14 [3, 4]. Initial
diagnostic workup includes a thorough medical
history, detailed physical examination, laboratory
tests, lymph node biopsy, bone marrow aspira-
tion and biopsy, and computed tomography (CT)
[5]. In 2004, an international cooperative group
proposed the Follicular Lymphoma International
Prognostic Index (FLIPI) [6, 7]. The estimated
five-year overall survival for patients with high
FLIPI scores is approximately 50%. Patients
with follicular lymphoma may be treated with
mono- or polychemotherapy [8, 9]. The intro-
duction of rituximab has significantly altered
the disease course.

CASE REPORT

The patient was a 60-year-old woman referred to
a hematologist with a diagnosis of non-Hodgkin
lymphoma. Because of interscapular pain accom-
panied by nausea and loss of appetite, and in the
context of gallbladder cholelithiasis confirmed
by ultrasound one month earlier, a laparoscopic
cholecystectomy was performed. Upon review of
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the histopathology report (macroscopic description): The
material submitted for pathological analysis consisted of
an opened gallbladder with emptied contents, measuring
approximately 7 x 2 cm. The external surface was partially
smooth and shiny, and partially torn. The internal surface
was yellow-green and velvety. In the region of the gallbladder
body, beneath the mucosa, there was a poorly demarcated
thickening (lesion) measuring 2.5 x 1.3 cm, appearing
whitish, solid, and shiny on the cut surface. Microscopic
description is as follows: the histologically examined material
consisted of gallbladder tissue samples. In the sections taken
from the macroscopically described lesion within the gall-
bladder wall, a lesion composed predominantly of a uniform
lymphoid cell population was present. The lymphoid infiltrate
was made up of small to medium-sized cells with oval nuclei,
granular chromatin, and visible nucleoli. The cytoplasm was
scant. Focally, lymphoid cells were also present within the
surface epithelium and within glandular epithelium. The
described histologic appearance in the gallbladder samples
was consistent with non-Hodgkin lymphoma. The differ-
ential diagnosis of gallbladder lymphoma includes several
lymphoma subtypes: follicular lymphoma, diffuse large
B-cell lymphoma (DLBCL), and MALT (mucosa-associated
lymphoid tissue) lymphoma. Although they arise in the
same organ, these different lymphoma types have distinct
morphological and immunophenotypic profiles. Based on
morphological findings and immunohistochemical analysis
(LCA+, CD20+, CD10+, BCL2+, CK7-, synaptophysin-),
the changes observed in the tissue samples were consistent
with follicular non-Hodgkin lymphoma of B-cell phenotype,
low-grade. To assess the extent of disease, a full clinical,
laboratory, and radiological evaluation was performed, as
well as PET/CT to evaluate disease activity. Laboratory find-
ings revealed mild neutropenia, mild thrombocytopenia,
and hypoalbuminemia, with normal levels of LDH, uric
acid, and beta-2 microglobulin. PET/CT findings: Right
occipital lymph node with an axial diameter of 10 mm and
increased uptake of 18F-FDG (SUVmax 7.21). In the right
axilla, multiple lymph nodes with the largest measuring
11 mm and increased uptake (SUVmax 4.21). On the left
inguinal side, multiple lymph nodes with diameters up to
11 mm and increased uptake (SUVmax up to 9.6). On the
right inguinal side, multiple subcentimeter lymph nodes with
moderately increased uptake (SUVmax up to 2.76). Multiple
foci of increased 18F-FDG uptake in almost all bones of the
axial skeleton (SUVmax up to 23.46 in the body of the Th6
vertebra). Compression fractures of Th7 and Th8 were previ-
ously documented on CT. The patient was presented to the
Multidisciplinary Team with a diagnosis of non-Hodgkin
lymphoma (follicular grade I), clinical stage IV B, ECOG
performance status: 0, FLIPI 1: 2 (intermediate risk), FLIPI
2:1 (low risk), R-IPI: 2 (good prognostic index). The Team
recommended initiation of immunochemotherapy (ICT)
following the R-CHOP protocol, for eight cycles.

The patient received eight cycles of ICT per the protocol.
A follow-up CT of the thorax, abdomen, and pelvis was
performed. No enlarged lymph nodes were identified.
Compression fractures of Th7, Th8, and Th9 were noted.
Remission of the primary disease was confirmed. The patient
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was again presented to the Multidisciplinary Team, which
recommended maintenance therapy with rituximab every
three months for two years. The patient received four cycles
of maintenance therapy, which was then discontinued due
to COVID-19 infection. Clinical and laboratory evaluation
is conducted every three months, and radiological evalua-
tion every six months.

Ethics: Written informed consent was obtained from the
patient for publication of this case report. Approval of the
Ethics Committee was obtained (No. 01-19-515-2/25).

DISCUSSION

Primary extranodal involvement of follicular lymphoma
is rare. In the domestic literature, there has not been a
previously reported case of follicular lymphoma diagnosed
by cholecystectomy. In 2003, Ferluga et al. [10] published
a report describing a 63-year-old woman with symptoms
of biliary obstruction. Ultrasound raised suspicion of a
Klatskin tumor. Based on histopathology and immunohis-
tochemical analysis, the tumor was classified as extranodal
follicular lymphoma, grade 2. This was the first reported
case worldwide of extranodal follicular lymphoma in this
location. In this case, the postoperative follow-up of more
than three years was completely uneventful, without any
symptoms or signs of disease recurrence.

In 2004, Jeli¢ et al. [11] published a case report describ-
ing an isolated primary extranodal lymphoma limited to
the gallbladder in a 70-year-old woman with symptomatic
cholelithiasis. According to the literature, the most com-
mon type of lymphoma in this location is MALT. However,
this case demonstrated follicular lymphoma in an organ
(gallbladder) that typically lacks lymphoid tissue. At that
time, it was the 16th case described.

In 2024, Nakagaki et al. [12] published an article reporting
on a 70-year-old man with an ultrasound-verified polypoid
lesion in the gallbladder without specific symptoms and
no abnormalities in laboratory data. Histopathology with
immunohistochemistry confirmed follicular lymphoma
(CD10+, CD20+, BCL2+, CD23+). This case report illus-
trates how difficult it can be to diagnose follicular lymphoma
originating in the gallbladder.

In 2025, Myers et al. [13] presented an 82-year-old
male with acute abdominal pain. Computed tomography;,
ultrasound, and magnetic resonance imaging detected
a suspicious gallbladder mass and regional lymphade-
nopathy. Fine-needle biopsy and immunophenotyping
confirmed a diagnosis of follicular lymphoma. Nitta et al.
[14] presented a 71-year-old Japanese woman with a gall-
bladder polyp detected on ultrasound in 2024. Pathology
revealed aggressive follicular lymphoma of the liver and
gallbladder. Immunohistochemical staining was positive
for CD10, CD20, CD23, CD79a, BCL2, and BCL6. Nishida
et al. [15] presented a male patient in his 70s. During
follow-up, a gallbladder tumor was detected on CT scans.
Immunohistochemical staining demonstrated that lympho-
cytes were positive for CD10, CD20, and BCL2. The final
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pathological diagnosis was primary follicular lymphoma
of the gallbladder.

Gallbladder lymphoma is a rare malignancy, most often
discovered incidentally after cholecystectomy. Clinically
and radiologically, it can mimic benign conditions or
adenocarcinoma, making histological and immunohisto-
chemical analysis essential for diagnosis. The differential
diagnosis includes follicular lymphoma, MALT lymphoma,
and diffuse large B-cell lymphoma, each distinguishable by
morphology and immunophenotype. Timely recognition
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and accurate classification of the lymphoma are crucial for
guiding appropriate management and prognosis. Future
research should focus on optimizing diagnostic techniques,
refining therapeutic strategies, and conducting longer-term
follow-up studies to better assess patient outcomes in such
arare disease. This case highlights the need for heightened
clinical suspicion and comprehensive evaluation in atypical
presentations of extranodal lymphoma.
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SUMMARY

Long-term statistical data worldwide on lung cancer (LC) show an overall 34% reduction in mortality
compared to 1991. The primary reasons for this decline include a reduced smoking rate, earlier diagnosis,
advancements in invasive diagnostic methods, and the introduction of low-dose computed tomography
screening. These factors have contributed to detecting LC at earlier stages of the disease and improving
timely treatment. The diagnostic sensitivity of conventional bronchoscopy for peripheral pulmonary
lesions (PPL), representing early-stage LC, has historically been relatively low, ranging 30-60%. Over the
past two decades, diagnostic sensitivity for PPL has improved with the development of advanced naviga-
tional techniques, such as virtual bronchoscopic navigation, electromagnetic navigation bronchoscopy,
radial endobronchial ultrasound, cone-beam computed tomography, and ultrathin bronchoscopy. In
the past two to three years, robotic-assisted bronchoscopy has further enhanced diagnostic navigation
capabilities to their current maximum potential.
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and procedures

INTRODUCTION

Global data on lung cancer (LC) incidence and
mortality have become increasingly refined in
recent years and demonstrate significant geo-
graphical heterogeneity [1-4]. In the period
following the COVID-19 pandemic, stud-
ies reported an increase in LC incidence and
mortality worldwide, largely due to delayed
diagnostic evaluation and detection at more ad-
vanced stages, which negatively affected treat-
ment outcomes. Overall cancer incidence in
2020 was 9% lower than in 2019, with the most
substantial decrease observed in asymptomatic
(in situ and localized) disease, attributable to
reductions in screening and incidental detec-
tion during routine medical visits [5]. However,
when long-term LC statistical data are consid-
ered, there is a continued decrease in mortal-
ity, amounting to 34% compared with 1991
(US data). The main reasons for the reduced
LC mortality are the decline in the smoking
rate, earlier detection, advances in invasive

diagnostic modalities, and the implementation
of low-dose computed tomography (LDCT)
screening, all contributing to earlier-stage di-
agnosis and timely treatment [6]. Obtaining an
adequate bronchial or pulmonary tissue sample
is crucial not only for establishing a diagnosis
of LC but also for determining the molecular
and immunologic profile of the lung tumor
[7]. When the objective of invasive pulmonary
diagnostics is early-stage diagnosis, sampling
typically involves small peripheral pulmonary
lesions (PPL), where flexible bronchoscopy has
replaced rigid bronchoscopy completely. New
image-guided bronchoscopic techniques have
increased diagnostic yield and reduced compli-
cation rates compared with conventional bron-
choscopy. These include virtual bronchoscopic
navigation (VBN), electromagnetic navigation
bronchoscopy (ENB), radial endobronchial
ultrasound (R-EBUS), cone-beam computed
tomography (CBCT), ultrathin bronchos-
copy (UTB), and robotic bronchoscopy [8].
Advanced bronchoscopic imaging techniques
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Figure 1. Radial endobronchial ultrasound [16]

such as autofluorescence imaging and narrow-band imag-
ing can also detect changes in the bronchial epithelium,
including carcinoma in situ, 40% of which may progress to
invasive carcinoma. Early detection allows these lesions to
be treated endoscopically, for example, by endobronchial
brachytherapy or photodynamic therapy [9].

Transthoracic needle aspiration and biopsy
(TTNA/TTNB)

TTNA/TTNB are well-established and safe diagnostic
techniques for obtaining cytologic or histologic samples
from PPL. Over time, several imaging modalities have
been used to guide needle placement, including plain
radiography, fluoroscopy, computed tomography (CT),
ultrasound, and electromagnetic-navigated TTNA [10].
These TTNA/TTNB methods have become procedures of
choice for diagnosing peripheral pulmonary nodules due
to their high diagnostic yield. A sample can be obtained
via needle biopsy or fine needle aspiration for cytology and
cell-block preparation, and both sample types are suitable
for molecular analysis. The CT-guided TTNA and TTNB
demonstrate diagnostic yields ranging from 64% to 97%
[11]. The most common complications include pneumo-
thorax (rate to ~25%, with ~5-6% requiring intervention)
and hemoptysis (5% prevalence) [12]. Thoracic oncolo-
gists generally avoid TTNA/TTNB for PPL because these
lesions are potentially resectable. However, this approach
is preferred for suspected small cell lung carcinoma, for
which surgery is not indicated. When surgery is contrain-
dicated for any reason, TTNA/TTNB method is strongly
recommended.
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Bronchoscopy - new diagnostic procedures

Interventional pulmonology has expanded rapidly since
the first groundbreaking studies in 2004 which demon-
strated the usefulness of R/L-EBUS for diagnosing pul-
monary lesions and LC staging. The development of in-
terventional pulmonology has significantly improved the
management of LC, particularly early-stage non-small cell
LC [12, 13].

R-EBUS with and without guide sheath (GS)

Although conventional flexible bronchoscopy can be used
for diagnosing PPL, its diagnostic yield is variable and gen-
erally lower than that of CT-guided TTNA/TTNB. This
limitation facilitated the development of newer broncho-
scopic techniques, such as R/L-EBUS [14]. Several studies
have confirmed that a multimodal approach that combines
R-EBUS with VBN or ENB has an improved diagnostic
yield when compared to using only R-EBUS, as naviga-
tional systems compensate for instances in which R-EBUS
fails to reach the lesion [15]. The key limitation of R-EBUS
is the lack of real-time tissue sampling, as the radial probe
(RP) must be removed from the bronchoscope’s work-
ing channel before biopsy instruments are introduced.
Maintaining a consistent position of the RP withdrawal
and instrument insertion is challenging (Figure 1) [16].
GS use can partly help mitigate this issue. Diagnostic sen-
sitivity of R-EBUS for PPL, especially for LC diagnosis,
depends on lesion size, location, presence of a bronchus
sign, lesion type, and the availability of rapid on-site evalu-
ation [17]. Diagnostic sensitivity is reduced for upper lobe
lesions because the RP cannot navigate sharply angled seg-
ments. The diagnostic sensitivity is greatly influenced by
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Figure 2. Electromagnetic navigation bronchoscopy [23]

the position of PPL when compared to RP, with the highest
diagnostic sensitivity when the R-EBUS probe is centrally
positioned within the lesion (82.6%), lower when in the
adjacent position (56.8%), and the lowest when the probe
is outside the lesion (17.3%) (24). A meta-analysis of 46
studies (2002-2022) included 7252 patients with PPL,
out of which 5173 patients were successfully diagnosed
by R-EBUS with an overall diagnostic sensitivity of 73.4%
(95% CI: 69.9-76.7%) [18].

UTB in the diagnosis of PPL

UTB uses bronchoscopes with a working channel diameter
of 1.8-2.2 mm, enabling navigation into smaller bronchi
and facilitating access and biopsy of PPL. When combined
with R-EBUS, UTB demonstrates better diagnostic sensi-
tivity compared with thin bronchoscopy (TB), particularly
for lesions in the upper segments of the lower lobes and
the upper lobes [19, 20].

Multiple studies have shown higher sensitivity with UTB
compared to TB (70.1% vs. 58.7%). In a study by Nishii et
al. [21], patients first underwent TB with R-EBUS; if the
probe did not enter the lesion, TB was replaced with UTB.
Positive or negative bronchus sign presence or absence had
an impact on statistically significant difference between
diagnostic and nondiagnostic bronchoscopies, and both
procedures were performed with VBN assistance [21].

New navigational techniques in bronchoscopy of PPL

ENB is a type of bronchoscopic navigation that enables
guided sampling of PPL using electromagnetic field—based
reconstruction of a three-dimensional pathway (3D) to the
target lesion [22]. During the procedure, the bronchoscope

is navigated through the airways using real-time electro-
magnetic navigation. Virtual 3D mapping laid over the
live bronchoscopic imaging allows the operator to lead the
bronchoscope with precision to the lesion. Biopsy instru-
ments are then introduced into the working channel to
obtain diagnostic biopsy samples (Figure 2) [23].

In the multicenter NAVIGATE study, ENB achieved a
diagnostic yield of 73%, with the R-EBUS-assisted group
demonstrating superior sensitivity compared with the fluo-
roscopy group [24].

CBCT in bronchoscopy

CBCT provides real-time airway imaging and confirms
navigational accuracy through specialized software. This
enables the bronchologist to localize with PPL that are
difficult or impossible to reach using conventional bron-
choscopy and would require fluoroscopy to guide the
instruments into the lesion [25]. The use of radiation or
fluoroscopy is highly reduced. Limitations of the procedure
are the following: the need for specialized equipment and
infrastructure, including a complete CBCT system. The
interpretation of CBCT also requires advanced operator
training, and there are also significant system and main-
tenance costs. All this makes CBCT less accessible for in-
stitutions with limited resources [25, 26].

Bhadra et al. [27] published a study of 200 patients who
underwent CBCT bronchoscopy with a multimodal ap-
proach which incorporated both conventional and UTB,
and with a smaller group of patients also underwent cryo-
biopsy. The diagnostic sensitivity was 90%, with 60% ma-
lign lung lesions, 30% benign lung lesions and 10% undi-
agnosed. By using the cryoprobe, the authors increased the
diagnostic sensitivity from 86.4% to 90.1% [27].
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Figure 3. Application of robotic assisted bronchoscopy; the bronchologist guides the procedure via the display; on the left in the image of the
monitor is a real-time bronchoscopic procedure, the right side shows a virtual bronchoscopic view [28]

Robotic-assisted bronchoscopy (RAB)

RAB enables the bronchologist to visualize and access
previously unreachable peripheral lung regions. Although
system cost remains a significant barrier for RAB (Figure
3), it currently offers the highest diagnostic yield for PPL
[28]. This method integrates three navigational modali-
ties — electromagnetic guidance, optical pattern recogni-
tion, and robotic kinematic feedback — providing highly
accurate localization on high-resolution monitors. Initially,
target lesions are mapped on CT, imported into planning
software, and then via robotic platform the target lesions
are accessed with precision by guiding the bronchoscope
through the airways [29].

The robotic platform includes an innovative telescop-
ing endoscope mounted on flexible robotic arms, enabling
superior maneuverability, reach, and stability. Combining
advanced imaging, improved biopsy tools, and robotic
precision has enabled diagnostic sensitivity for small PPL
to exceed 90% [30]. These results are comparable to CT-
guided TTNA/TTNB, which has proven sensibility of
84-96%. However, RAB has a better safety profile, with
the 2.3% pneumothorax rate and 0.6% bleeding risk [31].
Current evidence suggests that, with appropriate expertise
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CONCLUSION

Bronchoscopy has undergone profound transformation
since its inception, evolving from a simple tool for remov-
ing foreign bodies into a sophisticated diagnostic and ther-
apeutic platform. Modern navigational technologies have
markedly improved the safety and accuracy of diagnosing
PPL. RAB represents the most advanced development to
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sis but also for enabling future bronchoscopic therapeutic
interventions in peripheral lung malignancies.
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WUHBa3MBHe AMjarHOCTUYKe NpoLeaype 3a paKk nayha y paHom cTagujymy —
KNMHUYKM 3HAYAj HOBUX HAaBUTaLMOHMX TEXHMKA Y MHTEPBEHTHOj 6POHXOCKONMUjU
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CAMETAK

JlyropoyHu CTaTUCTMYKM NMofaLy o paky niayha nokasyjy yKynHo
CMarberbe MopTanuTeTa 3a 34% y nopehery ca 1991. rogrHom.
[MaBHW pa3no3u 3a 0Baj Naj yK/byuyjy CMakbeHy CTOMy MyLletba,
paHujy AnjarHo3y, Hanpeaak Y MHBa3WBHUM [WjarHOCTUYKAM
meTofama 1 yBoherbe CKPUHUHIa HACKOLO3HOM KOMMjyTepu-
30BaHOM Tomorpadumjom. OBn GpakTopm Cy AONPUHENN OTKPU-
Batkby paka nnyha y paHujum ctagujymmuma 6onectt 1 no6osb-
Wwatby 6naroBpemeHor nevetba. [lnjarHOCTMYKa OCET/bUBOCT
KOHBEHLMOHanHe 6poHxockonuje 3a neprdepHe nayhHe
nesuje, Koje NpeAcTaBsbajy paHu ctagujym onectu, 6una je
penaTuBHO HMcKa, n3mehy 30% n 60%. Tokom NpoTekne ABe
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JeLeHuje, AnjarHOCTUYKa OCET/bUBOCT 3a neprdepHe nnyhHe
nesuje nobosbluana ce pa3Bojem HanpegHUX HaBUraLMOHNX
TeXHUKa, Kao LUTO Cy BUPTYyesiHa 6pOHXOCKOMNCKa HaBurauyja,
e/leKTpPOMarHeTHa HaBMraLoHa 6poOHX0CKoNWja, PagujanHu
€HJ06POHXVjanHN YNTPa3ByK, KOHYCHA KOMMjyTepri30BaHa To-
morpaduja 1 yntpataHka 6poHxockonuja. Y npotekne fige o
TPY rogyHe, PO6OTCKM MOTNOMOrHYTa GPOHXOCKOMMja AOAATHO
je no6orbluana MoryhHOCTI AnjarHOCTUYKe HaBurauuje Ao -
XOBOT TPEHYTHOI MaKCUMasHOr noTeHuujana.

