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ARCHIVUM SERBICUM
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MEDICA RECIPIENDA

editum

A SOCIETATE MEDICORUM SERBICORUM
BELGRADENSI

curante

cjusdem societatis sodali secretario
Professore Dre VEADANO GJORGIEVIC.

LIBER PRIMUS.

BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomnc CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective Temporomandibular dysfunction (TMD) is followed by orofacial pain and psycho-
logical problems that influence patients’ quality of life and work ability. Hypothesis: work ability is affected
by psychosocial status changes following temporomandibular dysfunction. The aim of this prospective
study was to evaluate the impairment of Work ability in patients with temporomandibular dysfunction.
Methods Forty-four patients with TMD were admitted to the Clinic for Prosthodontics, School of Dental
Medicine, University of Belgrade. Patients were treated with medication therapy with ibuprofen, ibuprofen
and diazepam, or a stabilizing maxillary occlusal splint. Clinical and functional assessment was based on
the diagnostic protocol Research Diagnostic Criteria for TMD. The study protocol was composed of data
on clinical signs, a numerical pain scale and VAS, and a work ability-related questionnaire (Symptoms
Check List, SCL-90R). The statistical software package SPSS for Windows (18.0) was used for data process-
ing. Univariate regression analysis was used to examine the relationship of each factor individually, while
multivariate regression analysis was used to examine the factors of difference.

Results A statistically significant difference was not recorded in work ability, social life, and daily activities
in patients regardless of the chosen therapeutic approach. There was a statistically significant difference
in work ability between respondents in relation to psychosocial status (p = 0.002). Univariate regression
analysis showed significant values assessing work ability, social life, and daily activities (0.010%, 0.001%,
0.029%) respectively. In multivariate regression analysis, the assessment of social life was significant
(p=0.028).

Conclusion Work ability is influenced by temporomandibular dysfunction proportionally to the level
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of psychosocial status.
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INTRODUCTION

Temporomandibular dysfunction (TMD) is
often followed by orofacial pain, dysfunction
of the masticatory muscles and temporoman-
dibular (TM) joints. All these symptoms affect
the quality of life of patients. This unpleasant
sensory experience, can affect daily activities,
sleep, and social activities, but one of the most
significant aspects is the reduction in work abil-
ity [1, 2, 3]. According to some authors, work
ability is described as the ability to perform
daily tasks, to focus on solving problems, and
to perform work duties [1, 2, 3]. The symptoms
of temporomandibular dysfunction, as well as
the accompanying sensations related to them,
impair the efficient performance of daily activi-
ties, which reduces the individual’s ability to be
productive [4, 5, 6].

Hypothesis: work ability is affected by psy-
chosocial status changes following temporo-
mandibular dysfunction.

The aim of this prospective study was to
evaluate the impairment of work ability in pa-
tients with temporomandibular dysfunction.

METHODS

At the Clinic for Prosthodontics, School of
Dental Medicine in Belgrade, 44 patients aged
25-65 years, who showed painful temporoman-
dibular dysfunction symptoms, were admitted
as part of the study group. The clinical exami-
nation determined that the following candi-
dates met the inclusion criteria for the study:
1. Subjects with intact teeth, 2. Subjects who
were not surgically or orthodontically treated,
3. Subjects who were not receiving medication
therapy, 4. Presence of painful symptoms in the
region of the face and jaws.

Exclusion criteria were the following: 1. Pa-
tients with pain of other origin: odontogenic,
neurogenic, vascular, inflammatory, or related
to tumor changes in the surrounding structures
(ear, throat, eye, nose, and sinuses), 2. Patients
who had some other chronic disease that im-
pairs the general health condition and gives a
false picture of temporomandibular dysfunc-
tion, 3. Patients younger than 25 and older than
65 years, 4. Patients who did not consent to
participate in the study.

A detailed clinical examination of the oro-
facial system was performed in all subjects in
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order to determine the presence of symptoms and signs
of temporomandibular dysfunction. Patients with symp-
toms and signs of temporomandibular dysfunction were
included in the study. All subjects were healthy and thor-
oughly informed about the research protocol. Clinical ex-
amination and functional analysis of the orofacial system
were based on the diagnostic protocol Research Diagnos-
tic Criteria for TMD (RDC/TMD) (Appendix 1). One or
more symptoms of painful muscle and/or joint dysfunc-
tion were recorded: 1. pain in the preauricular region, 2.
pain or sensitivity when palpating the masticatory muscles,
3. limited and/or painful movements of the lower jaw, 4.
deflection of the lower jaw during mouth opening, and 5.
presence of sound phenomena when opening the mouth.
The study protocol was composed of a combination of data
on clinical signs, a numerical pain scale and VAS, and a
work ability-related questionnaire (Symptoms Check List,
SCL-90R) (Appendix 2).

In the list of Axis II tests related to pain and the psy-
chosocial status of the subjects, data were obtained based
on the answers to the questions offered in the RDC/TMD
protocol. In response to these questions, the respondent
was asked to choose a value on the offered numerical scale
from 0 to 10. Pain intensity was expressed by values 0-100,
which were calculated by multiplying the mean value ob-
tained from the answers to questions 7, 8, and 9 by 10.
The answer to question number 10, which referred to the
time interval (number of days) of the respondent’s absence
from school or work, was also scored. 0-6 days = 0 points,
7-14 days = 1 point, 15-30 days = 2 points, and 31 or more
days = 3 points. Changes in social contacts and work abil-
ity were expressed in values 0-100 and were the result of
answers to questions 11, 12, and 13. The respondent chose
a value on the offered numerical scale from 0 to 10.

Mean value (daily activities, social activities, and work
activities) x 10, 0-29 = 0 points, 30-49 = 1 point, 50-69 = 2
points, and 70 or more = 3 points. After the evaluation
and summing up of the results, the patients were classified
into four categories: 0 — temporomandibular

twice a day), were administered. A maxillary stabilizing
occlusal splint was made according to the following rules:
the splint provided simultaneous contacts of the support-
ing cusps of the lower lateral teeth with the flat surface
of the splint in the position of the central relation of the
lower jaw. The splint was made of three-layered thermo-
plastic ERCOLOC-PRO film with a thickness of 3 mm.
The therapy was administered over the course of a month,
and the follow-up visits were conducted once a week.

The statistical software package SPSS for Windows
(18.0) was used for data processing. At the beginning of
the research, all variables were described using standard
descriptive methods. Attributive features were described
by absolute and relative numbers, and numerical measures
of central tendency (arithmetic mean and median) and
variability measures (standard deviation, minimum and
maximum values), as well as the 95% confidence interval.
The significance value was set at p < 0.05.

Univariate regression analysis was used to examine the
relationship of each factor individually in relation to the
VAS scale results after therapy. Factors that proved to be
statistically significant in the univariate model were pro-
cessed by multivariate analysis. Multivariate regression
analysis was used to examine the factors of difference in
order to distinguish outcomes and evaluate the effective-
ness of the therapy.

Ethics: This study was approved by the Ethics Commit-
tee of the Belgrade University School of Dental Medicine
(decision number: 36/6).

RESULTS

Psychosocial parameters according to therapeutic groups
are presented in Table 1.

A statistically significant difference was not recorded
in work ability, social life, and daily activities in patients
regardless of the chosen therapeutic approach (Table 2).

dysfunction had no impact on social con-

Table 1. Psychosocial parameters according to therapeutic groups

143

tacts or work ability in the last six months, | Psychosocial therapy Mean | Med. | SD | Min. | Max.| 95%Cl
. . parameters modality

I - slightly altered social contacts and work ibuprofen 175 | 1 1 2113 1 0o | 7 | 062288
ability. I - m.o.derately altered social conta§ts Work ability | splint 09 0 2100 | o 9 | -008-188
and work ability. IIT - greatly altered social ibuprofen + diazepam | 213 | 1 | 2232 | 0 | 6 | 0.26-3.99
contacts with moderate work incapacity. IV ibuprofen 513 0 1 119% | o | 6 | 1.06-3.19
- greatly altered social contacts with signifi- | sociaiiife | splint 13 | 05202 | 0 | 8 | 035225
cant work incapacity. ibuprofen + diazepam | 2.5 2 | 2268 | O 6 0.6-4.4

During the study, patients were treated in ibuprofen 394 | 3 | 2568 | 0 9 | 2.57-531
three therapeutic groups, with three therapy | paily activity | splint 245 | 2 [ 2139 | 0 | 8 | 145345
modalities in order to reduce the symptoms ibuprofen + diazepam | 3.13 | 25 | 1458 | 2 | 6 | 1.91-434

of painful temporomandibular dysfunction.
Treatment modalities included medication

Table 2. Psychosocial parameters in relation to the type of therapy

therapy with ibuprofen, a combination of | Psychosocial Therapy modality

ibuprofen and diazepam (Brufen®, Galenika- an:_asml;ters ibuprofen + splint st Significancea
Abbott, Belgrade, Serbia; Bensedin®, Galeni- S diazepam

ka-Abbott, Belgrade, Serbia), ora stabilizing Work ability 2.13+£2232 09+2.1 1.75+£2.113 p =0.069
maxillary occlusal splint. Ibuprofen (400 mg, Social life 2.5+2.268 1.3+£2029 [213£199 | p=0.144
twice a day) and diazepam (5 mg, one hour Daily activity | 3.13 £ 1.458 245+2.139 | 3.94+2568 | p=0.091

before bedtime), or ibuprofen alone (400 mg,

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):142-148

*Statistically significant;
*Kruskal-Wallis test

www.srpskiarhiv.rs
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Figure 1. Work ability and therapy modality

Figure 2. Social life and therapy modality

hi

<HEaT<=30» <CO=p»U0

aal

brufen 400 and diazepam occlusal splint brufen 400

<H=C—@w» ROz

| ot 1

Normal moderately altered significantly altered

Figure 3. Daily activity and therapy modality

Table 3. Work ability and psychosocial status

Figure 4. Work ability and psychosocial status

Psychosocial status Mean | Med. | SD | Min. | Max. | 95%Cl There was a statistically significant difference
Normal 025 | 0 |0447| O 1 | 0.01-049 in work ability between respondents in relation

‘:{)‘i’lri't‘y Moderately altered | 157 | 1 | 1.964| 0 068-247 |  to psychosocial status (Table 4).
Significantly altered | 3.71 2 309 0 9 | 0.85-6.58 Work ability in relation to psychosocial status

Table 4. Work ability and psychosocial status

is presented in Figure 4.

Values of work ability were lower in respon-
dents with altered psychosocial status.
In the assessment of pain on the VAS scale,

Psychosocial status
Observed parameters —— - .
Moderately | Significantly | Significance
(X +SD) Normal
altered altered
Work ability 0.25+0.447 | 1.57£1.964 | 3.71 £3.094 p =0.002*

a univariate regression analysis showed signifi-

*Statistically significant;
*Kruskal-Wallis test

Table 5. Uni- and multivariate regression analysis in relation to VAS

cant values for work ability, social life, and daily
activities (Table 5). The assessment of social life
was significant as a meritoric indicator (predic-

tor) of post-therapy pain intensity in multivari-

Clozemizd Univariate Multivariate R"=0.528 ate analysis. In all subjects with TMD, regardless
SFIETS SR L) Slgpiitezies 2 Ed) el of the post-therapy improvement, the impact of
Work ability |3.211(0.818-5.604) | 0010% | -3.024(-7.327-1279) | 0.162 pain on their social life was significant.

Social life 4.088 (1.732-6.444) 0.001* 4.517 (0.516-8.517) 0.028*

Daily activity | 2.600 (0.287-4.912) 0.029* 0.186 (-2.314-2.687) 0.881

DISCUSSION

*statistically significant;
#unstandardized coeficient B

Work ability, social life, and daily activities of the pa-
tients in relation to the effects of different therapy modali-
ties are presented in Figures 1, 2, and 3.

Work ability and psychosocial status data are presented
in Table 3.

‘ DOI: https://doi.org/10.2298/SARH251130019D

In temporomandibular dysfunction, orofacial
pain is frequently present and is accompanied by changes
in patients’ psychosocial status. This is reflected in changes
in patients’ behavior, as well as in reduced work ability [7,
8]. In this study, we wanted to evaluate, whether there is
a decrease in work ability in patients with temporoman-

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):142-148
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dibular dysfunction, in relation to the applied modality of
therapy, as well as in relation to psychosocial factors. When
assessing the psychosocial parameters (work ability, social
life, and daily activities) based on therapy modality, no
statistically significant difference was noted, meaning that
the selection of therapy modality did not affect the psy-
chosocial parameters (Tables 1 and 2). When work ability
was assessed based on psychosocial status, it significantly
differed depending on the level of psychosocial changes
experienced by the patient. This suggests that patients with
psychosocial challenges due to TMD had lower work abil-
ity (Tables 3 and 4). Univariate regression analysis was
used to examine each factor individually in relation to the
post-therapy effects. The assessment of work ability, social
life, and daily activities showed significant values based on
the VAS scale (0.010%, 0.001%, 0.029%) respectively. Factors
statistically significant in the univariate model were pro-
cessed by multivariate analysis, which showed that social
life was a significant parameter of the post-therapy effect
(p = 0.028%).

Similarly, other authors suggested that psychological
factors, especially work stress, may influence the develop-
ment of TMD [2, 3, 5]. Psychological factors were associ-
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YMmarbeHa paiHa cnoco6HOCT 6onecHMKa ca TemnopomaHgmbynapHom

AUCPHYHKLMjOM

Wrop Hophesuh'!, Qunun VBarbav?, Januua Monosuh AHTUR', Mintba Munuunh Jlasuh!, Momumno Yonuh', Nlyka XKynay'

'YHuBep3utet y beorpapy, CromatonoLukm dakynteT, KnnHrka 3a ctomatonoLuky npotetuky, beorpag, Cpbuja;
2YHneepauTet y beorpaay, Cromatonowwku dakyntet, KnuHuka 3a makcunodauujanty xupyprujy, beorpag, Cpbuja

CAXETAK

YBopa/Llnms TemnopomananbynapHy ancdyHkumjy (TM[) npate
opodaLjanHu 6051 1 NCUXONOLWKM NPO6NEMU KOju yTUYY Ha
KBaNIUTET MBOTa 1 PafHY CMOCOOHOCT 6onecHUKa.

Xunotesa: Ha pafiHy CnOCO6HOCT yTYy MPOMEHE NCUXOCOLM-
janHor ctatyca Tokom TM[-a. Linsb oBe npocnekTrBHe cTygunje
6110 je fia ce MPOLeHN CMakere pafiHe CNOCO6HOCTU Kog 60-
necHuKa ca TM-om.

Metope YeTtppecet Yetvipu 6onecHrka ca TM-om npumsbe-
Ha cy Ha KnuHuKy 3a npoTeTuky CtomaTtonowKor dakynteTa
YHuBep3uTteTa y beorpaay. bonecHuuum cy neyeHn meprka-
MEHTO3HOM Tepanujom nbynpodpeHom, unv nbynpodeHom un
Avjazenamom, nnm ctabunmsyjyhum makcunapHum OKITy3anHUm
cnvHTOM. KnHMYKa 1 pyHKLMOHaNHa NpoLieHa 3aCHoBaHe Cy
Ha AnjarHOCTUYKOM NpoToKosTy McTpaxKmBayKkm AnjarHoOCTUYKM
Kputepujymn 3a TMJ. lNpoTokon cTygmje cactojao ce o no-
[JaTaka o KIMHWYKMM 3HaLMMa, HyMepuyKe 1 ckane 6ona VAS,
1 YNUTHVIKA Be3aHOT 3a pagHy cnocobHocT (Symptoms Check
List, SCL-90R). 3a 0bpapy nopaTtaka KopuLheH je cTaTUCTUUKI

codTBepckm naket SPSS for Windows (18.0). YH1BapujaHTHa
perpecnoHa aHanu3a KopuwheHa je 3a MCNMTVBarbe 0fHOCa
cBaKor GakTopa NojearHayHo, a MyNTMBapUjaHTHa perpecoHa
aHanv3a 3a ucnuTuBame pasnuke n3mehy dakropa.
Pesyntatu Huje 3abenexxeHa CTaTUCTUYKM 3HaYajHa pa3nmka
Kafa Cy y nuTakby pagHa CnoCo6HOCT, PYLUTBEHM KUBOT 1 CBa-
KOLIHEBHE aKTMBHOCTU KO b0oecH1Ka 6e3 0631pa Ha n3abpaHu
Tepanujckn npuctyn. MocToju cTaTUCTUYKK 3HaYajHa pasnuka
Y pagHoj cnocobHOCTU n3mehy ncnmTaHrKa y ofgHocCy Ha ncu-
xocouujanHu cratyc (p = 0,002). YHMBapujaHTHa perpecmoHa
aHanu3a nokasana je CTaTUCTUUKY 3Ha4ajHOCT Kof npoLieHe
pagHe cnoco6HOCTY, [PYLUTBEHOT XKUBOTA 1 CBAKOAHEBHUX
akTmBHocTm (0,010, 0,001, 0,029) pecnekTUBHO. Y MynTBapu-
jaHTHOj perpecroHoj aHann3m NpoLeHa APYLUTBEHOT XK1BOTa
nokKasana je CTaTUCTUYKy 3HauajHocT (p = 0,028).

3akibyuak TM[] yTuye Ha pagHy CnoCcobHOCT MPOMOPLOHANHO
HMBOY U3MEHe NCMXOCoLMjaiHOr CTaTyca.

KmbyuHe peun: TemnopomaHavbynapHa ancoyHkumja; opoda-
upnjanHu 605; pagHa cnocobHOCT

Appendix 1.
DIAGNOSTIC PROTOCOL RDC/TMD, Dworkin & LeResche (1992)
INSTITUTION .ot et e e e PATIENT NO....cooiiiiiiiiii e
NAME AND SURNAME..........ccocoieiiiaienen. GENDER.........oiviiiiiies YEAR OF BIRTH.....ovvviiiiiiiins
OCCUPATION......oviei e, TEL..oooiiieeen,

Read each question carefully and circle only one answer:

1.

How would you rate your general state of health:
excellent, very good, good, satisfactory or bad?
excellent..........coooiiialL 1

Very good. ... vviiiii i 2

good ..o 3

satisfactory ..............cooiall 4
bad.........coooii 5

How would you rate the condition of your oral cavity:
excellent, very good, good, satisfactory or bad?

excellent..............oooiiiil 1
Very good. ....vviiiii i 2
good .. 3
satisfactory ...............ooilll 4
bad.........coooiii 5

In the last 6 months, have you felt pain in the area of
the face, jaw, temple, in front of the ear or in the ear
itself? (Axis 1)

YesS o 1
(if you have not felt pain in the last 6 months, go to
question no. 14)

‘ DOI: https://doi.org/10.2298/SARH251130019D

a. How many years ago did you first feel such pain?
(Axis 1)

(if the pain occurred for the first time in less than a
year, skip the question and answer the following)
b. How many months ago did you feel that pain for
the first time? (Axis l) ......... months

5. Is the pain constant, occasional, or does the pain ap-
pear only once? (Axis Il) Constant .. 1
Occasional..........c.coooiiin.n. 2
Onlyonce ........covvvviiiinin., 3

6. Have you ever sought medical help for this?

NO..oi 1
Yes, in the past6 months........... 2
Yes, more than 6 months ago...... 3

7. How would you rate your current pain on a scale of
0-10, where the value 0 corresponds to a state with-
out pain and the value 10 to a state of unbearable
pain? (Axis II)

(no pain) (excruciating pain)
01 2 3 456 7 8 9 10
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8.In the last 6 months, on a scale of 0-10, what was your
worst pain? (Axis II)
(no pain) (excruciating pain)
01 23 456 7 8 9 10

9.In the past 6 months, what is the average value of
pain experienced on a scale of 0-107? (Axis II)
(no pain) (excruciating pain)
01 23 456 7 8 9 10

10.In the last 6 months, how many days did you miss
work or school because of pain in the face?

11.In the past 6 months, how much did pain interfere
with your daily activities, expressed on a scale of
0-10?
(no interference) (impossibility to perform activities)
01 23 456 7 8 9 10

12.1n the last 6 months, how much have your opportuni-
ties to participate in social and family life changed
due to pain, expressed on a scale of 0-10?
(no changes) (major changes)
01 2 3 456 7 8 9 10

13. How much did the presence of pain affect your ability
to work in the last 6 months (including household
chores), expressed on a scale of 0-10?

(no changes) (major changes)
01 2 3 456 7 8 9 10

14
a. Has it ever happened to you that you can't open
your mouth all the way, ie. have you had the feel-
ing that your jaw was “locked” in some position?
NO o 0

b.Was the limitation of mouth opening so pro-
nounced that it prevented you from eating?
NO o 0

15
a. Do you hear a popping sound when you open or
close your mouth or when you yawn?
NO o 0

b. Do you hear a grinding noise when opening, clos-
ing or yawning?
NO o 0

¢. Have you been told or noticed that you grind your
teeth or clench your jaw during sleep?
NO o 0

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):142-148

d. Do you grind your teeth or clench your jaw during

the day?
NO o 0
YeS 1

e. Do you feel pain or have a feeling of stiffness in
your jaw in the morning after waking up?

NO oo 0
R (= 1
f. Do you have “ringing” or any noises in your ears?
NO oo 0
R (= 1

g. Have you noticed a change in your bite when you
bite down on your back teeth?
NO o 0

16
a. Have you had any other joint diseases (rheumatoid
arthritis, lupus)?

NO v 0
YeS e 1
b. Has anyone in your family had similar joint dis-
eases?
NO v 0
YeS e 1

¢. Have you had or do you have swelling and pain in
the area of the jaw joints?
NO o 0

d. Does the pain you feel in the area of the jaw joints
last longer than a year?
NO oo 0

17.
a. Have you recently had an injury in the area of the
face and jaws?

NO o 0
YesS .o 1
b. Did you have pain before the injury?
NO o 0
YesS .o 1

NO v 0

19. What type of activity does the existing problem limit
or prevent? (Axis Il)
No Yes
a. chewing 0 1
b. drinking liquids 0 1
c. taking solid food 0
d. taking soft food 0
e. laughing 0 1
f. brushing teeth and washing face 0 1
g. yawning 0 1
h. swallowing 0 1

1
1
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i.speech01 b.How long have you been using the medica-
j. facial appearance 0 1 tion? ...
c. What kind of medicines do you use?
20 d. What dose of medicine are you using?

a. Do you use any medications? e. Do you take medicine regularly?

NO o 0 NO o 0

YesS .o 1 YesS . 1

Appendix 2.

Symptoms Check List, SLC-90 (Axis II)

Circle only one of the offered numbers given with the
offered questions.

L0 not at all

L very little

2 moderately
2 expressed
Ao exceptionally

In the past few months, how often have you been upset
by:
a.headaches 0 1 2 3 4
b. loss of interest in sex or sexual
pleasure 0 1 2 3 4
c.fainting ordizziness 0 1 2 3 4
d. pain in the region of the heart and
chest 0 1 2 3 4
e. feeling of loss of energy or stagnation,
slowness 0 1 2 3 4
f.thoughts about deathordying 0 1
g.lossof appetite 0 1 2 3 4
h.tearfulness 0 1 2 3 4
i. self-blame due to some events 0 1
j.backpain 0 1 2 3 4
k.feelings of loneliness 0 1 2
. indifference (melancholy) 0 1
m. excessive worries about
something 0 1 2 3 4

2 3 4

2 3 4

DOI: https://doi.org/10.2298/SARH251130019D

n. lack of interest in the
environrment 0 1 2 3 4
o. feeling of pain and disgust in the
stomach 0 1 2 3 4
p.musclepain 0 1 2 3 4
q. difficulty falling asleep (it takes you a long time
tofallasleep) 0 1 2 3 4
r. difficulty in breathing (hard to catch your
breath) 0 1 2 3 4
s.hot-cold shifts 0 1 2 3 4
t. stiffness or feeling of “numbness” in some part of
thebody 0 1 2 3 4
u. presence of a“lump”in the
throat 0 1 2 3 4
v. feelings of hopelessness 0 1 2 3 4
w. feeling of weakness in some part of the
body 0 1 2 3 4
x. feeling of heaviness in arms and
legs 0 1 2 3 4
y.thoughts about ending yourlife 0 1 2 3 4
z. excessive intakeoffood 0 1 2 3 4
aa.waking up earlyinthemorning 0 1
0
0

2 3 4
bb. restless and interrupted sleep 1 2 3 4
cc. feels that everything is “hard” 1 2 3 4
dd.feeling“caughtinaclip” 0 1 2 3 4
ff.feelingsofquilt 0 1 2 3 4
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SUMMARY

Introduction/Objective The escalating resistance of numerous pathogens to currently available thera-
peutic agents has sparked a renewed interest in the search of novel antimicrobial compounds. Plants
have become a potentially valuable source of these compounds. This study aimed to assess the direct and
indirect antimicrobial effects of Onosma visianii Clem root extract on reference and clinical bacterial strains
using broth microdilution and a modified ethidium bromide/acridine orange (EB/AO) fluorescence assay.
Methods The ethanolic extract obtained from the dried root of Onosma visianii Clem was used to deter-
mine the minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs)
by broth microdilution, as well as the half maximal inhibitory concentration (IC, ) values for reference
and clinical bacterial strains. The EB/AO fluorescence method was employed to assess the effect on ef-
flux pumps in methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus
faecalis (VRE), using 50% of the MIC value of the extract.

Results The MIC, MBC, and IC, | values for Gram-positive bacteria were all below 15 pg/mL. The ex-
tract demonstrated strong antibacterial activity against VRE and, in particularly, against MRSA isolates
(MIC=7.81 pg/mL and MBC = 7.81 pg/mL). Furthermore, treatment with 50% of the MIC concentration
produced a significant inhibitory effect on efflux pumps in Gram-positive bacteria, ranging from 18% to
26% compared with untreated cells.

Conclusion The root extract of Onosma visianii Clem exhibited antimicrobial activity against both Gram-
positive and Gram-negative bacteria, with particularly strong effects against VRE and MRSA. In addition,
the observed inhibition of bacterial efflux pumps underscores its promise as a candidate for pharmaco-
logical evaluation of the antibiotic properties of the Onosma visianii Clem root extract.

Keywords: Onosma visianii Clem; antimicrobial effect; efflux pumps

INTRODUCTION

For decades, antibiotics have been widely used
in human and veterinary medicine, as well as in
agriculture, due to their high efficacy and low
toxicity, and have proven highly successful in
treating bacterial infections. The rising preva-
lence of antibiotic resistance, driven in part by
indiscriminate drug use, poses a major threat
that could return us to a pre-antibiotic era [1].
Among the mechanisms of multidrug resistance
are bacterial efflux pumps, which expel antibiotics
from the cell, thereby reducing their efficacy [2].
Inhibiting these pumps represents a potential
strategy to enhance the susceptibility of resistant
pathogens to existing antibiotics [3]. The esca-
lating resistance of many pathogens to existing
drugs has revitalized interest in plants as a rich yet
underexplored source of novel antimicrobials, with
only about 1% of traditionally used species hav-
ing undergone phytochemical investigation [4].

Advances in modern research technologies now
enable the detailed characterization of plant-
derived compounds, spurring a growing number
of microbiological studies on their antimicrobial
properties as alternative therapies — an approach
of particular relevance in developing regions,
where up to 80% of people still rely on tradi-
tional medicines [5, 6]. Onosma visianii Clem
(Boraginaceae) has long been employed in tradi-
tional medicine for treating a range of conditions,
including wounds and burns, while other species
in this family exhibit notable anti-inflammatory
effects [7]. Building on our previous findings
that naphthoquinone 1-7 (a shikonin derivative)
isolated from O. visianii roots possesses cytotoxic
and antibacterial activity [8], the present study
aims to assess the direct and indirect antimicrobial
effects of O. visianii root extract on reference and
clinical bacterial strains using broth microdilu-
tion and a modified ethidium bromide/acridine
orange (EB/AO) fluorescence assay.
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METHODS

The study was designed as an in vitro experimental study
and was conducted at the Center for Microbiology, Institute
of Public Health, Kragujevac, Serbia. The extract used in
the experiments was obtained through ethanolic extrac-
tion of the dry root of O. visianii Clem at the University of
Kragujevac, Faculty of Science, Kragujevac, Serbia.

Reagents and bacteria

The extract of O.visianii Clem was dissolved in dimethyl
sulfoxide (DMSO) (Sigma-Aldrich, Merck, St. Louis, MO,
USA) and diluted with nutrient broth (Oxoid, Thermo
Fisher Scientific, Basingstoke, United Kingdom) to achieve
a concentration of 2000 ug/mL, ensuring that the concentra-
tion of DMSO in the stock did not exceed 3.5%. The initial
volume of the stock used for examination was 100 uL [9].

The following reference strains [American Type Culture
Collection (ATCC)] were included in the study: Enterococcus
faecalis (ATCC 29212), Staphylococcus aureus (ATCC
25923), Pseudomonas aeruginosa (ATCC 10145), and
Escherichia coli (ATCC 25922). Additionally, clinical bacte-
rial strains, including vancomycin-resistant Enterococcus
faecalis (VRE), methicillin-resistant Staphylococcus aureus
(MRSA), Escherichia coli, and Pseudomonas aeruginosa,
were also examined.

Antibacterial activity

The McFarland (Hemofarm a.d., Vrsac, Serbia) turbidity
standard was used to standardize the approximate number
of bacteria to 0.5 McFarland. Bacterial strains were subcul-
tured and incubated at 37°C in a thermostat for 24 hours
prior to use. A bacterial suspension with a density of 0.5
McFarland was prepared using the direct colony method.
From this suspension, 100 pL was mixed with 2000 pL of
physiological saline in a test tube, resulting in a bacterial
concentration of 5 x 105 CFU/mL. From this bacterial
suspension, 10 pL (equivalent to 5 x 10* bacteria) was
inoculated into the wells of a microtiter plate, resulting in
a final concentration of 5 x 10° CFU/mL [10].

In a microtiter plate with rounded-bottom wells [60
wells in five horizontal rows of a 96-well microtiter plate,
(Spektar, Cacak, Serbia)], 100 pL of nutrient broth was
added to each well. In the first two rows, 100 pL of the
extract stock was added to the initial wells, and then it
was serially diluted using the double dilution method into
the subsequent wells. The concentrations of the extract
ranged from 1000 to 0.488 pg/mL. Subsequently, 10 uL of
the prepared bacterial suspension was added to each well.
Validity control and blanks for the extract and nutrient
broth were included. The inoculated microtiter plates
were incubated for 24 hours at 37°C, and the minimum
inhibitory concentrations (MICs) were determined [11].
The MIC is defined as the lowest concentration of the test
substance at which no visible increase in bacterial growth
is observed, indicated by clear wells.

‘ DOI: https://doi.org/10.2298/SARH231213018H
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The minimum bactericidal concentration (MBC) was
determined by subculturing 10 uL of suspension from each
well where no turbidity was observed onto nutrient agar.

After 24 hours of incubation, the plates were examined
for visible growth, and the MBCs were determined. MBC
is defined as the concentration of the extract that does not
result in visible growth on the plate [11].

The direct cytotoxicity of the extract was calculated
using equation (1).

Cytotoxicity = ((Acontrol-Atest) / Acontrol) x 100 (1)

In this context, A_control refers to the absorbance
measurement of the validity control, which is a bacterial
suspension without the extract, whereas A_test denotes
the absorbance measurement of the test sample (bacterial
suspension containing the extract) [9].

Efflux pump activity assay

To determine the activity of efflux pumps in bacteria, the
dyes AO/EB (Sigma-Aldrich,) were used. AO is a dye that
binds to deoxyribonucleic or ribonucleic acids (DNA or
RNA) in organisms and fluoresces in different colors, aid-
ing in the differentiation of cellular organelles. EB, when
bound to DNA, exhibits enhanced orange fluorescence
when exposed to ultraviolet light. The fluorescence intensity
of AO/EB was used to assess the efflux pump activity of
certain bacteria [12].

For the efflux pump activity assay, bacterial suspensions
of two untreated clinical strains, Pseudomonas aeruginosa
and MRSA, were prepared. The fluorescence intensity of
AO/EB in both untreated bacteria decreased over time as
the efflux pumps eliminated the dyes.

Since Gram-positive bacteria eliminated EB/AO more
efficiently, the efflux pump activity assay using the Onosma
visianii Clem root extract was conducted only on Gram-
positive bacteria. Two clinical strains, VRE and MRSA,
were treated with the Onosma visianii Clem root extract.
The experimental procedure for each tested isolate was
the same as that for determining the MIC values [13]. A
bacterial suspension at 50% MIC was used for the efflux
pump activity assay [14].

A bacterial suspension with a density of 0.5 McFarland
was prepared using the direct colony method, as outlined
in European committee on antimicrobial susceptibility
testing guidelines [15]. A suspension was prepared on a
slide consisting of 10 uL of bacterial suspension and 1 pL of
dye solution (100 ug/mL AO and 100 pug/mL EB) dissolved
in distilled water [16]. The slides were examined under a
fluorescence microscope at 400 x magnification and pho-
tographed in real-time at three time points: 0 minutes, 15
minutes, and 30 minutes. The fluorescence intensity was
determined using Image] software (National Institutes of
Health, Bethesda, MD, USA). Comparison was made with
untreated strains of VRE and MRSA, using bacterial suspen-
sions with a concentration of 5 x 10° CFU/mL [17]. The
accumulation rate of EB/AO, characterized by an increase
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Table 1. Antibacterial activity of Onosma visianii Clem root extract on reference and

clinical bacteria strains

Escherichia coli (ATCC 25922) and 500/1000
ug/mL for Pseudomonas aeruginosa (ATCC

Species MIC+SD |MBC+SD| IC,+SD 10145).
(ug/ml) (ug/ml) (ug/ml) A similar pattern was observed for clini-
Enterococcus faecalis (ATCC 29212) 7.81+4.50 7810 9.74 +6.80 Cal isolates (Table 1) The extract exhlblted
Staphylococcus aureus (ATCC 25923) 0.48+0 | 0.48x0 <0.48 the greatest activity against MRSA (MIC/
Pseudomonas aeruginosa (KTCC 10145) | 500 + 288.67 | >1000 | 185.59+1.18 MBC = 7.81 ug/mL; ICso = 2.64 ug/mL),
ichia coli followed by VRE (MIC/MBC = 15.62 ug/mL;
Escherichia coll 25040 | 500+0 | 244.08+76.56 Y ( V6
(ATCC 25922) ICso = 5.98 pg/mL). In contrast, clinical P,
Enterococcus faecalis (VRE) 15.62+0 15.62+0 5.98 +0.76 aeruginosa and E. Coli isolates were hlghly re-
Staphylococcus aureus (MRSA) 7.81+450 | 7.81+0 2.64+1.03 sistant, with MIC/MBC values of 1000 pg/mL
Pseudomonas aeruginosa 1000£0 | >1000 | 265.03+72.84 and ICs, values of 265.03 and 765.5 pg/mL,
Escherichia coli 1000 + 0 > 1000 765.5+0 respectively.
MIC - minimum inhibitory concentration; SD - standard deviation; MBC — minimum bactericidal
concentration; IC, - half of the maximum inhibitory concentration; VRE - Vancomycin-resistant
Enterococci; MRSA - Methicillin-resistant Staphylococcus aureus
Pseudomonas aeruginosa
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£ g
g £ 600% |
£ 60.0% s
2 S
? £ 400% | \
£ 40.0% -
] :
s T 200%
T 200% -
fot s
° H3
s 0.0% |
0.0% 0 15' 30
0 157 30 Time
Time

Figure 1. Fluorescence intensity ethidium bromide / acridine orange of
untreated Pseudomonas aeruginosa at three time points: 0, 15, and 30'

in red and green fluorescence intensity, was determined as
the fluorescence index relative to the baseline (0 minutes)
for both treated and untreated samples at the three time
points. Statistical data processing was performed using
standard deviation, and the IC, value was calculated by
measuring absorbance at 450 nm and using GraphPad Prism
8.0 software (GraphPad, San Diego, CA, USA).

RESULTS
Antibacterial activity

O. visianii Clem root extract displayed potent antibacterial
activity, with markedly higher efficacy against Gram-positive
than Gram-negative bacteria (Table 1). Among reference
strains, Staphylococcus aureus (ATCC 25923) was the most
susceptible (MIC, MBC, and ICs, = 0.48 ug/mL), whereas
Enterococcus faecalis (ATCC 29212) showed reduced sensi-
tivity (MIC/MBC = 7.81/7.81 pg/mL; ICso = 9.74 pg/mL).
In contrast, Gram-negative reference strains were far less
susceptible, with MIC/MBC values of 250/500 ug/mL for
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Figure 2. Fluorescence intensity ethidium bromide / acridine orange
of untreated methicillin-resistant Staphylococcus aureus at three time
points: 0, 15, and 30'

Efflux pump activity assay

To investigate the potential of O. visianii Clem root extract
to interfere with bacterial drug-resistance mechanisms,
we assessed efflux pump activity in reference and clinical
strains using AO and EB fluorescence assays. Fluorescence
intensity measurements revealed that, after 30 minutes,
P aeruginosa eliminated approximately 50% of the dyes,
whereas MRSA exhibited markedly stronger efflux pump
activity, expelling about 90% within the same time frame
(Figures 1 and 2).

Because the extract displayed stronger inhibitory effects
on Gram-positive bacteria, which also showed higher base-
line efflux activity, subsequent assays focused on MRSA
and VRE. In MRSA treated with Onosma visianii Clem root
extract at 50% of its MIC, 72.9% (EB) and 64.8% (AO) of the
dyes were retained after 30 min compared with the initial
100%, whereas untreated MRSA retained only 55.6% and
44%, respectively, indicating extract-mediated inhibition
of efflux pumps (Figure 3).

Similarly, in VRE treated with O. visianii Clem root
extract at 50% MIC, 80.9% (EB) and 74.2% (AO) of the
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Figure 3. Fluorescence intensity ethidium bromide / acridine orange of treated and
untreated methicillin-resistant Staphylococcus aureus (MRSA) with Onosma visianii Clem
root extract at the concentration 50% of the minimum inhibitory concentrations value
at three time points: 0, 15} and 30'
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Figure 4. Fluorescence intensity ethidium bromide / acridine orange of treated and
untreated vancomycin-resistant Enterococcus faecalis (VRE) with Onosma visianii Clem
root extract at a concentration of 50% minimum inhibitory concentrations value at
three time points: 0, 15, and 30’
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as numerous plant species have been employed for
centuries in traditional medicine.

Different mechanisms of action have been iden-
tified for the antibacterial activity of medicinal
herbs. Some plant extracts inhibit cell wall syn-
thesis, while others accumulate in the bacterial
membrane and disrupt its structure and function,
leading to cell damage and death [18]. Moreover,
certain plant extracts have shown effectiveness
against bacterial efflux pumps, which play a key
role in mediating multidrug resistance in both
Gram-positive and Gram-negative bacteria [19].
Efflux pumps perform an essential function in
safeguarding bacteria from toxic materials by
actively expelling drugs and toxins. Inhibiting or
weakening these efflux pumps can improve the
efficacy of antibiotics against resistant bacterial
strains [20, 21]. The present study examined the
antibacterial properties and the efficacy of the
dried root extract of Onosma visianii Clem in
inhibiting efflux pumps.

Previous results obtained from studies con-
ducted at our university which demonstrated
the antibacterial and cytotoxic effects of Onosma
visianii Clem represent the basis for our research.
Vuki¢ et al. [8] conducted a study examining the
antibacterial activity of seven distinct naphthoqui-
nones extracted from the dried root of Onosma
visianii Clem.

Each of the individual naphthoquinones demon-
strated efficacy against clinical Gram-positive and
Gram negative bacteria with MIC50 and MIC90
values on Gram-positive varying from 6.40 pg/mL
to 12.79 ug/mL and 6.82 pg/mL to 13.60 ug/mL,
respectively [8]. Conversely, our research assessed
the activity of the full ethanolic extract, which
encompasses all secondary metabolites to deter-
mine whether it is more effective, and compared it
against a variety of clinical and reference bacteria.
Additionally, our MIC values exhibited enhanced
antimicrobial effects against Staphylococcus aureus
(MIC 0.48 pug/mL) when compared to all isolates
evaluated in the prior study. On the other hand,
the activity against our Gram-negative bacteria was
lower. Our findings also indicated the bactericidal
properties of the extract and included IC_ values.

dyes were retained after 30 min compared with 61.1% and
48% in untreated controls, again demonstrating reduced
efflux activity in the presence of the extract (Figure 4).

DISCUSSION

The use of antibiotics in healthcare has been widespread
for many years; however, their overuse and unregulated
application have led to the emergence of antibiotic resis-
tance, which has become a global public health concern.
Consequently, increasing attention has been directed toward
investigating the effects and mechanisms of plant extracts,

‘ DOI: https://doi.org/10.2298/SARH231213018H

Moreover, we advanced our research by evaluating the
extract’s efficacy against strains of MRSA and VRE. A re-
lated study on the extract of Consolida orientalis reported
MIC values for MRSA between 0.15 and >5 mg/mL, while
VRE exhibited MIC values from 0.625 to 2.5 mg/mL. In
comparison, our results demonstrate much stronger activity
[22]. In another investigation, Amri et al. [23] analyzed the
ethanolic extract of Eupatorium odoratum against Gram-
positive and Gram-negative bacteria, finding no effectiveness
against Gram-negative strains. Takongmo Matsuete et al.
[24] also noted weaker activity, with a reported MIC value
for Pseudomonas aeruginosa of > 1000 pg/mL.
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The variation in vulnerability can be explained by the
distinct structural characteristics of the cell walls found in
Gram-positive and Gram-negative bacteria [25]. Gram-
negative bacteria typically have a more intricate mechanism
for multidrug resistance because of their double membrane
structure, which allows for the function of tripartite efflux
pump systems [26]. The efflux pump activity assay revealed
that the extract of Onosma visianii Clem inhibited the efflux
pump activity in both MRSA and VRE, as demonstrated by
the higher retention of fluorescent dyes in treated bacteria
compared to untreated bacteria. Efflux pumps are crucial
in contributing to multidrug resistance, and blocking their
function can improve the potency of antibiotics [27]. In a
comparable study, the bioflavonoid Scutellaria baicalensis
was shown to affect the efflux pumps of Staphylococcus
aureus, with EB dye retention at 73% after 30 minutes [28].
Similarly, Anokwah et al. [29] investigated the ethanolic
extract of Loeseneriella Africana. When S. aureus was treated
with 50% MIC, it retained 50% EB after 60 minutes, a value
significantly lower than that observed in our study. Previous
reports have also suggested that polyphenols rich plants
can inhibit the efflux pumps Multidrug Resistance 1 and
LmrP found in E. faecalis, which are critical contributors
to multidrug resistance [30]. Our results are consistent
with recent findings showing that bioactive compounds in
plant extracts may combat multidrug-resistant bacteria by
targeting efflux pump mechanisms [31]. The effectiveness
of the extract is influenced by its chemical composition,
the extraction method, and the timing of plant collection
[32]. Despite the long history of this plant in traditional
medicine, standardization of the extract is necessary before
practical application. In addition, it is essential to evaluate
its potential toxicity and the stability of its active compo-
nents. Although the extract demonstrates promising in
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CAXETAK

YBog/Lum Pactyha pesuncteHumja 6pojHrx naTtoreHa Ha Tpe-
HYTHO AOCTYMHe Tepanujcke areHce 13a3Basna je MOHOBHO WH-
TepEeCcoBatbe 3a UCTPaAXKMBatbe HOBUX aHTUMUKPOOHYIX jeau-
tera. busbke cy noctane noTeHUWjanHo BpeaH U3Bop OBUX
jepumetba. Lnsb oBe cTyguje 6o je aa ce npoLeHn AMpeKTHa
U MHAMPEKTHA aHTUMUKPOOHA akTUBHOCT EKCTPakTa KopeHa
Onosma visianii Clem Ha pedepeHTHe 1 KNHWYKe bakTepujcke
cojeBe, Kopuctehu metogy MukpogunyLuje y 6yjoHy n mogm-
drKoBaHu eTnanjym 6pomug / akpugamnH opaHy (EB/AO) Tect
dbnyopecueHTHe feTeKkumje.

MeTope ETaHONHYM eKCTpaKT Npunpem/beH U3 CyBOT KOpeHa
Onosma visianii Clem KopuwwheH je 3a ogpehrBarbe MUHUMaN-
HUX MHXMOUTOPHUX KOHLeHTpaumja (MIC) n MUHUManHmx 6ak-
TepuUMAHMX KoHLeHTpauwuja (MBC) meTogom MUKpoAunyLuje
y GyjoHy, Kao U 3a ofpehrBatbe BPeLHOCTU NONOBMHE MaKcU-
MaJiHe NHXNOnTOopHe KoHueHTpauuje (IC, ) 3a pedepeHTHe 1
KnuHnuke 6akTepujcke cojeBe. Metoaa EB/AO ¢pnyopecLieHTHOr
60jetba KopuLheHa je 3a MpoLeHy yTrLaja Ha edrykc nymne
Kop cojeBa Staphylococcus aureus pe3viCTEHTHOT Ha METULISIVH
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(MRSA) v Enterococcus faecalis pe3icTeHTHOT Ha BAHKOMULWH
(VRE), xopuctehn KoHueHTpauujy og 50% MIC BpegHOCTY eK-
CTpaKTa.

Pesynrtatn BpegHoctn MIC, MBC v IC, 3a Tpam-no3ntreHe
6akTepuje bune cy ucnopg 15 ug/mL. EKCTpaKT je MOKa3ao jako
aHTUMUKPOGHO AejcTBo npema VRE n nocebHo npema MRSA
cojeBuma (MIC = 7,81 ug/mL v MBC =7,81 ug/mL). Mopep Tora,
TpeTmaH ca 50% MIC KoHLieHTpaLje 13a3Bao je 3HayajHy WH-
xnbuuujy epnykc nymnu ko lpam-no3nTmBHKX 6akTepuja, y
pacroHy og 18% o 26% y ofgHoCy Ha HeTpeTupaHe henuje.
3akibyuak EkctpakT kopeHa Onosma visianii Clem nokasao
je aHTUMMKpO6HO fejcTBO Npema lpam-No3MTUBHYM 1 Npe-
Ma lpam-HeraTBHVM 6akTepujama, ca HAPOUMTO U3PaKEHUM
edektom npema VRE n MRSA. Ocum Tora, youeHa uHxmbuuyja
6akTepujckmx edbnykc nymnu nctmuye obehasajyhu noteHuujan
€KCTpaKTa KopeHa 6urbke Onosma visianii Clem Kao kaHavaaTa
3a papmaKooLKa NCNUTHBaHa HeroBux Moryhrx aHTnéunot-
CKUX CBOjCTaBa.

KmyuHe peun: Onosma visianii Clem; aHTUM1KpPO6HO AejcTBO;
ednykc nymne
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SUMMARY

Introduction/Objective In modern society, there is an increasing number of occupations that require
sedentary work, and an increasing need for such work to be performed in shifts. This study examined
how these two work modalities affect the work ability and health status of workers.

Methods The study included taxi drivers and sanitary workers, further subclassified into two groups
depending on their shift work. The Work Ability Index (WAI) questionnaire was used to assess the work
ability of participants. Also, anthropometric measurements and the determination of standard biochemical
parameters and the levels of soluble adhesion molecules — intercellular adhesion molecule-1 (sICAM-1)
and vascular cell adhesion molecule-1 (sVCAM-1) in blood samples, before and after work, were used to
evaluate the impact of sedentary and shift work on the risk factors for cardiovascular diseases (CVDs).
Results Night-shift taxi drivers (TD-NS) had significantly lower total WAI scores compared to day-shift
sanitary workers (SW-DS). The WAI3, anthropometric measurements, and lipid profile of study partici-
pants indicated that these two groups also differed in the number of obese and hypertensive individuals.
Although the study groups did not differ in sSICAM-1 levels, sVCAM-1 levels of TD-NS were significantly
higher than those of SW-DS both before and after work.

Conclusion Sedentary and shift work have synergistic effects in reducing work ability and promoting
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CVD development by modifying traditional risk factors.
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INTRODUCTION

The World Health Organization (WHO) has
recognized the improvement of working condi-
tions and working environment as one of the
strategic objectives of public health, promoting
and maintaining the highest level of physical,
mental, and social well-being of workers in all
occupations [1]. Due to the increased number
of sedentary work positions nowadays, and giv-
en that a sedentary lifestyle is associated with
multiple health problems, including cardiovas-
cular diseases (CVDs), obesity, diabetes mel-
litus, and early mortality [2, 3], work-related
sedentary behavior is becoming an increasingly
recognized problem in occupational medicine.

CVDs continue to be a major public health
problem and a leading cause of morbidity
and mortality globally. A recent meta-analy-
sis showed that sedentary behavior increases
the risk of fatal and non-fatal CVDs by 30%,
and, interestingly, a significantly higher risk
of developing coronary heart disease (47%)
compared to stroke (15%) was observed [4].
One plausible explanation is that sedentary
behavior modulates traditional CVD risk fac-
tors such as increased body mass index (BMI),

hypertension, elevated heart rate, and adiposity.
However, sedentary behavior also leads to the
dysfunction of vascular endothelium, which is
a hallmark of the major CVD risk factors and
an early event during CVD development [2,
3, 5]. In particular, prolonged sitting has been
shown to impair the normal hemodynamics of
peripheral arteries, in terms of reduced blood
flow and shear stress. Consequently, enhanced
endothelial oxidative stress, accompanied by
decreased nitric oxide (NO) production, in-
creased production of endothelin-1 (ET-1)
and other pro-inflammatory mediators, leads
to vascular dysfunction [6].