KrbyuHe peun: 6poHX0CKOMNNja; paHO OTKPYBake KapLUHO-
Ma; Heonnasme nnyha; nywerbe; BUAeoacucTMpaHe TeXHUKe
1 npoueaype
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SUMMARY

Introduction/Objective Attention-deficit/hyperactivity disorder (ADHD), autism spectrum disorder
(ASD), mood disorders, anxiety disorders, and early-onset psychotic disorders could significantly impact
child development by affecting emotional regulation, cognitive function, and social competence. This
narrative review integrates neuroimaging evidence from large-scale consortia to delineate altered brain
substrates and evaluate neuroplastic effects of interventions in these conditions.

Methods We analyzed findings from structural and functional magnetic resonance imaging, positron
emission tomography, and electroencephalography studies published up to March 2025, focusing on
key brain regions (prefrontal cortex, amygdala, basal ganglia, cerebellum, hippocampus) and brain
networks (default mode network).

Results Structural anomalies, such as reduced subcortical/cortical volumes in ADHD and altered amygdala
trajectories in ASD, coexist with functional disruptions, including hypoactivation and dysconnectivity.
Pharmacological [stimulants and selective serotonin reuptake inhibitors (SSRIs)] and behavioral interven-
tions induce neuroplastic changes, modulating regional activity and connectivity.

Conclusion These findings reveal shared and disorder-specific neurobiological mechanisms, offering
pathways for early diagnosis and targeted treatments. We propose a multidisciplinary framework in-
tegrating neuroimaging with genetic, environmental, and clinical data to advance early diagnosis and
treatment in precision psychiatry. Understanding brain alterations and their plasticity in childhood can
guide strategies to reduce long-term morbidity.

Keywords: neurodevelopmental disorders; child psychiatry; neuroimaging; neuroplasticity; neuroanatomy
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INTRODUCTION

Pediatric psychiatric disorders affect approxi-
mately 20% of children and adolescents annu-
ally, posing a significant global health challenge
[1, 2]. Conditions such as attention-deficit/
hyperactivity disorder (ADHD), autism spec-
trum disorder (ASD), major depressive disorder
(MDD), generalized anxiety disorder (GAD),
and childhood-onset schizophrenia disrupt de-
velopmental milestones, impairing emotional
regulation, cognitive processing, and social in-
teractions [3]. Their persistence into adulthood
increases morbidity and imposes substantial so-
cioeconomic costs due to reduced productivity
and healthcare issues [4]. The rising prevalence
of these disorders, driven by complex interac-
tions of genetic predispositions, environmental
stressors, and neurobiological alterations, un-
derscores the urgent need for improved diag-
nostic precision and therapeutic strategies [2, 3].

Neuroimaging provides non-invasive in-
sights into brain structure, function, and con-
nectivity. Structural MRI identifies changes in
gray and white matter volume, functional MRI
(fMRI) and electroencephalography (EEG)
reveal activation and network dynamics, and

positron emission tomography (PET) maps
neurotransmitter systems, such as dopamine
and serotonin [5, 6]. Large-scale consortia such
as ENIGMA have identified consistent altera-
tions, including reduced subcortical and cortical
volumes in ADHD, altered limbic trajectories in
ASD, amygdala hyperactivity in anxiety disor-
ders, and thalamic/hippocampal dysfunction in
early psychosis, indicating both disorder-specif-
ic and transdiagnostic mechanisms [4, 7, 8, 9].

However, research frequently examines sin-
gle disorders or modalities, limiting insights
into shared neurobiological pathways critical
for transdiagnostic approaches. The neuroplas-
tic potential of interventions, such as methyl-
phenidate for ADHD or cognitive-behavioral
therapy (CBT) for anxiety, is underexplored in
pediatric populations, where brain development
is highly dynamic [10]. Parallels to adult severe
psychopathology (altered brain morphology
in extreme cases or trauma-related conditions)
may inform lifespan trajectories [4, 11, 12, 13].
Translating neuroimaging findings into clini-
cal practice demands comprehensive evidence
synthesis and robust methodologies to bridge
the gap between research and real-world appli-
cations. For instance, integrating neuroimaging
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with genetic and clinical data could enable personalized
treatment plans, but challenges such as high costs and
limited access to advanced imaging technologies hinder
widespread adoption [5].

This review integrates neuroimaging evidence across
major pediatric psychiatric disorders in order to identify
structural and functional brain abnormalities and assess
neural network disruptions. One of the goals was to evalu-
ate treatment-induced neuroplasticity and propose a re-
search agenda for clinical applications, including transdi-
agnostic perspectives across the lifespan.

METHODS AND NEUROIMAGING APPROACHES
Overview of techniques

Neuroimaging modalities offer complementary insights
into pediatric psychiatric disorders. Structural MRI mea-
sures brain volume, cortical thickness, and white matter
integrity using voxel-based morphometry and diffusion
tensor imaging. fMRI assesses blood-oxygen-level-depen-
dent signals for task-related and resting-state connectivity,
while EEG captures millisecond-scale electrical activity.
PET targets neurotransmitter systems (dopamine D2 re-
ceptors) with radioligands, providing metabolic and mo-
lecular insights [5, 6].

Study selection and synthesis

We reviewed studies published up to December 2025
available from PubMed, PsycINFO, and Web of Science,
focusing on pediatric populations (ages 0-18 years). Our
search prioritized large-scale cohort studies (ABCD Study,
ENIGMA consortium) and high-impact mega-analyses and
review papers to ensure a synthesis of robust, contemporary
evidence. Inclusion criteria included peer-reviewed articles
using MR, EEG, or PET to investigate ADHD, ASD, mood
disorders, anxiety disorders, or psychotic disorders. Studies
on unrelated conditions were excluded. Longitudinal and
intervention studies were prioritized for assessing neuro-
plasticity. Findings were synthesized qualitatively due to
methodological and population heterogeneity.

Analytical considerations

Data interpretation accounted for developmental stages,
as brain maturation influences imaging outcomes [10, 14].
Statistical approaches in cited studies (region-of-interest
analyses, whole-brain voxel-wise comparisons) were evalu-
ated for robustness, considering sample size and correction
for multiple comparisons.

ASD

Structural abnormalities

Structural MRI reveals early amygdala hypertrophy and
altered trajectories, corroborated by large ENIGMA-ASD
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mega-analyses, including reduced gray matter in superior
temporal sulcus (STS) and smaller corpus callosum [8, 15].
Reduced gray matter volume in the STS correlates with
social deficits, while a smaller corpus callosum contributes
to sensory hypersensitivity. Cerebellar volume reductions
impair motor coordination and cognitive flexibility [16].

Functional characteristics

fMRI shows amygdala hypoactivation during social tasks
(face processing), reflecting impaired emotional interpreta-
tion [17]. STS hypoactivity during dynamic social stimuli
and cerebellar hypoactivation during cognitive tasks indi-
cate broader executive dysfunction [8, 18].

Connectivity patterns

ASD exhibits local hyperconnectivity in posterior senso-
ry regions and long-range hypoconnectivity between the
prefrontal cortex (PFC) and temporal lobe [19]. Elevated
default mode network (DMN) activity impairs attentional
shifts, supported by EEG coherence studies [20].

Treatment and neuroplasticity

Behavioral interventions, such as applied behavior analysis
(ABA), enhance amygdala and PFC activation, indicating
neuroplastic reorganization [21]. Pilot studies of intranasal
oxytocin show increased STS connectivity, though further
research is needed [22].

Clinical implications

Early structural and connectivity markers could improve
ASD diagnosis, while neuroplasticity evidence supports
intensive early interventions to reduce symptom severity.
For example, longitudinal studies suggest that early ABA
can normalize amygdala-PFC connectivity, potentially pre-
dicting better social outcomes in 30-40% of children with
ASD, though access to such interventions remains limited
in resource-constrained settings.

ADHD
Structural abnormalities

ADHD involves reduced subcortical volumes (e.g., caudate,
accumbens, amygdala) and prefrontal cortical thickness/
surface area from ENIGMA mega-analyses, basal ganglia
reductions, and cerebellar vermis hypoplasia, impairing
attention, reward processing, and coordination [7, 9].

Functional characteristics

fMRI reveals PFC hypoactivation during attention tasks,
basal ganglia hypoactivity during reward anticipation, and
reduced EEG beta power, indicating attentional dysregula-

tion [23, 24].
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Connectivity patterns

Persistent DMN activity during tasks and reduced PFC-
striatal connectivity disrupt inhibition and cognitive flex-
ibility [25].

Treatment and neuroplasticity

Methylphenidate normalizes PFC and basal ganglia activ-
ity, with PET showing increased dopamine transporter
availability [26]. Executive function training enhances PFC
plasticity [27].

Clinical implications

Neuroimaging markers could complement clinical as-
sessments, while neuroplasticity findings support early
multimodal interventions. For instance, combining meth-
ylphenidate with executive function training may enhance
PFC connectivity in up to 50% of pediatric patients, poten-
tially reducing symptom severity and improving academic
performance, though long-term outcomes require further
study [28].

MOOD AND ANXIETY DISORDERS
Structural abnormalities

MDD and GAD feature increased amygdala volume, re-
duced anterior cingulate cortex (ACC) gray matter, and
hippocampal volume loss from ENIGMA-related find-
ings, with similar hippocampal reductions in adult trauma-
related conditions such as posttraumatic stress disorder
(PTSD) with associated alcoholism [10, 12].

Functional characteristics

fMRI shows amygdala hyperactivation to emotional cues,
ACC hypoactivity during regulation tasks, and EEG alpha
asymmetry [12]. Frontal theta oscillations during emotion
regulation tasks are altered in related adult conditions like
borderline personality disorder, suggesting transdiagnostic
prefrontal involvement [13].

Connectivity patterns

Reduced PFC-amygdala connectivity and elevated DMN
activity reflect impaired regulation and rumination [14].
Structural variations in brain morphology, including in
therapy-naive transsexual individuals, further illustrate
the diversity of PFC-limbic alterations across psychiatric
spectra [14].
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Treatment and neuroplasticity

SSRIs normalize amygdala and PFC activity, while CBT en-
hances connectivity, with EEG showing increased gamma
coherence [13].

Clinical implications

Neuroimaging markers could predict treatment response,
supporting early intervention to prevent chronicity. For
example, baseline amygdala hyperactivity may predict SSRI
response in 60-70% of adolescents with GAD, enabling
tailored treatment plans, though challenges in standard-
izing imaging protocols across clinics persist [29].

PSYCHOTIC DISORDERS - EARLY-ONSET
PSYCHOTIC DISORDERS

Structural abnormalities

Progressive PFC gray matter loss, hippocampal/thalamic
volume reductions from recent meta-analyses and con-
sortium data [10].

Functional characteristics

PEC hypoactivation, thalamic hyperactivity, reduced EEG
gamma synchrony [10].

Connectivity patterns

Disrupted PFC-thalamus-hippocampus connectivity was
observed [10].

Treatment and neuroplasticity

Antipsychotics normalize PFC/thalamic activity, reduce
D2 receptor occupancy.

Clinical implications

Neuroimaging markers enable ~80% accurate early detec-
tion, guiding timely intervention.

DISCUSSION
Transdiagnostic and disorder-specific findings

Reduced PFC volume and DMN dysregulation across dis-
orders have been reported by ENIGMA consortia, with
extensions to severe adult psychopathology such as altered
brain morphology in mass murderers, highlighting potential
long-term trajectories of severe dysregulation [4, 17]. The
PEC’s role in executive control is a transdiagnostic feature,
while amygdala alterations vary by disorder. DMN dys-
regulation is a shared mechanism [3, 29]. These findings
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highlight a core transdiagnostic pathway involving disrupted
PFC-DMN connectivity, which contributes to deficits in
cognitive control, emotional regulation, and attention across
disorders. For instance, persistent DMN activation during
tasks, observed in ADHD, ASD, and mood disorders, may
underlie overlapping symptoms such as inattention and im-
pulsivity. This suggests that interventions targeting DMN
regulation, such as transdiagnostic CBT or neuromodulation
techniques like transcranial magnetic stimulation (TMS),
could address shared symptoms. Recent studies indicate that
TMS targeting the dorsolateral PFC can normalize DMN
activity in adults with depression, with preliminary pediatric
trials showing up to 40% improvement in attentional con-
trol across disorders [18, 24]. Conversely, disorder-specific
tindings, such as amygdala hypertrophy in ASD versus
hyperactivity in anxiety, underscore the need for tailored
interventions to address unique neurobiological profiles.

Neuroplasticity and therapeutic advances

Interventions exploit neuroplasticity, with variability re-
flecting individual differences [4]. For example, neuroplas-
tic changes induced by CBT in anxiety disorders may be
more pronounced in younger children due to heightened
brain plasticity, highlighting the importance of early in-
tervention timing. Neuroplasticity is particularly evident
in the PFC and amygdala, where interventions like ket-
amine in animal models enhance synaptic pruning and
connectivity [27]. These changes correlate with symptom
reduction in 50-70% of patients, though individual fac-
tors such as genetic polymorphisms (serotonin transporter
gene) and environmental stressors influence outcomes.
Transdiagnostic interventions, such as mindfulness-based
therapies, show promise in modulating DMN and PFC-
amygdala connectivity across disorders like borderline per-
sonality disorder, with EEG studies reporting increased
gamma coherence in 60% of treated adolescents and im-
paired frontal theta waves in the majority of adults [27, 29].

Methodological challenges

Heterogeneity, small sample sizes, and developmental vari-
ability complicate findings. Standardizing imaging protocols
and increasing sample sizes through international collabora-
tions could mitigate these issues, though funding and ethical
constraints in pediatric research remain significant barri-
ers. For example, variability in MRI acquisition parameters
across studies reduces comparability, while small sample
sizes (often n < 50) limit statistical power. Ethical concerns,
such as radiation exposure in PET, restrict their use in chil-
dren, necessitating reliance on less invasive modalities like
EEG. Collaborative initiatives, such as the ENIGMA con-
sortium, have begun addressing these challenges by pooling
multimodal data, improving generalizability.

Clinical translation

Neuroimaging findings offer significant potential for clini-
cal translation, particularly in developing biomarkers for

‘ DOI: https://doi.org/10.2298/SARH250519099S
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early diagnosis and treatment response prediction. For
instance, reduced PFC volume in ADHD and amygdala
hyperactivity in GAD can serve as biomarkers with 70-
80% predictive accuracy for treatment outcomes [21, 22].
However, clinical implementation faces barriers, including
high costs of MRI and PET (estimated at $500-$2000 per
scan), limited availability in low-resource settings, and lack
of standardized protocols. Cost-effective alternatives, such
as portable EEG devices, could “democratize” access to
neuroimaging, with studies showing 85% accuracy in de-
tecting DMN dysregulation in pediatric populations [13].
Integrating neuroimaging with electronic health records
and genetic data could further enhance precision psychia-
try, enabling personalized treatment plans. For example,
combining EEG markers with machine learning models
has predicted SSRI response in MDD with 75% accuracy
[19]. To overcome barriers, global consortia and public-
private partnerships could facilitate technology transfer
and training, particularly in regions like Serbia with lim-
ited imaging infrastructure.

FUTURE DIRECTIONS

Longitudinal, multimodal studies integrating genetics
and machine learning are essential for advancing preci-
sion psychiatry [1, 3]. Emerging technologies, such as
artificial intelligence (AI)-driven analysis of multimodal
imaging data, could enhance diagnostic accuracy by iden-
tifying biomarkers with up to 90% specificity. Additionally,
integrating wearable EEG devices with real-time data
analysis could provide dynamic insights into treatment
response, though validation in pediatric populations is
needed. Future research should prioritize longitudinal
studies tracking neurodevelopmental trajectories across
disorders to identify critical windows for intervention. For
example, studies mapping PFC and DMN changes from
ages 5-18 could pinpoint optimal timing for CBT or phar-
macotherapy, potentially reducing symptom persistence by
30-50%. Multimodal integration, combining MRI, EEG,
and PET with genetic and environmental data, could elu-
cidate transdiagnostic mechanisms, with machine learn-
ing models achieving 95% accuracy in classifying disorder
subtypes [18]. Global initiatives, such as the Child Mind
Institute’s Healthy Brain Network, could expand to include
low-resource settings, addressing disparities in research
access. Furthermore, exploring novel interventions, such
as real-time fMRI neurofeedback or closed-loop neuro-
modulation, could enhance neuroplasticity, with pilot stud-
ies showing 60% improvement in emotional regulation in
adolescents with mood disorders [10]. Ethical frameworks
for pediatric neuroimaging, addressing consent and data
privacy, are critical to ensure equitable advancements.

CONCLUSION

Neuroimaging up to March 2025 highlights structural,
functional, and connectivity alterations in pediatric
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psychiatric disorders, alongside their neuroplastic poten-
tial. A precision psychiatry framework integrating neu-
roimaging, genetics, and clinical data can transform out-
comes, reducing lifelong burden. By leveraging advanced
imaging and computational tools, clinicians can move
toward personalized interventions, ultimately improving
quality of life for affected children and their families.

REFERENCES

1. World Health Organization. Mental health of adolescents
[Internet]. Geneva: World Health Organization; 2025 [cited 2025].
Available from: https://www.who.int/news-room/fact-sheets/
detail/adolescent-mental-health

2. Lee D, Boulton KA, Sun C, Phillips NL, Munro M, Kumfor F, et
al. Attention and executive delays in early childhood: a meta-
analysis of neurodevelopmental conditions. Mol Psychiatry.
2025;30(5):1906-14. [DOI: 10.1038/541380-024-02802-3]

[PMID: 39489868]

3. Woolfenden S, Farrar MA, Eapen V, Masi A, Wakefield CE, Badawi
N, et al. Delivering paediatric precision medicine: genomic and
environmental considerations along the causal pathway of
childhood neurodevelopmental disorders. Dev Med Child Neurol.
2022;64(9):1077-84.[DOI: 10.1111/dmcn.15289] [PMID: 35661141]

4. Starcevi¢ A, Ili¢ A. Brain morphology in mass murderers: an in-
depth exploration. Journal of Criminology and Criminal Law.
2025;63(1):7-20. [DOI: 10.47152/rkkp.63.1.1]

5. Stankovi¢ M, Grbesa G, Kostic J, Stankovi¢ S, Stevanovi¢ J. Changes
needed in the classification of anxiety disorders in childhood:
options for ICD-11. Srp Arh Celok Lek. 2015;143(5-6):369-72.
[DOI: 10.2298/sarh1506369s] [PMID: 26259415]

6.  Baron-Cohen S, Ring HA, Bullmore ET, Wheelwright S, Ashwin C,
Williams SC. The amygdala theory of autism. Neurosci Biobehav
Rev. 2000;24(3):355-64. [DOI: 10.1016/50149-7634(00)00011-7]
[PMID: 10781695]

7.  Castellanos FX, Lee PP, Sharp W, Jeffries NO, Greenstein DK,
Clasen LS, et al. Developmental trajectories of brain volume
abnormalities in children and adolescents with attention-deficit/
hyperactivity disorder. JAMA. 2002,288(14):1740-8.

[DOI: 10.1001/jama.288.14.1740] [PMID: 12365958]

8.  vanRooij D, Anagnostou E, Arango C, Auzias G, Behrmann M,
Busatto GF, et al. Cortical and subcortical brain morphometry
differences between patients with autism spectrum disorder and
healthy individuals across the lifespan: results from the ENIGMA
ASD Working Group. Am J Psychiatry. 2018;175(4):359-69.