In addition to occupational sedentary be-
havior, shift work can also have several adverse
effects on health, and most of the harmful ef-
fects were attributed to disruption of the cir-
cadian rhythm and consequent hypertension,
dyslipidemia, insulin resistance, and obesity [3,
5], all known as CVD risk factors.

In the current study, we investigated the ef-
fects of occupational sedentary behavior and
shift work on subjects’ work ability and over-
all presence of morbidities. To determine how
these two work modalities affect risk factors
for CVD development, we analyzed subjects’
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Table 1. Socio-demographic characteristics of the study participants

- Day-shift Night-shift Day-shift Night-shift
i taxi drivers | taxidrivers | sanitary workers | sanitary workers P
Age Years (mean = SD) 40.25+7.85 | 38.3+7.96 37.95+7.86 37 +9.32 0.631"
Gender male n (%) 16 (80) 19 (95) 13 (65) 17 (85) 01042

female n (%) 4 (20) 1(5) 7 (25) 3(5)
married n (%) 9 (45) 7 (35) 10 (50) 7 (35)
single n (%) 5(25) 6 (30) 2(10) 8 (40)
Marital status informal relationship n (%) 2(10) 3(15) 1(10) 2(10) 0.7542
Separated n (%) 1(5) 2(10) 3(15) 2(10)
Divorced n (%) 3(15) 2(10) 4 (20) 1(5)
primary n (%) 2(10) 3(15) 6 (30) 8 (40)
Level of education Secondary n (%) 15 (75) 16 (80) 14 (70) 12 (60) 0.077?
Tertiary n (%) 3(15) 1(5) 0(0) 0(0)
Total years of service Years (mean + SD) 16.20£8.13 | 14.90 +7.99 14.65 + 8.81 13.55+9.01 0.774'
Ive:rrlfpcl’gég”"ce atthecurrent |y < (mean + SD) 62+263 | 545+25 8.5+583 875+542 | 0.186

"Kruskal-Wallis test;
2y test

clinical-anthropometric and laboratory-biochemical pa-
rameters, as well as the levels of soluble adhesion mol-
ecules, intercellular adhesion molecule-1 (sICAM-1), and
vascular cell adhesion molecule-1 (sVCAM-1), as param-
eters of vascular dysfunction.

METHODS
Study population

The study enrolled 80 subjects, classified into 4 groups: day-
shift taxi drivers (TD-DS) (n = 20), night-shift taxi driv-
ers (TD-NS) (n = 20), day-shift sanitary workers (SW-DS)
(n = 20), and night-shift sanitary workers (SW-NS) (n = 20).
Study participants were recruited through periodic medical
examinations at the Institute for Workers’ Health Protection,
Ni§, Serbia, in the period from January to May 2024. All
study participants were promptly informed about the rel-
evant details concerning their participation in the study and
gave written informed consent; the study was approved by
the Ethics Committee. The main socio-demographic char-
acteristics of the study groups are presented in Table 1.

Accordingly, the study groups were homogeneous
in terms of age structure (H = 1.727; p = 0.631), gender
(x> = 6.154; p = 0.104), marital status (x* = 8.390; p = 0.754),
and the level of education (x* = 11.403; p = 0.077). Also,
there were no statistically significant differences between
the groups regarding the years of total work experience
(H=1.11; p = 0.774) and the years of work experience at
the current workplace (H = 4.81; p = 0.186).

Work Ability Index (WAI) Questionnaire

All study participants completed an anonymous self-
report questionnaire regarding their work ability. In or-
der to assess the impact of sedentary and shift work on
participants’ work ability, a standardized questionnaire,
Work Ability Index (WAI) [7], was used. In addition to
the WAI questionnaire, study participants were also asked
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to anonymously report their current occupation, age, total
years of work experience, and length of service at their
current workplace.

Anthropometric and clinical parameters

Anthropometric measurements included body weight,
height, waist, and hip circumference. A digital body scale
with a stadiometer (SD301, Birotehna, Smederevo, Serbia)
with a capacity of 250 kg and an accuracy of 0.1 kg was
used to measure participants’ body weight and height.
BMI was calculated as the ratio of body weight (kg) to
the square of body height (m?). Waist circumference was
measured using a non-stretch tape placed parallel to the
floor at the midpoint between the iliac crest and the lowest
rib. Hip circumference was measured around the widest
portion of the buttocks. Based on the obtained values, the
waist-to-hip and the waist-to-height ratio was calculated.
Clinical parameters included measurement of systolic and
diastolic blood pressure and heart rate. Blood pressure
and heart rate were measured using the digital device M3
Comfort (Omron Healthcare, Kyoto, Japan), according to
the manufacturer’s instructions.

Laboratory-biochemical parameters

The subjects’ blood was sampled by venipuncture of the
medial cubital vein, before the start of the work shift and
immediately after. Biochemical analyses included the he-
mogram, lipidogram, glycemia, and C-reactive protein.
All analyses were carried out at the Institute for Workers’
Health Protection, Nis, Serbia, according to a standard-
ized protocol.

Serum levels of SICAM-1 and sVCAM-1 were deter-
mined by enzyme-linked immunosorbent assay (ELISA).
Briefly, after blood sampling, 2 mL of serum was separated,
transported on ice to the Scientific Research Center for
Biomedicine of the Faculty of Medicine, University of Ni§,
and stored at -80°C until analysis. Before analysis, samples
were slowly thawed, mixed gently, and then sSICAM-1 and
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sVCAM-1 levels were determined using Human ICAM-1/
CD54 Allele-specific Quantikine ELISA-kit and Human
VCAM-1/CD106 Quantikine ELISA-kit (R&D Systems,
Minneapolis, MN, USA), respectively. The optical density
of the samples was read on Spark Multimode Plate Reader
(Tecan Trading AG, Mannedorf, Switzerland) at a wave-
length of 450 nm. SICAM-1 and sVCAM-1 concentrations
(ng/mL) were calculated using software TableCurve 2D
v5.0 (Grafiti LLC, Palo Alto, CA, USA).

Statistical analysis

Statistical parameters were collected in Microsoft Office
Excel 2013 (Microsoft, Redmond, WA, USA), while data
analysis was performed using IBM SPSS Statistics Version
22.0 (IBM Corp., Armonk, NY, USA). Descriptive statis-
tics included standard statistical methods for qualitative
and quantitative assessment of the obtained parameters.
Absolute numbers, relative numbers (%), arithmetic mean
(X), standard deviation (SD), median, minimum, and max-
imum values were used as measures of central tendency.
The normality of the dataset distribution was tested with
the Shapiro-Wilk test. The comparison of numerical values
between the four groups of study participants, if the distri-
bution was normal, was performed using the ANOVA test
and Tukey’s honestly significant difference (HSD) test for
post hoc analyses. In the case in which the datasets were
nonnormally distributed, the Kruskal-Wallis test was used,
followed by post hoc Dunn’s test using a Bonferroni correc-
tion for multiple comparisons. Comparison of numerical
values between the two groups, if the data distribution was
normal, was performed using a paired Student’s t-test. In
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cases where the distribution was not normal, the Mann-
Whitney test was used. The x* test was used to test the
statistical significance of absolute frequency differences
between samples. Pearson’s correlation coefficient was used
to determine the association between variables. p values
< 0.05 were considered statistically significant.

Ethics: The study was approved by the Ethics Committee
of the Faculty of Medicine, University of Nis, Serbia (num-
ber: 12-16502/2-8, date: 21.12.2023).

RESULTS
Effects of sedentary and shift work on work ability

The work ability index of the study participants by items
and its correlations with age, total years of service, and
years of service at the current workplace are shown in
Figure 1.

The study groups did not differ significantly in terms
of the particular items of the work ability questionnaire
(Figure 1A). However, in the item WAI3, which concerns
the number of current diseases diagnosed by a physician,
it was observed that hypertension is significantly more
common among TD-NS compared to SW-DS (p = 0.002;
x*> =9.231). Also, TD-NS were significantly more obese
compared to SW-DS (p = 0.008; x> = 7.059). Although
there were no significant differences in the scores of WAI
items, the overall WAI score differed significantly between
the study groups (p = 0.009; H = 11.552). Post hoc com-
parisons indicated that TD-NS had significantly lower
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Figure 1. Work ability index (WAI) of study participants: A. individual WAI
item scores; B. total WAI score, and C. correlation analyses;

TD-DS - taxi drivers day shift; TD-NS - taxi drivers night shift; SW-DS -
sanitary workers day shift; SW-NS - sanitary workers night shift; TYS - total
years of service; YSCW - years of service at the current workplace
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Figure 2. Anthropometric and clinical parameters of study participants:
A. statistically significant differences and B. correlation analyses;

TD-DS - taxi drivers day shift; TD-NS - taxi drivers night shift; SW-DS - sani-
tary workers day shift; SW-NS - sanitary workers night shift; BMI - body
mass index; TYS - total years of service; YSCW - years of service at the

current workplace
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——— Figure 4. Correlation analysis of the lipid profile
of study participants with the characteristics of
their work engagement;

TD-DS - taxi drivers day shift before (B) and af-
ter (A) the shift; TD-NS - taxi drivers night shift
before (B) and after (A) the shift; SW-DS - sani-
tary workers day shift before (B) and after (A)
the shift; SW-NS - sanitary workers night shift
before (B) and after (A) the shift; TYS - total years
of service; YSCW - years of service at the current
workplace; HDL - high-density lipoprotein; LDL
- low-density lipoprotein

CRP (mg/L)

Figure 3. Biochemical parameters of study participants before (first column) and after (sec-

ond column) work shift;

TD-DS - taxi drivers day shift; TD-NS - taxi drivers night shift; SW-DS - sanitary workers day
shift; SW-NS - sanitary workers night shift; HDL - high-density lipoprotein; LDL — low-density

lipoprotein; CRP — C-reactive protein

WAL scores than SW-DS (p = 0.002; z = 3.061) (Figure 1B).
Correlation analyses showed that the total WAI score was
negatively correlated with age and total years of work expe-
rience in all study groups; however, a negative correlation
with years of work at the current workplace was observed
only in the groups of TD-NS and SW-NS. Conversely, the
WAI3 score was negatively correlated with age and years
of work at the current job only in taxi drivers (Figure 1C).

Effects of sedentary and shift work on
anthropometric and clinical parameters

As observed in WAI3, anthropometric measurements
showed that TD-NS were significantly more obese than
SW-DS, according to increased body weight (p = 0.001;
z =3.249), BMI (p < 0.001; z = 3.436), waist circumfer-
ence (p < 0.001; z = 3.722), waist-to-hip ratio (p < 0.001;
z = 3.636), and waist-to-height ratio (p < 0.001; z = 3.718).
TD-DS also had significantly higher body weight
(p=0.005; z=2.817), BMI (p = 0.008; z = 2.654), waist
circumference (p < 0.01; z = 3.065), waist-to-hip ratio
(p < 0.005; z = 2.832), and waist-to-height ratio (p < 0.005;
z = 2.787) compared to SW-DS. There were no statistically
significant intergroup differences in the monitored clinical
parameters, including heart rate and systolic and diastolic
blood pressure (Figure 2A).
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In general, anthropometric parameters of obesity
showed a tendency to positively correlate with the age and
total work experience of the study subjects, which sporadi-
cally reached the level of statistical significance. However,
only in the group of TD-NS was there a constant positive
correlation between years of work experience at the cur-
rent workplace and obesity parameters, except for waist
circumference (Figure 2B).

Effects of sedentary and shift work on laboratory-
biochemical parameters

The values of biochemical parameters in the blood differed
significantly between the studied groups (Figure 3).
High-density lipoprotein (HDL) levels of TD-NS were
significantly lower than those of SW-DS, both before
(p <0.001; z = 3.665) and after (p < 0.001; z = 3.689) the
work shift. TD-NS also had significantly higher low-den-
sity lipoprotein (LDL) levels compared to SW-DS before
the start of the shift (p = 0.004; q = 4.942). After the shift,
LDL levels in this subject group were higher in compari-
son to TD-DS (p = 0.004; z = 2.869) as well as SW-DS
(p <0.001; z = 3.647) and SW-NS (p < 0.001; z = 3.328).
A similar trend was observed for triglycerides. Both TD-
NS (p =0.001; z = 3.198) and TD-DS (p = 0.006; z = 2.749)
had increased levels of triglycerides compared to SW-DS
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Figure 5. sICAM levels of study participants: A. statistically significant differ-
ences and B. correlation analyses;

TD-DS - taxi drivers day shift before (B) and after (A) the shift; TD-NS - taxi
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Figure 6. sVCAM levels of study participants: A. statistically significant differ-
ences and B. correlation analyses;

TD-DS - taxi drivers day shift before (B) and after (A) the shift; TD-NS - taxi
drivers night shift before (B) and after (A) the shift; SW-DS - sanitary workers
day shift before (B) and after (A) the shift; SW-NS - sanitary workers night shift
before (B) and after (A) the shift; TYS — total years of service; YSCW - years of
service at the current workplace; BMI - body mass index; Chol - cholesterol; HDL
- high-density lipoprotein; LDL - low-density lipoprotein; Trigl — triglycerides

before starting the shift. The same was observed after
the shift had ended (p < 0.001; z = 3.668 and p = 0.002;
z = 3.106, respectively). No significant changes were re-
corded in the levels of the tested parameters before and
after the shift within the same group of subjects (Figure 3).

Considering that the most significant differences in
the biochemical parameters of the study participants were
determined in the lipid profile, we correlated them with
the characteristics of the participants’ work engagement
(Figure 4). A significant positive correlation between years
of experience at the current workplace and levels of total
cholesterol, LDL, and triglycerides was observed only in
the group of TD-NS. In the group of TD-DS, a positive
correlation was noted between age and total length of ser-
vice with levels of total cholesterol, LDL, and triglycerides,
mainly after the end of the shift.

Effects of sedentary and shift work on vascular
dysfunction

The function of the subjects’ vascular endothelium was
assessed by the levels of soluble adhesion molecules, sI-

CAM-1 and sVCAM-1.
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Levels of SICAM-1 did not differ significantly between
study groups before (p = 0.279; h = 3.843) and after the
shift (p = 0.695; h = 1.444), nor were there significant dif-
ferences between sSICAM-1 levels before and after the shift
within the same group (Figure 5A). In general, SICAM-1
levels were positively correlated with most anthropometric
parameters of obesity in all study groups except for SW-DS
(Figure 5B).

In contrast, sVCAM-1 levels of TD-NS were significant-
ly higher than those of TD-DS and SW-DS both before
(p=10.005; z =2.830 and p = 0.002; z = 3.103, respective-
ly) and after the shift (p = 0.008; z = 2.660 and p = 0.004;
z = 2.871, respectively) (Figure 6A). Similar to sSICAM-1
levels, sVCAM-1 levels did not differ significantly before
and after the shift within the same study group (Figure 6A).

The levels of sVCAM-1 were positively correlated with
age in all study groups. In most groups, sVCAM-1 levels
were also positively correlated with years of total work ex-
perience and years of service at the current job. Similar to
SICAM-1, sVCAM-1 was positively correlated with anthro-
pometric parameters of obesity in all study groups except
for SW-DS. In addition, a significant positive correlation
of sVCAM-1 with cholesterol, LDL, and triglyceride levels
was observed in the group of TD-NS (Figure 6B).

DISCUSSION

During working hours, sanitary workers are constantly
physically active, unlike taxi drivers, whose occupation is
extremely sedentary. Therefore, we examined how these
two work modalities affect the work ability and health sta-
tus of workers, taking into account shift work.

Our study showed that TD-NS had significantly lower
work ability, measured by the total WAI score, compared
to SW-DS, indicating that sedentary and shift work have
cumulative effects in reducing work ability. Sedentary
behavior is associated with loss of skeletal muscle mass,
strength, and the development of various metabolic dis-
eases and CVDs [8], which may contribute to the reduction
of the total WAI score. In our study, the WAI3 score, which
refers to the current health status of study participants, was
negatively associated with length of service at the current
job only among taxi drivers, indicating that sedentary work
primarily affects work ability by compromising the health
status of workers. Accordingly, there was a significantly
higher number of obese and hypertensive individuals in
the group of TD-NS compared to SW-DS. This finding is
not surprising considering that obesity is an independent
risk factor for the development of hypertension as well as
other CVDs [8]. Numerous other studies have also linked
sedentary and shift work to an increased risk of CVD de-
velopment [9, 10]; however, the precise mechanisms un-
derlying this association are still not well understood. A
recent study showed that there was a slightly higher rate
of CVDs, diabetes, and unhealthy sleep status among shift
workers in comparison to non-shift workers, as well as
among night-shift workers compared to those who had not
been working night shifts [3]. To determine how sedentary
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and shift work modify traditional risk factors for CVDs, we
examined anthropometric, basic clinical, and laboratory
parameters of our subjects, as well as the levels of soluble
adhesion molecules (SICAM-1 and sVCAM-1) as markers
of endothelial dysfunction.

Anthropometric parameters confirmed the findings of
WAI3, showing that both TD-NS and TD-DS were more
obese than SW-DS, according to body weight, BMI, waist
circumference, waist-to-hip, and waist-to-height ratio.
These results indicate that sedentary work has a greater im-
pact on physical fitness than shift work, reducing energy ex-
penditure and regular daily activities, which over time leads
to an increase in body weight. These findings are supported
by a study that showed the association of sedentary behav-
ior with increased values of obesity-predictive biomarkers
[11]. Most obesity parameters were positively correlated
with years of work experience at the current workplace only
in the group of TD-NS, again suggesting cumulative effects
of these two work modalities. Basic clinical parameters,
including systolic and diastolic blood pressure and heart
rate, did not differ significantly between groups. In WAI3,
a higher number of hypertensive patients was documented
in the group of night-shift taxi drivers, but blood pressure
values did not differ from those of the other groups. This
can be explained by the fact that hypertensive patients were
medically evaluated and therefore adequately treated.

Among the laboratory parameters, the most pro-
nounced alterations were documented in the participants’
lipid profile. Night-shift taxi drivers had increased total
cholesterol, LDL, and triglyceride values, and lower HDL
levels compared to SW-DS, both before and after the shift.
Additionally, TD-DS also had increased values of LDL and
triglycerides compared to SW-DS. Together, these results
indicate an association between sedentary work and dyslip-
idemia, which is even more pronounced if the work is per-
formed in shifts. Observed alterations of the lipid profile
are typical for obesity and associated with a higher risk for
the development of CVDs [12]. Among TD-NS, a positive
correlation was recorded between total cholesterol, LDL,
and triglyceride levels and years of work at the current job,
both before and after the shift. Taking this into account,
and the fact that there were no significant differences in
lipid parameters within each group before and after the
shift, it can be concluded that the effects of sedentary and
shift work on lipid status are chronic in nature.

The main cause of most CVDs is atherosclerosis, char-
acterized by inflammation and dysfunction of the vascular
endothelium. One of the features of endothelial dysfunc-
tion is the upregulation of cell adhesion molecules, such
as ICAM-1 and VCAM-1, physiologically involved in leu-
kocyte recruitment [13]. Accordingly, higher plasma levels
of ICAM and VCAM have been documented in patients
suffering from hypertension, atherosclerosis, coronary
heart disease, left atrial and left ventricular systolic dys-
function [14, 15, 16]. Levels of SICAM-1 did not signifi-
cantly differ among our study participants, but they tended
to correlate positively with obesity parameters (BMI and
waist-to-height ratio) in all groups except SW-DS, who
had the smallest BMI (24.64 + 2.01), and generally were
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not obese. The association between obesity and endo-
thelial dysfunction is well established [17]. In contrast to
SICAM-1, sVCAM-1 levels were elevated in the group of
TD-NS compared to TD-DS and SW-DS, both before and
after the shift. The levels of sVCAM-1 were more strongly
correlated with almost all obesity parameters except in the
SW-DS group. Furthermore, a positive correlation was ob-
served with total cholesterol, LDL, and triglyceride levels
in the group of TD-NS, indicating that sVCAM-1 is a more
sensitive marker of endothelial dysfunction associated with
obesity than sSICAM-1. No differences in SICAM-1 and sV-
CAM-1 levels were observed before and after the shift in all
study groups, suggesting that sedentary and shift work also
have primarily chronic effects on endothelial dysfunction.
Accordingly, the strongest correlation between sVCAM-1
levels and years of service at the current workplace was
observed in the group of TD-NS. Other studies have also
indicated the detrimental effects of sedentary behavior and
shift work on endothelial function; however, in these stud-
ies, the level of endothelial dysfunction was evaluated by
the flow-mediated vasodilatation technique [5, 18]. This
can be considered the main advantage of our study, be-
cause we used SICAM-1 and sVCAM-1, which are not only
markers of endothelial dysfunction, but also molecules
directly involved in the pathogenetic mechanisms linking
sedentary and shift work to CVD development [19]. Levels
of sVCAM-1 were also positively correlated with age in
all groups, indicating a progressive decline in endothelial
function during senescence, consistent with other stud-
ies and the fact that the incidence of CVD is significantly
higher in the older population [20, 21].

CONCLUSION

Our study showed that sedentary and shift work have
synergistic effects in reducing work ability, which may
be associated with an increased incidence of CVDs. We
have shown that these work modalities together pro-
mote obesity, dyslipidemia, and endothelial dysfunction,
which are traditional risk factors for CVD development.
The increased frequency of sedentary and shift work in
modern society should motivate managers, in collabora-
tion with occupational medicine specialists, to consider
ways to mitigate the harmful effects of such work on their
employees. Possible solutions include increasing physical
activity during working hours and changing dietary habits
as cost-effective strategies.
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YTuuaj cefieHTapHoOr M paaa y CMeHaMa Ha pagHy cnocobHOCT U GpaKTopy pu3MKa 3a

HaCTaHaK KapAuoBacKynapHux 6onectu

MeTap babosuh', JoBuua JoBaHoBUNR'?, Munugoje famak®, bopuc Hunhuh*?, bojaH CtaHojeBuh®, AnekcaHgap Puctuh’,

Onueepa Mupkosuh', Hematba Puctuh®
'3aBo/ 3a 34paBCTBEHY 3alITUTY pagHuKa ,Huw’, Huw, Cpbuja;
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CAXETAK

YBog/LUunm Y mogepHom apywTsy je cBe Behn 6poj nocnosa
KOjU 3axXTeBajy CeAeHTapH HauvH paga, y3 nosehaHy noTpeby
33 CMEHCKUM pafioM. Y OBOM UCTpaxunBaky NCNUTUBANM CMO
KaKo OBa ABa pajiHa MOAaNMTETa yTYY Ha pagHY CrocobHOCT
1 34paBJbe pagHMKa.

MeTope VicTpaxuiBarbe je 06yxBaTano Takcv BO3aue 1 caHuTap-
He pafiHMKe Kojy Cy Aarbe NOAerbeHn Y ABe rpyne, y 3aBUCHO-
CTV Of HbVIXOBOT Paja y CMeHama. YNUTHUK 3a M3padyHaBakbe
nHIeKca pagHe cnocobHocTu (Work Ability Index) kopuwheH je
3a NPUKyM/bake NoAaTaka o pagHoj CocobHOCTY UCMIUTAHMKA.
Kako 61cmo ncnuTanu yTrLaj ceieHTapHoOr HaumHa paja 1 paja
y HOMHVM cMeHaMa Ha GaKTope pu13iiKa 3a HacTaHaK KaparoBa-
CKynapHux 6onectyi, U3BpLUeHa Cy aHTPOMOMETPYjCKa MepeHsa,
Kao 1 ogpehuBatbe cTaHfapAHNX B1OXeMUjCKIX MapameTapa 1
HMBOA CONYOMNHUX afXe3MBHYX MofeKyna — nHTephenujckor
apxe3uBHor monekyna-1 (sICAM-1) n BackynapHor henujckor
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apxe3nBHor monekyna-1 (sVCAM-1) y KpBu y30pKoBaHoj npe
1 HAKOH nocna.

Pesyntatm Bo3auu Takcuja Koju page y HOhHUM cmeHama nMa-
JIN Cy 3HaYajHO HUXU MHAEKC PafHe CroCcOOHOCTM Y OAHOCY Ha
CaHMTapHe pagHuKe Koju pafe y AHeBHMM cMeHama. [Mogaum o
6pojy AnjarHOCTMKOBaHUX 060/bera KO UCMUTaHKKa, aHTPOMO-
MeTpujcKa Mepetba 1 NMAHN CTaTyC yKa3anu Cy Ha pasnvike y
6p0jy rojasHnX 1 XMNepToHNYHMX ocoba n3mehy oBe ABe rpyne
ncnuTaHuka. Mako Huje 6uno pasnuke y BpegHoctuma sICAM-1,
HuBou sVCAM-1 kog Bo3aya y HORHMM cMeHama 6unu cy 3Ha-
YajHO BULUM HEro KOA CaHUTapHUX pagHMKa y AHEBHOj CMEHH,
1 npe 1 nocse nocna.

3akrmpyyak CefieHTapHU 11 CMEHCKN Paj Majy CUHePrUCTUYKM
edeKaT Ha CMarbetbe pafiHe COCOOHOCTM 1 MPOMOBMULLY Pa3Boj
KapAnoBacKynapHux 6onectn moguouKaLmjom TpaguLoHan-
HVX paKTopa pr3mKa.

KrbyuHe peun: cefeHTapHU HauvH paga; pag y CMeHama; pagHa
CMOCOBHOCT; F0ja3HOCT; XMNepTeH3uja
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SUMMARY

Introduction/Objective Alcoholic liver cirrhosis (ALC) is the primary cause of alcohol abuse-related
mortality, resulting from alcohol-induced oxidative stress. Glutathione S-transferases (GSTM1, GSTT1) are
enzymes essential for detoxification, and their deficiency may contribute to the onset of chronic inflam-
mation and disease progression. This study sought to investigate the relationship between GSTMT and
GSTT1 deletions and ALC, as well as alcohol consumption patterns in cirrhosis development.

Methods The analysis included 114 ALC patients and 262 controls, with GSTMT and GSTT1 deletions
assessed via multiplex PCR.

Results Findings indicated that individuals with the GSTMT null genotype had a three-fold increased risk
of developing ALC (95% Cl, 1.87-4.81; p < 0.0001), whereas GSTTT null genotypes showed no significant
impact. Individuals with both GSTMT null and GSTTT null genotypes exhibited an 11-fold heightened
risk of ALC (OR =11.21, 95% Cl = 3.30-38.14, p < 0.001). Furthermore, patients who commenced alcohol
consumption at 22.5 years or older developed cirrhosis more rapidly than their younger counterparts
(p <0.001).

Conclusion GSTM1 null and combined GSTM1/GSTTT1 null genotypes constitute significant risk factors
for ALC, with patients who started drinking at an older age experiencing accelerated disease progression
irrespective of alcohol intake levels.

Keywords: alcoholic liver cirrhosis (ALC); drinking profile; GSTMT and GSTT1; deletion variants; null
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genotypes

INTRODUCTION

The consumption of alcoholic beverages causes
approximately three million deaths globally
(5.3%) annually, mostly due to liver failure.
Fatalities linked to alcoholic liver disease (ALD)
constitute approximately 21.3%, establishing
ALD as one of the primary causes of alcohol-
related mortality [1, 2]. ALD encompasses a
spectrum of hepatic disorders (alcohol-asso-
ciated steatosis, steatohepatitis, cirrhosis, and
hepatocellular carcinoma) associated with pro-
longed alcohol intake [3].

Alcoholic liver cirrhosis (ALC) is a multi-
factorial disease influenced by environmental,
behavioral, metabolic, and genetic factors.
It develops following an extended period of
chronic liver inflammation, usually caused by
long-term alcohol intake. The risk of ALC cor-
relates with drinking patterns, and its progres-
sion increases significantly with consumption
exceeding three drinks/day for men and two for
women [4]. However, chronic liver inflamma-
tion does not always progress to cirrhosis, and

the effects of alcohol consumption vary among
individuals with equivalent intake levels [5, 6].

Phase II metabolizing enzymes, such as
glutathione S-transferases (GSTs), protect
cells from oxidative stress, particularly from
secondary cytotoxic metabolites of reactive
oxygen species (ROS) [7]. Homozygous dele-
tions of cytosolic GST 0 and p enzymes, en-
coded by GSTT1 and GSTM1 genes (“null®
genotypes), are associated with the absence
of these enzymes, increasing susceptibility to
ROS, and predisposing hepatocytes to chronic
liver inflammation, tissue damage, and ALC
development.

Given the inconsistent findings regarding
the association between GSTMI and GSTT1 de-
letion variants and ALC [8-11], we investigated
the association between GSTM1 and GSTT1
gene deletion variants and alcohol consump-
tion patterns and susceptibility to ALC onset.



GSTs and alcohol consumption in ALC

METHODS
Study participants

A total of 114 patients (12 females and 102 males), di-
agnosed with ALC at the Clinic of Gastroenterology and
Hepatology, Zvezdara University Hospital Medical Center,
Belgrade, Serbia, between 2015 and 2018, were included.
ALC was diagnosed in the presence of clinical or biologi-
cal signs of liver damage, in individuals consuming more
than 20 g/day in women (=2 drinks) or 30 g/day in men
(=3 drinks) [4].

Liver cirrhosis was diagnosed under standard clinical
and laboratory criteria. Comprehensive blood analyses, in-
cluding complete blood counts, electrolytes, and biochem-
ical markers for the diagnosis of ALC in liver function
tests (LFTs), including alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, gamma-glutamyl
transpeptidase, coagulation status (prothrombin time/in-
ternational normalized ratio), serum albumin, and serum
bilirubin concentrations, were conducted. Radiological
imaging confirmed signs of cirrhosis. Ultrasonography and
computed tomography verified the presence of a nodular
liver surface, splenomegaly, collateral vessels, and ascites,
while esophagogastroduodenoscopy was conducted to
screen for esophageal varices. Neuropsychological testing
was performed to detect hepatic encephalopathy (confu-
sion, asterixis, fetor hepaticus). In several patients, the
diagnosis was established through liver biopsy.

The severity of liver failure was assessed utilizing LFTs
through the Child-Pugh (CP) scoring system. Three CP
categories were present: A (asymptomatic or compensated
cirrhosis, low mortality risk), B (intermediate disease with
moderately impaired hepatic function, decompensated cir-
rhosis), and C (decompensated cirrhosis, the most severe
form with advanced hepatic dysfunction) [6].

The drinking profile, namely the volume of daily al-
cohol consumption, duration of regular drinking, age at
which drinking started, and the type of beverage (beer,
wine, or spirits), was quantitatively recorded at the hos-
pital’s first visit. Daily alcohol intake (g) was calculated as
the number of standard drinks x 10 g. One drink was 100
mL of wine (13%), 30 mL of spirits (40%), or 250 mL of
beer (5%). Alcohol exposure duration was estimated from
the self-reported drinking onset age to cirrhosis diagnosis.

The control group comprised 262 subjects who came for
a preventive health check to Zvezdara University Hospital
Medical Center or were blood donors, who self-reported
as either abstainers or individuals who consumed < 10 g
of alcohol/day with no evidence of liver disease or other
pathological conditions.

All participants were unrelated and of Serbian origin.
Written informed consent was obtained from all study par-
ticipants. This study was conducted in accordance with the
Declaration of Helsinki, and the Ethics Committee of the
Zvezdara University Hospital Medical Center approved
the study (Approval Reg. No 8-6-2018, dated 06-01-2018).
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Genotyping

Blood samples from study participants were collected in
EDTA-coated vacutainers. Genomic DNA was extract-
ed using a DNA extraction kit (Gene JET Whole Blood
Genomic DNA Purification Mini Kit; Thermo Scientific,
USA) according to the manufacturer’s protocol. DNA was
stored at -20°C until further analysis.

The genotyping was performed by multiplex poly-
merase chain reaction (multiplex PCR) for GSTM1I and
GSTT1I, with the B-globin gene as an internal control.
Multiplex PCR reactions contained 2X Multiplex PCR
Master Mix (Qiagen®, Hilden, Germany), 0.5 pM of each
primer (Metabion, Planegg, Germany) and 0.2 pg of ge-
nomic DNA [12]. PCR products were separated on 3%
agarose gel, stained with GreenSafe (NZYtech, Lisboa,
Portugal), and visualized under UV light. GSTM1 and
GSTT1 null genotypes displayed no fragments correspond-
ing to 215 bp for GSTM1 and 480 bp for GSTT1, and the
110 bp fragment of the control 3-globin gene was observed
in every PCR reaction. For validation, 10% of samples were
randomly selected and re-genotyped.

Statistical analysis

The X2 test was used to evaluate differences between groups
for categorical variables. Normally distributed continuous
variables were analyzed using the independent t-test and
one-way ANOVA, as appropriate, while non-normally dis-
tributed variables were analyzed with the Mann-Whitney
or Kruskal-Wallis test. Genotype frequencies were directly
counted. Univariate binary logistic regression assessed the
association between different genotypes and the devel-
opment of ALC. To determine the relationship between
the drinking profile and the duration of alcohol exposure
prior to the diagnosis of cirrhosis, Pearson correlation co-
efficients were calculated. Kaplan-Meier curves analyzed
the time to decompensation for patients stratified by me-
dian age at the start of drinking alcoholic beverages and
compared statistically using the log-rank test. The com-
mencement of the curves was the self-reported time at the
initiation of alcohol consumption, and the follow-up time
was the duration of alcohol exposure prior to the diagnosis
of cirrhosis. Statistical analysis was performed using IBM
SPSS Statistics, Version 20.0 (IBM Corp., Armonk, NY,
USA) with statistical significance at p < 0.05.

To identify patients at elevated risk of developing ALC,
polygenic risk scores (PRSs) based on two deletion vari-
ants were developed. It was calculated using R v.4.3.0, as
a function

Diz1 Big (x;)

fp(x) = ST fi

>

where x, represents points assigned to subjects based
on deletion status. Homozygous carriers of GSTMI and
GSTTI deletions were assigned 1 point for each gene;
heterozygous carriers, 0.5; and carriers of wild-type al-
leles, 0. The effect weights of deletions, B, were calculated
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Table 1. GSTM1 and GSTT1 genotype frequencies in ALC patients and control subjects

Nesi¢ B. et al.

Association between GSTM1 and GSTT1

patients | Control deletion variants and onset of ALC

Parameter ?\l '(?, /:) s subjects | Adjusted* | Lower | Upper 5
0y i 0,

(N=114) (NN:(2/0632) oddsratio | 95%Cl | 95% C| The GSTM1 and GSTT1 genotype frequencies in
GSTM1 ALC patients and control subjects are shown in
Non-null ("+/+"+/-") | 34 (29.8) | 146 (55.7) | Reference Table 1. The majority of ALC patients had deleted
Null (/") 80(702) | 116(443)| 300 | 187 | 481 | <0001 | Doth GSTMI genealleles (null genotype), signifi-
pere— cantly higher than in control subjects (70.2% vs.
Non-null ("+/4"+/-") | 99 (86.8) | 228 (87.0) | Reference 44.3%, p < 0.001). The GSTM1 null genotype was
Null (/") 15(132) | 34(13.0) 1.02 053 | 196 | o095 significantly associated with the risk of ALC devel-
e opment (p < 0.0001). The risk of developing cir-
2 active genes 30(26.3) | 116 (44.3) | Reference rhosis was three times higher for the GSTM1 null
1 active gene 73(64.0) | 142(542) | 197 | 122 | 323 | 0.007 gﬁnowe carriers EOR =3 ??C?g;{(;\/la = 1'87_4'811)
No active genes 11(9.7) 4(1.5) 11.21 3.30 | 38.14 | <0.001 than in carriers of non-nu I genotype. In

Non-null - at least one copy of the gene; null - deletion of both copies of the gene; active gene
- atleast one copy of the one gene (GSTM1 or GSTTT1); GSTM1 - glutathione S-transferase M1;

GSTT1 - glutathione S-transferase T1;
*sex- and age-adjusted, logistic regression

from a genome-wide association study [10]. For GSTM1
(null genotype/deletion), p was 1.308333, and for GSTT1
(null genotype/deletion), f was 0.69. Differences in PRS
distribution between controls and ALC patients were as-
sessed using the nonparametric Wilcoxon rank-sum test
for continuous data, with statistical significance at p < 0.05.
Ethics: The study was approved by the Ethics Committee
of the Zvezdara University Hospital Medical Center
(Approval Reg. No 8-6-2018, dated 06-01-2018).

RESULTS
Study participants

Nine times fewer females than males were observed (12 vs.
102 in the ALC group and 30 vs. 232 in the control group,
respectively, p = 0.736). The mean age of participants in
the ALC and control groups was 58.23 and 58.56 years,
respectively (p = 0.794). No statistically significant dif-
ferences were observed between patients with ALC and
control subjects regarding age or sex distribution.

At the time of hospital admission, patients in CP class
A, exhibiting asymptomatic and compensated cirrhosis,
were the least represented (14 patients, 12.3%). In con-
trast, patients with decompensated cirrhosis, both with
advanced disease (CP class C, 53 patients, 46.5%), and
with CP class B (47 cases, 41.2%) were more prevalent.
The median age of onset for alcohol consumption among
the patients with ALC was 22.5 years (19-30 years). On
average, alcohol consumption commenced 34.6 years prior
to cirrhosis diagnosis, with a median daily alcohol intake
of 72 g (60-91.5 g). The majority of patients with ALC
consumed spirits (76.3%), followed by beer (71%), and
21.1% reported wine consumption. As participants com-
monly consumed more than one type of beverage, these
categories were not mutually exclusive.

DOI: https://doi.org/10.2298/SARH251201028N

contrast, the GSTT1I null genotype was similarly
distributed between patients and control subjects
(13.2% vs. 13.0%, p = 0.96), with no increased risk
of disease onset among GSTT1 null genotype car-
riers (OR = 1.02, 95% CI = 0.53-1.96) (Table 1).
Furthermore, patients with ALC were divided into
three groups: carriers of GSTM1 non-null/GSTT1 non-
null genotypes (two active genes), carriers of one deleted
gene (GSTM1 or GSTT1I; one active gene), and carriers of
double-null genotypes (GSTM1 null/GSTTI null; no ac-
tive genes). ALC patients with one active gene had twice
the risk of developing ALC compared to those with both
active genes (OR = 1.97,95% CI = 1.22-3.23, p = 0.007).
Additionally, the significant risk of ALC disease develop-
ment was associated with ALC patient carriers of com-
bined GSTM1 null/GSTTI null genotypes (OR = 11.21,
95% CI = 3.30-38.14, p < 0.001), showing an 11-fold
higher risk of disease development compared to carriers
of GSTM1 non-null/GSTT1 non-null genotypes (Table 1).

Clinical characteristics and drinking profile
of ALC patients according to GSTs genotypes

Patients with ALC were stratified according to GST null
genotypes (GSTMI: non-null vs. null; GSTTI: non-null vs.
null; GSTM1/GSTTI: null/null vs. one active gene and vs.
two active genes), and drinking profiles, and clinical char-
acteristics (CP class, biochemical laboratory test results)
were compared across the groups (Table 2, Table 3). The
median age at the onset of at-risk alcohol consumption
was similar in all groups (22-23 years). The duration of
alcohol exposure was significantly longer among carriers
of the GSTT1I null genotype compared with GSTTI non-
null carriers (p = 0.006). Patients with an active GSTM1
gene (non-null genotype) and carriers of two active genes
(GSTM1/GSTT1 non-null/non-null genotype) were associ-
ated with significantly increased daily alcohol consump-
tion compared to patients without the GSTM1 gene (null
genotype) and those with one or two genes deleted (one ac-
tive gene or null/null genotypes) (p = 0.019 and p = 0.024,
respectively) (Table 2). Our results demonstrated that, in
terms of beverage type, carriers of the GSTMI non-null
genotype consumed beer more frequently than carriers
of the null genotype (p = 0.029) (Table 3).
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Table 2. Drinking profile of ALC patients according to GSTs genotypes

GSTM1 GSTTI GSTM1/GSTT1

Drinking profile Non-null |  Null o | Non-null | Nul o | Nullnul O”;ea:;"’e T"";eicets"’e o

N (34) N (80) N (99) N (15) N(11) e T
Initial age of alcohol 225 225 22 23 23 22 225
consumption (years) (19-26.5) | (18-30) 078 (19-30) (18-26) 0970 (18-30) (18-30) | (19-26.25) 0.967
Buration of alcohol 3524105 343+98 | 063 | 33.6+98 | 41.1+87 | 0.006° | 40.7+7.8 | 33.8+10 |34.4+102| 0.093
exposure (years)
Daily alcohol 825 68.5 . 72 60 60 72 95 .
consumption (g) 60-114) | (50-83) | %1% (60-90) | (48-96) | ¥%% | (a8-100) | (51.5-80) | (60-1155) | %024

The data are expressed as the means + standard deviations, or medians (25th-75th percentile) unless otherwise noted; active gene - the presence of at least one
copy of the one gene (GSTMT or GSTT1); GSTM1 - glutathione S-transferase M1; GSTT1 - glutathione S-transferase T1;

aStudent’s t-test
"Mann-Whitney U test;
Kruskal-Wallis test

Table 3. Clinical characteristics and drinking profile of alcoholic liver cirrhosis patients according to glutathione S-transferases (GSTs) genotypes

GSTM1 GSTT1 GSTM1/GSTT1
Profile/Characteristics Non-null | Null o | Non-null | Nul b | Null/Nul O”;::é"’e TW;’;‘:S“’E o
N (34) N (80) N (99) N (15) N (11) N (73) N (30)

Drinking profile

beer N (%) 29(85.3) | 52(65) |0.029¢| 72(72.7) 9 (60) 0.311 | 5(45.5) 51(69.9) 25(83.3) | 0.056
Type of beverage | wine N (%) 7(20.6) | 17(21.3) | 0.937 | 20(20.2) | 4(26.7) | 0.516 | 3(27.3) 15 (20.5) 6(20.0) 0.866

spirits N (%) | 27 (79.4) | 60(75) | 0.612 | 74(74.7) | 13(86.7) | 0.312 | 11(100) | 51 (69.9) 25(83.3) | 0.052
Clinical characteristics

A, N (%) 3(8.8) 11(13.7) | 0.549 | 10(10.1) | 4(26.7) | 0.088 | 4(36.4) 7 (9.6) 3(10) 0.038¢
CP class B, N (%) 17(50) | 30(37.5) | 0.215 | 39(39.4) | 8(53.3) | 0.307 | 5(454) 28 (38.4) 14 (46.7) | 0.706

C, N (%) 14 (41.2) | 39(48.8) | 0.458 | 50(50.5) 3(20) |0.049¢| 2(18.2) 38(52) 13 (43.3) 0.102

The data are expressed as the means + standard deviations, or medians (25th-75th percentile) unless otherwise noted; active gene refers to the presence of at

least one copy of the one gene (GSTM1 or GSTT1);

GSTM1 - glutathione S-transferase M1; GSTT1 - glutathione S-transferase T1; CP — Child-Pugh;

aStudent’s t-test:
"Mann-Whitney U test;
Kruskal-Wallis test;
4% test

The majority of our ALC patients were categorized
as CP score class C (45.5%). In this class, patients with a
GSTT1I non-null genotype were more frequent than those
with a null genotype (p = 0.049) (Table 3). No significant
differences in biochemical laboratory test results were ob-
served among patients with respect to GSTM1 and GSTT1
genotypes in the ALC group.

No significant correlation was observed between daily
alcohol consumption and the duration of alcohol expo-
sure (Pearson correlation, r = 0.036, p = 0.705). However,
a significant negative correlation was found between the
age at initiation of alcohol consumption and the duration
of exposure (r = -0.475, p < 0.001).

Patients who were 22.5 years of age or older when they
initiated drinking developed cirrhosis more rapidly than
younger patients (Log-rank p < 0.001) (Figure 1).

Two-variant PRS and risk for ALC development

The risk of developing ALC was assessed using PRS, which
accounts for deleterious GSTM1 and GSTT1 variants. The
distribution of PRSs differed significantly between patients
and the control group. The ALC group showed a rightward
shift toward higher PRS values compared with control
subjects, indicating an increased cumulative genetic risk
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Figure 1. Kaplan-Meier analysis shows that patients who began drink-
ing at < 22.5 years (solid line) developed first cirrhosis decompensation
significantly later than those who started after 22.5 years (dashed line)
(log-rank p = 0.001); censored cases included nine and five patients,
respective-ly, without decompensation

associated with these deletions. The disparity between the

groups was highly significant with p = 2e-05 (Figure 2).
The GSTM1 null genotype demonstrated a significant

association with ALC, conferring a three-fold increased
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Figure 2. Distribution of GSTMT and GSTT1 deletion variant polygenic
risk score (PRS) between controls and alcoholic liver cirrhosis (ALC)
patients; ALC patients (blue) had significantly higher PRS values than
controls (red) (Wilcoxon test, p = 2e-05); the X-axis shows PRS (0-1),
the Y-axis shows density, and dashed lines mark group means

risk, whereas the GSTT1 deletion alone had no effect. The
absence of both genes substantially increased the disease
risk. Although no genotype-related biochemical differ-
ences were detected, the GSTT1 null genotype was linked
to a longer duration of alcohol exposure, and a later onset
of drinking correlated with a more rapid progression to
cirrhosis. Furthermore, the PRS, incorporating GSTM1
and GSTTI deletion variants, effectively distinguished
ALC patients from controls, indicating the contribution
of combined genetic and behavioral factors to disease risk.

DISCUSSION

Excessive alcohol consumption causes individual mental,
behavioral, medical, and social problems and imposes a
substantial burden on public health and the global econ-
omy [2, 3, 13].

Our results demonstrated that patients who initiated
alcohol consumption later in life progressed to cirrhosis
faster than those who started at a younger age. This could
reflect a selection bias, as the prevalence of liver disease
increases with age [14]. This is likely due to diminished
tissue regeneration and impaired metabolism in older indi-
viduals [15], making the liver more vulnerable to alcohol-
induced injury and fibrosis, ultimately leading to cirrhosis
[16]. Some studies have corroborated that a later onset of
alcohol consumption is associated with accelerated disease
development, which aligns with our findings [17, 18].

Chronic liver inflammation followed by diffuse hepatic
tibrosis causes cirrhosis and eventually leads to liver fail-
ure [19, 20]. Alcohol metabolism in hepatocytes generates
significant ROS, causing cellular injury and lipid peroxi-
dation, increasing oxidative stress and chronic inflam-
mation, which are crucial for the development of ALC
[21]. Glutathione S-transferases (GSTs) detoxify harmful
electrophilic compounds and ROS by conjugation to re-
duced glutathione (GSH) [22]. Limited GSH concentra-
tions during stress leave hepatocytes vulnerable to toxic
ethanol metabolites [23, 24]. Individuals lacking one or
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two GST genes exhibit lower antioxidant capacity against
elevated ROS levels than those with both active GST genes
[25]. In our study, carriers of the GSTM1 null genotype
exhibited a three-fold increased risk of ALC development,
whereas carriers of the double-null genotype (GSTM1I and
GSTT1) demonstrated an 11-fold higher risk. This cumula-
tive effect of low GSH concentrations in hepatocytes and
the absence of GST enzymes likely contributes to chronic
liver inflammation, tissue damage, and cirrhosis. Our re-
sults are consistent with the literature data from diverse
populations [10, 26] and with conditions associated with
elevated oxidative stress investigated within the Serbian
population [12, 27].

In our study, GSTT1 null genotype carriers consumed
alcohol long before developing ALC (approximately 41
years) compared to carriers of at least one GSTT1 allele
(approximately 34 years). These findings suggest that the
GSTT1I null genotype did not affect ALC development. A
minority of carriers of double-deleted alleles were detected
in the group with severe cirrhosis, suggesting that a defi-
ciency in these enzymes may have fatal consequences for
patients classified as CP class C. In our patients, carriers of
the GSTM1I null genotype had significantly lower daily al-
cohol consumption. Furthermore, patients with combined
null/null genotypes had significantly lower daily alcohol
consumption than patients with one or two active genes.
This finding indicates an association between the GSTM1
null genotype, alone and in combination, and ALC devel-
opment, irrespective of the quantity of alcohol consumed.
Patients with the null/null combination consumed beer at
an almost significantly lower rate and spirits at an almost
significantly higher rate than patients with one or two ac-
tive genes. These findings may suggest a predisposition to
developing cirrhosis irrespective of the type of beverage
and daily alcohol intake in individuals possessing double-
deleted GST genes.

Multiple risk factors and comorbidities can accelerate
cirrhosis progression. The combination of null alleles in
the GSTM1 and GSTT1 genes as a risk factor for developing
ALC was further corroborated using PRS calculation. The
mean PRS was significantly higher in patients with ALC
compared to control subjects. Our findings suggest that PRS
may be an effective tool for predicting the risk of developing
ALC, as we recently showed in another study [28].

One limitation of this study was the control group selec-
tion, comprising individuals without liver or other patho-
logical conditions who self-reported as abstainers or who
consumed < 10 g of alcohol/day. This limitation can be
mitigated by matching alcohol use disorder individuals
with patients with similar drinking habits and demograph-
ics. Most ALC patients were diagnosed at an advanced
stage of liver disease with decompensation; thus, the diag-
nosis time matched the decompensation time. Assessing
daily alcohol intake is challenging because it relies on
self-reported data. Patients may be reluctant to report the
actual quantities consumed. ALC develops through in-
teractions between genes involved in alcohol metabolism
and oxidative stress and environmental factors. Including
factors such as body mass index (BMI), diabetes, drinking

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):164-170



GSTs and alcohol consumption in ALC

habits, and additional genetic markers would help esti-
mate the independence of GSTs as cirrhosis risk factors.
In addition, no other comorbidities were investigated. The
results from this study should be interpreted as those of a
single-center study.