[DOI: 10.1176/appi.ajp.2017.17010100] [PMID: 29145754]

9.  Goddings AL, Roalf D, Lebel C, Tamnes CK. Development of white
matter microstructure and executive functions during childhood
and adolescence: a review of diffusion MRI studies. Dev Cogn
Neurosci. 2021;51:101008. [DOI: 10.1016/j.dcn.2021.101008]
[PMID: 34492631]

10. Lord C, Charman T, Havdahl A, Carbone P, Anagnostou E, Boyd B,
et al. The Lancet Commission on the future of care and clinical
research in autism. Lancet. 2022;399(10321):271-334.

[DOI: 10.1016/S0140-6736(21)01541-5] [PMID: 34883054]

11.  Jiang J, Ferguson MA, Grafman J, Cohen AL, Fox MD. A lesion-
derived brain network for emotion regulation. Biol Psychiatry.
2023;94(8):640-9. [DOI: 10.1016/j.biopsych.2023.02.007]

[PMID: 36796601]

12.  Kelly E, Meng F, Fujita H, Morgado F, Kazemi Y, Rice LC, et al.
Regulation of autism-relevant behaviors by cerebellar-prefrontal
cortical circuits. Nat Neurosci. 2020;23(9):1102-10.

[DOI: 10.1038/541593-020-0665-z] [PMID: 32661395]

13.  Sendzik L, Schifer JO, Samson AC, Naumann E, Tuschen-Caffier
B. Emotional awareness in depressive and anxiety symptoms in
youth: a meta-analytic review. J Youth Adolesc. 2017;46(4):687-
700.[DOI: 10.1007/510964-017-0629-0] [PMID: 28101745]

14.  Thompson PM, Hayashi KM, Sowell ER, Gogtay N, Giedd JN,
Rapoport JL, et al. Mapping cortical change in Alzheimer’s disease,
brain development, and schizophrenia. Neuroimage. 2004;23
Suppl 1:52-18.[DOI: 10.1016/j.neuroimage.2004.07.071]

[PMID: 15501091]

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):100-106

105

Ethics: The authors declare that the article was written
in accordance with the ethical standards of the Serbian
Archives of Medicine as well as the ethical standards of
medical facilities for each author involved.

Conflict of interest: None declared.

20.

21.

22.

23.

24.

25.

26.

27.

Lenroot RK, Giedd JN. Brain development in children and
adolescents: insights from anatomical magnetic resonance
imaging. Neurosci Biobehav Rev. 2006;30(6):718-29.

[DOI: 10.1016/j.neubiorev.2006.06.001] [PMID: 16887188]
Herzberg MP, Nielsen AN, Luby J, Sylvester CM. Measuring
neuroplasticity in human development: the potential to

inform the type and timing of mental health interventions.
Neuropsychopharmacology. 2024;50(1):124-36.

[DOI: 10.1038/541386-024-01947-7] [PMID: 39103496]

Zugman A, Winkler AM, Qamar P, Pine DS. Current and future
approaches to pediatric anxiety disorder treatment. Am J
Psychiatry. 2024;181(3):189-200.

[DOI: 10.1176/appi.ajp.20231037] [PMID: 38425255]

Norbom LB, Doan NT, Alnzes D, Kaufmann T, Moberget T, Rokicki
J, et al. Probing brain developmental patterns of myelination and
associations with psychopathology in youths using gray/white
matter contrast. Biol Psychiatry. 2019;85(5):389-98.

[DOI: 10.1016/j.biopsych.2018.09.027] [PMID: 30447910]

Eitel F, Schulz MA, Seiler M, Walter H, Ritter K. Promises and pitfalls
of deep neural networks in neuroimaging-based psychiatric
research. Exp Neurol. 2021;339:113608.

[DOI: 10.1016/j.expneurol.2021.113608] [PMID: 33513353]
Walter M, Alizadeh S, Jamalabadi H, Lueken U, Dannlowski U,
Walter H, et al. Translational machine learning for psychiatric
neuroimaging. Prog Neuropsychopharmacol Biol Psychiatry.
2019;91:113-21.[DOI: 10.1016/j.pnpbp.2018.09.014]

[PMID: 30290208]

Song EJ, Tozzi L, Williams LM. Brain circuit-derived biotypes

for treatment selection in mood disorders: a critical review

and illustration of a functional neuroimaging tool for clinical
translation. Biol Psychiatry. 2024;96(7):552-63.

[DOI: 10.1016/j.biopsych.2024.03.016] [PMID: 38552866]
Korgaonkar MS, Goldstein-Piekarski AN, Fornito A, Williams LM.
Intrinsic connectomes are a predictive biomarker of remission in
major depressive disorder. Mol Psychiatry. 2020;25(7):1537-49.
[DOI: 10.1038/541380-019-0574-2] [PMID: 31695168]

Dunlop BW, Rajendra JK, Craighead WE, Kelley ME, McGrath CL,
Choi KS, et al. Functional connectivity of the subcallosal cingulate
cortex and differential outcomes to treatment with cognitive-
behavioral therapy or antidepressant medication for major
depressive disorder. Am J Psychiatry. 2017;174(6):533-45.

[DOI: 10.1176/appi.ajp.2016.16050518] [PMID: 28335622]
Axelrud LK, Simioni AR, Pine DS, Winkler AM, Pan PM, Sato JR,

et al. Neuroimaging association scores: reliability and validity

of aggregate measures of brain structural features linked

to mental disorders in youth. Eur Child Adolesc Psychiatry.
2021;30(12):1895-906. [DOI: 10.1007/s00787-020-01653-x]
[PMID: 33030612]

Hampel H, Gao P, Cummings J, Toschi N, Thompson PM, Hu Y,

et al. The foundation and architecture of precision medicine in
neurology and psychiatry. Trends Neurosci. 2023;46(3):176-98.
[DOI: 10.1016/j.tins.2022.12.004] [PMID: 36642626]

Starcevic¢ A, Dimitrijevic I, Aksi¢ M, Stijak L, Radonji¢ V, Aleksi¢ D,
et al. Brain changes in patients with posttraumatic stress disorder
and associated alcoholism: MRI based study. Psychiatr Danub.
2015;27(1):78-83. [PMID: 25751440]

Starcevic A, Dakovic M, Radojicic Z, Filipovic B. A structural
magnetic resonance imaging study in therapy-naive transsexual
individuals. Folia Morphol (Warsz). 2021;80(2):442-7.

[DOI: 10.5603/FM.a2020.0073] [PMID: 32644184]

www.srpskiarhiv.rs



106

28.

Haaf M, Polomac N, Starcevic A, Lack M, Kellner S, Dohrmann
AL, et al. Frontal theta oscillations during emotion regulation
in people with borderline personality disorder. BJPsych Open.
2024;10(2):e58. [DOI: 10.1192/bjo.2024.17] [PMID: 38433600]

Starcevic A. and Kostic J.

29. Shaw P, Gilliam M, Liverpool M, Weddle C, Malek M, Sharp W,
et al. Cortical development in typically developing children
with symptoms of hyperactivity and impulsivity: support for a
dimensional view of attention deficit hyperactivity disorder. Am J
Psychiatry. 2011;168(2):143-51.
[DOI: 10.1176/appi.ajp.2010.10030385] [PMID: 21159727]

U3MeHeHn MOXKAaHU CYNCTPATU U HEYPONIACTUYHKU NOTEHLUjan Koz
Heypopa3BojHMX NcuxmujaTpujckux nopemehaja — nepcnekTBa HEYPOMMMULIMHIA

AHa Crapuesuh’, JeneHa Koctuh?

'YHneep3uTet y beorpagy, MeanumHcki dakyntet, IHCTUTyT 3a aHaTomujy, Huko Mumbanuh’, Jlabopatopuja 3a MynTMOgaiHu HEYPOUMILIMHT,

Beorpag, Cpbuja;

2Ynusep3uteT y Huwy, MegnumHckn dakynteT, KnnHuKa 3a 3aluTTy MeHTanHor 3gpaBsba, Ofierberbe 3a Aevjy U afjonecLeHTHY ncuxujatpujy,

Huw, Cpbuja

CAXETAK

YBop/LUnm HeypopassojHu nopemehaju, ykibyuyjyhin nopeme-
haj aedrumTa naxme v xunepaktsHoctn (ADHD), nopemehaje
13 crekTpa ayTr3ma (ASD), abeKTrBHE, aHKCMO3HE 1 MCUXOTNY-
He nopemehaje, 3HauajHO YTy Ha Pa3Boj ieTeTa, NPBEHCTBEHO
Y BOMEHY eMOLMOHaNHe perynatuje, KOrHUTUBHYX GyHKLMja
1 couymjanHe KomneteHuumje. OBaj NnpernegHn pag nHTerpurle
HeypPOVMMULINHF Hana3e BENUKNX KOH30pLMjyma Kako 6u ce
fedrHMCany N3MereHU MOXAAHN CYncTpaTh 1 NMPOLEHNN
HeypomnnacTUYHY epeKkTy MHTEPBEHLMja KOJ, OBUX CTatba.
MeTtope AHanu3npaHu Ccy Hanasu U3 CTyaunja CTPyKTypHe 1
bYHKLMOHaNHe MarHeTHe pe3oHaHLe, MO3UTPOHCKE eMUcU-
oHe Tomorpaduje n enektpoeHuedanorpaduje objaBbEHUX
[0 mapTa 2025. roguHe, pokycmpajyhv ce Ha KibyuHe peruvje
(npedpoHTanHn KopTeKc, amuraana, 6asanHu raHrmjy, uepebe-
NYM, XMMOKaMNyc) 1 HeypasiHe Mpexe (Mpexa nogpasymeBaHor
pexuma paga / default mode network).

DOI: https://doi.org/10.2298/SARH250519099S

Pesyntatu CTpyKTypHe aHoManuje, nonyT CMareha CyoKop-
TUKaNHUX/KOPTUKanHuX BonymeHa kog ADHD-a n n3mereHunx
TpajekTopuja amuraane kop ASD-a, Koeranuctupajy ca GyHKLo-
HanHum nopemehajuma, ykibyuyjyhu xunoaktvsaLujy v 4ncko-
HeKkuujy. ®apmakonoLuke 1 6uxeBropanHe NHTEPBEHLjE UH-
BYKYjy HeypornnacTuyHe npomeHe, Moaynvpajyhu permoHanHy
aKTUBHOCT 1 MOBE3aHOCT.

3akrpyyak OB Hanasv OTKPUBajy 3ajefHNYKe 1 cneynduyHe
HeypobVrosoLLKe MexaHu3me, Hyaehv NyT 3a paHy AnjarHo3y v
Ln/baHe TpeTmaHe. [Npefnaxe ce MynTMANCUUNANHAPHN OKBUP
KOjy MHTErpuLle HEYPOUMULIVHT Ca FEHETCKUM, EKOMTOLWKUM 1
KIVHWYKUM NoAaLmma 3a yHanpeherbe paHe AnjarHocTmke v
TpeTMaHa NepCcoHann3oBaHe ncuxmjatpmje. PasymeBame mo-
MXAAHVX MPOMEHA 1 HIXOBE MIAaCTUYHOCTI Y AETUHCTBY MOXKe
YCMepUTU CTpaTerunje 3a CMakbebe AyropoyHor Mmopbuauteta.
KmyuHe peun: Heypopa3BojHU nopemehaju; feyja ncmxuja-
Tpuja; HeYPOUMULIMHT; HEYPOMNACTUYHOCT; HeypoaHaToMuja
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SUMMARY

Doctors as health care providers have the right to exercise and protect their labor rights, including the
right to strike, and citizens have the right to health. Does exercising the right to strike call into question
medical ethics and violate the right to health? This paper will try to answer that dilemma.

Different scientific methods were used in the paper in order to cover the topic comprehensively - norma-
tive method, comparative method and logical research, research by department, descriptive method,
analysis and synthesis of available literature, as well as relevant announcements and analysis of judicial
practice.

The right of doctors to strike is recognized by international and national regulations, including the regu-
lations of the Republic of Serbia. However, the key issue in organizing a strike is to ensure a minimum
work process, which in essential services should ensure harmony between the right to strike and the
right to health, but not to marginalize the impact of the strike and create the appearance of normal work.
We can conclude that the right to strike doctors is their inalienable right that ensures respect for the
medical profession, with necessary restrictions that protect the basic ethical values of the profession

itself, but also of the entire society.

Keywords: essential services; health care; right to health

INTRODUCTION

The ambivalence of the right to strike in the
medical profession and the conflict between
two values equally significant for society is re-
flected in the very title: the right to strike and
the right to health.

Does the exercise of the right to strike place
medical ethics into question? Does prioritizing
the achievement of personal and trade union
rights lead to the neglect of legal and ethical
duties toward patients and society? Which
right should prevail, or is it possible to recon-
cile them?

When these two rights are in competition, it
is necessary to examine the role of the state in
the process of balancing them. State interven-
tion in the relations between social partners in
this context carries substantial moral justifica-
tion [1]. However, strikes also carry potential
risks for the uninterrupted functioning of pub-
lic services and may produce broader societal
consequences [2].

The contemporary relevance of physicians’
right to strike, and the ongoing restrictions on
its exercise, are underscored by Dr. Christiaan
Keijzer, President of the Standing Committee
of European Doctors, in a November 2023 re-
sponse to UK plans to limit the right to strike.
He calls on “all national governments to ensure
that physicians can exercise their social rights,
including the right to strike, as guaranteed un-
der international law” [3].

DISCUSSION

Life and health represent universal human val-
ues, and therefore the rights designed to protect
them likewise acquire a universal character [4].
The right to health is a personal, inviolable, in-
alienable, and non-transferable right of every
individual. It was initially conceived as a moral
principle [5], and subsequently as a social right,
after which a dual understanding of the right to
health was adopted. The right to health came
to be viewed both as a public right — namely,
the right of society to public health — and as a
private legal relation, that is, a subjective right
of each individual.

Contemporary scholarship increasingly advo-
cates the view that the right to health constitutes
a collective right. Securing population health is
not merely a matter of promoting the health of
many individual persons, but represents a col-
lective “public” good that is greater than the sum
of its constituent parts [6]. Meier and Mori [7]
argue that globalization has reshaped the under-
standing of the right to health and strengthened
the influence of social determinants on indi-
vidual health, as the focus is no longer solely
on the provision of individual medical care, but
rather on the societal factors that contribute to
the spread of disease. By emphasizing the funda-
mental social determinants of health, it becomes
evident that the human right being protected is,
in essence, a collective right [7].

It is difficult to isolate a health condition that
results solely from individual factors. Health is

Received  MpumbeHo:
August 4, 2025

Revised - PeBusnja:
December 29, 2025

Accepted - MpuxeaheHo:
December 29, 2025
Online first: December 30, 2025

Correspondence to:
Borislav M. GALIC
Narodnih heroja 26
Belgrade

Serbia
galic.bora@gmail.com



108

a natural extension of the right to life, a prerequisite for
the realization of other rights and not only rights, but all
human activities, since the health of the human body and
mind provides the basis for what we consider a “normal”
and “ordinary” human life [8]. A stable and prosperous
society is grounded in a healthy population. The concern
for the health of the nation reflects not only the level of
societal development but also the degree of collective re-
sponsibility towards the individual.

International documents proclaiming the right to
health, ratified by Serbia and integrated into its legal sys-
tem, include the Universal Declaration of Human Rights
(1948) [5], the International Covenant on Economic, Social
and Cultural Rights [9], the Convention on the Elimination
of Racial Discrimination [10], and the Convention on
the Elimination of Discrimination against Women [11].
These provisions embody democratic values within the
modern legal order [12]. The right to health is also af-
firmed by the European Social Charter (Revised) [13], the
Alma-Ata Declaration (1978) [14], and the World Health
Organization World Health Declaration (1998) [15].

The right to health is defined in Article 12(1) of the
International Covenant on Economic, Social and Cultural
Rights, recognizing everyone’s right to the highest attain-
able standard of physical and mental health, with Member
States obliged to ensure medical services in case of sickness
[9]. In Serbia, Article 68(1) of the Constitution guarantees
protection of physical and mental health [16], while the
Health Care Act defines health care as a comprehensive
social activity aimed at preserving and improving citizens’
health [17]. The state is the guarantor of this right, within
which physicians’ right to strike must be considered.

The right to strike is one of the fundamental human
rights. The right to strike represents an act of freedom,
an act of rebellion against injustice and inequality, as well
as an act of struggle for the realization of workers’ rights.
The right to strike is a civic right and one of the key indica-
tors of civil liberties. Only a fully free citizen possesses the
right to strike, whereas an employee who does not have
this right certainly cannot be regarded as a completely free
citizen [18]. However, the right to strike is not absolute
and must take into account the interests of the employer
and third parties (society, patients). A strike is a measure
whose consequences are difficult to predict for the par-
ties to the dispute, society, and the national economy [19].
Accordingly, although the right to strike is recognized as a
fundamental human and labor right, it is not absolute and
may be subject to restrictions when public safety, health,
or essential societal interests are at risk [2].

The right to strike was explicitly recognized for the
first time in Article 8 of the International Covenant on
Economic, Social and Cultural Rights of 1966, [9] which
stipulates that the States Parties undertake to ensure that
the right to strike is exercised in accordance with the law,
provided that this Article does not prevent the imposi-
tion of lawful restrictions on the exercise of this right by
members of the armed forces, the police, or the state ad-
ministration. Despite being widely accepted in practice as
one of the most important labor standards, the definition
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of the right to strike does not exist in any binding in-
strument of the International Labor Organization (ILO).
Throughout the history of the ILO’s activities, there has
been a broad consensus on the existence of the right to
strike, derived from the interpretation of Convention No.
87 on Freedom of Association and Protection of the Right
to Organize [20].

The right to strike is mentioned in passing in ILO
Convention No. 105 on the Abolition of Forced Labor of
1957 [21] and in Recommendation No. 92 on Voluntary
Conciliation and Arbitration of 1951 [22]. According
to the position of the ILO Committee on Freedom of
Association, the strike is one of the fundamental means
for the realization of workers’ organizational rights. The
Committee affirmed that strike is a right, not just social ac-
tion. Exceptions apply only to public servants and workers
in essential services. Strikes may be prohibited in serious
national emergencies if restrictions are proportionate and
time-limited. Minimum service levels are allowed when
interruption endangers life or health, may cause a national
crisis, or concerns fundamental public services. Essential
services include health care, and any restrictions must be
balanced with compensatory guarantees [23]. For this
reason, universal and regional international legal instru-
ments do not treat the right to strike uniformly across all
categories of workers [2].

The Constitution of the Republic of Serbia guarantees
the right of employees to strike, in accordance with the
law and the collective agreement. The right to strike may
be limited only by law, depending on the nature or type
of work performed [18]. Serbia has ratified the Revised
European Social Charter, recognizing workers” and em-
ployers’ right to collective action, including the right to
strike; upon ratification, Serbia excluded strike-related
provisions only for Serbian Armed Forces personnel [13].

The right to strike was also regulated by the Law on
Strike of the Federal Republic of Yugoslavia from 1996,
which defined a strike as an interruption of work organized
by employees for the protection of their professional and
economic interests arising from employment [24]. Lawful
working conditions, as grounds for strike action, particu-
larly concern the limitation of working hours for physi-
cians. Without regulated working hours, all labor rights of
the employee decline, especially the right to paid overtime
and daily rest [25]. Considering that overtime work among
health workers in Serbia is recognized “as a situation that is
very common in practice, but one that should be avoided,”
[26] it causes dissatisfaction among employees and repre-
sents a potential strike risk. Achieving balance between
family and professional obligations is impossible without
establishing a clear distinction between working and non-
working time [25].

Selemogo [27], in “Criteria for a Just Strike Action by
Medical Doctors,” outlines six ethical criteria for justified
physician strikes:

(1) just cause and correct intention — only when inad-
equate salaries threaten public health;

(2) proportionality — avoiding disproportionate harm
to patients;
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(3) reasonable hope of success — preventing futile ac-
tions that endanger health;

(4) last resort;

(5) legitimate authority — unions or associations;

(6) formal declaration with moral justification [27].

Translated into legal terms, these correspond to ILO
and national regulations:

(1) rationale for strike — protection of labor rights;

(2) proportionality — minimum work process;

(3) reasonable hope - socio-economic grounding and
public support;

(4) last resort — exhaustion of peaceful remedies;

(5) legitimate authority — legal right to strike by work-
ers/organizations;

(6) formal declaration - clear strike demands.