CONCLUSION

Our results demonstrated that GSTM1 null and combined
GSTM1/GSTTI null genotypes are significant risk factors
for the development of alcoholic liver cirrhosis. In addi-
tion, patients who started alcohol consumption at age >
22.5 years develop cirrhosis significantly faster, regardless
of the amount of alcohol consumed. Further research on
additional genetic variants involved in alcohol metabolism,
as well as the examination of other risk factors contribut-
ing to the onset and progression of ALC in our patients,
should be conducted.
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Ynora geneunoHunx sapujaHT reHa GSTM1 n GSTT1 n npoduna KOH3ymupamwa
a/ZIKoXona y pa3Bojy a/IKOX0/IHe Lupo3e jeTpe

bpaHka Hewwnh', MapuHa Jenosav?, bojaH Puctnsojesnh?, ywnua Bpunuh Kanem®, Metap CBopuaH®, bpaHka 3ykuh?,

WBaHa [py6uiua®

'KnuHmnyko-60nHMYKK LeHTap,3Be3papa’, Cnyx6a 3a nabopatopujcky anjarHoctuky, beorpag, Cpbuja;
YHusep3uTeT Y beorpagy, IHCTUTYT 3a MofieKynapHy reHETUKY U reHETUYKO UHXEeHePCTBO, Jlabopatopuja 3a MoneKynapHy G1oMeANLIHY,

Beorpag, Cpbuja;

*KnuHNYKO-60MHNYKY LieHTap ,3Be3aapa’, KnnHnuKo oferbetbe 3a ractpoeHTeponorujy v xenatonorujy, beorpag, Cpbuja;

*YHuBep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpapg Cpbuja

CAXETAK

YBoa/LUnm AnkoxonHa uupo3sa jetpe (ALLJ) npumapHu je y3pok
CMPTHOCTU Y3POKOBaHe 3/10ynoTpe6om ankoxona, 1 HacTaje Kao
nocnefuLia OKCMAATMBHOT CTPeca M3a3BaHor aIkoxoiom. MyTa-
TVOH S-TpaHcdepase (GSTMT, GSTTT) jecy eH3VMM HEOMXOAHU
3a leToKCMUKaLWjy 1 HIXOB HefoCcTaTak MOXe YyTuLaTh Ha
rojaBy XpOHUYHE NHamaLuje n nporpecujy 6onectu. Linm
oBe cTyauje 61o je ga NCTpaxu noBesaHocT n3mehy geneun-
oHuX BapujaHT GSTMT n GSTT1 n AL, Kao 1 ytruaj npoduna
nuvjera ankoxosia Ha pa3Boj LMpo3e.

Metoge AHanu3sa je obyxsatuna 114 6onecHuka ca AL n 262
NCMUTAHMKa Y KOHTPOSHOj rpynu, a myntunnekc MLP-om cy
oppeheHe feneumnoHe BapujaHte GSTMT n GSTTT.

Pe3syntatu Pe3yntaTtu cy nokasanu ga ocobe ca GSTMT Hyn-
TVIM FeHOTUMOM MMajy Tpy nyTa noBehaH pu3nk of passoja ALl

DOI: https://doi.org/10.2298/SARH251201028N

(95% Cl, 1,87-4,81; p < 0,0001), npy yemy GSTT1 HynTU reHo-
TUMOBY HUCY MOKa3any 3HavyajaH yTuLaj Ha pa3Boj 6onecTu.
Ocobe ca 06a HynTa reHotvna (GSTM1/GSTT1) nokasane cy 11
nyTta nosehaH pusuk og ALJ (OR=11,21,95% C/ = 3,30-38,14;
p < 0,001). BonecHnuw Koju cy noyenu aa KOH3yM1pajy ankoxon
ca 22,5 nnu e rofuHa 6pike Cy pa3Buav LPo3y of OHMX
Koju cy noyenu ga nujy y mnahem yspacty (p < 0,001).
3akrbyy4ak GSTM1 HynT 1 KomobuHoBaHy GSTM1/GSTT1 HynTtn
reHOTUMNOBM NPeACTaBIbajy 3Ha4ajHe PpakTope pr3nKa 3a pa3Boj
ALl kop cTapujyix 6onecHrKa KoA Kojiix je ybp3aHa nporpecuja
6onecty 6e3 0631pa Ha H1MBO YHOCA aNKoXosa.

KrbyuHe peun: ankoxosHa Liypo3a jeTpe; npogui nujerba anko-
xona; GSTM1; GSTTT; neneunoHe BapujaHTe; HyNT FeHOTUMOBN
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Association of ABO/Rh blood groups with clinical
features in Behget’s disease — a retrospective study
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SUMMARY

Introduction/Objective Behcet's disease is a chronic multisystem inflammatory disorder with heteroge-
neous manifestations. Identifying associated factors may improve understanding of pathogenesis and
support individualized management. This study aimed to evaluate the association between ABO blood
groups, Rh factor, and clinical and laboratory features of Behget'’s disease.

Methods This retrospective study included 160 patients with Behget's disease followed at the Rheu-
matology Department of Firat University Hospital between January 2010 and May 2025. Demographic
data and laboratory parameters, including hematological, biochemical, and inflammatory markers, were
retrieved from electronic medical records. Patients were grouped as blood group O or non-O and as
Rh-positive or Rh-negative, and comparative analyses were performed to evaluate differences in clinical
and laboratory findings.

Results Of the 160 patients, 140 were Rh-positive and 20 Rh-negative. Age and most laboratory param-
eters were similar between Rh groups, except for higher erythrocyte sedimentation rate values in Rh-
positive patients (p = 0.043). Compared with blood group O patients (n = 50), non-O patients (n = 110) had
higher white blood cell counts (p = 0.008), neutrophil counts (p = 0.010), and alanine aminotransferase
levels (p = 0.009), while hemoglobin levels were lower in group O patients (p = 0.048). Clinical manifesta-
tions were largely comparable; however, articular involvement was more frequent in Rh-negative than
in Rh-positive patients (50% vs. 27.1%, p = 0.037).

Conclusion ABO blood groups and Rh factor were not associated with most clinical or laboratory fea-
tures of Behcet's disease. Increased articular involvement in Rh-negative patients suggests a potential

association warranting further investigation.

Keywords: Behcet disease; blood group; Rh factor; arthritis

INTRODUCTION

Behget’s disease is a chronic, relapsing, multi-
system inflammatory disorder characterized by
recurrent oral aphthous ulcers, genital ulcers,
uveitis, arthritis, gastrointestinal involvement,
and neurological manifestations. It predomi-
nantly affects young adults between the ages of
20 and 30 and is classified as a variable vessel
vasculitis due to its capacity to involve blood
vessels of all sizes and types. The exact etiology
remains unclear, but genetic predisposition, par-
ticularly the HLA-B51 allele, and environmental
triggers are believed to play significant roles in
disease pathogenesis. Clinical presentation is
highly heterogeneous, and disease severity can
vary considerably between patients. Early rec-
ognition and comprehensive management are
crucial to prevent irreversible organ damage and
improve long-term outcomes [1, 2, 3].

In Behget’s disease, various factors such as
age, sex, geographical region, and blood type
can influence both the course of the disease and
the pattern of symptoms experienced. These
factors may affect the frequency, severity, and
distribution of clinical manifestations, as well
as the likelihood of specific organ involvement.

For instance, certain populations may present
with predominantly mucocutaneous features,
while others are more prone to ocular or neu-
rological complications. Understanding these
demographic and geographical variations is
essential for anticipating disease behavior, tai-
loring management strategies, and improving
long-term patient outcomes [4, 5, 6].

Blood group types and Rh factor status may
influence the symptom patterns observed in
Behget’s disease. Some research suggests that
individuals with non-O blood groups (A, B, or
AB) may be more susceptible to vascular com-
plications, such as thrombosis. Nonetheless,
several studies have reported no significant
association between ABO or Rh blood groups
and disease prevalence or manifestations, high-
lighting the need for larger and more compre-
hensive investigations [7, 8].

In this study, we aimed to explore the po-
tential relationship between blood group types,
Rh factor status, and the clinical characteris-
tics of Behget’s disease. Previous research has
suggested that immunohematological factors,
including ABO blood groups and Rh positivity,
may influence the manifestation and progres-
sion of various autoimmune and inflammatory
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disorders [9]. Given the heterogeneous nature of Behget’s
disease, which presents with diverse patterns of mucocu-
taneous, ocular, vascular, and neurological involvement,
identifying potential associations with blood group profiles
could provide valuable insights into disease pathogenesis,
prognosis, and individualized management strategies.

METHODS

A total of 160 patients diagnosed with Behget’s disease
and followed up at the Rheumatology Department were
included in this study. This was a single-center, retrospec-
tive observational study conducted in the rheumatology
department of our institution, and patients who were un-
der follow-up between January 2010 and May 2025 were
enrolled. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

In our study, demographic data of the patients — includ-
ing age and gender — were recorded. Additionally, labora-
tory parameters such as white blood cell (WBC) count,
neutrophil (Neu) count, lymphocyte (Lymph) count, he-
moglobin (Hb) level, platelet (PIt) count, urea, creatinine,
alanine aminotransferase (ALT), gamma-glutamyl trans-
ferase (GGT), erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP) levels were collected using the
hospital’s electronic medical record system.

The diagnosis of Behget’s disease in patients was made
based on the 2013 International Criteria for Behget’s
Disease. According to these criteria, points were assigned
as follows: two points for the presence of oral aphthous
ulcers, two points for genital ulcers, two points for ocular
lesions, one point for skin manifestations, one point for
central nervous system involvement, one point for vascular
lesions, and one point for a positive pathergy test. Patients
with a total score of four or more were classified as having
Behget’s disease and were included in the study [10].

Mucocutaneous findings included oral ulcers, genital
ulcers, acneiform lesions, and overall mucocutaneous in-
volvement. Ocular involvement was defined as the pres-
ence of uveitis confirmed by ophthalmologic examination.
Pathergy test results were recorded as positive or negative
according to standard clinical assessment. Neurologic in-
volvement was defined based on documented neurological
tindings and/or imaging consistent with central nervous
system involvement. Articular involvement was defined
as the presence of clinically documented inflammatory
arthritis or arthralgia.

Patients were classified into two groups based on their
blood type: Group O and non-O blood types. In addition,
they were further divided into two subgroups according
to their Rh factor status (Rh-positive and Rh-negative).
Comparative analyses were then conducted between these
groups to evaluate potential differences in symptomatol-
ogy and laboratory parameters, aiming to identify whether
specific blood group profiles or Rh status were associated
with distinct clinical patterns or laboratory findings in
Behget’s disease.

‘ DOI: https://doi.org/10.2298/SARH251213025Y
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Statistical analysis

The normality of the data distribution was assessed us-
ing the Kolmogorov-Smirnov test. Variables that followed
a normal distribution were presented as mean + standard
deviation, whereas non-normally distributed variables
were reported as median and interquartile range. For con-
tinuous variables, comparisons between groups were made
using the Student’s t-test if the data were normally distrib-
uted, and the Mann-Whitney U test if not. Categorical
variables were compared using the x* test; when the ex-
pected frequencies were low, Fisher’s exact test was used
instead. A p-value of less than 0.05 was considered statisti-
cally significant.

Ethics: This study involving human participants was re-
viewed and approved by the local Committee on Ethics
(decision date: 04.09.2025; decision number: 2025/12-16).
Because this was a retrospective chart-review using de-iden-
tified records, the procedures were not explained to partici-
pants and no written informed consent was obtained (con-
sent requirement was waived for this retrospective analysis).

RESULTS

A total of 160 patients were included in the analysis, com-
prising 50 individuals in the Group O and 110 in the non-
O Group (Table 1). The comparison of demographic and
laboratory parameters showed that age was similar between
the two groups (41.67 + 10.68 vs. 42.77 + 11.99 years,
p = NS). WBC count (8.71 vs. 7.32 x 10°/L; p = 0.008)
and Neu count (5.68 vs. 4.66 x 10°/L; p = 0.010) were sig-
nificantly higher in the non-O Group compared with the
Group O. Hb levels were lower in Group O patients com-
pared with the non-O Group [13.35 (9.9-16.1) vs. 14.15
(4.6-16.4) g/dL; p = 0.048]. No significant differences were
observed in Lymph count, Plt count, urea, creatinine, uric
acid, GGT, ESR, or CRP values between the groups (all
p > 0.05). However, ALT levels were significantly higher
in the non-O Group than in the Group O [19 (6-170) vs.
14 (7-81) U/L; p = 0.009] (Table 2).

Table 1. Distribution of ABO blood groups in the study population
(n=160)

Blood group category n % (of total)
] 50 31.3%
Non-O (Total) 110 68.8%

A 71 44.4%

B 32 20%
AB 7 4.4%

Values are expressed as n (%); percentages were calculated based on the total
study population (n = 160); non-O includes blood groups A, B, and AB

Of 160 patients, 140 were Rh-positive, and 20 were
Rh-negative. The mean age was similar between Rh-
positive (42.80 + 11.77 years) and Rh-negative patients
(39.85 £ 10.01 years), with no statistically significant dif-
ference (p = 0.554). WBC counts were slightly higher in
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Table 2. Demographic and laboratory parameters between blood
groups

O group Non-O group
Parameter (median, range) | (median, range) p
n:50 n: 110

Age (years) 42 (19-68) 43 (18-71)

WBC x 10°/L 7.32(0.86-25.10) | 8.71 (0.97-27.26) | 0.008*
Neu x 10°/L 4.66 (1.22-22.40) | 5.68 (1.24-17.50) | 0.010*
Lymph x 10°/L 1.96 (1.27-4.79) | 2.13(1.10-4.61) 0.530%
Hb g/dL 13.35(9.9-16.1) | 14.15(4.6-16.4) | 0.048*
Plt x 10°/L 267 (129-530) 277 (23-602) 0.821*
Urea mg/dL 26 (11-58) 27 (10-87) 0.296*
Creatinine mg/dL | 0.8 (0.41-1.16) 0.8 (0.4-1.4) 0.326*
Uric acid mg/dL 4.05 (2.6-8) 4.5(2-10.4) 0.232*
ALT U/L 14 (7-81) 19 (6-170) 0.009*
GGT U/L 13 (5-102) 23.50(10-177) 0.197*
ESR mm/hour 21.5(1-82) 19.5 (2-143) 0.857*%
CRP mg/L 6.1(0.03-157) 6.13(0.04-131) 0.994*

WBC - white blood cell count; Neu — neutrophils; Hb — hemoglobin; Pt -
platelets; ALT - alanine aminotransferase; GGT - gamma-glutamyl transferase;
ESR - erythrocyte sedimentation rate; CRP — C-reactive protein;
*Mann-Whitney U test

Table 3. Demographic and laboratory parameters between Rh groups

The comparison of clinical findings between patients
with Group O (n = 49) and non-O blood groups (n = 111)
revealed no statistically significant differences in mucocu-
taneous, ocular, or systemic manifestations. Oral ulcers
were highly prevalent in both groups (98% in Group O vs.
97.3% in the non-O group, p = 0.641), while genital ulcers
were more frequent in the non-O group (78.4%) compared
with the Group O group (67.3%), although this difference
was not statistically significant (p = 0.137). Mucocutaneous
involvement was nearly universal in both groups (98% vs.
100%, p = 0.306). Acneiform lesions were observed in 49%
of patients in the Group O and in 63.6% of those in the
non-O group (p = 0.166). Uveitis was present in 44.9% of
Group O patients compared with 36% of non-O patients
(p = 0.158). Pathergy test positivity was relatively low and
comparable between groups (50% vs. 46.4%, p = 0.836).
Similarly, neurologic involvement rates were comparable
(12.2% vs. 14.4%, p = 0.713), and articular involvement did
not differ significantly between the two groups (32.7% vs.
28.8%, p = 0.793). Overall, these findings indicate no sig-

nificant association between ABO blood group and
the clinical spectrum of Behcet’s disease (Table 4).

Parameter Rh+ group (n: 140) | Rh- group (n: 20) In the comparison of clinical manifestations be-
Age (years) 42.80+11.77 39.85 £10.01 0.554 tween Rh-positive and Rh-negative patients, oral ul-
WBC x 10°/L 8.44 (0.96-27.26) 7.19(0.86-15.92) | 0.254* cers were highly prevalent in both groups, observed
Neu x 10°/L 6.34(1.22-42) 563 (2.50-11.58) | 0.456* in 97.9% of Rh-positive and 95% of Rh-negative
Lymph x 10°/L 2.15+0.87 1.99 +0.86 0461 patients, with no statistically significant difference
Hb g/dL 13.8 (4.6-16) 14.1(10.4-16.4) 0.407* (p = 0.417). Genital ulcers were more frequent
Plt x 10°/L 281 (129-750) 82.7 (2.3-407) 0.159* among Rh-positive patients (77.1%) compared with
Urea mg/dL 27 (10-87) 83.2+145 0.942*% Rh-negative patients (60%); however, this difference
Creatinine mg/dL 0.80 (0.40-1.40) 0.76 (0.41-1.10) 0.954*% did not reach statistical significance (p = 0.098).

Uric acid mg/dL 448+1.35 4.24+1.02 0.563 Mucocutaneous involvement was present in all
ALT U/L 18 (6-170) 16 (12-45) 0.404* Rh-positive patients (100%) and in 95% of Rh-
GGT U/L* 21.50 (1-177) (n=92) | 55.5(5-102) (n=13) | 0.333* negative patients (p = 0.125). Acneiform lesions
ESR mm/hour 22.5(1-143) 14(3-41) 0.043% were reported in 57.9% of Rh-positive and 65% of
CRP mg/L 6.16 (0.03-157) 465 (3-131) 0.484* Rh-negative individuals (p = 0.567), while uveitis

WBC - white blood cell count; Neu - neutrophils; Hb — hemoglobin; Plt - platelets;
ALT - alanine aminotransferase; GGT - gamma-glutamyl transferase; ESR - erythrocyte

sedimentation rate; CRP - C-reactive protein;
*Mann-Whitney U test

**GGT values were analyzed in patients with available measurements only (n varies due
to missing data); data are presented as mean + standard deviation or median (range),

as appropriate

Rh-positive patients [median: 8.44 (0.96-27.26) x 10°/L]
compared with Rh-negative patients [7.19 (0.86-
15.92) x 10°/L], but the difference was not significant
(p = 0.254). Similarly, Neu counts showed no significant
variation between Rh-positive [6.34 (1.22-42) x 10°/L]
and Rh-negative [5.63 (2.50-11.58) x 10°/L] groups
(p = 0.456). Lymph counts were also comparable between
groups (2.15 + 0.87 vs. 1.99 + 0.86 x 10°/L; p = 0.461).
Hb and Plt levels did not differ significantly (p = 0.407
and p = 0.159, respectively). Likewise, urea and creatinine
levels showed no meaningful differences (p = 0.942 and
p = 0.954, respectively), and uric acid, ALT, GGT, and CRP
values were comparable across both groups (all p > 0.05).
The only parameter showing a statistically significant
difference was the ESR, which was higher in Rh-positive
patients [median: 22.5 (1-143) mm/h] compared with Rh-
negative patients [14 (3-41) mm/h] (p = 0.043) (Table 3).
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occurred in 39.3% and 35% of patients, respectively
(p = 0.713). Pathergy test positivity showed simi-
lar rates between the two groups (11.4% vs. 15%,
p = 0.457), and neurologic involvement was also
comparable (14.3% vs. 10%, p = 0.457). Importantly,
articular involvement was significantly more fre-
quent in Rh-negative patients (50%) than in Rh-positive
patients (27.1%) (p = 0.037), suggesting a potential associa-
tion between Rh factor and joint involvement in Behget’s
disease (Table 5).

DISCUSSION

In our study, patients were first categorized according to
blood groups and Rh factor into Rh-positive (n = 140) and
Rh-negative (n = 20) groups. Comparative analyses were
conducted between these groups using demographic vari-
ables, such as age, and a range of laboratory parameters, in-
cluding WBC count, Neu count, Lymph count, hematocrit,
Hb, Pt count, urea, creatinine, uric acid, ALT, aspartate
aminotransferase (AST), ESR, and CRP. No statistically
significant differences were found between Rh-positive
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Table 4. Comparison of symptoms by blood group category
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types in the general population. In our study, when

Lesion type / Condition o] Non-O Total 0 blood groups were categorized into group O and
category (n=49) (h=111) | (h=160) non-O, statistical analyses were performed to com-
Oral ulcer Absent 1(2%) 3Q27%) | 4@25%) | oo pare age, WBC, Neu, Lymph, hematocrit, Hb, PIt,
Present | 48(98%) | 108(97.3%) | 156 (97.5%) urea, creatinine, uric acid, ALT, AST, ESR, and CRP
Genital ulcer Absent | 16(327%) | 24(21.6%) | 40(25%) | ... values. Significant differences were found in WBC
Present 33(67.3%) 87 (78.4%) 120 (75%) (p — 0008), Neu count (p — 0010), Hb (p — 0048),
Mucocutaneous — 2Nt ! (2%:)) 0 (0%)0 ! (0'6%1 0306 and ALT levels (p = 0.009), while other parameters
Present | 48(98%) | 111(100%) | 159 (99.4%) showed no statistically significant differences be-
V) 0 0,
Acneiform lesion :bsem ji (i;;)) ‘7‘2 (Zi'zof’) (:g ? Oj" )| 0166 tween the groups. These statistical variations may
resent ( Z) ( - ) | 94( 0°) be attributable to the non-normal distribution of
Uveitis gbsent Z (ii';;) Z:) (22;) (2; :Oﬁ)) 0.158 the variables and the relatively small sample size,
N resi,nt . ((SO'W )0) (15 2 E1 . WO; which could limit the robustness of the findings.
Pathergy test Pegi,lve . (500/0) 3 (11 90/0) 0.836 A previous study has explored the association
ositive .« s .

- 00 S 00 between blood groups and the clinical manifesta-
Neurologic Absent | 43(87.8%) | 95(856%) | 138(863%) | .3 tions of rheumatologic diseases, including Behget’s
involvement Present | 6(12.2%) “44%) 2238%) disease. Findings from these investigations suggest
Articular Absent | 33(67.3%) | 79(71.2%) | 11200%) | o0 ABgO R blood 8 i 88
involvement Present | 16(32.7%) | 32 (28.8%) 48(30%) | at certain an 0od group types may

Values are expressed as n (%); O - blood group O; Non-O - non-blood group O (A, B, or AB);

categorical variables were compared using the x* or Fisher’s exact test;
p < 0.05 was considered significant

Table 5. Comparison of clinical manifestations according to Rh factor

influence disease susceptibility, severity, and symp-
tom patterns [13, 14]. For instance, some research
has reported variations in mucocutaneous or ocu-
lar manifestations depending on blood group type

Lesion type / Condition Rh (+) Rh () Total o [13]. Although the underlying mechanisms remain
category (n: 140) (n: 20) unclear, it has been proposed that immunohema-
Oral ulcer Absent | 3 (2.1%) 1(5%) 4@5%) | o, tological factors, such as antigenic determinants
Present | 137(97.9%) | 19(95%) | 156 (97.5%) on red blood cells, could modulate inflammatory
Genital ulcer Absent | 32(22.9%) | 8(40%) 40(25%) | og and immune responses, thereby affecting disease
Present | 108(77.1%) | 12(60%) | 120(75%) expression [14]. In our study, comparison between
Mucocutanecus — 2Nt 0 (0%) 1(5%) 106%) | .o blood group O and non-O patients revealed no sta-
Present | 140(100%) | 19(95%) | 159 (99.4%) tistically significant differences in the frequency of
Acneiform lesion s:::tt 5? ::;:ZZ; 173(?6550/0 0/3) Zj E:Z::Z; 0.567 ora'll ulcers, genital ulcer's, uveitis, muclocu'taneous
: . lesions, acneiform eruptions, neurological involve-
Uveitis Absent | 85(60.7%) | 13(65%) | 98(61.3%) | ., ment, articular involvement, or pathergy test posi-
Prese,nt 25(39.3%) | 7(35%) | 62(388%) tivity. This indicates that, in our cohort, ABO blood
Pathergy test Negf’at.lve 5(107%) | 6(30%) | 21(3.1%) |, o, group did not appear to influence the distribution
Positive | 16(114%) | 3(15%) | 19 (11.9%) of Behget’s disease manifestations.
Neurologic Absent | 120(85.7%) | 18(50%) | 138 (86.2%) 0.457 However, when comparing Rh-positive and Rh-
involvement Present | 20 (14.3%) 2(10%) 22(13.8%) . > L. R .
e e | S e sl s i
involvement Present 38(27.1%) 10 (50%) 48 (30%) >

Values are expressed as n (%); O - blood group O; Non-O - non-blood group O (A, B, or AB;

categorical variables were compared using the x* or Fisher’s exact test;
p < 0.05 was considered significant

and Rh-negative groups in most demographic and labo-
ratory parameters, except for ESR, which was higher in
Rh-positive patients. Sincan et al. [11], in their study in-
volving 3000 blood donors, reported no significant differ-
ences in complete blood count parameters, except for red
cell distribution width. Similarly, in our study, no statisti-
cally significant differences were observed between the
two groups in either complete blood count or biochemical
parameters [11].