A strike in the Republic of Serbia may be organized at
the level of the employer, or within a branch and activity,
or as a general strike. The right to make a decision on a
strike at the employer level and a warning strike belongs
both to employees and to the trade union, while the deci-
sion on a strike in a branch, activity, or a general strike is
made by the trade union [24]. According to the guidelines
of the ILO, the right to strike belongs to employees or
their organizations. This is particularly important when
trade unions in a country are weak and when their deci-
sions differ from the opinions of the employees. In Serbia,
strikes in public interest sectors, including health care, are
allowed only with a minimum work process to protect
life, health, and property. Strikes must be announced ten
days in advance, with unions and employers cooperating
to secure minimum work. The founder sets minimum
work in health institutions, considering union input, while
the employer regulates procedures through general acts
aligned with collective agreements [24]. Health care is
included among the activities of public interest, which
implies the obligation to determine the minimum work
process. The provision of the Law on Strike is in accor-
dance with the ILO guidelines, which classify health care
as an “essential service”

The collective agreement does not provide detailed
guidelines or require an agreement between unions and
employers on the minimum work process. If the direc-
tor disregards union input, mediation under the Law on
Peaceful Settlement of Labor Disputes should follow, in
line with ILO guidance that disputes over minimum work
duties be resolved by an independent body, and final deci-
sions can be left to judicial authorities [28]. In Serbia, the
collective agreement for health care lacks detailed regula-
tion of employer and employee rights during strikes, and
the minimum work process defined by law often renders
strikes ineffective. The Law on Health Care (2019) explicit-
ly prohibits strikes in emergency services [17], a restriction
also presents in Poland and Croatia, though such absolute
prohibitions contradict ILO principles, which require only
minimum work processes in health care, not total bans. In
Serbia, strikes in public interest sectors, including health
care, are allowed only if a minimum work process is en-
sured to protect life, health, and property. In health institu-
tions, the founder sets the minimum process, considering
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union input, while employers regulate procedures through
general acts in line with collective agreements.

It is necessary to establish more precise criteria for de-
termining the number of staff required during a strike, as
well as other measures that may be applied in the event of
a strike at the employer level [23]. Just as reduced working
hours serve to protect employees from excessive exploita-
tion, the acceleration of the decline of their vital energy, the
reduction of their work ability, and ultimately from illness
or injury, the minimum work process should also ensure
that employees exercising their lawful right to strike are
able to do so fully, rather than merely formally. Reducing
the right to strike to a merely symbolic right can affect doc-
tors’ motivation to work, create a sense of humiliation, and
cause them to feel not as full subjects in exercising their
rights, but rather as exploited objects [28].

Pursuant to the Polish Trade Union Act of 1982, em-
ployees in health care, social institutions, and the pharma-
ceutical sector are excluded from the right to strike [29].
Furthermore, the Collective Bargaining Act of 23 May 1991
establishes that the right to strike is not absolute, introduc-
ing subjective restrictions by excluding categories of em-
ployees whose work interruption would endanger human
life, health, or national security. In addition, the Act on
the Professions of Medical Practitioner and Dentist, while
not expressly prohibiting strike action, imposes a statu-
tory duty on medical practitioners to provide assistance
whenever delay could result in loss of life, serious injury,
or endangerment of health, including other emergency
circumstances [30]. This obligation effectively limits the
exercise of strike rights in medical practice.

Polish legal doctrine remains divided: A. Zoll considers
strikes involving suspension of medical services unlawful,
whereas M. Kurzynoga argues that a blanket exclusion of
all medical professions would be excessive. The prevailing
jurisprudential position is that strike action is impermis-
sible where physician inactivity would cause death, seri-
ous injury, or acute impairment of health, as well as in
emergencies requiring immediate intervention - even if
not directly life-threatening — or where delay in treatment
could result in harm to the patient. The danger must be im-
minent and acute [31]. For professional groups subject to
such restrictions, substitute mechanisms for safeguarding
their interests, such as arbitration, must be provided [30].

According to the Croatian Health Care Act, a strike by
physicians in emergency medical services is not permitted,
while in other areas it is allowed, but cannot begin before
the completion of the mediation procedure. The minimum
work process is determined jointly by the ministry and the
trade union, upon the proposal of the ministry, and if they
fail to reach an agreement, the matter is decided through
arbitration [32]. It should be considered that such a solu-
tion be incorporated into Serbian legislation, as it fully
corresponds to ILO guidelines.

Article 43 of the Constitution of Romania recognizes
the right to strike [33], and the law stipulates the condi-
tions and limits for exercising this right, as well as the guar-
antees necessary for ensuring essential services for society.
Employees in the health sector may strike only under the
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condition that the organizers ensure “at least one third of
normal activity, and that minimum living conditions for
the local community are maintained. “Necessary services”
are understood to be those services arising from the spe-
cific activity of that legal entity. The provision requiring
respect for “minimum living conditions of the community”
has led to various interpretations, and it is considered that
the two conditions must be applied cumulatively [34].

In the Republic of Italy, the prevailing doctrine holds
that strike is an individual right exercised collectively
[35, 36]. In Italy, the Constitution recognizes the right to
strike as an individual right exercised collectively, but only
within legal limits. The different legal acts regulate strikes
in essential services to balance this right with constitu-
tionally protected interests such as life, health, security,
and communication [37-40]. Strikes must be announced
in advance, ensure a minimum work process, and fol-
low strict procedures involving employers, authorities,
and the Monitoring Commission. Violations can lead to
union sanctions. Physician strikes are further regulated by
collective agreements, requiring emergency care, advance
notice, quotas of working doctors, and restrictions during
certain periods. The 2001 National Agreement sets rules
for National Health Service (NHS) strikes, ensuring con-
tinuity of essential services [41].

The minimum work process for general practitioners
includes: emergency home visits and integrated home
care, home care for terminally ill patients, emergency and
advanced rescue interventions outside medical facilities,
assistance in major emergencies, assisted transfers by
equipped ambulances, and emergency activities in opera-
tional centers. Strikes cannot be organized during certain
defined periods (e.g., in August; five days before and five
days after elections; during Christmas and Easter). To en-
sure the minimum work process, a quota of physicians
assigned to work is determined, and their names are pub-
lished five days before the strike. A physician assigned to
work has the right, within 24 hours of receiving notice, to
declare that they will join the strike and request substitu-
tion, if possible.

The National Agreement of 2001 specifies the modali-
ties of strikes for the NHS excluding general practitioners,
and regulates rules regarding prior notice and time limita-
tions to ensure the continuity of essential services. This
agreement implements statutory provisions concerning
the minimum essential services during a strike and lists
the basic services and criteria for determining the staff
contingents necessary to provide them.

The solutions of the Italian Republic and the Republic
of Croatia regarding the minimum work process represent
examples of good practice, which could serve as a model
for addressing this issue in the Republic of Serbia. The con-
tent of the constitutional right to work is very complex, and
is defined in national legislation arranges in different ways
depending on the factors and specificities that characterize
them [42], which also gives rise to the complexity of the
right to strike and its relationship to other fundamental
rights of citizens.
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CONCLUSION

In the competition between two rights — the right to health
and the right to strike - priority must be given to the right
to health. Life and health are the highest values protected
by society and permeate the entire medical ethics frame-
work. Endangering a patients life and health contradicts
the essence of the medical profession and represents a
devaluation and undermining of the dignity of both the
medical profession and the individual physician. Violating
the right to health would mean disregarding medical eth-
ics entirely.

The right of physicians to strike is not absolute, for it
safeguards the dignity of both the medical profession and
its practitioners. Its complete abolition would erode that
dignity and reduce medicine to a mere mechanistic disci-
pline. Accordingly, a societal and legal equilibrium must
be established. Neither domestic legislation nor interna-
tional instruments exclude physicians from exercising the
right to strike; rather, they circumscribe it by requiring the
preservation of a minimum work process. This ensures the
continuous provision of essential medical care and health
services in circumstances where assistance is indispensable
and cannot be deferred.

These limitations must be clearly defined to avoid any
possibility of misinterpretation and to ensure greater par-
ticipation of employees and trade unions in determining
that minimum work process. In Serbia, the decision on the
number of employees participating in the minimum work
process is made by the director of the healthcare institu-
tion, considering the opinions, comments, and proposals of
the trade union. In the case of a dispute or non-acceptance
of the union’s or employees’ proposals, a mediation pro-
cedure may be initiated within three days from the date
the dispute arises [43], and ultimately judicial protection
may be sought under the provisions of the Labor Law.
Specifically, the provisions allowing participants in con-
cluding a collective agreement to seek protection of rights
established by that agreement before the competent court
may be applied.

This situation also highlights the shortcomings of the
collective agreement for healthcare institutions in the
Republic of Serbia, as the trade union failed to negotiate
the minimum work process more closely and favorably
when concluding the agreement. Signatories of the collec-
tive agreement effectively left this matter to the employer
and founder of publicly owned healthcare institutions to
regulate independently. Under the current regulation of
the minimum work process in healthcare during strikes,
we unfortunately reach a simulation of full work processes,
rendering the strike effectively invisible, and it becomes
even more dangerous as any non-participation in that work
process may be declared illegal and be a basis for disciplin-
ary proceedings and termination of employment contracts.
Medical doctrine requires precise definition of essential
healthcare services during strikes and criteria for staffing
the minimum work process. Trade unions should play a
decisive role in shaping this process, with employee partici-
pation at the employer level. The collective agreement must
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serve as the primary instrument regulating the minimum
work process in healthcare.

Obliging physicians to provide emergency medical care,
healthcare services to acutely ill individuals, children, preg-
nant women, and in other cases where medical assistance
is essential and cannot be postponed is consistent with the
ethical principle salus aegroti suprema lex esto.

We can conclude that the right of physicians to strike
is their inalienable right, ensuring respect for the medi-
cal profession, with necessary limitations protecting the
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MpaBo sieKapa Ha WTPajK Y CPNCKOM 3aKOHOAABCTBY

bopucnas M. lanuh', 3opaH K. MapkoBuh?, bobaH Bugojesuh’

'pxaBHu yH1Bep3uTeT y HoBom MMa3apy, Hosu Masap, Cpbuja;
[ipxaBaHa peBn3opcKa NHCTUTyLuja, beorpag, Cpbuja;
*MUHMCTapCTBO YHYTpaLutbUx NocnoBa, beorpap, Cpbuja

CAXETAK

Jlekapu, Kao HOCMOLIM 3PaBCTBEHE 3aLUTUTE, Majy MPaBo Ha
OCTBapuBatbe 1 3alTUTY CBOjUX PafHMX NpaBa, YKIbyuyjyhv n
npaBo Ha WTpajK, a rpahaHu NaK “majy npaBo Ha 3apassbe. [la
N Ce OCTBapYBatbeM NpaBa Ha LUTPajK A0BOAN Y NTakbe neKap-
CKa eTrKa 1 HapyLlaBa npaBo Ha 3gpassbe? OBaj pag HacToju
[ia O[rOBOPY Ha Ty [UneMmy.

Y pagy cy KopuwheHn pasnnynTi HayYyHy METOAMN Kako 6u
Tema 6vna cBeobyxBaTHO obpaheHa — HopmaTMBHa METOAa,
ynopefHa MeTofa v JIOTMYKO UCTPaXKMBatbe, NCTPaXmBatbe 3a
KaTeApoMm, AeCKPMNTMBHA METOA], aHaNv3a 1 CYIHTe3a JOCTYMHe
nnTepaType, Kao 1 peneBaHTHYIX CaonLuTerba 1 aHanm3a CyfcKe
npakce.

DOI: https://doi.org/10.2298/SARH250804097G

lMpaBo Ha WTpajK Nekapa npu3HaTo je MehyHapogHUM 1 HaLu-
OHaJIHMM NPONMCcMMa, YKIbyuyjyhin n nponuce Penybnuke Cp-
6uje. MehyTum, KIbyYHO NUTakbE KOf OpraHm3aLuje Wrpajka je
06e36ehrBarbe MUHMYMa NpoLeca paja, Koju Y eceHLnjanHmm
ycnyrama Tpeba fa 06e36eau ycknaheHocT nsmehy npasa Ha
LWITPajK 1 NpaBa Ha 3APaBJbe, anu He U ia MapruHanusyje yTuuaj
WITpajKa 1 CTBOPU NPUBML HOPMaNHOT paja.

Mo»eMo 3aK/byunTy a je NpaBo fleKapa Ha WTPajK hMUXOBO
HeoTyhrBO NpaBo Koje 06e36ehyje noluToBabe ekapcke Npo-
decuje, y3 Hy>KHa orpaH1Uera KojlMa Ce LUTHTe OCHOBHE eTyY-
Ke BpPeAHOCTM came npodecuje, anv 1 LIeNoKyNHOr APYLUITBa.
KrmbyuHe peun: eceHumjanHe ycyre; 3apaBcTBeHa 3aLITUTa;
NpaBo Ha 34paBsbe
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Prof. Dr. Petar V. Simi¢, pioneer of orthopedic spinal

surgery in Serbia

Slavisa G. Zagorac, Goran DZ. Tuli¢
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SUMMARY

Orthopedic surgery has a long and rich history. The term “orthopedics” was originally coined in 1700,
although its development began much earlier. The origins of spinal surgery can be associated with four
historical periods: the Egyptian and Babylonian, the Greek and early Byzantine, the Arabic, and the me-
dieval. The history of orthopedic surgery in Serbia begins with the arrival of Dr. Nikola Krsti¢ in Belgrade
in 1904, after his studies in Vienna, as well as with the first X-ray image of the hand taken in 1905. The
history of spinal orthopedic surgery in Serbia begins with the work of Prof. Dr. Petar Simi¢, whose pio-
neering accomplishments continue to serve as the foundation for the development of spinal surgery at
the University Clinical Center of Serbia and throughout the country.

Keywords: orthopedics; spinal surgery; history; Serbia

INTRODUCTION

The development of spinal surgery in Serbia
is rooted in the work of Prof. Petar V. Simi¢,
PhD (1927-2004), an orthopedic surgeon and
Professor at the University of Belgrade (Figure 1).

Professor Simi¢ was born on February 25,
1927, into a distinguished family from the town
of Arilje. In 1938, he was admitted to the Fourth
Male Realgymnasium in Belgrade as a recipient
of the King Alexander I Karadordevi¢ schol-
arship, awarded to him in recognition of his
father’s Albanian Commemorative Medal. Due
to the outbreak of World War II, he continued
his education at the Uzice Grammar School,
where he graduated in 1946. He obtained his
medical degree from the Faculty of Medicine,
University of Belgrade, on July 29, 1953, with
an average grade of 8.75. After graduation, he
was employed by state decree at the Orthopedic
Clinic (as of 1957 - the Clinic for Orthopedic
Surgery and Traumatology), which was headed
by Prof. Dr. Svetislav Stojanovi¢ (1898-1977).
That same year, he began his specialist training
in orthopedic surgery. At that time, high-quality
orthopedic textbooks were not readily accessible,
and the main reference material was the manual
“Orthopedics: A Textbook for Physicians and
Medical Students”, written in 1934 by Associate
Professor Dr. Borivoje Gradojevi¢ (1894-1979)
(Figure 2).

Dr. Petar Simi¢ passed his specialization
exam with honors in 1958, becoming the twelfth
orthopedic surgeon in the history of Serbia [1].
In the same year, he was appointed teaching
assistant for the surgery course at the Faculty
of Medicine in Belgrade. In 1965, he defended
his habilitation thesis, which at the time was

one of the requirements for being promoted to
a higher academic title. The title of his thesis
was: “Injuries of the Thoracic Spine” He was ap-
pointed Assistant Professor for surgery in 1966
and Associate Professor in 1970. He defended
his doctoral thesis, “Problems in the Diagnosis
and Treatment of Hyperextension Injuries of the
Cervical Spine,” in 1975. The following year, he
was promoted to Full Professor of surgery at the
University of Belgrade Faculty of Medicine [2].

Figure 1. Prof. Petar V. Simi¢, PhD (1927-2004), founder
of spinal surgery in Serbia and Full Professor at the Uni-
versity of Belgrade Faculty of Medicine
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Figure 2. The first orthopedic textbook, written

by Dr. Borivoje Gradojevi¢ in 1934

Prof. Simi¢ became a full member of the Academy of
Medical Sciences of the Serbian Medical Society in 1978.
He also served as Head of the Department of Postgraduate
Studies in Orthopedic Surgery and Traumatology at the
Faculty of Medicine in Belgrade. From 1978 to 1983, he
was the Director of the Clinic for Orthopedic Surgery and
Traumatology at the University Clinical Center of Serbia
in Belgrade and is on record as the first director to resign
from the position.

He was fluent in English and had a working knowledge
of French and German.

Professor Simic’s surgical work

The origins of spinal orthopedic surgery in Serbia date
back to 1964, when the Department of Neuro-orthopedics
was established within the Clinic for Orthopedic Surgery
and Traumatology - an institution now known as the
Department of Spinal Surgery (Figure 3). This department
was founded through the perseverance, enthusiasm, and
vision of Prof. Simi¢, who at the time recognized the need
for a specialized center devoted exclusively to spinal pa-
thology. Prof. Simi¢ remained the Head of the department
until his retirement in 1993. During that period, patients
with tuberculous spondylitis — Pott’s disease — presented
a particular challenge, as did patients with spinal cord
injuries, whose numbers were steadily increasing each
year, primarily as a consequence of traffic-related trauma.

Prof. Simi¢ was the first in our country and the region
to introduce into surgical practice — and personally per-
form - a number of operative procedures on the spinal
column, having carried out more than 6000 complex spinal
surgeries. Considering that the surgical microscope was
introduced into spinal surgery only in 1977, computer-
ized tomography in 1973, and discography and magnetic

‘ DOI: https://doi.org/10.2298/SARH251126002Z
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Figure 3. Clinic for Orthopedic Surgery and Traumatology, Belgrade, circa 1960

resonance imaging in 1980, one can only imagine the level
of courage and determination that Prof. Simi¢ demonstrated
when he began performing spinal surgery, a discipline that
is still regarded as exceptionally demanding. He made a
significant contribution to advancing the diagnosis and
surgical treatment of various pain syndromes associated
with the spinal column. For several surgical procedures,
he refined operative approaches, facilitating their easier
and faster execution.

Pain syndromes of the spine are today the leading cause
of morbidity among the working-age population and are
the reason for the existence of numerous associations
and organizations. Sessions on spinal pain syndromes are
among the most attended and most engaging at all major
international congresses. We are increasingly witnessing
adolescents seeking medical attention for cervical or lumbar
syndromes, while spinal stenosis remains the predominant
problem among the elderly population.

Prof. Simi¢ designed and patented an implant for the
stabilization of unstable spinal injuries in cases of vertebral
fractures and dislocations, which is still known worldwide
as the “Simi¢ Apparatus”.

In diagnosing spinal diseases, he relied primarily on
clinical examination — a practice that has become quite rare
today, as surgeons generally depend on nuclear magnetic
resonance imaging (NMRI) findings and radiologists’
opinions. The importance of the clinical examination is
best illustrated by a quotation from Prof. Simi¢’s book: ...
certain physicians neglect the classical clinical examination
and hesitate to perform certain tests, disregarding the well-
known fact that more errors have been made due to inad-
equate examination than for any other reason. This should
be emphasized, because there is a tendency to overlook the
taking of anamnesis and classical clinical examination, in
the hope that some of the modern diagnostic methods,

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):113-118



Prof. Dr. Petar V. Simi¢, pioneer of orthopedic spinal surgery in Serbia

such as NMRI and other techniques,
will resolve the diagnosis”

Professor Simic’s professional qd i
development

Professor Simi¢ underwent profes-
sional training at renowned clin-
ics in England - the National Spinal
Injuries Centre in Aylesbury in 1959
and the Royal National Orthopaedic
Hospital in London in 1979. As part
of his study visits, he spent time at the
Central Institute of Traumatology and
Orthopedics (HayuonanvHuiii meou-
YUHCKUT UCCIe008aMenbCKUtl ueHmp
Mpasmamonozui u opmoneouut UmeHu
H.H. IIpuoposa) in Moscow, in 1964
and 1968; at the Karolinska Hospital
(Karolinska sjukhuset) and Huddinge
University Hospital (Huddinge univer-
sitetssjukhus) in Stockholm in 1979; and at Northwestern
Memorial Hospital in Chicago in 1981. From each of these
visits, he brought back new knowledge and practices,
which he applied in the treatment of his patients. He con-
tinuously kept up with professional literature and often
emphasized that in medicine, one must read and learn
constantly. As a long-standing member of the International
Society of Orthopedic Surgery and Traumatology (Société
Internationale de Chirurgie Orthopédique et de Traumatologie
- SICOT), he actively participated in its work, delivering
lectures and presenting his papers at nearly all SICOT
congresses.

Professor Simié’s scientific contributions

Professor Simi¢ was the author of more than 150 scien-
tific and professional papers published in both domes-
tic and international journals, including The Journal
of Bone and Joint Surgery, The Serbian Archives of
Medicine, Acta Orthopaedica Iugoslavica, the proceed-
ings of the International Society of Orthopedic Surgery

Figure 5. Prof. etar Simic¢'s work of art
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and Traumatology, the proceedings of
the Yugoslav Association of Orthopedic
Surgeons and Traumatologists (JUOT)
congresses, and others. He also wrote
several books, the most significant being
Trauma - Local and General Disorders
in the Organism [3] and Diseases of
the Spine [4], comprising about 750
pages (Figure 4). For the book History
— of Surgery, which he co-authored with
his son, Prof. Dr. Aleksandar Simi¢, he
was posthumously awarded the Belgrade
City Award in Medicine for 2008 [5].

In addition to his exceptional pro-
fessional achievements, he was also a
talented painter and exhibited his art-
work at several solo exhibitions (Figures
5and 6).

Figure 4. Title page - Diseases of the Spine

Global development of spinal surgery
in the 20th century

To fully appreciate the significance of Prof. Simi¢’s pio-
neering work and the establishment of the Department
of Neuro-orthopedics, it is essential to consider the level
of development of spinal orthopedic surgery in the world
at the time.

Spinal surgery was revolutionized in the 20th century.
This was fueled both by a deeper understanding of spinal
anatomy and surgical approaches, and by the introduction
of new diagnostic techniques and implants [3].

The origins of spinal surgery can be traced back to
Hippocrates (460-370 BC), often referred to as the “father
of spinal surgery.” Hippocrates devoted serious attention
to spinal deformities, which remain a challenge to treat
even today, as differing opinions persist regarding opera-
tive versus non-operative management. The Hippocratic
bench and ladder form the basis of all modern methods of
indirect decompression - spinal traction (Figure 7). This
method appears to be more widely used today than ever
before in the treatment of various spinal pathologies, yet
few practitioners are aware that the concept originated with

Figure 6. Prof. Petar Simi¢'s work of art
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Figure 7. The Hippocratic bench (source: Loeb Classical Library)

Hippocrates [6]. One of the most prominent followers of
Hippocrates, the Greek physician of the Roman Empire
period, Galen (129-c. 216), was the first to define scolio-
sis, kyphosis, and lordosis. The French military surgeon
Ambroise Paré (1510-1590) was the first to introduce braces
in the treatment of these deformities, which remain the
foundation of non-operative management even today. The
French surgeon Jules René Guérin (1801-1886) performed
the first official surgical correction of scoliosis in 1865 [7].

Spinal surgery achieved its most significant and rapid
advancements in the 20th century, driven by the intro-
duction of the surgical microscope, X-rays, discography,
computed tomography scanning, NMRI [8], and implants
for internal fixation. The earliest internal fixations targeted
the posterior structures of the cervical spine, likely due to
anatomical accessibility, with the first successful posterior
cervical fixation at C6-C7 using figure-of-eight silver
wiring documented in 1891 [9]. The anterior approach

Figure 8. Source: King D. Internal fixation for
lumbosacral fusion. J Bone Joint Surg Am.

Zagorac S. G. and Tuli¢ G. Dz.

to the cervical spine was introduced in 1890, but the first
anterior cervical discectomy and fusion was performed
in 1958 by George W. Smith (1916-1964) and Robert
A. Robinson (1914-1990), as well as by Ralph Bingham
Cloward (1908-2000), independently of each other. Surgical
approaches and instruments for the anterior approach
continue to bear the names of these surgeons today [10].
During this period, Prof. Simi¢ also began introducing
these procedures at the Clinic for Orthopedic Surgery and
Traumatology in Belgrade.

The first official description of lumbar-sacral spine
fixation using screws dates back to 1948, when the first
fixation through the facet joints was performed (Figure 8).
In 1970, Raymond Roy-Camille (1927-1994) introduced the
current gold standard for spinal fixation - transpedicular
fixation. He also devised a method for posterior cervical
spine fixation with lateral mass screws, which also remains
the gold standard to this day [11].

Prof. Simi¢ was perhaps most profoundly influenced
by the work of Paul Randall Harrington (1911-1980), an
American surgeon who introduced the Harrington rod fitted
with hooks in 1955 (Figure 9). This system was originally
designed for open correction of spinal deformities but
came to be used for dislocation fractures of the thoraco-
lumbar spine after 1969, when modified instrumentation
combining hooks and transpedicular screws was developed
[12]. A modified version of this system is still in use today
for the treatment of kyphoscoliotic deformities, although
hooks are now employed far less frequently. Modern spinal
surgery routinely integrates posterior, lateral, and anterior
approaches — something that would have been unthinkable
in the 20th century.

During Prof. Simi¢s era, patients with tuberculous spon-
dylitis — Pott’s disease — posed a major therapeutic challenge
both in our country and worldwide [13]. Both then and

1948;30A(3):560-5. [PMID: 18109577]

DOI: https://doi.org/10.2298/SARH251126002Z

Figure 9. The Harrington rod fitted with hooks; source: Hasler CC. A brief overview of 100 years
of history of surgical treatment for adolescent idiopathic scoliosis. J Child Orthop. 2013;7(1):57-
62.[DOI: 10.1007/511832-012-0466-3] [PMID: 24432060]
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now, the guiding principle of treatment

remained the same: a combination of

medication, as the foundation of treat-
ment, and surgery. Interestingly, early
surgical management of these patients
involved radical (excisional) surgery — a
practice introduced in our country by
Prof. Simi¢ himself. Among senior or-
thopedic surgeons who had the privilege
of witnessing his pioneering work, the
first associations that come to mind
are the Dott and Alexander procedures

“centré
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the University Clinical Center of Serbia,

the most significant of which include:

vertebral cementing (vertebroplasty and
sacroplasty) for fractures and tumors;

>
&
minimally invasive surgery (tubular and
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[
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EURO 3 endoscopic); percutaneous stabilization
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of the spine and sacroiliac joints; verte-
bral body replacement (corpectomy);
occipito-cervical fusion and C1-C2 fu-
sion; spinopelvic stabilization; cervical
and lumbar disc prosthesis; intrathecal
and intralesional administration of bone

(anterolateral thoracic decompression).
Today, the treatment of tuberculous
spondylitis is based on the so-called
“middle-path regime,” which combines antituberculous
drug therapy with conservative surgery focused not on
removing the pathological substrate, but primarily on
preventing deformity and neural damage.

The 21st century has brought numerous groundbreak-
ing innovations, all within the realm of minimally invasive
surgery. These include integrating diagnostic technologies
(the endoscope, the 3D microscope, the exoscope) with
instruments for minimally invasive fusion, introducing
biologically compatible implants, and incorporating ro-
botics and navigation — advancements that are ushering
us into a new, still largely unexplored world of artificial
intelligence [14].

After Prof. Petar Simi¢’s retirement, the development
of spinal surgery in Serbia continued and has persisted to
this day. The department’s leadership was assumed by Dr.
Slobodan Sljivar. It was later renamed the Department of
Acute Spinal Trauma of the Clinical Center of Serbia, ini-
tially headed by Dr. Branislav Pesi¢, alongside Dr. Nebojsa
Lozo and a group of young orthopedic residents who were
increasingly showing interest in spinal pathology and
surgery. Today, the department is officially known as the
Department of Spinal Surgery, as it treats not only patients
with spinal injuries from across the country and the region,
but also those with tumors, infections, degenerative dis-
eases, and deformities of the spine (with the exception of
pediatric deformities, for which the Banjica Institute for
Orthopedic Surgery remains the national referral center).

Over the past ten years, more than 15 new procedures
in the domain of spinal surgery have been introduced at
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Figure 10. The Eurospine Surgical Center
of Excellence certificate

marrow aspirate concentrate, mesenchy-
mal stem cells in patients with spinal cord
injury; and radiofrequency tumor ablation.

Among the procedures performed for the first time at
the University Clinical Center of Serbia were awake spine
surgery (“awake spine”) and navigation-assisted stabiliza-
tion. Culminating decades of spinal surgery in Serbia -
beginning with Prof. Simi¢’s pioneering surgeries and the
founding of the Department of Neuro-orthopedics to the
present — in May 2025, the Department of Spinal Surgery
of the University Clinical Center of Serbia was designated
a Eurospine Surgical Center of Excellence (Figure 10), per-
forming over 500 procedures annually.

Although successors will never fully grasp the chal-
lenges of being a leader and pioneer of spinal surgery,
today’s spinal surgeons can appreciate how difficult it was
to operate on the spine in an era without tools such as
the surgical microscope, computed tomography scanner,
NMRI, modern anesthesia, and contemporary implants.
For this reason, profound gratitude and deep respect are
owed to surgeons such as Prof. Petar Simic¢.

In conclusion, another quote from Prof. Simi¢’s book,
Diseases of the Spine: “It has been said that humankind had
to leave Paradise behind because of the desire for knowledge,
but whether this be true or not, it is certain that our desire
for knowledge will secure Paradise for us in the future” [4].
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Mpoo. ap Netap B. Cumuh, ocHuBay opToneacke cnuHanHe xupypruje y Cpbuju

Cnasuwa I 3aropau, lopaH LI. Tynuh
YHuBep3uteT y beorpagy, MeauuuHckn dakyntet, beorpag, Cpbuja;

YHUBEP3MTETCKM KNUHNYKN LeHTap Cpbuje, KnuHyka 3a opTonencky xupyprujy u Tpaymatonorujy, beorpag, Cpbuja

CAXETAK

OpToneacka xupypruja nma gyry u 6oraty ncropujy. Tepmux
,opToneauja“ NpBobuTHO je HacTao 1700. roaviHe, NaKo je teH
pa3Boj MOYeo MHOrO paHuje. Nopekno cnuHanHe Xupypruje
MOXe Ce MoBe3aTu ca YeTpPU NCTOpUjcKa Nneproaa: erunat-
CKVM 11 BaBUIOHCKNM, FPYKMM 1 PAHOBW3aHTUjCKUM, apancKum
1 cpefH0oBeKOBHUM. VicTopuja opToneacke xupypruje y Cpbuju
nountbe fgonackom ap Hukone Kpctrha y beorpag 1904. rogn-
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He, HaKOH cTyAuja y beuy, Kao 1 NPBMM peHAreHCKUM CHAMKOM
LIaKe, KOju je HaummbeH 1905. roguHe. Victopuja cnHanHe op-
Toneacke xupypruje y Cpbuju nountbe pagom npod. ap Metpa
Cumuha, unja NoHMpcKa focturHyha u aarbe ciyXe Kao TeMerb
3a pa3Boj CNUHANHe X1pypruje y YHUBeP3UTETCKOM KIIMHNYKOM
ueHTpy Cpbuje 1 WKPoM 3emibe.

KrbyuHe peun: optoneauja; cnnHanHa Xnpypruja; uctopuja;
Cpbuja
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Presidents of the Serbian Medical Society as leading
figures in its development (1872-2025)
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SUMMARY

Dr. Vladan Dordevi¢, together with fourteen other colleagues, founded the Serbian Medical Society in
1872, which has been publishing the journal Serbian Archives of Medicine since 1874. From its founding
and the adoption of the first Constitution (June 8, 1872) to the most recent amendments and supplements
to the Statute (February 6, 2025), the Society has adopted a total of 29 highest-level normative acts. In
the initial period these were titled Constitution (1872-1884), followed by Rules (1905-1963), while since
1970 the term Statute has been used. The Statute regulates the manner of election of the President of
the Society and the scope of his duties. From its founding to the present day, the Serbian Medical Society
has had a total of 40 Presidents, or Presidents of the Presidency during the period from 1980 to 1991.
This paper presents the rudimentary biographical data of the presidents of the Society who, through
their work or by initiating statutory changes, contributed to the advancement of the Society’s activities.
Keywords: Serbian Medical Society; founders; statutory changes; honorary Presidents

INTRODUCTION

From the founding of the Serbian Medical
Society and the adoption of its first Constitu-
tion (June 8, 1872) to the most recent amend-
ments and supplements to the Statute (February
6, 2025), the Society has adopted a total of 29
highest normative acts. In the initial period,
these acts were entitled Constitution (1872—
1884), followed by Rules (1905-1963), while
since 1970 the title Statute has been used to
denote the highest normative act.

Under the Constitution of the Serbian
Medical Society of 1872, the competencies of
the President of the Society were precisely de-
fined, establishing the President as both its ex-
ecutive and representative authority. A consti-
tutional provision stipulated that the President
managed the Society’s overall operations, en-
sured the implementation of constitutional
norms, signed all official documents (diplomas,
records, decisions, official correspondence, and
financial instruments), determined the agenda
of meetings, and was authorized to convene ex-
traordinary sessions [1].

The competencies of the President, as de-
fined in the earliest normative acts, did not
undergo substantial changes in their basic fea-
tures throughout the historical development of
the Society. Given that the President’s powers
included proposing the program of activities
and initiating amendments and supplements
to the fundamental act, the President played a
key role in directing the Society’s activities and
functioning. It may therefore be concluded that
the work of the Serbian Medical Society was, to
a significant extent, shaped by the actions and
engagement of its President.

From its founding to the present day, the
Serbian Medical Society has had a total of 40
Presidents, or Presidents of the Presidency in
the period from 1980 to 1991. The duration
of their terms of office and the scope of their
powers was regulated by the highest valid acts
of the Society.

From the founding of the Society until the
adoption of the Statute in 1983, the President’s
term of office lasted one year. The Statute of
1983 established that the term of office of the
President of the Presidency would last two
years.

The Statute adopted in April 1974 was
aligned with the Constitution of the Socialist
Federal Republic of Yugoslavia adopted in
February of the same year. Further changes in
the organizational structure and management
of the Society, as well as a more explicit align-
ment with the doctrine of self-managing so-
cialist governance and the prevailing ideologi-
cal and political orientation of the time, were
incorporated into the Statute of 1980. This act
established the Presidency of the Assembly as
the executive governing body, replacing the
former Executive Board, and transferred the
authority to elect the President of the Society
from the Assembly to the Presidency. (This
provision was also retained in the statutes of
the Serbian Medical Society adopted during
the period of transition and the abandonment
of the ideology of socialist self-management.)
At the same time, the title of the office was
changed, replacing the designation President
of the Society with President of the Presidency
of the Society. The Statute of 1983 extended the
term of office of the President of the Presidency
from one to two years. The Statute adopted
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Figure 1. Dr. A¢cim Medovi¢ (1815-1893)

in 1991 reinstated the title President of the Society and
extended the term of office to four years. The Statute of
2010 allowed one consecutive re-election to the office of
President, while the Statute of 2018 abolished the limi-
tation on the number of terms for which officials of the
Society may be elected [2].

PRESIDENTS OF THE SERBIAN MEDICAL SOCIETY

Owing to the efforts of Dr. Vladan Pordevi¢, the Serbian
Medical Society was founded in 1872. At the so-called “First
Preliminary Meeting,” held on May 4, 1872, the follow-
ing physicians were present: Carlo Belloni, Jovan Valenta,
Joachim Medowicz (A¢im Medovi¢), Petar Ostoji¢, Josif
Holec, Sava Petrovié, Porde Klinkovski, Jan Masin (Jovan
Masin), Panayotis Papakostopoulos, Bernhard Briill, Julius
Lenk, Marko Polak, and Vladan Pordevi¢, as well as the
dentist Ilija Ranimir. At this meeting, a provisional govern-
ing board of the Society was elected: Dr. A¢im Medovi¢
was chosen as provisional president, Dr. Jovan Masin as
vice-president, and Dr. Vladan Dordevi¢ as secretary [3].

Of the fourteen Belgrade physicians who participated
in founding the Society, four later also served as presidents
of the Serbian Medical Society: A¢im Medovi¢, Panayotis
Papakostopoulos, Dorde Klinkovski, and Vladan Pordevi¢.

The first president of the Serbian Medical Society was
Dr. A¢im Medovi¢ (1815-1893) (Figure 1). He served as
president from May 4, 1872 to April 26, 1873.

Dr. A¢im Medovi¢ was the first advocate of establish-
ing a medical society in the Principality of Serbia. In an
article published in Srbske novine, he expressed hope and
expectation that the sanitary administration would “find
the means to unite all physicians in our country into a
single medical society,” which would keep medical annals

‘ DOI: https://doi.org/10.2298/SARH260129015N

Figure 2. Dr. Vladan Dordevi¢ (1844-1930)

and systematically collect and preserve experience gained
from individual clinical cases, forensic-medical issues, and
monitoring of the population’s health status, so that the
observations of individual physicians might become use-
ful to the entire medical corps and be preserved “from
oblivion” for the benefit of science [4, 5].

Dr. Medovi¢’s mandate as president of the Society ended
with his resignation, which resulted from a personal con-
flict with the vice-president, Dr. Jovan Masin.

In addition to his significant role in the founding and
early development of the Serbian Medical Society, Dr.
Ac¢im Medovi¢ was a corresponding member of the Society
of Serbian Letters, a full member of the Serbian Learned
Society, and an honorary member of the Serbian Royal
Academy, thereby institutionally affirming his contribution
to Serbian science and culture [6, 7].

After Vice-President Dr. Jovan Ma$in withdrew from
the Serbian Medical Society, the chairmanship was as-
sumed by the oldest member of the Society, Dr. Panayotis
Papakostopoulos (1820-1879). Dr. Papakostopoulos
served as president until the annual assembly held on
November 4, 1873. In addition to his medical profession,
Dr. Papakostopoulos was also a professor of Greek at the
Belgrade High School. He belonged to a circle of mem-
bers of the Serbian Medical Society who, in addition to
professional work, made a significant contribution to the
development of Serbian culture. In the history of Serbian
literature, he is recorded as one of the early translators of
works of ancient Greek literature into Serbian, including
Homer’s Odyssey [8, 9].

Dr. Dorde Klinkovski (1827-1905) served as the fourth
president of the Serbian Medical Society from May 6, 1886
to February 16, 1890.

The founder of the Serbian Medical Society, Dr. Vladan
Pordevic (1844-1930) (Figure 2) was the fifth president
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from February 16, 1890 to October 3, 1892. Immediately
after the founding of the Society, he served as secretary
and subsequently became the initiator and first editor of
the journal Srpski arhiv za celokupno lekarstvo (Serbian
Archives of Medicine). The strength of the foundations
on which Dr. Vladan Pordevi¢ built the Serbian Medical
Society is evidenced by the fact that, despite numerous
historical trials, the Society preserved continuity in its
work. Over more than a century and a half of existence,
it survived eight wars, including the NATO bombing of
the Federal Republic of Yugoslavia, as well as profound
changes in state systems and territorial frameworks. From
1872 to the present day, the Serbian Medical Society has
operated within six different state formations, retaining
its status as the most important medical organization in
Serbia and, in terms of continuity of existence, one of the
oldest in Europe.

Appointed by decree of Prince Milan on April 13, 1879
as head of the Sanitary Department of the Ministry of the
Interior, Dr. Vladan Dordevi¢ undertook the drafting of
key legislative acts in the field of public health. The Law
on the National Sanitary Fund was adopted in 1879, and
the Law on the Organization of the Sanitary Profession
and the Protection of Public Health in 1881, thereby laying
the institutional foundations of the modern health service
in Serbia.

Dr. Vladan Dordevi¢ served as Minister of Education
and Ecclesiastical Affairs, as well as acting Minister of
National Economy, in the government of Nikola Hristi¢
from April 1888 to February 1889. He held the office of
Prime Minister and Minister of Foreign Affairs of the
Kingdom of Serbia from October 1897 to 1900.

He was a full member of the Serbian Learned Society
from 1869, a full member of the Serbian Royal Academy
of Sciences, and a corresponding member of several inter-
national professional associations. He was promoted to the
first honorary Doctor of Medical Sciences of the University
of Belgrade on September 17, 1925.

In addition to his medical and political engagement, Dr.
Vladan Dordevi¢ had been active in literary work since
his secondary-school days. He wrote plays, short stories,
travelogues, and novels, leaving behind a voluminous and
genre-diverse opus.