Numerous studies have explored whether blood group
antigens influence laboratory markers in healthy individu-
als. For example, Al-Mawali et al. [12] found that in a large
healthy population, there were no significant differences in
RBC, WBC, or Plt indices across ABO blood groups, un-
derscoring a minimal hematological impact of these blood

‘ DOI: https://doi.org/10.2298/SARH251213025Y

was more frequent in Rh-negative individuals
(p = 0.037). The reason for this association is not
fully understood, but it is possible that immuno-
hematological variations linked to the Rh antigen
could influence immune complex deposition or
inflammatory cascades within synovial tissues. Rh anti-
gens are known to modulate immune cell recognition and
cytokine profiles, potentially contributing to differential
inflammatory responses [15, 16]. Previous studies investi-
gating the association between Rh factor and autoimmune
disease susceptibility are limited and have produced in-
consistent results, with no clearly established mechanistic
link [17]. In our cohort, Rh factor status appeared to be as-
sociated with differences in clinical expression of Behget’s
disease, particularly with respect to articular involvement
(p = 0.037). These findings suggest that Rh status may
represent a potential modifier of disease phenotype and
warrant further evaluation in larger, prospective studies.
This study has several important limitations that should
be acknowledged. First, the relatively small sample size
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may reduce the statistical power and limit the robustness of
the conclusions. Second, its retrospective design introduces
potential biases inherent to such studies. Furthermore, be-
ing a single-center investigation restricts the generaliz-
ability of the findings to wider populations. Another key
limitation is the lack of adjustment for potential confound-
ers such as age, sex, and disease duration, which may have
influenced the observed associations. These limitations
highlight the need for future multicenter, prospective stud-
ies with larger cohorts to validate and extend the present
results.

CONCLUSION

Our study demonstrates that ABO blood groups do not
significantly influence the distribution of clinical mani-
festations in Behget’s disease. However, Rh factor status,
particularly Rh negativity, appears to be associated with in-
creased frequency of articular involvement. These findings
suggest that immunohematological factors linked to the Rh

REFERENCES

1. Alpsoy E. Behget’s disease: a comprehensive review with a focus on
epidemiology, etiology and clinical features, and management of
mucocutaneous lesions. J Dermatol. 2016;43(6):620-32.

[DOI: 10.1111/1346-8138.13381] [PMID: 27075942]

2. LavalleS, Caruso S, Foti R, Gagliano C, Cocuzza S, La Via L, et al.
Behcet's Disease, Pathogenesis, Clinical Features, and Treatment
Approaches: A Comprehensive Review. Medicina (Kaunas).
2024;60(4):562. [DOI: 10.3390/medicina60040562]

[PMID: 38674208]

3. Yildiz M, Haslak F, Adrovic A, Sahin S, Koker O, Barut K, et al.
Pediatric Behcet's disease. Front Med (Lausanne). 2021;8:627192.
[DOI: 10.3389/fmed.2021.627192] [PMID: 33614684]

4. Hatemi G, Ucar D, Uygunoglu U, Yazici H, Yazic Y. Behcet syndrome.
Rheum Dis Clin North Am. 2023;49(3):585-602.

[DOI: 10.1016/j.rdc.2023.03.010] [PMID: 37331734]

5. Murphy R, Moots RJ, Brogan P, Celik AF, Clement-Jones M, Coulson
|, et al. British Association of Dermatologists and British Society for
Rheumatology living guideline for managing people with Behgets
2024. Br J Dermatol. 2024;191(5):e8-e25.

[DOI: 10.1093/bjd/ljae263] [PMID: 39253835]

6. Hatemi G, Tukek NB, Esatoglu SN, Ozguler Y, Taflan SS, Uygunoglu
U, et al. Infliximab for vascular involvement in Behget's syndrome.
Clin Immunol. 2023;253:109682. [DOI: 10.1016/j.clim.2023.109682]
[PMID: 37385325]

7. Bektas E, BlyUkdemir A, Yalcinkaya Y, Artim Esen B, Inanc M, Gul A,
et al. ABO blood groups and increased risk for the development
of vascular involvement in Behcet's disease. Clin Exp Rheumatol.
2024;42(1):123-9. [DOI: 10.55563/clinexprheumatol/475an5]
[PMID: 39404478]

8. Al-Askar M. Is there an association between periodontal diseases
and ABO blood group? Systematic review and meta-analysis.
Quintessence Int. 2022;53(5):424-31. [DOI: 10.3290/j.qi.b2644845]
[PMID: 35119242]

9. HongY, Mu S, Wang L. Association between ABO blood group
system and autoimmune liver disease. Front Med (Lausanne).
2025;12:1696577. [DOI: 10.3389/fmed.2025.1696577]

[PMID: 41333778]

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):171-176

system may play a role in modulating disease expression.
Further large-scale, prospective studies are warranted to
clarify the mechanisms underlying this association and to
evaluate the potential of Rh factor as a modifier of disease
phenotype in Behgets disease.

ACKNOWLEDGMENT

Author contributions: M.S.Y,, J.K., Y.D., and O.EA. con-
tributed to writing and methodology; 1.G., G.Y., and M.S.Y.
contributed to investigation, data curation, and conceptu-
alization; Y.D. and I.G. performed the formal analysis and
manuscript drafting; O.FA., G.Y,, and ].K. conducted the
statistical analysis and interpreted the data. All authors
read and approved the final manuscript.

Data availability: The datasets used and/or analyzed dur-
ing the current study are available from the corresponding
author on reasonable request.

Conflicts of interest: None declared.

10. Kiafar M, Faezi ST, Kasaeian A, Baghdadi A, Kakaei S, Mousavi SA, et
al. Diagnosis of Behget's disease: clinical characteristics, diagnostic
criteria, and differential diagnoses. BMC Rheumatol. 2021;5(1):2.
[DOI: 10.1186/541927-020-00172-1] [PMID: 33446282]

11. Sincan G, Erdem F, Bulut E, Sincan S. Complete blood count
parameters in apheresis platelet donors according to ABO and Rh
blood groups. Bagcilar Med Bull. 2022;7(3):256-61.

[DOI: 10.4274/BMB.galenos.2022.2022-05-040]

12. Al-Mawali A, Pinto AD, Al-Busaidi R, Al-Lawati RH, Morsi M.
Comprehensive haematological indices reference intervals for
a healthy Omani population: First comprehensive study in Gulf
Cooperation Council (GCC) and Middle Eastern countries based
on age, gender and ABO blood group comparison. PLoS One.
2018;13(4):e0194497. [DOI: 10.1371/journal.pone.0194497]

[PMID: 29621271]

13. Liu FH, Guo JK, Xing WY, Bai XL, Chang YJ, Lu Z, et al. ABO and
Rhesus blood groups and multiple health outcomes: an umbrella
review of systematic reviews with meta-analyses of observational
studies. BMC Med. 2024;22(1):206.

[DOI: 10.1186/512916-024-03423-x] [PMID: 38769523]

14. Abegaz SB. Human ABO blood groups and their associations with
different diseases. BioMed Res Int. 2021;2021:6629060.

[DOI: 10.1155/2021/6629060] [PMID: 335646771

15. Floch A. Molecular genetics of the Rh blood group system: alleles
and antibodies—a narrative review. Ann Blood. 2021;6:26.

[DOI: 10.21037/acb-20-84]

16. Rana R, Ranjan V, Kumar N. Association of ABO and Rh blood group
in susceptibility, severity, and mortality of coronavirus disease
2019: a hospital-based study from Delhi, India. Front Cell Infect
Microbiol. 2021;11:767771. [DOI: 10.3389/fcimb.2021.767771]
[PMID: 34796130].

17. Salem GI, Gamal NM, Talaat EA, El-Hammady DH, Hammam N,
Gheita TA. Clinical impact of the ABO blood type in patients with
rheumatic diseases: is there a link to the ABO and Rhesus?. Mediterr
J Rheumatol. 2021;32(3):237-43. [DOI: 10.31138/mjr.32.3.237]
[PMID: 34964027]

www.srpskiarhiv.rs

175



176

Yildirim M. S. et al.

Mose3aHoct ABO/Rh KpBHMX rpyna ca KAMHUYKUM KapaKTepucTukama bexuetose

6onecTtn — peTpocneKTUBHa CTyAuja

MexmeTt Cepgap Jungupum’, Liexat Kunuu?, Omep Qapyk Anakyw', ibpaxum lyHpys®, [ynwax JamaHian?, Jycyd loaH?

'YHuBep3nTeTCKa 60NHMLA 33 00yKY 1 MCTpaxuBatbe [a3n Jawaprun’, Ogerbetbe 3a MHTEpHY MeauLmHy, Anjapbakup, Typcka;
YHusepautet,Oupat’, MeanunHckn dakyntet, Oferbetbe 3a peymatonorujy, Enasur, Typcka;
*[ipxaBHa 6onHnua,CenaxatuH Ejybu’, Opemerbe 3a peymatonorujy, ujapbakup, Typcka

CAMETAK

YBoa/Linmb BexuetoBa 6051€CT je XPOHUYHU MYITUCUCTEMCKM
nH$namatopHu nopemehaj ca xeTeporeHnm MaHudecTaLmjama.
VipeHTrdurKaumja noBe3aHnx GpakTopa Moxe nobosbLIaTh pasy-
MeBatbe MaToreHese v MoApXaTvi UHAVMBMAYaNN30BaHN NPUCTYN
nevetvy. OBa CTyAMja Mana je 3a b fja NpoLieHn Be3y n3mehy
ABO rpyna Kpsu, Rh-bakTopa 1 KNMHWUYKIX 1 1abopaTopujcKIX
KapaKTepucTunka bonectu.

Metopae Y 0By peTpocneKTBHY CTYAUjy yKibyueHo je 160 60-
necHuKa ca bexuetoBom 6onewhy neyeHux Ha Opererby 3a
peymatonorujy YHusep3sutetcke 6onHuue,,Oupat” of jaHyapa
2010. o maja 2025. rognHe. lemorpadckm nogaum n nabopa-
TOPUjCKM MapamMeTpy, yKibyuyjyhn xeMaTonoLuKe, brioxemmjcke
1 MHGNamMaTopHe MapKepe, Npey3eTu Cy 13 eNeKTPOHCKNX Me-
AVLMHCKUX KapToHa. bonecHnum cy nofgesbenn y rpyne npema
KpBHOj rpynu (0 nnm He-0) n Rh-ctatycy (MO3UTUBHOM UK He-
raTMBHOM), a yNopefiHe aHanu3e Cy CpoBefeHe paau NpoLeHe
KNVHNYKNX 1 NabopaTopujcKUX pas3nvika.

Pesyntatu Op 160 6onecHvika, 140 je 6uno Rh-no3utneHo, a 20
Rh-HeratmsHo. CrapocT v BehrHa labopaTopmjcKux napameta-

DOI: https://doi.org/10.2298/SARH251213025Y

pa 6unu cy cnmuHm nsmehy Rh rpyna, ocum BULLWX BPEAHOCTY
6p3uHe ceUMeHTaLuje epuTpoLMTa Kog Rh-no3utneHux 6one-
cHuKa (p = 0,043). Y nopehemy ca 6onecHuLMa HynTe KpBHe
rpyne (n = 50), 6onecHULM Kojy HUCY HynTa KpBHa rpyna (n =
110) umanu cy Behu 6poj neykouurta (p = 0,008), HeyTpoduna (p
=0,010) 1 BULLIX HUBO anaHUH aMmUHOTPaHchepase (p = 0,009),
[OK Cy HNBOW XeMOF106VHa 61nn HUXK Kog bonecHuKa ca
HYNTOM KpBHOM rpynom (p = 0,048). KnuHnuke maHndectauuje
6une cy ynopeguse; mehyTum, 3axsaheHocT 3rnoboBa buna je
yewha Kop Rh-HeraTnBHUX HEro Ko Rh-No3uTMBHYIX GonecHKa
(50% y ogHocy Ha 27,1%, p = 0,037).

3aksmyuak ABO KpBHe rpyne 1 Rh-paktop HUCy 6vnu nosesaHm
ca BeNVHOM KNMHUYKUX 11 TabOPaTOPUjCKIX KapaKTepUCTUKA
bexueTtoBe 6onectu. MosehaHa 3axBaheHocT 3rnoboBa Kof
Rh-HeraTnBHUX 60necHVKa yKa3yje Ha MOTeHLWjanHy noBe3a-
HOCT KOja 3axTeBa fja/be NCTPaKMBatbe.

KrbyuHe peun: bexuetoBa 6onect; KpBHa rpyna; Rh-paktop;
apTpuUTUC
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SUMMARY

Introduction/Objective Acute appendicitis (AA) is the most frequent cause of emergency surgical
interventions, and numerous biomarkers can be used diagnostically to differentiate patients with AA
from those with pain of other etiologies, as well as to predict disease progression.

The aim of this paper is to determine the accuracy of neutrophil-lymphocyte ratio (NLR), procalcitonin
(PCT) and total bilirubin (TBil) in the diagnosis of complicated AA (CoAA) and their comparison with the
Alvarado score (AS) as well as the histopathological (HP) findings.

Methods AA was diagnosed preoperatively in 67 patients using AS. Examined parameters and AS were
determined before surgery and compared postoperatively with HP findings. Depending on the HP find-
ings, the respondents were classified into three groups: gangrenous and gangrenous-perforated appen-
dicitis, which are classified into CoAA, phlegmonous (PhAA) and catarrhal AA (CAA).

Results The results of the univariate analysis show that a one-unit increase in NLR increased the prob-
ability of CoAA by 20% (1.02 to 1.51, p < 0.05). PCT > 0.5 ng/ml increases the probability of CoAA by 26.84
times (3.30 to 218.55; p < 0.001), while TBil > 21umol/l increases the probability of CoAA by 4.80 times
(1.41t0 16.37, p < 0.05). ROC curve showed that PCT was the best predictor of COAA compared to CAA/
PhAA, with a cut-off of 0.56, as well as CAA in relation to PhAA/CoAA with a cut-off of 0.37.
Conclusion PCT, TBil, and NLR can be used in daily clinical practice as powerful, easily available, inex-
pensive parameters in the diagnosis of CoAA in adults.

Keywords: inflammatory biomarkers; total bilirubin; complicated acute appendicitis

INTRODUCTION

The lifetime prevalence of acute appendicitis
(AA), as the most frequent surgical condition,
is around one in seven cases, with an incidence
of 1.5-1.9 per 1000. The male: female ratio is
1.4. According to literature, there is a correla-
tion between the number of hospitalizations
for appendicitis and atmospheric pressure and
temperature [1, 2]. Despite the high frequency
of AA, correct diagnosis before surgery is a
challenge that can tempt even highly expe-
rienced surgeons [3]. The literature reports
a negative appendectomy rate of 15-25%. In
women of reproductive age, this rate has almost
doubled due to the prevalence of gynecological
diseases, reaching as high as 30-50%. In young
male patients, the rate of negative appendec-
tomy is relatively low (5-22%). In children,
the diagnosis may be incorrect in 30-46% of
cases. Untimely diagnosis and delayed surgical
treatment led to perforation and subsequent
complications. Therefore, an adequate and eas-
ily accessible test that can confirm or rule out
complicated forms of appendicitis and can be

useful in making decisions about emergency
surgical treatment [4].

The modern diagnostic principle aims pri-
marily of confirmation or elimination of the
diagnosis of AA and to differentiate compli-
cated from uncomplicated forms of the dis-
ease, which also determines the therapeutic
modalities [5]. Due to this reason, there is still
research orientation towards finding biomark-
ers of sufficient specificity and sensitivity that
would more clearly suggest the degree of ap-
pendicular inflammation and which, are easily
available, minimally invasive, cheap, and can
be repeated if necessary [6, 7]. To reduce the
rate of negative appendectomies, i.e., cases of
missed AA, the objective of this work was to
determine the accuracy of inflammatory bio-
markers [neutrophil-lymphocyte ratio (NLR),
procalcitonin (PCT), and total bilirubin (TBil)]
and their comparison with Alvarado score (AS)
and histopathological (HP) findings in adult
patients operated on for AA.
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METHODS

A prospective study was conducted and included 67 pa-
tients older than 18 years in whom appendectomy was
performed due to AA during a six-month period at the
Department of Surgery of the Clinical Hospital Center
Kosovska Mitrovica. AA was diagnosed using AS (Table 1)
[8]. AS is a clinically validated scoring system. Its validity
has been demonstrated in large prospective and retrospec-
tive studies, with reported sensitivity ranging from 72% to
88% and area under the ROC curve values exceeding 0.75
in different populations. A cut-off value of > 6 was used as
clinically appropriate for identifying patients with suspect-
ed AA and for guiding further diagnostic evaluation, and
has demonstrated an optimal balance between sensitivity
and specificity. After preoperative blood sampling, serum
NLR, PCT, and TBil levels were determined. The patients
were treated with an open appendectomy. Definitive di-
agnosis of the removed appendices was established by HP
analysis of samples. The results of the parameters and AS
were compared with the HP findings. According to the HP
assessment, the severity of AA was categorized into three
groups: gangrenous and gangrenous perforating appendi-
citis were classified as complicated AA (CoAA) in contrast
to catarrhal AA (CAA) and phlegmonous AA (PhAA).

Table 1. Alvarado score

Symptoms Alvarado score
Pain migration 1
Anorexia 1
Nausea/vomiting 1
Signs

Tenderness in right iliac fossa 2
Bloomberg's sign

Elevated temperature (> 37.2°C) 1
Laboratory

Leukocytosis (> 10 x 10°) 2
Neutrophils > 75%

Total 10

Statistical analyses

Continuous variables are presented as means, standard
deviations, medians, minimum and maximum values.
Student’s t-test and Mann-Whitney test were used to
compare continuous variables. For comparisons involv-
ing three independent groups, ANOVA analysis was used
together with appropriate post hoc procedures (Tukey’s
method and Tamhane’s T2 test), as well as Kruskal-Wallis
test and Mann-Whitney test for group comparisons. The
association between categorical variables was assessed us-
ing Pearson’s x” test.

Univariate logistic regression was performed to as-
sess the impact of individual independent parameters on
changes in the odds ratio for a positive or negative out-
come. The diagnostic performance of the parameters in
differentiating AA types was examined using ROC curve
analysis and appropriate cut-off values were determined.
Statistical significance was set at p < 0.05. All statistical
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procedures were performed using SPSS for Windows,
Version 16.0. (SPSS Inc., IL, Chicago,USA).

Ethics: The study was conducted in accordance with the
standards of the institutional ethics committee (number
3482 dated 27.05.2025.).

RESULTS

The average age of the patients was 38.72 + 16.46 years,
ranging from 18 to 80 years, with 35 (52.24%) male pa-
tients and 32 (47.76%) female patients (the male:female
ratio is 1.09). CoAA occurred more frequently in older
patients, compared to CAA and PhAA (p < 0.05). Into the
tirst pathohistological group, CAA were classified 16 pa-
tients — 23.88% (eight men and eight women), the second
group, PhAA consisted of 33 patients — 49.25% (17 men
and 16 women), while in the third group, gangrenous and
gangrenous perforating (CoAA) included 18 patients —
26.87% (10 men and eight women) (Table 2).

The minimum and maximum, as well as the average
values of the examined parameters are given in Table 3.

Table 2. Histopathological forms of acute appendicitis in relation to
gender and average age of patients

Histopathology | Number Sex Age
(%) Male | Female (years)
CAA 16 8 8 3541791
(23.88%) (29)
PhAA 33 17 16 36.94 + 15.94
(49.25%) (35)
CoAA 18 10 8 45,28 +15.122"
(26.87%) (46)
> 67 35 32 38.72+ 16.46
(100%) (36)

CAA - catarrhal acute appendicitis; PhAA — phlegmonouse acute appendicitis;
CoAA - complicated acute appendicitis; parameters are given as nembers,
mean value, standard deviation, median;

*p < 0.05;

a—-vs CAA;

b-vs PhAA

Table 3. Average values of the tested parameters

Parameter X+ SD Med Min Max
AS 7.94+1.82 8 2 10

NLR 6.24+34 534 1.53 16.67
PCT (ng/ml) 0.50+0.19 0.51 0.19 0.97
TBil (umol/L) | 17.05+12.16 14.50 240 94.30

AS - Alvarado score; NLR - neutrophil-lymphocyte ratio; PCT - procalcitonin;
TBil - total bilirubin; parameters are given as mean value (X), standard
deviation (SD), median (Me), minimum (Min) and maximum (Max) value

The most authoritative criteria for the definitive diag-
nosis of AA were positive AS value (AS > 6) and the HP
finding. In Table 4 are given the average values of the tested
parameter compared to the AS. All three parameters, NLR
and PCT (p < 0.001) and TBil (p < 0.01), had significantly
higher values in positive AS. The average values of the
investigated parameters compared to the HP finding of
AA are given in Table 5. AS was statistically significant in
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Table 4. Average values of the tested parameters compared to Alvarado score (AS)

Parameter AS negative (< 5) AS positive (= 6) p

NLR 4.85+2.70 (4.52) 8.17 £ 3.47 (7.16) 0.0000%***
PCT (ng/ml) 0.40+0.14 (0.42) 0.63 £0.17 (0.61) 0.0000%**
TBil (umol/L) | 15.16 +14.14(12.51) | 19.69 +8.22(19.20) | 0.0019%**

NLR - neutrophil-lymphocyte ratio; PCT - procalcitonin; TBil - total bilirubin; parameters
are given as mean value (X) + standard deviation deviation (SD), median (Me);

**p <0.01;

***p < 0.001 (Student t-test or Mann-Whitney U-test)

Table 5. Average values of the tested parameters compared to histopathologi-
cal findings

Parameter CAA(n=16) | PhAA (n=33) CoAA(N=18) p

a a b:
AS 6.94;)1.18 7.70 ?7?.05 * 19.28 1(8:3(3))*** *E 0.0000%**
NLR 4.7(14.1622).65 6.0(95 J_; 93).65 7.88 (173011; axkbx 0.0083%*
PCT (ng/ml) 0'2(33 ;))'05 0.50 (f,g'?)sa*** 0.72 ?0(‘,619?3.,*** 0.0000%#*
TBil (umol/L) 1 7.6: ;_r 5)0,94 14.(9131 J_; (?).48 20.3{11;2.3)2ab* 0.0600

CAA - catarrhal acute appendicitis; PhAA - phlegmonouse acute appendicitis; COAA —
complicated acute appendicitis; AS — Alvarado score; NLR - neutrophil-lymphocyte ratio;
PCT - procalcitonin; TBil - total bilirubin; parameters are given as mean value

(X) + standard deviation (SD) and median (Me)a—vs CAA, b—vsPhAA, c—vsCoAA;

*p < 0.05;

**p <0.01;

**%p < 0.001 (ANOVA, Kruskal-Wallis test, Student's t-test, Mann-Whitney U-test)

Table 6. Frequency of elevated values of the tested parameters compared to
Alvarado score (AS)

Parameter Value AS p
<5 26

PCT (ng/ml) <05 58.97% 10.71% 0.0001™"
20.5 41.03% 89.29%

TBil (umol/L) <21 92.31% 57.14% 0.0007™
> 21 7.69% 42.86%

Histopathology | CAA and PhAA 94.87% 42.86% 0.0000™"
CoAA 5.13% 57.14%

PCT - procalcitonin; TBil - total bilirubin; CAA - catarrhal acute appendicitis;
PhAA - phlegmonouse acute appendicitis; COAA - complicated acute appendicitis;
**%p < 0.001 (2 test)

Table 7. Frequency of elevated values of the tested parameters compared to his-
topathological findings

Histopathology
Parameter Value p
CAA PhAA CoAA
<5 93.75% 66.67% 11.11%
AS =26 6.25% 33.33% 88.89%°"" 0.0000
<0.5 100 % 42.42% 5.56%
PCT (ng/ml) 505 0% 57.58%" | 04.44%3""" 0,0000
. <21 93.75% 81.82% 55.56% .
TBil (umol/L) 1 25, 6.25% 18.18% 44449 | 00205

AS - Alvarado score; CAA - catarrhal acute appendicitis; PhAA — phlegmonous acute
appendicitis; COAA - complicated acute appendicitis;

avs. CAA;

bvs. PhAA;

cvs. CoAA;

*p < 0.05;

**p <0.01;

**¥*p < 0.001 (X2 test)

Table 8. Univariate logistic regression analysis estimating the probability of
predicting Alvarado score

Limits 95% Cl
Parameter OR p
Lower Upper
NLR 1.44 1.17 1.79 0.0007***
PCT = 0.5ng/ml 9.20 2.84 29.77 0.0002""
TBil > 21pmol/I 9.00 2.23 36.33 0,0020"

OR - odd ratio (probability ratio positive Alvarado score and negative Alvarado score);
Cl - confidence interval;

**p <0.01;

**¥p < 0.001
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CoAA compared to CAA (p < 0.001) and PhAA
(p <0.01), as well as in PhAA compared to CAA
(p <0.05). NLR values were statistically higher in
CoAA compared to CAA (p < 0.01) and PhAA
(p < 0.05). PCT values were higher in CoAA in
relation to PhAA and CAA and in PhAA in re-
lation to CAA (p < 0.001). TBil was elevated in
CoAA compared to PhAA and CAA at a statisti-
cal significance level of p < 0.05.

Table 6 shows the frequency of elevated val-
ues of the tested parameters compared to AS. In
patients with AS > 6, PCT and TBil values were
higher, as well as more frequent HP findings of
CoAA (p <0.001).

Compared to HP, the AS finding in CoAA was
statistically more significant than in PhAA and
CAA (p <0.001). PCT was elevated in CoAA
compared to CAA (p < 0.001), as well as in PhAA
(p < 0.05). This parameter was elevated in PhAA
compared to CAA (p < 0.001). TBil had elevated
values in CoAA compared to CAA (p < 0.05) as
shown in Table 7.

In order to determine the importance of each
of the examined parameters in predicting the de-
gree of appendicitis definitively established by HP
tinding, univariate logistic regression analysis was
conducted. NLR, PCT, and TBil were correlated
with AS values of > 6: a one-unit increase in NLR
values led to an increase in the probability AS
> 6 by 44%, while the value of PCT > 0.5ng/ml
increases 9.20 and TBil 9 times the probability
of AS > 6 (Table 8). The examined parameters as
factors of interest for the HP finding of CoAA are
shown in Table 9. A positive AS value increases
the probability of occurrence of CoAA by 24.67
times. The probability of CoAA occurrence in-
creases by 20% with a unit increase in NLR (1.02
to 1.51, p < 0.05).

TBil > 21 umol/l increases the probability of
CoAA 4.80 times (1.41-16.37, p < 0.05), while
PCT > 0.5 nng/ml by 26.84 times (3.30-218.55;
p < 0.01).

For NLR, PCT, TBil, and AS, which were
shown by univariate logistic regression analy-
sis to be factors of interest for the HP findings,
as the gold standard for establishing the type of
AA, their diagnostic potential (sensitivity and
specificity) was determined by analyzing ROC
curves. Two cut-off values were calculated for
each parameter, the first separating CAA from
PhAA or CoAA and the second separating CoAA
from CAA or PhAA. Based on the parameter val-
ues, it is evident that PCT showed the best di-
agnostic characteristics for differentiating CAA
from PhAA/CoAA and for CoAA compared to
CAA/PhAA. In the first case, the AUC is 1.000
with a statistical significance of p < 0.001. The
cut-off is 0.37, confidence interval 0.946-1.000,
it has the highest sensitivity and specificity and
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Table 9. Univariate logistic regression analysis estimating the probability of predicting acute
appendicitis histopathology

Parameter OR Limits 95% Cl p
Lower Upper

Alvarado score = 6 | 24.67 4.94 123.12 0.0001™"

NLR 1.20 1.02 1.51 0.0249"

PCT =2 0.5ng/ml 26.84 3.30 218.55 0.0021™

TBil > 21 pmol/I 4.80 141 16.37 0.0122"

NLR - neutrophil-lymphocyte ratio; PCT - procalcitonin; TBil - total bilirubin; OR — odds ratio (between
catarrhal acute appendicitis and phlegmonous acute appendicitis on one side and complicated acute
appendicitis on the other), Cl-confidence interval;

*p <0.05;

**p <0.01;

***p < 0.001

Table 10. Diagnostic characteristics of Alvarado score (AS), neutrophil-lymphocyte ratio (NLR),
neutrophil and procalcitonin (PCT) for distinguishing catarrhal acute appendicitis from phleg-
monous acute appendicitis / complicated acute appendicitis

Area below
Se Sp | PPV | NPV | OA
Parameter | ROC curve SE p Cut-off | 0 2 o o
Gl ©) | %) | 6 | ) | )
0.775
AS (0.662-0.889) 0.053 | 0.0001 85 52.94 | 93.75 | 9643 | 37.50 | 62.69
0.676 .
NLR (0.520-0.832) 0.080 | 0.0342 329 | 86.27 | 43.75 | 83.02 | 30.43 | 3043
1.000 -
PCT (0.946-1.000) 0.000 | 0.000 0.37 100 | 100 | 100 | 100 | 100
; 0611
TBil (0.456-0.759) 0.079 | 0.161 16.5 813 | 45.1 | 88.46 | 31.71 | 53.73
*p <0.05;
**¥*p < 0.001;

TBil - total bilirubin; CI - confidence interval; SE - standard error; Se - sensitivity; Sp - specificity;
PPV - positive predictive value; NPV - negative predictive value; OA - overall accuracy

Table 11. Diagnostic characteristics of Alvarado score (AS), neutrophil-lymphocyte ratio (NLR),
and procalcitonin (PCT) for distinguishing complicated acute appendicitis from catarrhal acute
appendicitis/phlegmonous acute appendicitis

Parameter | Area below SE p Cut-off | Se Sp PPV | NPV | OA
ROC curve (%) | (%) | %) | %) | %)
(95% Cl)

AS 0.823 0.053 | 0.0001™ >8 88.89 | 75.51 | 57.14 | 72.55 | 79.10
(0.719-0.927)

NLR 0.728 0.061 | 0.0045" | >4.52 100 | 4490 | 40 |44.90 | 59.70
(0.608-0.848)

PCT 0.963 0.029 | 0.000™ | >0.56 | 94.44 | 91.84 | 80.95 | 97.83 | 92.54
(0.885-0.994)

TBil 0.70 0.079 | 0011 | >232 | 389 | 959 | 70 81 79
(0.58-0.81)

*p < 0.05;

**p <0.01;

**¥p < 0.001;

TBil - total bilirubin; Cl - confidence interval; SE - standard error; Se - sensitivity; Sp - specificity;
PPV - positive predictive value; NPV - negative predictive value; OA - overall accuracy

highest overall accuracy (Figure 1, Table 10). In the sec-
ond case, PCT was also shown to have the best predictive
characteristics for CoAA compared to CAA/PhAA. The
AUC is 0.963, and the statistical significance of p < 0.001.
The cut-off value is 0.56 with a confidence interval of
0.885-0.994, with sensitivity and specificity of 94.44% and
91.84%, as well as the highest values of positive predictive
value (PPV), negative predictive value (NPV), and over-
all accuracy. AS has been shown to have good predictive
characteristics for CoAA compared to CAA/PhAA. The
AUC is 0.823, with a cut-off value > 8, sensitivity 88.89%
and specificity 75.51%, high overall accuracy, PPV and
NPV (Figure 2, Table 11).

‘ DOI: https://doi.org/10.2298/SARH251223029D
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DISCUSSION

Despite the increased use of laboratory
tests, radiological diagnostic methods and
clinical scoring systems for timely diagno-
sis, AA remains the most common dilemma
of the surgical team. In recent years, lapa-
roscopic appendectomy has been the gold
standard for surgical treatment of appen-
dicitis. Numerous studies have shown the
advantages of laparoscopic appendectomy
over open appendectomy: reduced pain
intensity, lower complication rates, shorter
hospitalization, and better quality of life
postoperatively [9]. In order to avoid un-
necessary operative explorations, as well
as overlooked AAs in everyday surgical
practice, there is a constant effort to find
more reliable and precise diagnostic tools.
Therefore, the search for an ideal biomarker
that would be used exclusively or combined
with other parameters or as part of the
stratification results has been ongoing for
a long time [6, 7].

Neutrophils represent the first line of
defense against infection agents, primarily
bacteria. Lymphocytes are immunocom-
petent cells that coordinate the immune
response and assist neutrophil activity.
Neutrophilia and lymphocytopenia are
components of the cellular response in sys-
temic inflammation [10, 11]. In a study by
Omari et al. [12] investigating risk factors
for appendicitis in the elderly, 94% of the
perforated group had a left shift compared
with 61% of the nonperforated group.

The NLR is derived directly from the dif-
ferential blood count. The fact is that from
previous studies, NLR is a more sensitive
parameter than leukocyte count, and the
NLR value can be used to identify those
patients who have a higher risk of com-
plications and a more careful observation
must be considered. Numerous studies have
shown that NLR are increased in AA and
are correlated with the severity of inflam-

mation. NLR has been suggested as a valuable predictor
of gangrenous appendicitis in patients undergoing surgery
for AA [13, 14]. In 2014, Kahramanca et al. [15] published
a study comparing normal and inflamed appendices and
found an NLR cut-off value of 4.68. In complicated ap-
pendicitis, the NLR cut-off value was estimated to be
5.74, with 70.8% sensitivity and 48.5% specificity. In a
limited number of published studies, the diagnostic value
of NLR was higher than that of conventional laboratory
assessments [leucocyte count, C-reactive protein (CRP)]
[15]. Godinez-Vidal et al. [16] compared NLR with other
biomarkers to assess disease severity. It was shown that
NLR > 12 may be associated with generalized peritonitis
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Figure 1. ROC curve and predictive characteristics of a) Alvarado score (AS);
b) procalcitonin (PCT); c) neutrophil-lymphocyte ratio (NLR); d) total bilirubin
(TBIl) for distinguishing catarrhal acute appendicitis from phlegmonous acute
appendicitis / complicated acute appendicitis
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Figure 2. ROC curve and predictive characteristics of a) Alvarado score (AS);
b) procalci-tonin (PCT); ) neutrophil-lymphocyte ratio (NLR); d) total bilirubin
(TBil) for distinguish-ing complicated acute appendicitis from catarrhal acute
appendicitis/phlegmonous acute appendicitis

with a unit increase in NLR (1.17-1.79, p < 0.001),
and the probability of HP findings of CoAA and
PhAA/CAA increases by 20% with a unit increase
in NLR (1.02-1.51, p < 0.05) (Tables 8 and 9). The
cut-off value between CAA and PhAA/CoAA was
3.29, with statistical significance of p < 0.05 (Table
10). The cut-off value between CoAA and CAA/
PhAA was > 4.52, the AUC is 0.728 with a statistical
significance of p < 0.01 (Table 11). These findings
are in concordance with available data from the
literature and indicate that NLR can be accepted
as an additional parameter that contributes to the
diagnosis of appendicitis.

Hyperbilirubinemia results from an imbalance
between bilirubin production and excretion. Some
studies have shown that bacterial endotoxins, such
as toxins produced by Escherichia coli, reduce liver
cell secretion, contributing to intrahepatic cholesta-
sis and sinusoidal damage [17, 18]. Emmanuel et
al. [19] found in their study that the specificities of
white cell count and CRP were less than hyperbili-
rubinemia for simple appendicitis (60% and 72%)
and perforated or gangrenous appendicitis (19%
and 36%). The results of Nevler et al. [20] suggest
that bilirubin levels may be an important diagnostic
factor, similar to leucocyte, CRP, and AS. The sensi-
tivity of TBil in predicting complicated appendicitis
was found 91.43% (76.94% to 98.20%), whereas the
specificity of this test was 88% (78.44% to 94.36%),
PPV and NPV were 78.03% and 95.65%, respec-
tively, in the study of Bakshi and Mandal [21]. In
our study, TBil > 21 pmol/l increases the probabil-
ity of CoAA by 4.80 times (1.41-16.37, p < 0.05)
(Table 9). The result of ROC analysis for bilirubin
showed AUC = 0.70 (95%CI:0.58-0.81, p < 0.05),
with specificity and sensitivity of 95.9% and 38.9%,
PPV -70% and NPV - 81%, indicating acceptable/
good discrimination of complicated from uncom-
plicated appendicitis (Table 11).

PCT is a prohormone of calcitonin, and the main
site of synthesis is the liver, but also the neuroendo-
crine cells of the lungs and small intestine. Under
physiological conditions, PCT is not released into
the circulation. PCT is initially detected in plasma
six to 12 hours after intake, increases and reaches
a peak after 12-24 hours, and remains in the form
of a plateau in the following 2-3 days. Numerous
studies have addressed the role of PCT in the diag-
nosis of CoAA, all with the aim of implementing
proper treatment and preventing unnecessary ap-
pendectomy [22]. Reviewing the literature, there is
no firm consensus regarding the role of PCT in the
diagnosis of appendicitis. Wu et al. [23] found that
PCT was statistically more significant in patients

and perforated appendicitis [16]. The results of our study ~ with CoAA, with an AUC of 0.69 compared to 0.61 for
show good performance of NLR, which can be acceptedas ~ CRP. Prediction of disease severity can be made depend-
an easily applicable, inexpensive and available additional  ing on the quantitative values of PCT [23]. The aim of the
parameter contributing to the diagnosis of appendicitis. ~ study conducted by Sand et al. [24] was to examine the
The odds ratio for AS > 6 and AS < 5 increased by 44%  diagnostic significance of PCT in AA. They concluded that
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PCT is elevated, especially after gangrene and perforation
of the appendix. Extremely small sensitivity does not rec-
ommend its routine use for AA [24]. Research by Haghi et
al. [25] suggests that PCT and Interleukin 6 together may
provide useful evidence for decision-making. Negative re-
sults for either of these biomarkers may help to exclude AA
and reduce the number of negative appendectomies [25].
In our research compared to AS the level of PCT > 0.5 ng/
ml was shown to increase the odds ratio for positive and
negative AS value by 9.20 times (2.84-29.77; p < 0.001) and
increases the probability of occurrence of CoAA by 26.84
times (3.30-218.55; p < 0.01) (Tables 8 and 9). These data
demonstrate that PCT values can influence the accuracy
of AA diagnosis, predict the severity of inflammation, and
may serve as independent markers for CoAA.

AS is a scoring system used to determine the risk of
AA in patients with abdominal complaints. Data from the
literature indicate that AS is used to diagnose AA [8]. We
selected a cut-off value of > 6 for the AS based on previ-
ously published validation studies showing that this cut-
off provides an optimal balance between sensitivity and
specificity for the diagnosis of AA. Lower cut-offs increase
sensitivity at the expense of specificity, whereas higher
cut-offs (= 7) may lead to missed diagnoses. Therefore, a
cut-off value of > 6 was considered clinically appropriate
for identifying patients with suspected AA and for fur-
ther diagnostic evaluation [26, 27]. In our work, the ROC
curve showed that AS with a cut-off value of > 8 was a
good predictor of COAA compared to CAA/PhAA, with

REFERENCES

1. Bhaskar J, McLean RC, Bhaskar K, Brown LR. Temporal Trends in the
Investigation, Management and Outcomes of Acute Appendicitis
over 15 Years in the North of England: A Retrospective Cohort
Study. World J Surg. 2022;46(9):2141-54.

[DOI: 10.1007/500268-022-06586-x] [PMID: 35585254]

2. Karanikoli¢ A, Karanikoli¢ V, Djordjevi¢ L, Pesi¢ I. Correlation
between the season, temperature and atmospheric pressure with
incidence and pathogenesis of acute appendicitis. Srp Arh Celok
Lek. 2016;144 (7-8):402-7.[DOI: 10.2298/SARH1608402K]

[PMID: 29652448]

3. DiSaverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori
A, et al. Diagnosis and treatment of acute appendicitis: 2020
update of the WSES Jerusalem guidelines. World J Emerg Surg.
2020;15(1):27. [DOI: 10.1186/513017-020-00306-3]

[PMID: 32295644]

4. Selvaggil, Pata F, Pellino G, Podda M, Di Saverio S, De Luca GM, et
al. Acute appendicitis and its treatment: a historical overview. Int J
Colorectal Dis. 2025;40(1):28. [DOI: 10.1007/500384-024-04793-7]
[PMID: 39881071]

5. Diaz Jose J, Ceresoli M, Herron T, Coccolini F. Current management
of acute appendicitis in adults: What you need to know. Journal of
Trauma and Acute Care Surgery. 2025:98(2):181-9. [DOI: 10.1097/
TA.0000000000004471]

6. Torun M, Subasl IE, Ozbay DK, Ozbay MA, Ozdemir H. Utilizing
non-invasive biomarkers for early and accurate differentiation
of uncomplicated and complicated acute appendicitis: a
retrospective cohort analysis. Sci Rep. 2025;15(1):6177.

[DOI: 10.1038/541598-025-90591-2] [PMID: 39979418]

7. Patmano M, Cetin DA, Gimiis T. Laboratory markers used in the
prediction of perforation in acute appendicitis. Ulus Travma Acil
Cerrahi Derg. 2022;28(7):960-6. [DOI: 10.14744/tjtes.2021.83364]
[PMID: 35775680]

8.  Al-Wageeh S, Alyhari QA, Ahmed F, Altam A, Alshehari G, Badheeb
M. Evaluating the Diagnostic Accuracy of the Alvarado Score and

DOI: https://doi.org/10.2298/SARH251223029D

Dimi¢ S. et al.

AUC = 0.823(0.719-0.927), which is lower only compared
to PCT (Figure 2, Table 11). All this indicates a high pre-
dictive ability of AS, especially for estimating the prob-
ability of CoAA. This is in line with the findings of other
studies that report AS as a superior diagnostic aid [28].

CONCLUSION

This study demonstrated very good diagnostic properties
of NLR, AS, and especially PCT and their ability to predict
CoAA. Elevated TBil may be one of the markers of a com-
plicated course of the disease, especially when combined
with other parameters. These parameters are inexpensive
for patients, easily accessible, minimally invasive and can be
repeated if necessary and do not require any special appa-
ratus or training. Results are acquired quickly, unnecessary
additional diagnostics can be reduced, the rate of negative
appendectomies is reduced, as is the rate of AA complica-
tions. NLR, TBil, PCT together with the AS should be used
in daily practice, preferably in combination, as powerful
diagnostic parameters and predictors of CoAA. It is cer-
tainly necessary to conduct further research in this area in
the near future. Further multicenter prospective studies
with larger samples and longer study periods are needed
to confirm the significance of NLR, TBil, and PCT in the
diagnosis of AA in adults, especially its complicated form.

Conflict of interest: None declared.

Abdominal Ultrasound for Acute Appendicitis: A Retrospective
Single-Center Study. Open Access Emerg Med. 2024;16:159-66.
[DOI: 10.2147/0OAEM.S462013] [PMID: 38994039]

9. Kohler F, Hendricks A, Kastner C, Miiller S, Boerner K, Wagner JC,
et al. Laparoscopic appendectomy versus antibiotic treatment
for acute appendicitis-a systematic review. Int J Colorectal Dis.
2021;36(10):2283-6. [DOI: 10.1007/500384-021-03927-5]

[PMID: 33852068]

10. Fatima SR, Zaheer F, Moosa FA, Argam SM, Mussab RM, Choudhry
MS. Combined Diagnostic Accuracy of Total Leukocyte Count,
Neutrophil Count, and Ultrasonography for the Diagnosis of Acute
Appendicitis. Cureus. 2021;13(2):e13086.

[DOI: 10.7759/cureus.13086] [PMID: 33680626]

11. Aydin OF, Tatliparmak AC. Diagnostic accuracy of systemic
immune-inflammation index for acute appendicitis in the geriatric
population. Eur J Med Res. 2025;30(1):63.

[DOI: 10.1186/540001-025-02336-6] [PMID: 39891288]

12.  Omari AH, Khammash MR, Qasaimeh GR, Shammari AK, Yaseen
MK, Hammori SK. Acute appendicitis in the elderly: risk factors for
perforation. World J Emerg Surg. 2014;9(1):6.

[DOI: 10.1186/1749-7922-9-6] [PMID: 24428909]

13. Bom WJ, Scheijmans JCG, Salminen P, Boermeester MA. Diagnosis
of Uncomplicated and Complicated Appendicitis in Adults. Scand
J Surg. 2021;110(2):170-9. [DOI: 10.1177/14574969211008330]
[PMID: 33851877]

14. Rashid MA, Javed H, Muhammad F, Asad F, Dawood D, Jadoon E,
et al. Evaluating The Accuracy Of The Neutrophil-To-Lymphocyte
Ratio In Diagnosing Acute Appendicitis. J Ayub Med Coll
Abbottabad. 2024;36(4):711-5. [DOI: 10.55519/JAMC-04-10763]
[PMID: 40121628]

15.  Kahramanca S, Ozgehan G, Seker D, Gokce El, Seker G, Tun¢ G,
et al. Neutrophil-to-lymphocyte ratio as a predictor of acute
appendicitis. Ulus Travma Acil Cerrahi Derg. 2014;20(1):19-22.
[DOI: 10.5505/tjtes.2014.20688] [PMID: 24639310]

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):177-183



Comparative evaluation of inflammatory biomarkers and total bilirubin for the early detection of complicated appendicitis in adults

16.

17.

18.

19.

20.

21.

22.

Godinez-Vidal AR, Sashida-Méndez H, Cruz-Romero Chl, Bandeh-
Moghaddam H, Gutiérrez-Banda CA, Gracida-Mancilla NI, et al.
Comparison of the neutrophil-to-lymphocyte ratio, SOFA score
and serum procalcitonin as biomarkers of acute appendicitis. Cir
Cir.2019;87(1):12-7. [DOI: 10.24875/CIRU.18000216]

[PMID: 30600800]

Shuaib A, Alhamdan N, Arian H, Sallam MA, Shuaib A.
Hyperbilirubinemia and Hyponatremia as Predictors of
Complicated Appendicitis. Med Sci (Basel). 2022;10(3):36.

[DOI: 10.3390/medsci10030036] [PMID: 35893118]

MoulaBux K, Parveen S, Igbal M, Mehboob A. The effect of acute
complicated appendicitis on liver function test. Pak J Med Sci.
2021;37(2):351-4. [DOI: 10.12669/pjms.37.2.3356]

[PMID: 33679912]

Emmanuel A, Murchan P, Wilson |, Balfe P. The value of
hyperbilirubinaemia in the diagnosis of acute appendicitis. Ann R
Coll Surg Engl. 2011;93(3):213-7.

[DOI: 10.1308/147870811X566402] [PMID: 21477433]

Nevler A, Berger Y, Rabinovitz A, Zmora O, Shabtai M, Rosin D, et
al. Diagnostic Value of Serum Bilirubin and Liver Enzyme Levels in
Acute Appendicitis. Isr Med Assoc J. 2018;20(3):176-81.

[PMID: 29527857]

Bakshi S, Mandal N. Evaluation of role of hyperbilirubinemia

as a new diagnostic marker of complicated appendicitis. BMC
Gastroenterol. 2021;21(1):42. [DOI: 10.1186/512876-021-01614-x]
[PMID: 33509122]

Ozen C, Karasoy D, Yalcinkaya A, Pedersen SH, Fagerberg

SK, Hindersson P, et al. Evaluation of procalcitonin versus
conventional inflammatory biomarkers for clinical severity
grading in patients with intra-abdominal infection. Langenbecks
Arch Surg. 2025;410(1):93. [DOI: 10.1007/500423-025-03636-5]
[PMID: 40067493]

23.

24.

25.

26.

27.

28.

183

Wu JY, Chen HC, Lee SH, Chan RC, Lee CC, Chang SS. Diagnostic
role of procalcitonin in patients with suspected appendicitis.
World J Surg. 2012;36(8):1744-9.

[DOI: 10.1007/500268-012-1579-z.] [PMID: 22491817]

Sand M, Trullen XV, Bechara FG, Pala XF, Sand D, Landgrafe G, et al.
A prospective bicenter study investigating the diagnostic value
of procalcitonin in patients with acute appendicitis. Eur Surg Res.
2009;43(3):291-7. [DOI: 10.1159/000232939] [PMID: 19672084]
Haghi AR, Kasraianfard A, Monsef A, Kazemi AS, Rahimi S, Javadi
SMR. The diagnostic values of procalcitonin and interleukin 6 in
acute appendicitis. Turk J Surg. 2018;35(1):19-22.

[DOI: 10.5152/turkjsurg.2018.4113] [PMID: 30475694]

Aleem Khalid AU, Quarrell A, Chandran A, Javed T, Ahmad

N. Diagnostic Accuracy of the Modified Alvarado Score and
Serum C-reactive Protein in Acute Appendicitis. Cureus.
2024;16(11):e73664. [DOI: 10.7759/cureus.73664]

[PMID: 39677268]

Reis do Nascimento R, Gelosa Souza JC, Alexandre VB, de Souza
Kock K, de Medeiros Kestering D. Association between the
Alvarado score and surgical and histopathological findings in
acute appendicitis. Rev Col Bras Cir. 2018;45(5):e1901.

[DOI: 10.1590/0100-6991e-20181901]

Naeem MT, Jamil MA, Anwar MI, Raza H, Asad A, Jamil H, et

al. Diagnostic accuracy of Alvarado scoring system relative to
histopathological diagnosis for acute appendicitis: A retrospective
cohort study. Ann Med Surg (Lond). 2022;81:104561.

[DOI: 10.1016/j.amsu.2022.104561] [PMID: 36147117]

YnopegHa eBanyaumja uHpaamaTopHUX 6uomapkepa u ykynHor 6unmpybuHa 3a
paHO OTKpWBatbe KOMNIMKOBAHOT aneHAULMUTUCA KOZ, OAPaCAUX

Cawa Anmuh', OywaH Metposuh?, 3nataH Enek®, lojko UrpytuHosuh', Anekcanaap Jakosmesuh', MnageH Kacanosuh!