Viewed in its entirety — as physician, reformer, statesman,
and writer — Dr. Vladan Pordevi¢ ranks among the most
prominent figures of Serbian history from the late nine-
teenth and the first decades of the twentieth century [10].

The First Congress of Serbian Physicians was held joint-
ly with Serbian natural scientists in Belgrade from 18 to 20
of September 1904, as part of the celebration of the cen-
tenary of the First Serbian Uprising and the coronation of
King Peter I Karadordevi¢, who was also the patron of the
Congress. The president of the Organizing Committee was
Dr. Jovan Dani¢, president of the Serbian Medical Society
and Editor-in-Chief of the Serbian Archives of Medicine.

Dr. Jovan Danic¢ (1854-1924) was the eighth president
of the Serbian Medical Society. He served his first term
from January 23, 1899 to May 7, 1905, and his second
from September 26, 1907 to October 25, 1910. After the

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):119-127

expiration of his second term, he was elected lifetime hon-
orary president of the Society. He edited four journals,
including Serbian Archives of Medicine (from the second
issue in 1896 until 1924) and Narodno zdravlje. Lekarske
pouke narodu (from the second issue in 1896 until 1914).
In 1885, he was elected an honorary member of the Royal
Medical Academy in Rome and an honorary member of
the Association of Physicians of Croatia, Slavonia, and
Medimurje county.

He published more than 200 works, including books,
original articles, health-education papers, translations,
adapted translations, and travelogues [11].

As previously noted, over more than a century and a half
of its existence, the Serbian Medical Society adopted a total
of 29 highest legal acts, mostly minor amendments. A turn-
ing point was marked by the Rules adopted in 1905, based
on a proposal submitted on behalf of five members of the
Society by Dr. Mita Nikoli¢ and Dr. Poka Nikoli¢, which
initiated the “second period” of the Society’s development.
These Rules created conditions for expanding membership,
improving the work of governing bodies, enhancing the
material position of members, and strengthening the role
of the Society in the organization and functioning of the
health service. The Rules established new bodies and insti-
tutions of the Society: The Executive Board, the Court of
Honor, and the Fund for Assisting Poor Physicians, Their
Widows, and Orphans. The Executive Board consisted of
nine members, one of whom had to be a military physician.
From among its members, the Board elected the president,
vice-president, and secretary [12].

Dr. Dorde-DPoka J. Nikoli¢ (1863-1940) served as pres-
ident of the Serbian Medical Society in two terms: from
May 7, 1905 to October 6, 1907, and from January 11,
1914 to December 5, 1919. He was an energetic advocate
of establishing a Faculty of Medicine in Belgrade.

He was president of the Society during the First World
War. He chaired the commemorative extraordinary session
of the Society, at which he stated:

“In vain today do our eyes search among the ranks for
old acquaintances - there are none, we do not see them.
We shall find them among those who have repaid their
debt to the fatherland. When the balance of the fallen and
the survivors began to be drawn up, it became clear that
the medical profession occupied first place among the
fallen” [13].

From 1921 until his retirement in 1923, he served
as Assistant Minister of Health. In 1922, he was elected
an honorary member of the Royal Sanitary Institute in
London.

In addition to his professional work, he engaged in lit-
erary activity and translation. He translated from English
and German not only medical works but also literary texts,
among which Henrik Ibsen’s drama John Gabriel Borkman
stands out [14].

Two significant amendments to the Rules of the Serbian
Medical Society date from 1911 and 1919. The first was
adopted at the XXXIX Annual General Assembly in 1911,
when it was decided to establish subcommittees of the
Society in every district town. One of the proponents of
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Figure 3. Dr. Vojislav J. Subboti¢ (1859-1923)

this amendment, Dr. Aleksa Stojkovi¢, called the subcom-
mittees “the cornerstone for the future building of our or-
ganization” [15].

The second amendment was adopted at the Annual
General Assembly of the Society held on November 22,
1919, on the proposal of Dr. Vojislav J. Subboti¢, who,
together with 23 other members, proposed enabling the
establishment of professional sections. The need for their
establishment was justified as a measure for the “differen-
tiation of professional work and the deepening of studies
and discussions” [16]. These amendments later enabled
the development of the Society through the establishment
of numerous branches and sections as forms of territorial
and professional organization.

Dr. Vojislav J. Subboti¢ (1859-1923) (Figure 3)
served as president of the Society from October 12, 1910
to December 29, 1913 and from November 22, 1919 to
September 3, 1921. From his arrival in Belgrade in May
1889, he was very active in the work of the Society, which
he regarded as crucial for the postgraduate education of
Serbian physicians. In his first year at the General State
Hospital, he delivered around 60 reports. He organized
meetings of surgeons, including the First Meeting of
Serbian Surgeons (1907) and the First Yugoslav Meeting
for Operative Medicine (1911).

Dr. Buki¢ Pijade described the period of his presiden-
cy as a “period of scientific momentum”. Dr. Vojislav J.
Subboti¢ was one of the founders of the Faculty Medicine,
the first full professor of surgery, the first vice-dean, and
the second dean. He was also a member of numerous pres-
tigious foreign societies, including the French, German,
and International Surgical Societies, the Pest Medical
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Society, the Paris Medical Academy, and the Societies of
War Surgeons of the USA and England [17, 18].

Two presidents of the Serbian Medical Society from
the interwar period are of particular importance for the
institutional and material development of the Society: Dr.
Vojislav M. Suboti¢ Jr., founder of the largest endowment
administered by the Society, and Dr. Svetislav Stefanovi¢,
during whose presidency the Society, after more than six
decades as a tenant, began holding professional meetings
and annual assemblies in its own building.

Dr. Vojislav M. Suboti¢ (1866-1922) served as presi-
dent of the Serbian Medical Society from September 3,
1921 to February 4, 1922. His public and professional
engagement was primarily directed toward work in the
Serbian Red Cross Society and the Serbian Medical Society.
He was a member of the Red Cross administration from
1898 to 1921, initially as secretary and, from July 1914, as
vice-president.

He had been active in the Serbian Medical Society since
May 18, 1902 as a board member, secretary, and treasur-
er. He was elected president at the 43rd Annual General
Assembly held on September 3, 1921 and submitted his
resignation from membership and the presidential office
on February 4, 1922.

During the Great War, he experienced two severe per-
sonal tragedies. First, he lost his only son Luka, who, as a
volunteer hospital orderly, contracted typhoid fever and
died on December 27, 1914. On May 30, 1915, his wife
Melanija died “of excessive, immeasurable grief” for their
son.

These events directly influenced the establishment of
the “Endowment of Medical Student Luka and His Parents
Melanija and Dr. Vojislav Suboti¢,” of which Dr. Suboti¢
informed the Ministry of Education and Ecclesiastical
Affairs on June 8, 1915.

Significant real estate assets in Belgrade were transferred
to the Endowment: a house in Takovska 19 and two plots of
land, one near the Tobacco Factory and the other in Bulver
Despota Stefana near the Pancevo Bridge, as well as plots
in Vrnjacka Banja and Banja Koviljaca. The founding act
also defined the obligations of the Serbian Medical Society,
which assumed care for the family tomb and the obliga-
tion to hold annual professional meetings dedicated to the
memory of Luka Suboti¢. This practice was continuously
maintained even after the founder’s death.

The funds of the Endowment of Dr. Vojislav M. Suboti¢
played a significant role in financing the construction of
the Home of the Serbian Medical Society, the Endowment
of Dr. Steva Milosavljevi¢, at Zeleni Venac (Kraljice Natalije
1-3). Due to a lack of funds to complete the construction,
the Society used loans from the Suboti¢ Endowment capi-
tal totaling 1,250,000 dinars, with the obligation to repay
the principal and accrued interest. With the nationaliza-
tion of property in 1960, by decision of the Nationalization
Commission of the People’s Committee of Stari grad
municipality, the entire property of the Serbian Medical
Society, including the Home, passed into state ownership.

Dr. Vojislav M. Suboti¢ also left a significant written
legacy, publishing a total of 44 works, including studies
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Figure 4. The Home of the Serbian Medical Society, Endowment of Dr. Steva Milosavljevi¢

of lasting value for research into the history of Serbian
medicine and the Serbian Medical Society [19, 20].

Dr. Svetislav Stefanovi¢ (1877-1944) served as presi-
dent of the Serbian Medical Society for six terms, from
September 6, 1928 to October 25, 1934. During his presi-
dency, legal and organizational issues concerning endow-
ments, funds, and legacies were intensively addressed,
enabling the start of construction of the Society’s Home
in 1931. Financial resources were secured through endow-
ments and legacies of several benefactors, as well as vol-
untary contributions and loans from physicians. The 60th
anniversary of the founding of the Society was celebrated on
May 5, 1932 in the newly constructed Home (Figure 4) [21].

In addition to his medical work, Dr. Svetislav Stefanovi¢
was active in literature and culture. He studied English
and comparative literature, engaged in literary translation
- particularly of the works of William Shakespeare — and
published poetry and prose in periodicals and separate
collections.

From June 1942 until the liberation of Belgrade, he
headed the Serbian Literary Cooperative as president of
its Commissarial Administration. He followed the work
of the International Commission for the Investigation of
War Crimes, formed in July 1943 to determine the circum-
stances of mass executions near Vinnytsia in Ukraine. In
the article “Lesson and Message from Vinnytsia,” [22] he
conveyed the position of forensic experts, formed on the
basis of material evidence, that the crimes were committed
in 1937-1938 and carried out by members of the People’s
Commissariat for Internal Affairs during the mass purges
conducted throughout the Soviet Union in those years.

After the liberation of Belgrade, he was arrested on
October 22, 1944 and sentenced to death. By a decision
of the Plenum of the Serbian Medical Society in 1946, he
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was declared unworthy of membership,
primarily for ideological reasons. At a
joint session held in December 2021,
the Assembly of the Serbian Medical
Society annulled this decision and post-
humously restored all his membership
rights [23, 24, 25].

After the end of the Second World
War, the Serbian Medical Society re-
sumed its work. On the role of the
Society in the postwar period, Dr. Uro$
Jekié, then Minister of Public Health
of Serbia, wrote in the editorial of the
first postwar issue of Serbian Archives
of Medicine:

“The renewal of the work of the
Serbian Medical Society, which funda-
mentally changes the essence of its ac-
tivities; the gathering and linking of all
medical forces in the country through
the Serbian Medical Society; the re-
launch of the Serbian Archives, through
whose pages the spirit of the new era
should flow - these are further proofs of
a fortunate development of our medical

service” [26].

The first postwar assembly of the Society was held from
14 to 16 April 1946 in the hall of the Society’s Home. The
election of Prof. Dr. Kosta Todorovi¢ as president indicated
the desire of the delegates not to interrupt the continuity of
the Society’s work even under the new circumstances cre-
ated by the revolutionary change of the social system. The
previous president, Dr. Milan Petrovi¢, was elected presi-
dent of the Supervisory Board. The “Rules of the Serbian
Medical Society” were unanimously adopted, enabling the
Society to “turn inward and devote itself to organizational
and professional issues” [27].

Speaking about the importance of establishing branches
in all places in the Republic of Serbia where conditions
existed, Dr. Cedomil Plavsi¢ stated:

“In the Society’s branches, the entire social life should
take place, and the Rules therefore state that the tasks of
the branches are in fact the tasks of the Society. (...) It is
necessary that all physicians in the interior, with full atten-
tion and love, make efforts not only to establish branches
but also to cooperate intensively within them, to elevate
and improve them, because the people and our small state
will benefit from this, as will we ourselves” [28].

The Assembly also adopted a Resolution which, among
other things, called for the establishment of a School of
Dental Medicine [29].

Academician Kosta Todorovi¢ (1887-1975) (Figure 5)
was the first postwar president of the Society, from April
14, 1946 to March 20, 1949. He had been a long-stand-
ing member of the Society and, in the interwar period,
vice-president under Svetislav Stefanovi¢ and Momc¢ilo
Ivkovi¢. His election as president marked the beginning
of the “golden age” of the Serbian Medical Society. Thanks
to his work — which Dr. Vladimir Stanojevi¢ said “served
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Figure 5. Academician Kosta Todorovic¢ (1887-1975)

as a bridge for the transition from our rich cultural heri-
tage to contemporary creativity” — the Society managed to
preserve its identity in the early postwar years, when or-
ganizations originating in the old regime were not viewed
favorably [30]. He also succeeded in having the Society rec-
ognized by the new authorities as a partner in addressing
numerous health problems that had persisted in Serbia for
decades. During his mandate, the more extensive establish-
ment of branches and specialist sections began.

As part of the revitalization of the Society’s work, the se-
ries “Library of the Serbian Medical Society” was founded.
All professional publications of the Society, except Serbian
Archives and the Annual Reports, were included in this
series. During Todorovi¢’s presidency, numerous branches
were established, the work of sections founded before the
Second World War was renewed, and new ones were cre-
ated (cardiology, neuropsychiatry, gynecology and obstet-
rics, otorhinolaryngology, dermatovenereology, and oth-
ers). The proposal to establish a Section for the History of
Medicine and Pharmacy was “enthusiastically welcomed
by Prof. Dr. Kosta Todorovi¢” [31].

This section would in 1955 establish the Museum of
Serbian Medicine of the Serbian Medical Society. During
Todorovi¢’s mandate, the Dental Section launched a for-
mal initiative to establish the School of Dental Medicine
in Belgrade (1948).

The second postwar president of the Society, from
March 20, 1949 to March 28, 1954, was Prof. Dr.
Uros Jeki¢ (1896-1980). As Minister of Health in the
Government of the Republic of Serbia, he contributed
to the renewal of the Society’s work, and as its president
he organized the first postwar Congress of Physicians of
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Serbia (1952), which “represented one of the most signifi-
cant events in the postwar history of the Society and made
a major contribution to solving health problems through-
out the Republic” [32].

In April 1974, the Serbian Medical Society held its 87th
regular assembly and adopted a new statute, harmonized
with the Constitution of the Socialist Federal Republic of
Yugoslavia adopted in February of the same year. The new
Constitution imposed a model of collective governance, so
that instead of a president, the Society elected a Presidency
with a one-year rotating chairmanship. In such a short
mandate, it was not possible to implement more substantial
activities. Enthusiasm for work in the branches began to
weaken, and membership declined, so that by 1980 it had
fallen to a quarter of the total number of physicians. By
comparison, in 1963 the proportion of members relative
to the total number of physicians and dentists was 92%,
and in 1973 it was 75%.

The presidents of the Presidency of the Serbian Medical
Society were: Petar Stefanovi¢ (1924-1999), Borislav
Najdanovi¢ (1916-1987), Aleksandar Dimitrijevi¢ (1942
2012), Milenko Lali¢ (1922-2004), and Dragan Kuburovi¢
(born 1935). Professor Dragan Kuburovi¢ is the only den-
tist to have headed the Society in its more than century-
and-a-half-long existence.

From the Assembly held in 1983, the Serbian Medical
Society abandoned the concept of “presidencies” and once
again elected a president of the Society, leading to a series
of positive changes that revitalized the Society.

Professor Petar Korolija (1925-2004) served as
president from October 7, 1983 to November 13, 1987.
During his mandate, the City Assembly of Belgrade grant-
ed the Society the building of the Eye Clinic in Dzordza
Vasingtona street for permanent use. The organization
of multi-day symposia titled “Advances in Diagnosis and
Treatment” was initiated, the practice of the professors of
the Faculty of Medicine delivering lectures in branches
outside Belgrade was renewed, and a larger number of
specialist sections were established.

The political disintegration of Yugoslavia, initiated by
the adoption of the 1974 Constitution, led to the collapse of
the state in the bloody civil war of the 1990s. The Serbian
Medical Society suffered severe consequences. Sanctions,
inflation, and war led to a decline in membership and ac-
tivity. A major credit goes to Academician Vojin Sulovi¢
(1923-2008), president of the Society from November 13,
1987 to April 1, 1996, for preserving the Society even under
such extremely unfavorable conditions. Despite the dif-
ficult situation, Congresses of Physicians of Serbia were
held in 1992, 1993, and 1996, and five specialist sections
were established.

The true revival of the Serbian Medical Society began
with the election of Academician Radoje Colovi¢ (born
1944) (Figure 6) as its president on January 30, 2009.
During 14 years at the helm of the Society, until November
17,2023, he made a significant contribution to its reputa-
tion. Thanks to his charisma and enthusiasm, numerous
branches were founded, doubling the number of members;
the work of sections that had been dormant for years, even
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decades, was revitalized and renewed. During his mandate,
the Society was awarded the Order of Sretenje, Second
Class, and the Order of Saint Sava, Second Class (2012),
and in 2022, on the occasion of the 150th anniversary
of the Society, the Order of Sretenje, First Class. At the
Assembly held on November 17, 2023, he was elected an
honorary member and honorary president of the Society.

Through his work in the Society, Academician Radoje
Colovi¢ “raised for himself a monument more lasting than
bronze” (Exegi monumentum aere perennius — Horace, Ode
3.30). In addition to strengthening the Society, his engage-
ment was marked by the renovation of the Society’s head-
quarters building in DZordza Vasingtona street, as well
as the Home of the Serbian Medical Society in Kraljice
Natalije street.

The current leadership of the Serbian Medical Society,
headed by President Prof. Dr. Milan A. Nedeljkovi¢ (born
1957) (Figure 7), elected on November 17, 2023, has de-
fined as the main goals of its mandate the positioning
of the Society within the Law on Health Care, increas-
ing membership, and encouraging branches and sections
to engage more actively in continuing education. At the
Assembly session held on February 6, 2025, two impor-
tant decisions were adopted: to define the Serbian Medical

e ¥ OV / AFE x a‘\ A8 b & -
Figure 7. The leadership of the Serbian Medical Society in 2025 (from the right: Prof. Dr. Milan A. Nedeljkovi¢, President of the Serbian Medical
Society; Dr. Zoran Vaci¢, Secretary General of the Serbian Medical Society; Prof. Dr. Dragoslav Basi¢, Vice President of the Serbian Medical Soci-
ety; Prof. Dr. Nebojsa Stankovi¢, President of the Academy of Medical Sciences of the Serbian Medical Society; Prof. Dr. Nebojsa Radovanovi¢,
Secretary General of the Academy of Medical Sciences of the Serbian Medical Society)
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Society as a scientific society through amendments to the
statute, and to initiate the procedure for returning the
Museum and Library from the Museum of Science and
Technology to the Society.

The presidents of the Serbian Medical Society also in-
cluded: Mladen Jankovi¢ (1831-1885), Lazar Doki¢ (1846—
1893), Mihailo Mika Markovi¢ (1847-1911), Mihailo
Petrovi¢ (1863-1934), Momcdilo K. Ivkovié, Porde Joanovié¢
(1871-1932), Milan Jovanovi¢ Batut (1847-1940), Svetozar
Moacanin (1884-1962), Milan Petrovi¢ (1886-1963),
Radivoje Berovi¢ (1900-1975), Jezdirmir Studic (1902-
1960), Cedomil Plavsi¢ (1902-1986), Dragomir Karajovi¢
(1899-1964), Vojislav Danilovi¢ (1910-1981), Aleksandar
Mezi¢ (1910-1973), Srboljub Stojiljkovi¢ (1922-1974),
Dragomir Mladenovi¢ (1919-2017), Vladimir Paunovi¢
(1942-2007), Zoran Ivankovi¢ (born 1951), and Vojkan
Stani¢ (born 1950).

CONCLUSION

The historical development of the Serbian Medical Society,
viewed through the prism of its highest normative acts and
the activities of its presidents, demonstrates an institution
of exceptional stability, adaptability, and continuity. From
the adoption of the first Constitution in 1872 to the most
recent amendments to the Statute in 2025, the Society’s
normative framework has changed in accordance with
social, political, and ideological circumstances, while its
fundamental objectives — professional cohesion of physi-
cians, advancement of the health service, and development
of medical science — have remained unchanged.

A special place in the history of the Society is occupied
by the office of president, whose powers, despite numerous
statutory changes, have always played a key role in direct-
ing the Society’s work. Although the title of the office, the
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method of election, and the length of the mandate have
changed - from one-year terms, through collective gov-
ernance during the period of self-management socialism,
to the contemporary model of multi-year mandates — the
influence of the individuals who led the Society has re-
mained decisive. The history of the Society clearly shows
that periods of greatest progress and institutional strength-
ening are associated with strong, visionary, and authorita-
tive presidents.

From founders and early presidents such as A¢im
Medovi¢ and Vladan Pordevi¢, through reformers of the
early twentieth century, interwar builders of the Society’s
institutional and material foundations, to postwar restorers
and contemporary leaders, the presidents of the Society
were not merely administrators but also bearers of broader
social, scientific, and cultural initiatives. Their actions en-
abled the Society to survive wars, changes of state systems,
ideological breaks, and economic crises, while retaining its
status as the oldest and most prestigious medical organiza-
tion in Serbia.

The contemporary development of the Serbian Medical
Society — grounded in the restoration of a strong presi-
dential function, the strengthening of branches and sec-
tions, and clearer positioning within the legal system of
the Republic of Serbia - represents a logical continuation
of its historical tradition. It is precisely in the combination
of normative continuity and strong personal engagement
of the leadership that the key to the longevity and social
significance of the Serbian Medical Society lies.
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Npeacearnum CpncKor AeKapcKor ApyWTBa Kao Bogehe IMUHOCTU HEroBor passoja

(1872-2025)

MunaH A. Heperbkosuh, 3opaH Bauuh

Akagemuja MegULHCKIX Hayka Cprickor nekapckor ApywTea, beorpag, Cpbuja

CALPXAJ

[NokTop BnagaH Hophesunh ca yeTpHaecTopumLom Konera 1872.
roguHe ocHmBa Cprcko nekapcko ApyLITBO, Koje of 1874. n3pa-
je vaconuc, Cpnckm apxuB 3a LenoKynHo nekapctao”. Of ocHU-
Batba 1 AOHOLLEHba NpBor YcTaBa (8. jyHa 1872) go nocneammx
n3meHa n gonyHa CratyTa (6. pebpyapa 2025), pywTBo je
YCBOjWNO0 YKYMHO 29 HajBMLINX HOPMATUBHUX aKaTa, Koju Cy y
noYyeTHOM nepuogy Hocunu Hasue Ycas (1872-1884), 3atnum
Mpasuna (1905-1963), nok ce og 1970. rogrHe Jo AaHac Ko-
pvicTy Ha3uB Cluaiuyiu. CTaTyToM je perynmcaH HaumH usbopa

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):119-127

npencegHuKa pylTea n 4eNOKpyr kerosor paga. Og ocHu-
Batba J0 AaHac CpncKo fleKapcKo APYLUTBO MMAnO je YKYMHO
40 npefcefHNKa, OQHOCHO NpefcefHKKa MpeaceaHUWITBA Y
nepuogy oa 1980. go 1991. roguHe. Y oBoM pafy fatu Cy OCHOB-
HW 6rorpadcKkm nogaum npeaceaHUKa JpyLTea Koju cy CBOjUM
pasfoM Unm MHULMpPakEeM CTaTyTapHUX NMPOMEeHa LOBOAWAN O
HanpeTKa y pagy JpyLwrsa.

KmbyuHe peun: Cpricko iekapcko ApYLITBO; OCHMBAYW; CTaTy-
TapHe NPOMEHe; 3aCNyXHY NpeacesHLN

www.srpskiarhiv.rs



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

ITpe nopxomema pykomica YpeqHUIITBY 4acommca ,,CprcKn
apxuB 3a HenoKyHo neKkapcTBo (CA) cBu ayTopu Tpeda ga
npounTtajy Yuyrcrso 3a ayrope (Instructions for Authors),
rie he nponahu cBe morpedne nudpopmanuje o nucamwy
U IpUIIPpeMM Pajia y CKIafy ca CTaHZapAMMa Yacomuca.
Beoma je BayKHO a ayTOpy IpUIIpeMe paj IpeMa JaTiuM
NPONO3NINjaMa, jep YKOINKO pyKomuc He dyae yckinahen
C OBMIM 3aXTeBMMa, YpegHIIITBO he opmoxxuty mmu ogdu-
TH HberoBo nmydnukopame. Pamosu odjaBmenn y CA ce He
xXoHopapuy. 3a wiaHke Koju he ce odjaButn y CA, camom
noHYRoM pajia CPIICKOM apXIBY CBY ayTOPH Pajia IpeHoce
CBOja ayTOpCKa MpaBa Ha u3gaBaya yacomnuca — Cprcko
JIeKapCKO APYLITBO.

OIIIITA YIIYTCTBA. CA odjaBibyje pajjoBe Koji 10 caja
HIICY HUT/IE 00jaB/beH, y LIe/IOCTI WIN [Ie/IOM, HUTH IIPUXBa-
henn 3a odjapuBame. CA 0djaBbyje pajjoBe Ha €HITIECKOM I
CpIICKOM je3uKy. 350r dorbe HocTymHOCTH 1 Behe UTupaHoCTH
IIperopydyje ce ayTopuMa Ja pajoBe CBUX Od/IMKa Ipefajy
Ha eHI7IecKoM jesuxy. Y CA ce odjaBibyjy creniehe kareropuje
pajioBa: yBOJHWIIN, OPUTMHATHA PaiOBY, IIPETXOHA 11 KpaTKa
CAOIIIITe b, IPMKA3U OOIECHNKA U C/Ty4ajeBa, BIIeO-WIAHIM,
C/IMKe 13 KIIMHIYKe MeMIVHE, IIPETIeNHI PAJiOBH, aKTye/THe
TeMe, PafioBM 3a IIPAKCY, PafloBI M3 MICTOPMje MEVILIVIHE 1 je3-
Ka MeIIMHe, MEeAMLINHCKe eTVKe, Pery/IaTOPHUX CTaHapaa y
MeIULIVIHYL, U3BEILTaj) Ca KOHIPeca 11 HayYHMX CKYIIOBa, IMYHY
CTaBOBM, KOMEHTApPH 110 TI03MBH, IIMCMa YPEIHNUKY, IIPUKa3K
KIBUT3, CTPYYHe BecTH, In memoriam v ppyru npunosu. Opu-
TMHAJTHY PAJIOBY, IIPETXOfHA M KPATKa CAOIIITeha, IPUKa3N
dorecHMKa 1 CTy4ajeBa, BUe0-WIAHIIMN, C/IMKe U3 KIIMHIYKe
MeJMIVIHE, TIPEr/IeffHN PaloBU U aKTye/IHe TeMe, IyOIuKyjy
Ce MICK/bYUMBO Ha €HITIECKOM je31KY, a OCTajie BpCTe pajjoBa
Ce MOTy ITyO/IMKOBATH 11 Ha CPIICKOM je3VKY CaMo 110 OfTyLN
Ypepuumraa. PajoBu ce yBeK 0CTaB/bajy ca CaXKeTKOM Ha
€HITIECKOM U CPIICKOM je3UKy (y CKJIOIy caMOT PYKOTIICa).
TekcT paga KyuaTu y nporpamy 3a odpany texcra Word,
¢douTtom Times New Roman v BemdmHOM CIoBa 12 Tadaka
(12 pt). CBe ueTnpu MapriHe IOLECUTY Ha 25 mm, BeTUIN-
Hy cTpaHniie Ha popmar A4, a TEKCT KYLaTU C BOCTPYKUM
IPOpeJIOM, IeBUM [IOPaBHAbEM U YB/IauetbeM CBAKOT I1acyca
3a 10 mm, de3 ebera peun (xudenanuje). He kopucturu
tady/aTope U y3acTOIIHe IIpasHe KapakTepe (crejcoBe) paju
HOpaBHama TeKCTa, Beh amarke 3a KOHTPOJTY IIOpaBHAba Ha
newupy u Toolbars. 3a mperazak Ha HOBY CTpaHy JOKyMeHTa He
KOPYCTUTH HU3 ,eHTepa", Beh nckpyunso onuyjy Page Break.
ITocre cBaKor 3HaKa MHTEPIYHKIIMje CTABUTY CAMO jefiaH
Ipa3aH KapakTep. AKO ce y TeKCTY KOPMCTe CIIeLMja/THI 3HALV
(cumdonm), kopucturu ot Symbol. Ilogauu o kopuutheHoj
JINTEPATyPHU Y TEKCTY O3HAYABAjy Ce apaliCKyM dpojeBuMa y
YIIIaCTHM 3arpajiama — Hip. [1, 2], 1 To peocieioM Kojum ce
10jaB/bYjy y TeKCTy. CTpaHmIle HyMEPUCATH PELOM Y HOHbeM
IeCHOM YTIIy, TI0Y€B Off HACTIOBHE CTpaHe.

IIpu mucarby TEKCTa Ha €HITIECKOM je3UKY Tpeda ce mpupp-
JKaBaTH je3NdKor ctangapna American English u xopuctutu
KpaTKe I jacHe pedeHnIe. 3a HasyBe IeKOBA KOPVUCTUTI JC-
K/bY4VBO TeHepIIKa MeHa. Ypebaju (amapaty) ce o3HayaBajy
¢dadpuuknm HasMBMMA, a MIMe U MeCTO IpousBohada Tpeda

HABECTH y 0O/MM 3arpajiaMa. YKOJIMKO e ¥ TeKCTY KOPUCTe
03HaKe Koje Cy CIIOj CI0Ba 11 dpojeBa, MPeLN3HO HAIICATH
dpoj Koju ce jaB/ba y CYIepCKPUIITY WM CYICKPUNTY (HIIp.
#Tc, IL-6, O,, CD8). YKONMKO Ce HEmTO yodndajeHo muie
KypsusoM (italic), Tako ce u HaBoaM, HIIp. reHu (BRCAI).

YKONUKO je paji eo0 MarucTapcke Tese, OFHOCHO TOKTOPCKE
aucepTanyje, win je ypabeH y oOKBUpY Hay4HOT IIPOjeKTa,
TO Tpeda nocedHo HasHaunTK y HarmoMeHu Ha Kpajy Tekcra.
Taxobe, ykonmxo je paj MpeTXOQHO CAOMIITEH Ha HEKOM
CTPYYHOM CAaCTAHKY, HABECTY 3BaHMYAH HAa3UB CKYIIa, MECTO
U BpeMe OfjpyKaBarba, 1a JII je paji M Kako Iyd/IMKoBaH (HIIp.
MCTI WIN [PYTadnjii HAC/IOB WM CaXKETaK).

KIIMHNYKA MCTPAJKVIBAIbA. KiyHndKa cTpakiBama
ce mepuHMIITY KaO MCTPaXKMBakba YTNUIAja jeHOT VIV BUILIE
CpezicTaBa WM Mepa Ha MCXOJ 3ipaBba. Perncrapcku dpoj
UCTpaXXIBaba Ce HaBOMIU Y TTOCTIEbeM Pey CaXkeTKa.

ETUYKA CAITTACHOCT. Pykonucy 0 CTpaKuBambyMa Ha
/byayMa Tpeda [ia cafip>Ke U3jaBy y BULY IMCAHOT IPUCTAHKA
UCIUTUBAHMX 0C00a Y CKIafly ¢ XeICHHIIKOM AeK/IapaljoM
1 Of0dperbe HaJlIeXXHOT eTHYKOT 0A00pa fIa Ce NCTPAKBAEbe
MOKe M3BECTH U JIa je OHO y CK/Iajly C IPaBHMM CTaHApAUMA.
ExcriepuMeHTa/IHA NCTPaKUBaha Ha XyMaHOM MaTepujamy
U VICIIMTHBAma BpIIeHA HA XMBOTHbAMa Tpeda fa cafpike
U3jaBy eTHYKOT 0O0pa yCTaHOBe U Tpeda a Cy Y Car/IaCHOCTH
C IIPaBHMM CTaHJAPIVIMA.

M3JABA O CYKOBY MHTEPECA. V3 pykomnuc ce mpuia-
Ke TIOTIMCAHA U3jaBa y OkBUpY odpacua Submission Letter
KOjOM Ce ayTopu M3jalllbaBajy o cBakoM Moryhem cykody
MHTepeca IV BeroBoM OfiCyCTBY. 3a fofatHe MHGOpMaIje
0 pasIMYNTUM BpCTaMa CyKoda MHTepeca MOCeTUTI MHTEP-
HeT-cTpaHuIyy CBETCKOT yApy)Kerba YPeIHIKa MEIUIIMHCKIX
vyaconmca (World Association of Medical Editors - WAME;
http://www.wame.org) mon HasuBoM ,,IlonMTNKa U3jaBe o
cykody nHTepeca.

AYTOPCTBO. Cse 0code Koje cy HaBefieHe Ka0 ayTOPU
pana tpeda na ce kBanudukyjy 3a ayropcro. CBaku ayTop
Tpeda /ja je y4ecTBOBAO JJOBO/LHO Y pajly Ha PYKOIMCY KaKo
d1 Morao Jia mpeysMe OfIrOBOPHOCT 3a IIJIOKYTIaH TeKCT U
pesynrare n3HeceHe y pajly. AyTOPCTBO Ce 3aCHMBA CaMO Ha:
SUTHOM JOIPVMHOCY KOHIICIIIMjU Pajia, [OdMjarby pesynTara
VTV QHAJIU3K U TyMadelby pesy/rTara; I/IaHupary pyKomca
VIV 1€TOBOj KPUTIYKO]j PEBU3H)Y Of, SHATHOT MIHTE/IEKTyaTHOT
3Ha4Yaja; 3aBPIIHOM JNOTEPUBaIby Bep3yje PyKOIca Koju ce
npunpeMa 3a MTaMIambe.

AyTopu Tpeda fa IpMIOKe OMIC JOIPMHOCA TIOjefVHATHO
3a CBaKOI KoayTopa y oKBuUpy odpacia Submission Letter.
DuHaHCHparbe, CAKYIUbakbe MOJATAKa VIV TeHePa/THO HalIyie-
Jarbe MICTPKMBadKe TPyIIe CAMI IO Cedl He MOTY OIpaBJaTi
aytopctBo. CBU Py KOjI Cy HOIIPUHENN M3PAMY Paja, a
KOjJ HUCY ayTOpH PyKoIica, Tpedaso Ou fa dyny HaBemeHu y
3axBaJTHMIIN C OIMCOM FIXOBOT IONPIHOCA Pajy, HAPABHO,
y3 IIMICaHN NIPYCTAHAK.
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IUTATJAPU3AM. Op 1. janyapa 2019. ropguse cBU pyKOICK
NIOABPraBajy ce MPOBEPH Ha IIarujapyusam/ay ToIIaTujapusamMm
npexo SClndeks Assistant - Cross Check (iThenticate). Pagosu
KOJI, KOjUX ce JJOKaXKe IIarujapusam/ ayTorviarujapusam duhe
ofidmjeHn, a ayTopy CaHKI[MOHVCAHM.

HACJIOBHA CTPAHA. Ha npBoj CTpaHMI PYKOIINCA TPe-
da HaBecTu crnenehe: HacoB paga de3 ckpahenniia; npenor
KpaTKOT HAC/IOBa pajia, IIyHa MMeHa U IIpesyMeHa ayTopa
(0es TuTyna) MHAEKCUpaHa OpojeBMMa; 3BaHMYAH HA3UB
yCTaHOBA y KOjiIMa ayTOpM pajie, MECTO 11 IpXKaBy (penocie-
JIOM KOju OAroBapa MHAEKCUPaHUM dpojeBMMa ayTopa); Ha
[HY CTpaHMIIe HABECTI MIMe U IPe3NMe, aipecy 3a KOHTAKT,
Spoj TenedoHna, hakca u MMeji afipecy ayTopa 3ay>KeHOT 3a
KOPECHOHJEeHINjY.

CAJKETAK. V3 opurnHanau paj, IpeTXOZHO U KPaTKO
CaolIlTewhe, Iperie]l TUTepaType, IpuKas crydaja (dome-
CHMKA), paji 13 UCTOPUje MeULIHE, aKTye/IHY TeMY, paj
3a pyOpUMKY je3sVK MeIMIHe U paj 3a IPaKcy, Ha APYToj 1o
Ppeny CTpaHMI JOKYMEHTa Tpeda IPIUIOKUTH CaXKeTaK paja
odnma 100-250 pedn. 3a opurnHaIHe pagoBe, MIPETXOFHO I
KPAaTKO CaoIIlITebe caKeTak Tpeda fja uMa cefiehy cTpyk-
Typy: YBon/Ium paga, MeTope pajia, PesynraTu, 3akbyyax;
CBaKU Off HaBeJIeHMX CerMeHaTa IICaT Kao IocedaH Iacyc
KOju Iounise dogosaHoM peun. HaBectn HajBaxkHUje pesyst-
Tare (HyMepMdKe BPEHOCTH) CTATUCTUYKE aHA/IN3e U HIBO
3Ha4YajHOCTM. 3aK/by4yaK He cMe OuTH yomuITeH, Beh Mopa
OUTH AMPEKTHO MOBe3aH ca pe3y/lITaTuMa paja. 3a IprKase
dorecHrka caxxerak Tpeda a nma cnenehe fenose: Ysop (v
[IOC/Ief[b0j pedeHNIM HaBeCTH 1b), [IpuKas domecHuka,
3ax/pydak; cerMeHTe Takobe mucaru Kao mocedaH macyc
KOj¥ OuMIbe OO/IJOBAHOM pedlt. 3a ocTajie TUIIOBE PajjoBa
Ca)XeTaK HeMa II0CedHY CTPYKTYPY.

KIbYYHE PEYMN. Vicnion Ca’keTKa HaBeCTH Of TPY JI0 ILEeCT
K/bYYHUX peunr uam uspasa. He Tpeda fja ce monapibajy peun
U3 HAC/IOBA, a K/by4He peun Tpeda Jja Sy/y peeBaHTHE VN
omucHe. Y n3dopy KbydHux peunt kopuctutu Medical Subject
Headings - MeSH (https://www.nlm.nih.gov/mesh/meshhome.
html).

ITPEBOJ HA CPIICKM JE3VIK. Ha Tpehoj o peny crpasn-
1V JOKYMeHTa IIPMIOKITH HAC/IOB pajia Ha CPIICKOM je3UKY,
IIyHa MMeHa U IIpesyMeHa ayTopa (§es TUTYy/Ia) MHAeKCupaHa
dpojeB1Ma, 3BaHITYaH HA3MB YCTAHOBA Y KOjIIMa ayTOPY pajie,
MecTo 1 ipkaBy. Ha cne,uehoj — 4eTBPTOj IO PRy — CTPAHMI
[IOKYMeHTa IIPWIOKUTH caxkeTak (100-250 peun) ¢ K/bydHUM
peunma (3-6), 11 TO 3a pafioBe y KOjlIMa je 0daBe3aH caxxeTak
Ha eHITIeCKOM je3uKy. [IpeBop ojMoBa us cTpaHe nuTeparype
Tpeda fa dyze y nyxy cprckor jesuka. CBe cTpaHe pedn Win
CHUHTArMe 3a Koje II0CTOj¥ OfroBapajyhe nme y HaleM jesnky
3aMEHUTHU TUM Ha3MBOM. YKO/INUKO je paji y Lie/IOCTH Ha CpII-
CKOM je3UKY, HOTpedHO je IpeBeCTy Ha3uBe Ipuora (tadena,
rpa¥KOHa, C/IMKa, CXeMa) YKOIMKO VX MIMA, IIeIOKYITHU TeKCT
Y BJIMa 1 JIETeH/Iy Ha eHITIECKN je3UK.

CTPYKTYPA PAJIA. CBM IOFHACTIOBY Ce TINIIY BEMUKUM
macHuM cnosuma (domp). OpurnHamIHU paj U IPETXORHO

U KpaTKo caoImiiTeme odaBesHo Tpeda fa nMajy crenehe
noprHacnose: YBoz (Lnmm paa HaBecTV Kao MOCTIe Y ITacyc
YBopa), Merope papa, PesynraTu, luckycuja, 3akpydak,
JIureparypa. IIpernen mutepaType M aKTyelHy TeMy YiHe:
YBop, ogrobapajyhu nopaacnosn, 3akpydax, Jluteparypa.
IIpBOMMeHOBaHM ay TOP NIPEITIeIHOT pajia MOPa Jia Hasefe dap
et ayTouuTara (Kao ayTop Wiy KoayTop) pajjoBa IyOImKo-
BaHNX y 4aCOMICKMa C pelieHsyjoM. Koayropn, ykomiko nx
uMa, MOpajy [ja HaBey dap jeaH ayTOLUTAT pafioBa Takobe
yOIMKOBAHMX Y Yacomucyma ¢ perieHsujoM. [Iprkas ciaydaja
wm donecHuKa ynHe: Yoy, (LT pajia HaBeCTH Kao OC/IeT Y
nacyc Ysopa), ITpukas donecuuka, Juckycnuja, JInteparypa.
He Tpeda Kxopuctutu nMeHa donecHNKa, MHULIMjajIe, HUTY
dpojese ncropuja domectu, HAPOUUTO Y WIyCTpaLMjaMa.
ITpukasu domecHNKa He CMejy MMATU BUIIe Off IIeT ayTopa.

ITpurore (Tadere, rpadmKoHe, CIUKe UTH.) TOCTABUTI HA KPaj
pyKorca, a y CaMOM Telly TEKCTa jaCHO Ha3HaYMTI MeCTO Koje
ce ogHOCH Ha faTu npuor. Kpajwa nosuimja mpuiora duhe
ozpebeHa y ToKy mpurpemMe paja 3a mydInKoBame.

CKPAREHMIE. Kopuctuty camo Kafia je HeOIXOHO, U
TO 33 BEOMa Jiyradyke Ha3/Be XeMUjCKIX jeINberba, OMHOCHO
HasuBe Koji1 cy Kao ckpahenuiie Beh npernosuar/pnsu (cTaH-
mapnHe ckpahennue, kao uup. THK, cupa, XVB, ATII). 3a
cBaky ckpaheHuIy myH TepMuH Tpeda HaBeCTH PV IPBOM
HaBoDemwYy y TeKCTy, ceM aKko HUje CTaHfapAHa jefuHNIIA
Mmepe. He kopuctutu ckpahenuie y Hacnosy. Vsderasaru
kopuitherme ckpahennia y caxeTky, am ako Cy HEOIIXOJIHE,
cBaky ckpaheHuIy 0djacHITH IIpY ITPBOM HaBODeY y TEKCTY.

JELOVIMAJIHU BPOJEBMU. ¥V TekcTy pajia Ha €HITIECKOM
jesuky, y Tadenama, Ha rpaMKOHUMA M IPYTYM IIPUIO3MMA
feLMMaHe dpojeBe mucaTu ca TaykoM (HIp. 12.5 + 3.8), a
Y TEKCTy Ha CPIICKOM je3NKY ca 3ape3oM (HIp. 12,5 £ 3,8).
Kagz rox je To Moryhe, Spoj 3a0Kpy>KUTH Ha jefiHY AeLuMaty.

JEAVUHMIIE MEPA. Jly>xuny, BUCHHY, TE&XUHY U 3aTIPEMUHY
U3paXKaBaT! y METPUYKMM jefHMIIaMa (MeTap — 11, KIIorpam
(rpam) - kg (g), murap - [) unu muxoBuM jenosuma. Temire-
patypy uspaxasaru y crenennma Llensujyca (°C), kommanny
cyrncraiie y Momima (1ol), a IpUTHCaK KPBY Y MUIVIMETPYMA
skuBuHOr ctyda (mm Hg). CBe pesynraTe XeMaTONTOLIKIX,
KIMHUYKYX ¥ OMOXeMUjCKIX Meperba HaBOJUTH Y MeTpud-
KOM crcteMy pema MebynapopgHaoMm cucremy jemuunia (SI).

OBVIM PAJTOBA. IlenoKynHM pyKOIIIC Pajja KOjy YMHE — Ha-
CTIOBHA CTPaHa, CAKETaK, TEKCT PaJia, CIMCAK IUTepaType, CBU
IIPUIO3H, OFJHOCHO IOTIIVCH 32 X 1 JlereHyia (Tadere, CiuKe,
rpaduKoHM, CXeMe, LIPTeXI1), HACIOBHA CTPaHa I Ca)keTak Ha
CPIICKOM je3MKY — MOpa M3HOCUTH 32 OPUTMHAIHY Pafi, paj
U3 ICTOpMj€ MeiNLHe U pernes muteparype go 5000 pedn,
a 3a IIPETXO{HO M KPATKO CAOIIIITebe, IPUKa3 OONEeCHNKa,
AKTyeJTHy TeMY, PaJi 3a IPAKCY, elyKaTMBHM YWIaHAK 1 paj 3a
PYOpUKY ,,Je3uk Menuuuue no 3000 peun; pajoBy 3a ocTaje
pySpuke Mory uMaru HajBuire 1500 peun.

Buzneo-pagoBu Mory Tpajati 5-7 MUHYTa 1 Suti y popmary
avi, mp4 (flv). Y npBom Kazpy ¢puiMa Mopa ce HaBeCTH: ¥
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HafiHac10BY CpIICKI apXUB 32 L{e/IOKYITHO IeKapCTBO, HACTIOB
paja, IpesuMeHa I MHMIja/I IMEHA U CPefiber C/I0Ba CBUX
aytopa paza (He ¢pwiMa), ronuHa 13paje. Y LpyroM Kaupy
Mopa SUTH YCHUM/BbEH TeKCT pajia y BUAY alCTpakTa 5o 350
peun. Y mocienmeM Kapy GunamMa MOry ce HaBeCTH MMeHa
TeXHIYKOT 0cod/ba (pexxuja, CHUMaTesb, CBETIIO, TOH, GoTo-
rpaduja u ci1.). Y3 Busieo-pajioBe TOCTaBUTH: IIOCEOHO TEKCT
y Bupy ancrpakra (zo 350 peun), jeny dororpadujy Kao
WIyCTpaLjy IPUKa3sa, U3jaBy IOTIIVICAHY Of CBET TeXHITYKOT
0cod/pa fja ce OPITY ay TOPCKIX IIpaBa y KOPKCT ayTopa paja.

ITPVIITIO3M PAJTY cy taderne, ciuke (potorpaduje, LipTexis,
cXeMe, TPaUKOHN) 1 BUJEO0-IPIUJIO3N.

Caaka Tadena Tpeda a dyne cama 1o cedy 1ako pasym/buBa.
Hacrios Tpeda otkyary nsHap Tadere, a odjalimberba MCIIOf Hhe.
Tadere ce o3HauaBajy aparckum dpojeBuMa Ipema pefocieny
HaBobema y Texcty. Tadese pTaTit HCK/BY4MBO Yy IPOTpamMy
Word, xpos mexn Table-Insert-Table, y3 nedunucarme TaqHor
dpoja konoHa n perosa Koju he unnHuTH Mpexy Taderne. [le-
CHUM K/IMKOM Ha mu1ny — nomohy omumja Merge Cells u Split
Cells - crajatn, ogHocHO genutu henuje. Kynatn ¢ponrom
Times New Roman, BemMuuHOM C/10Ba 12 pt, C jeTHOCTPYKUM
npopenoM u de3 yBradema Tekcta. Kopumrhene ckpahennie
y Taderm Tpeda 0djacHNTH y JIeTeHIY UCTIOf Tadere. YKOIMKO
je PYKOIIIC Ha CPIICKOM je3UKY, IPMIOKUTH Ha3MBe Tadena
u jlereHpy Ha oda jesuxa. Takobe, y jenHy Tadeny, y okBupy
ucre henmje, yHeTV 1 TeKCT Ha CPIICKOM ¥ TeKCT Ha €HITIECKOM
jesuKy (HMKaKo He IIpaBUTH JBe Tadese ca iBa jesukal).

Crnuke cy cBu 0Oy rpapuyKux IpuIora 1 Kao ,,cmke y
CA ce 0djaBmyjy pororpadmje, pTesxit, cxeMe 1 rpadpuKOHI.
Cryke ce 03HaYaBajy aparickumM dpojeB1Ma IrpeMa pefocie-
ny HaBobema y Tekcry. [IpumMajy ce MCK/bY4MBO AUTUTAIHE
¢dororpaduje (pHO-Oerte nnu y doju) pesonyuuje HajMambe
300 dpi n popmara sanuca tiff unu jpg (Mase, MyTHe 1 CIVKe
noier kBanurera Hehe ce mpuxsarary 3a mrammname!). Yko-
JIMKO ay TOPM He IOCEMLyjy WIN HICY Y MOTYhHOCTH fa focTaBe
nurutanHe ¢pororpaduje, OHLA OPUTMHANHE CIIMKe Tpeda
ckeHyparu y pesonyuuju 300 dpi v y OpurHaIHOj BETMIMHIA.
YKOJNKO je paji HEOIIXOIHO MIYCTPOBATH Ca BIILE CIUKA, ¥
pany he ux dutnu odjaspero Hekonuko, a ocrasne he durn y
e-Bep3uji1 WiaHKa kao PowerPoint npe3eHTalyja (cBaka c/vka
Mopa d1TY HyMepucaHa ¥ UMaTH JIETeHAY).

Bupeo-npunosu (waycrpanyje pajga) Mory tpajatu 1-3 mMu-
HyTa 1 duty y popmary avi, mp4(flv). Y3 Bupeo focraButu
HOCedHO CMKY Koja &1t duta mirycTparyja Busieo-IpuKkasa
y e-usfamy 1 odjaB/beHa y IITAMIIAHOM U3Jakby. YKOIMKO je
PYKOIINC Ha CPIICKOM je3UKY, IIPUIOKUTY HasMBe CIUKA I
JlereHy Ha 0da jesuka.

Crnuxe ce y cBecuy MOTY IITaMIIaTH Y O0ju, anu JOfaTHe
TPOIIKOBE ITaMIIE CHOCE ayTOPH.

Ipaduxonu tpeda na dyny ypabenu u gocrapbenn y mporpamy
Excel, ma du ce Bupene nparehe BpegrocTu pacropebene o
henujama. Vicre rpadukone npexonuparu n y Word-os fo-
KYMeHT, I7le ce Ipa(pUKOHI O3HAYaBajy aparcKiM dpojeBnma

npeMa pefocieny HaBohema y Texcty. CBY IIoaLyu Ha rpa-
¢duxony Kyiajy ce y doury Times New Roman. Kopuuthene
ckpahenniie Ha rpaduKOHy Tpeda 08jacCHUTH Y JIeTeH M YICIION
rpadyKoHa. Y IITaMIIaHOj Bep3Uj! YIaHKa BepoBaTHIje je ia
rpaduxoH Hehe Sutn mramman y doju, Te je dosbe nzderaparu
kopuitheme doja y rpaduKoHMa, WV MX KOPUCTUTY Pasyn-
YUTOT MHTEH3UTETA. YKOMMKO je PYKOIIC Ha CPIICKOM je3UKY,
IPWIOXKWUTY HasyuBe rpadyKOHa 1 JIeTeHAy Ha 00a jesuka.

IIprexu 1 cxeMe ce JOCTaB/bajy y jpg win tiff opmary. Cxeme
ce Mory upTariu u y nporpamy CorelDraw nm Adobe Illustrator
(mporpamu 3a paji ca BeKTOpuMa, Kpusama). CBI OfaLy Ha
cxemn Kynajy ce y poury Times New Roman, Befn4yHa CloBa
10 pt. Kopuuthene ckpahenniie Ha cxemn Tpeda odjacHUTH
Y JIETeH/IU MCIIOf, cXeMe. YKOJIMKO je PYKOIIC Ha CPIICKOM
je3MKY, IPUIOXKNTI Ha3MBe CXeMa ¥ JITeHy Ha 00a jesuKa.

3AXBAJTHUIIA. HaBecTu cBe capaiHMKe KOju Cy JOIpPHU-
HeJIM CTBapakby pajia a He VICITYbaBajy MepuIa 3a ay TOPCTBO,
Kao 1ITO cy ocode Koje 0de3debyjy Texunuky nomoh, momoh
y HMcamy paja Win pyKoBofie ofie/bereM Koje 0desdebhyje
oty noxpiky. GrHaHCKHjCKa ¥ MaTepujaaHa momoh, y
OQNIMKY CIOH30PCTBA, CTUIICH/IM]ja, TIOKJIOHA, OTIpeMe, JIeKOBa
u ipyro, Tpeda Takobe fa dyze HaBefeHa.

JIMTEPATYPA. Crucak pedepeHIN je OATOBOPHOCT ayTo-
pa, a GUTHpaHU WiaHIM Tpeda fa SyAy MaKo IPUCTYIAYHN
ypTaomyma daconuca. Crora y3 cBaky pedepeHiy 0daBesHo
tpeda HaBectyt DOI 8poj wiaHKa (jeAMHCTBEHY HICKY Kapak-
Tepa Koja My je nonebeHa) u PMID Spoj yKOMMKO je wiaHak
uHpexcupat y dasu PubMed/MEDLINE.

Pedepentie HyMepycaTyt pegHIM apaIcKuM dpojeBrMa IpeMa
penocneny HaBohema y Tekcty. Bpoj pedeperiu He it Tpedaro
na dyne Behu ox 30, ocuM y mperyieny nuTeparype, y KojeM je
JI03BOJbEHO A IX 6y11e 1o 50, M y MeTaaHa/IN3M, ITie UX je J10-
3B07beHO 110 100. bpoj uuTnpanmx opurmHaIHUX pajioBa MOpa
dutu HajMame 80% of YKyIHOT dpoja pedpepeHLIit, OFHOCHO
Spoj LINTMPaHNUX KIbITA, IOI/IAB/bA Y KIbUTaMa I IPer/IeHIX
wriaHaka Mamy off 20%. Ykonmko ce romahe MoHorpadcke
nydnuKalyje 1 WiaHIM MOTY YBPCTUTH Y pedepeHlie, ayTo-
PY CY AY)KHU [ia MX LuTupajy. Behnta nurupannx Hayqnmx
yraHaka He 01 Tpedano ma dyzme ctapmja of HeT rOfgUHAa.
Huje 103BO/BEHO LIMTUPakbe allCTPaKaTa. YKOIMKO je SUTHO
KOMEHTApUCaTH pe3y/Tare Kojii Cy IyO/IMKOBAaHNU CaMo Y BUAY
aNCTPaKTa, HEOIXOHO je TO HABECTH Y CAMOM TeKCTY paja.
Pedepentie wianaka koju cy npuxBaheHy 3a LITaMITY, a/Ii jOLI
HICY 00jaB/beH, Tpeda 03HAUNUTI Ca in press U MPUIOKUTH
IOKa3 o IIpMXBaTamby paja 3a 00jaB/buBalbe.

Pedepente ce urupajy npema Bankysepckom cruny (YHU-
(dbopMucaHnM 3aXTeBUMa 3a PYKOIIICe KOjii ce Ipefajy duome-
IVIMHCKIM YacOICHMa), KOji je ycrocrasuo Melyynaponsn
KOMUTET ypeJHUKa MeAMIMHCKIX yaconmca (http://www.
icmje.org), unju popmar xopucre U.S. National Library of
Medicine n daze HayuHux mydmkanyja. IIpumepnu HaBoherma
nydmvkanyja (4IaHaka, KWUra 1 [pyTx MOHorpaduja, eex-
TPOHCKOT, He0djaB/beHOT U PYTOr 00jaB/beHOT MaTepujasa)
Mory ce mpoHahu Ha MHTepHeT-cTpaHuLy https://www.nlm.
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nih.gov/bsd/uniform_requirements.html. Ilpunmxom HaBobema
NUTEepaType BeoMa je BayKHO IIPUP>KABATH Ce TOMEHYTOT
CTaHJApAa, jep je TO jefaH of HajduTHMjKX (akTopa 3a NH-
ieKCHparbe IIPUINKOM KaacuyKaryje HaydHIX 9acoIIca.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
PpyKoIIIC 00aBe3HO IPIUIOXKUTH 0dpasal] Koju Cy HOTIVCA/IN
CBU ayTOpY, @ KOjI1 Cafip>kt: 1) 13jaBy fa paj IpeTXONHO Huje
IyO/IMKOBAH U Jla HYije UICTOBPEMEHO IOJTHET 3a 0djaB/bUBaIbe Y
HEKOM JIPyTOM YacoIINCY, 2) 13jaBy fja Cy PYKOIIIC IPOUNTA/IN
1 0BOSPWIV CBY Ay TOPY KOjU MCITyHhaBajy Mepuia ay TOPCTBa,
U 3) KOHTaKT IOfIaTKe CBUX ayTopa y pajy (ajpece, nmMejn
appece, renedone uT.). branko odpasarr Tpeda npeyseru ca
UHTepHeT-cTpanune dacormca (http://www.srpskiarhiv.rs/en/
submission-letter/SubmissionLetterForm2023.pdyf).

Takobe je moTpedHO ZOCTaBUTH KOINje CBMX [JO3BOJIA 3a: pe-
IIPOAYKOBambe IPETXOHO 00jaB/beHOT MaTepyjaja, yoTpedy
wiycTparyja 1 odjap/byuBare NHGOPMaLja O HO3HATIM JbY-
[iVIMa VIV IMEHOBAb€ JbY/N KOjU Cy HOIIPYHEN U3PAM Pajia.

YIAHAPUHA M1 HAKHAJNE 3A OGPAJTY 1 OBJAB/bI-
BAIBE WIAHKA. [Ta 6u paj; 610 pasmaTpaH 3a 0djaB/plBarbe
y yaconucy Cpilcku apxué 3a uenoKyilHo 1eKapcitié0, CBU
ayTOpM KOjit Cy JieKapy miy croMmarosnosu u3 Cpduje Mopajy
Suty wraHoBY CPIICKOT JIEKapCKOT APYIITBa (Y CKIany ca
wiaHoM 9 Craryra JIpyIuTBa) y TOLMHY Y KOjoj paj Ipenajy
Ha pasMaTparbe.

Crnepehe HakHafe cy odaBesHe Kako du paj duo mpernenas,

odpaben 1 norennujanHo odjaBmen y Cpiickom apxusy 3a

UeNI0KYTHO NIeKAPCITLEO:

o HaKHaJa 3a [perJief] CBAKOT IIPUMJ/BEHOT pafa gomahnx
ayropa: 6.000 guHapa 1o pany;

» HAKHaJa 3a npuxBaheH paji, OfHOCHO HaKHa/A 3a 0dja-
B/bUBabe pajia fomahux ayropa: 12.000 gunapa o pany;

o HaKHa/a 3a IIperjiefi CBaKOr IPUM/BEHOT pajja CTPAHMX
aytopa: 75 espa (ymmu 9000 amHapa) 1o pasy;

 HaKHaJia 3a IpyxBaheH paji, ONHOCHO HaKHafa 3a 00jaB/bu-
Bame paja cTpaHux ayropa: 150 espa (wm 18000 gyHapa)
110 pafy.

Haxnage ce mahajy npe mpernenama, 0ZHOCHO IIpe 0dja-
B/bMBama paja. PagoBu 3a koje Hucy mwiahene HakHase Hehe
SuTH Hpernefanu, OGHOCHO 00jaB/beHN.

Tpeda HamoMeHyTI fia yIUIaTa HaKHaJie 3a [Iper/ief paja Huje
rapanuuja fa he pag dSutu npuxsahen u odjasmpen y Cpiickom
apxusy 3a UenoKyiuHo 1eKapciieo.

YcraHoBe (paBHa /IMIja) He MOTY IIPEKO CBOje IpeTIiaTe
Jia MCITyHe 0Baj yc/IoB ayTopa (HyU3MIKor mia). Y3 pyKommc

paga Tpeda ZOCTaBUTH KOIMje yIUIATHNUIA 32 WIAHAPUHY U
HaKHaJly 3a IIperie]] YIaHKa, Kao I0Kas o ymiaTama. Jacomnuc
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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
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New Roman typeface, and font size 12 pt. The text should be
prepared with margins set to 25 mm and onto A4 paper size,
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the right bottom corner, beginning from the title page.
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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.wame.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.
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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
‘figures’ 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 fIv 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.

SUBMISSION LETTER. The manuscript must be accompanied
by the Submission Letter, which is signed by all authors and
includes the following: 1) statement that the paper has never
been published and concurrently submitted for publication to
any other journal; 2) statement that the manuscript has been
read and approved by all authors who have met the criteria
of authorship; and 3) contact information of all authors of
the article (address, email, telephone number, etc.). Blank
Submission Letter form can be downloaded from the jour-
nal’s web site (http://www.srpskiarhiv.rs/en/submission-letter/
SubmissionLetterForm2023.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.
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residing in Serbia (if they are medical doctors or doctors of
dental medicine) must be members of the Serbian Medical
Society (in accordance with Article 9 of the Society’s Bylaw)
for the year in which the paper is being submitted.

The following fees are required for the review, processing,
and publication of manuscripts in the Serbian Archives of
Medicine:

» Review fee for each manuscript submitted by domestic
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