'KnuHuyko-60nHMuKK LeHTap KocoBcka MutposuLa, Operbetbe oniute xupypruje, MeguumHcku dakyntet, KocoBcka Mutposuua, Cpbuja;
2KnuHnuko-6onHMuKM LieHTap Kocoscka MutpoBuua, Oferberbe optoneguje, MeanumnHckin dakyntet, Kocoscka Mutposuua, Cpbuja;
3KnuHnuko-60nHNYKM LieHTap KocoBcka Mutposuua, Operbetbe fieyje xupyprije, MeanumHckm dakyntet, KocoBcka Mutposuua, Cpbuja

CAXETAK

YBop/Lnmb AkyTHU anenguumTmc (AA) Hajuelwhu je y3pok xuT-
HOT XVPYPLUKOT fieyetba. BpojHu Griomapkepy ce Mory KoprcTu-
T 3a Npegguhatbe Nporpecuje 6onecTu, Kao 1 3a PasfINKoBake
6onecHuKa ca AA ofi oHMX ca 6onom gpyre eTronoruje.

Linsb oBor papa 610 je fa ce yTBpAY TAUHOCT OAHOCA HEYTPO-
durna n numdoLnTa, NPOKANLUTOHVHA 1 YKYNHOT 6unupy6buHa y
AunjarHo3mn komnnmkosaHor AA (KoAA), Kao 1 Aa ce oHU yriopeae
ca AnBapago CKOPOM M XCTOMATONOLKIM Hanasuma.
Mertope AA je anjarHoCTMKOBaH npeoriepaTMBHO Kog 67 60-
necHuKa Kopuwherem AnBapago ckopa. icnutreaHu napa-
METPU 1 BPeLHOCTH CKopa oapehrBaHu cy npeonepaTrBHO,
1 nocTonepaTrBHO yrnopehrBaHmM ca XMCTONATONOLWKMM Hasa-
31Ma. Y 3aBUCHOCTM Of Hana3a, NCMUTaHULWM Cy Knacudrkosa-
HW Y TPY Fpyne: raHrPEeHO3HN 1 FraHrPEHO3HO-NepdopaTNBHM
aneHamumTuc (cepctann y KoAA), dnermoHo3HY 1 KaTapasnHu
aneHauumnTUC.
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Pe3ynTtatu Pe3yntat yHMBapujaHTHe aHanm3e nokasyjy aa no-
Behare ogHoca HeyTpoduna 1 numdouuTa 3a jegHy jeanHuLY
nosehasa BepoBaTHohy KoAA 3a 20% (1,02 Ha 1,51, p < 0,05).
BpepHocT npokanuutoHuHa = 0,5 ng/ml noehasa BepoBaTHO-
hy KoAA 3a 26,84 nyTa (3,30 Ha 218,55; p < 0,001), AOK YKYMHU
6unmpy6uH > 21 umol/l noBehaea BepoBaTHoNy nojaBe KoAA
3a 4,80 nyTa (1,41 Ha 16,37, p < 0,05). ROC KpuBa je nokasana
[a je NpoKanuUTOHUH Hajborbu npeguktop KoAA y ogHocy Ha
KaTapanHu 1 GpnerMoHo3Hm (ca cut-off 0,56), Kao 1 3a KaTapasnHu
y 0HOCY Ha ocTane rpyne (ca cut-off 0,37).

3aksbyuak [poKanuuToHUH, YKynHM 61nmpybuH n ogHoc He-
yTpoduna n numedoLTa Mory ce KOpUCTATU Y CBaKOJHEBHO]
KJIMHUYKOj NMPaKCU Kao MOy3AaHw, Tako AOCTYMHU, EKOHOMCKM
ncnnaT1ey napameTpu y gujarHoctuuym KoAA Kog ogpaciux.

KmbyuHe peun: nHdnamatopHu 6riomapKkepu; yKynHu 6unmpy-
6VH; KOMNVKOBAHW aKyTHY aneHANLUTIC
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SUMMARY

Introduction/Objective This study aimed to evaluate vertebral body and intervertebral disc morphom-
etry at the L4-L5 level in individuals with lumbar disc herniation, with a particular focus on identifying
morphometric parameters relevant to radiological interpretation from a clinical anatomical perspective.
Methods Lumbar MRI scans of 98 individuals aged 40-60 with single-level L4-L5 disc herniation and
184 healthy individuals (defined as subjects with normal discs or disc bulging without protrusion or
extrusion) were retrospectively reviewed. Anterior, middle, and posterior morphometric measurements
of the L4-L5 intervertebral disc and the L4-L5 vertebral bodies were obtained on standardized sagittal
planes and compared between groups as well as between protrusion and extrusion subgroups.
Results No significant differences were observed in L4 and L5 vertebral body heights between healthy
and pathological groups (p > 0.05). However, anterior, middle, and posterior disc heights at the L4-L5
level were all significantly reduced in the pathological group compared with healthy controls (p < 0.05).
Within the pathological group, posterior disc height and the percentage of posterior disc height loss were
significantly lower in extruded cases than in protruded cases (p < 0.05), whereas anterior and middle disc
heights showed no significant differences (p > 0.05). In addition, the disc height asymmetry ratio was
significantly lower in extruded cases, reflecting a posterior-dominant disc collapse pattern (p < 0.05).
Conclusion While a general reduction in disc height was observed in the pathological group, the de-
crease in posterior disc height was more pronounced, particularly in extruded cases. The preservation
of vertebral body morphometry highlights morphometric changes specific to disc pathology. From a
clinical anatomical perspective, posterior disc morphometry may be considered a supportive parameter
in the radiological evaluation of lumbar disc herniation.

Keywords: lumbar disc herniation; L4-L5 level; disc height; vertebral morphometry; magnetic resonance
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imaging (MRI)

INTRODUCTION

Low back pain is a common musculoskeletal
condition affecting a large proportion of the
population at least once during their lifetime,
with prevalence increasing with age [1]. Disc
herniation is the displacement of the nucleus
pulposus into the vertebral canal through a tear
in the annulus fibrosus caused by interverte-
bral disc degeneration. Lumbar disc herniation
(LDH) is considered one of the most common
causes of low back pain and is seen in 50%-70%
of the population, increasing with age [2, 3]. In
the lumbar (L) region, the L4-L5 and L5-S1
discs are the most common levels of herniation,
as they bear the greatest mechanical load due to
the biomechanics of the spine [4, 5, 6].
Advances in magnetic resonance imaging
(MRI) technology have enabled detailed ex-
amination of disc degeneration and geomet-
ric changes in vertebral structures owing to
high-resolution soft tissue contrast, thereby
making morphometric analysis of the lumbar
spine more reliable [7-10]. In addition, there

is increasing evidence that disc herniation
may affect not only the disc itself but also the
morphometry of the lower and upper verte-
brae, with recent MRI-based studies showing
that disc herniation is associated with lumbar
morphometric changes and adjacent vertebral
endplate alterations [11, 12]. It has been report-
ed that disc height, vertebral body height, and
oblique angles may reflect biomechanical load
distribution within the intervertebral space and
may vary across herniation stages, with recent
MRI-based evidence also linking lower lum-
bar endplate morphology to disc degeneration
in lumbar disc herniation [13, 14]. However,
studies specifically comparing the effects of dif-
ferent herniation stages at the L4-L5 level on
the morphometry of adjacent vertebrae are lim-
ited in the literature [15, 16]. Current studies
have generally evaluated the complete lumbar
segment and have not focused specifically on
particular segments [17, 18, 19]. However, the
L4-L5 level has particular clinical significance
as it is the segment that experiences the great-
est biomechanical load and where herniation is
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Figure 1. Sagittal T2-weighted lumbar MRI image of a 55-year-old
female patient with an extruded disc herniation at the L4-L5 level

most frequently observed. From both a diagnostic assess-
ment and surgical planning perspective, detailed examina-
tion of morphometric features at this level will significantly
contribute to understanding the pathological processes.
Thus, this study aimed to evaluate the effects of disc her-
niation stage at the L4-L5 level on the morphometry of the
disc and adjacent vertebral bodies, with a segment-specific
focus and a separate analysis of protrusion and extrusion
stages, and by introducing novel morphometric indices
(DHAR, PDIJ, and MDI).

METHODS

In this retrospective study, lumbar MRI scans obtained
at Artvin State Hospital between 2020 and 2025 were re-
viewed in 282 eligible individuals. Participants were clas-
sified into a healthy group (n = 184) and a pathological
group (n = 98) with single-level L4-L5 disc herniation
(protrusion/extrusion).

Inclusion criteria were as follows: age between 40 and 60
years, having undergone a lumbar MRI scan, and the image
quality being of an evaluable standard. Exclusion criteria
were the following: history of lumbar surgery, detection of
vertebral fracture, presence of scoliosis of 20° or greater,
insufficient image quality, disc herniation at three or more
levels, presence of sequestration (free fragment).

Radiological evaluation and measurement
protocol

Morphometric measurements were obtained from sagittal
T2-weighted MRI sections by measuring the anterior (HA),
middle (HM), and posterior (HP) heights of the L4 and
L5 vertebral bodies, as well as the anterior (DA), middle
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Figure 2. Sagittal T2-weighted lumbar MRl image of a 49-year-old male
patient with a protruded disc herniation at the L4-L5 level

(DM), and posterior (DP) heights of the L4-L5 interver-
tebral disc. All measurements were performed on images
acquired using an MRI scanner (Siemens Healthineers,
Erlangen, Germany) and evaluated through the hospital’s
Picture Archiving and Communication System (PACS) us-
ing the built-in, calibrated measurement tools of the system
under standardized window settings (contrast and bright-
ness). Each measurement was performed twice, and mean
values were used for statistical analysis.

In addition to absolute morphometric disc height mea-
surements, four relative indices were defined to better cap-
ture the geometric architecture of disc height: disc height
asymmetry ratio (DHAR), posterior disc index (PDI),
middle disc index (MDI), and posterior-middle gap (P-M
gap). The loss rate (%) was calculated using the following
formula: [(Healthy Group Average Value — Pathological
Group Average Value) / (Healthy Group Average Value)
x 100].

Participants were divided into two groups: the healthy
group and the pathological group. The healthy group in-
cluded individuals with normal discs or disc bulging at
the L4-L5 level, whereas the pathological group consisted
of cases with disc herniation at the protrusion or extru-
sion stage. Disc bulging cases were included in the healthy
group as they do not represent true herniation and were
therefore considered separately from the pathological
group. Example sagittal T2-weighted MRI images of ex-
truded and protruded cases are presented in Figure 1 and
Figure 2, respectively. Herniation staging was based on
radiology reports archived in the PACS system and was
cross-checked to minimize potential classification errors.

Statistical analyses

Comparisons between protruded and extruded groups
were carried out using the Mann-Whitney U test. To high-
light not only statistical significance but also the practical

relevance of the findings, effect sizes were calculated using
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Table 1. Participants’demographic characteristics

Age
Groups n Female (n) | Male (n) (Mean = SD)
Healthy 184 109 75 49.2+£5.1
Pathological
(disc protrusion/ 98 59 39 525+53
extrusion)
Total 282 168 114 50.3+5.6

Table 2. Comparison of L4 and L5 vertebral body heights between the
healthy group and the pathological groups

Verteba | Messurement | Healthygroup | PR |
- Mean £ SD (mm)
HA 259+0.8 25.7+0.9 0.462
L4 HM 234 +0.7 233+08 0.317
HP 24.1+£09 24 +£1 0411
HA 27609 274 +1 0.274
L5 HM 23.8+0.8 23.7+£09 0.233
HP 241 +0.7 24+0.8 0.361

HA - anterior vertebral height; HM — middle vertebral height; HP - posterior

vertebral height;
*Mann-Whitney U test

Table 3. Comparison of intervertebral disc heights at the L4-L5 level be-
tween healthy group and pathological groups

Measurement | Healthy group Faliel iz v
Leve Area (Mean + SD, mm) group P
- (Mean = SD, mm)
DA 11.8+0.7 109+0.8 0.004
L4-L5 DM 104+0.6 9.6+0.7 <0.001
DP 9.7+0.38 8.9+09 <0.001

DA - anterior disc height; DM — middle disc height; DP - posterior disc height;

*Mann-Whitney U test

Table 4. Comparison of L4-L5 disc heights in protruded (n = 59) and ex-

truded (n = 39) cases

Measurement Protruded Extruded %
area (Mean + SD, mm) (Mean + SD, mm) P
DA 11+09 10.8 +0.95 0.284
DM 9.8+0.72 9.5+0.82 0.091
DP 9.1+0.85 8.8+0.81 0.041%

DA - anterior disc height; DM — middle disc height; DP - posterior disc height;

*Mann-Whitney U test

Table 5. Comparison of disc height loss rates in protruded and extruded

cases
Measurement Protruded average Extruded average "
area loss (%) + SD loss (%) + SD P
Anterior 51+£23 76+25 0.29
Middle 77+24 11.5+2.8 0.078
Posterior 103+2.7 16.5+3 0.037*

*Mann-Whitney U test

the rank-biserial correlation coefficient (r) and interpreted
as small (= 0.1), moderate (= 0.3), or large (2 0.5). A p
value of < 0.05 was set as the threshold for statistical sig-
nificance. All analyses were performed using IBM SPSS
Statistics, Version 22.0 (IBM Corp., Armonk, NY, USA).
Ethics: This study was conducted retrospectively fol-
lowing approval by the Artvin Coruh University Scientific
Research and Publication Ethics Committee (Decision No:
E-18457941-050.99-168439, Date: February 13, 2025).
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RESULTS

A total of 282 individuals were included in the study. Of
the participants, 168 were female and 114 were male. The
mean age in the pathological group was 52.5 * 5.3 years,
while the mean age in the healthy group was 49.2 + 5.1
years (Table 1).

When comparing the anterior, middle, and posterior
corpus heights of the L4 and L5 vertebrae between the
healthy group and the pathological group, no statistically
significant difference was observed (p > 0.05) (Table 2).

In the healthy group, anterior, middle and posterior disc
height values were found to be significantly higher than
those in the pathological group (p < 0.05) (Table 3).

When comparing disc heights between protruded and
extruded cases within the pathological group, posterior
disc height was found to be significantly lower in extruded
cases (p = 0.041). No statistically significant difference was
observed between these groups regarding anterior and
middle disc heights (p > 0.05) (Table 4).

No statistically significant difference was observed in
anterior and middle disc heights in protruded and ex-
truded cases; however, a significantly greater percentage
of posterior disc height loss was observed in extruded cases
compared with protruded cases (p = 0.037) (Table 5).

The disc height asymmetry ratio (DHAR) was signifi-
cantly lower in extruded cases compared with protruded
cases (p = 0.048), indicating a disproportionate reduction
in posterior disc height relative to the anterior segment. No
statistically significant differences were observed between
groups for the posterior disc index (PDI), middle disc in-
dex (MDI), or the posterior-middle height gap (P-M gap)
(p > 0.05) (Table 6).

When the morphometric profiles of extruded and pro-
truded cases were compared, posterior disc height, the per-
centage of posterior disc height loss, and the disc height
asymmetry ratio showed significant differences between
the groups. No statistically significant differences were
observed for the remaining parameters (Table 7).

DISCUSSION

The most important finding of the present study is that
disc height reduction at the L4-L5 level is particularly
pronounced in the posterior segment in patients with
disc herniation, and that this reduction is more evident
in extruded cases compared with protruded cases. When
the healthy and pathological groups were compared, no
significant differences were observed in vertebral body
heights; however, intervertebral disc heights were reduced
across all segments in the pathological group, with the pos-
terior disc segment showing the greatest decrease. Within
the pathological cohort, posterior disc height was signifi-
cantly lower in extruded cases than in protruded cases,
whereas the percentage of posterior disc height loss was
significantly greater in extruded cases than in protruded
cases. In addition, relative indices reflecting the geomet-
ric distribution of disc height were evaluated, and among
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Table 6. Novel posterior-dominant disc collapse indices in protruded and ex-

truded cases

VAS (Visual Analog Scale) score and the decrease

in disc height. This finding demonstrates that the

Index (Novel) Formula (Heo;:‘”fgg) (l\fl)e(;r:iesdD) p* increase in the degree of disc degeneration has an
DHAR DP/DA 0.83 +:) 09 | 081 +_0 08 | 0.048* effect not only on disc morphometry but also on
PDI (%) (DA_DP)/DAX 100 | 173%41 | 185+44 | 0094 the severity of clinical symptoms. In another study,
MDI (%) (DA_DM)/DAX 100 | 109%36 12239 | 0081 lumbosacral MRI images of 72 individuals were
P-M Gap (mm) DM — DP 072028 | 07+031 | 0992 evaluated according to the Pfirrmann grading sys-

DHAR - disc height asymmetry ratio (DP/DA); PDI - posterior dominance index,

percentage of posterior disc height loss relative to anterior disc height; MDI - middle
drop index, percentage of middle disc height loss relative to anterior disc height; P-M
Gap - absolute difference between middle and posterior disc heights; DA - anterior disc

height; DM - middle disc height; DP - posterior disc height;
*Mann-Whitney U test

Table 7. Morphometric profile distinguishing protrusion and extrusion at the

tem [20]. A significant decrease in disc height was
observed with increasing degeneration severity,
independent of age, gender, body mass index, and
smoking, with an average reduction of 0.98-1.60
mm per Pfirrmann grade. Similarly, in our study,
the fact that anterior, middle, and posterior disc

L4-L5 Level height values were significantly reduced in the
Parameter Protruded Extruded - Effect pathological group compared with the healthy
(Mean + SD) (Mean £ SD) size (1) group supports the clinical implications of this

DA (mm) 11+09 108+0.95 0.284 0.02 quantitative reduction in disc height that occurs
DM (mm) 28072 9.5+082 0.091 0.03 with increasing degeneration. In a study by Singh
DP (mm) 914085 88081 0.041* 013 et al. [22], the lumbar spine parameters of indi-
Loss DA (%) 51423 76+25 0.290 0.03 viduals with chronic low back pain were compared
Loss DM (%) 77%24 15+28 0.078 0.03 with those of a healthy control group using MR
Loss DP (%) 103+27 16543 0.037* 0.12 Significant reductions in disc angle and disc cross-
DHAR 083+0.09 0.81+0.08 0.048 0.10 sectional area were observed in the group with
PDI (%) 173£41 185+44 0.094 0.05 chronic low back pain, particularly at the L3-L4
M (%) 109436 12£39 0.081 0.02 and L4-L5 levels, in relation to the healthy control
P-MGap (mm)|  07+0.28 074031 0.992 ~0.00 group [22]. Furthermore, degenerative changes in

DA - anterior disc height; DM - middle disc height; DP - posterior disc height; Loss

DA (%) - percentage loss of anterior disc height relative to the healthy group; Loss DM
(%) - percentage loss of middle disc height relative to the healthy group; Loss DP (%) —
percentage loss of posterior disc height relative to the healthy group; DHAR - disc height
asymmetry ratio (DP/DA); PDI (%) — posterior dominance index, percentage of posterior
disc height reduction relative to anterior disc height; MDI (%) - middle drop index,
percentage of middle disc height loss relative to anterior disc height; P-M Gap -

difference between middle and posterior disc heights;
*Mann-Whitney U Test

these indices, only the disc height asymmetry ratio dem-
onstrated a significant difference between protruded and
extruded cases. Although the associated effect sizes were
small, posterior disc-related parameters showed consistent
differences between the two herniation stages, whereas
no significant differences were observed in anterior and
middle disc measurements or in the remaining relative
indices.

Our findings indicate a reduction in disc height in lum-
bar disc degeneration and related pathologies, which is
consistent with studies in the current literature. In some
imaging-based studies, a correlation was found between
disc degeneration and a decrease in disc height, and this
condition was found to be particularly pronounced at the
L4-L5 and L5-S1 disc levels [20, 21]. In a study conducted
by Zheng et al. [21], the relationship between lumbar disc
degeneration and intervertebral disc height was examined
in 85 patients with back pain. It was found that as the se-
verity of degeneration and herniation increased, a signifi-
cant decrease in disc height occurred. The Pfirrmann clas-
sification was used in the study, and an average decrease of
1.25-1.76 mm in disc height at each degree of degeneration
was found. They reported that this decrease occurred inde-
pendently of age, gender, and smoking status. In addition,
a positive correlation was observed between the increase in
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the intervertebral discs were observed in 54% of
patients, whereas these findings were not observed
in the healthy group. It was found that reductions
in disc angles and disc cross-sectional area may
lead to early degeneration due to abnormal load
transfer and stress distribution [22]. These results
are in correlation with the significant reduction
observed in the posterior segment of the disc, par-
ticularly in pathological cases in our study. Since changes
in the spinal angle directly affect the load distribution in
the posterior segment of the disc, the disruption of geo-
metric balance in this region may weaken spinal stability,
leading to mechanical imbalance. Thus, morphometric
losses occurring in the posterior segment may be associ-
ated with the early appearance of clinical symptoms. In
another study by Nather et al. [23], the number of degener-
ated discs in the spine was evaluated according to age, sex,
and disc levels. The study showed that disc degeneration
increases with age, with the L4-L5 and L5-S1 levels being
the most commonly affected. Degenerative disc disease
was present in 91.6% of individuals aged 50-61. Although
no significant gender differences were identified, a reduc-
tion in disc height appears to be associated with a higher
likelihood of both disc herniation and bony degenerative
changes such as spondylosis. Bakar et al. [24] examined
mature single-level lumbar disc herniations in a study
evaluating the vertebral disc morphometrics and spinal
balance parameters of 30 operated patients and 15 healthy
individuals. In the surgical group, L1-L2 and L5-S1 disc
heights were found to be significantly reduced compared to
the healthy group. In addition, significant decreases were
observed in parameters representing sagittal balance, such
as the T12 angle of inclination and the L4-S1 Cobb angle.

absolute
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ROC and regression analyses revealed that a decrease in
the average height of the L5-S1 disc below 8.15 mm is
a significant morphometric indicator of the presence of
lumbar disc herniation. In another study, the morphomet-
ric and stereological analysis of the vertebrae of patients
with lumbar intervertebral disc herniation and healthy in-
dividuals was performed [25]. In the study, although no
significant difference was observed in disc heights in the
early period between the healthy and patient groups, a
marked difference was detected in disc volumes. This find-
ing indicates that disc height can be preserved in patients
with herniation in the early stages, but volume loss is an
early indicator of degeneration. The study observed that
although posterior disc height in particular showed a ten-
dency to differ significantly, it did not confirm statistical
significance in the early stages. In light of all these findings,
the significant reduction observed in posterior disc height
in our study suggests that it may represent an important
morphometric marker of advanced lumbar disc herniation.

A study examining the relationship between lumbar
disc herniation and vertebral morphometry investigated
249 middle-aged Finns [26]. It was found that for every
1 cm? increase in the cross-sectional area of the L4 ver-
tebral axial diameter, the likelihood of disc displacement
increased by 10%. Hornung et al. [27] found that one of the
strongest morphometric indicators predicting early resorp-
tion in patients with lumbar disc herniation was the height
of the L4 posterior vertebral body. The study reported that
a higher posterior vertebral height would accelerate the
resorption process by expanding the space between the
disc material and the epidural space. This finding indicates
that vertebral morphometrics may play a role not only in
disc pathologies but also in the natural healing of the disc.
In another study on vertebral body morphometry, it was
reported that a geometric difference of more than 10% in
the anteroposterior dimension between adjacent vertebral
bodies, particularly at the L5-S1 level, increases the risk
of disc herniation by sixfold [28]. These findings suggest
that disproportionality in vertebral morphometry may
lead to an imbalance in axial load transmission, resulting
in increased stress accumulation in the posterior fibers
of the disc [28]. In our study, no significant change was
observed in the supero-inferior heights of the vertebral
body in disc herniation. This finding may be explained
by the fact that in the early stages of degenerative loading,
the pathology primarily manifests at the intervertebral disc
level, and the vertebral body morphometry remains stable
in the short term. Furthermore, with the reduction in disc
height, part of the axial load may be partially compensated
by the posterior elements and facet joints, thereby reducing
the impact on the corpus and preserving vertebral height.
Furthermore, factors such as the MR slice geometry, lordo-
sis angle, and sample size used in the evaluation may have
prevented small differences in the corpus from becoming
statistically significant. Therefore, our findings may suggest
that structural changes develop primarily at the disc level
at the onset of the degenerative process, while effects on
vertebral corpus morphometry may require longer-term
remodeling to become detectable. Very recent MRI-based
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studies published in 2026 have further strengthened the
clinical and biomechanical relevance of disc morphometry
in lumbar disc herniation. Sprldkova-Pukova et al. [29]
demonstrated that specific morphometric parameters,
particularly middle disc height, may serve as significant
predictors of clinical symptom resolution, and that pa-
tients with favorable morphometric profiles may have a
substantially higher likelihood of spontaneous recovery
without surgical intervention. Furthermore, a long-term
longitudinal MRI study by Lund et al. [30] revealed that in-
tervertebral disc degeneration progresses in a level-specific
and age-dependent manner and is associated with future
low back pain outcomes. Taken together, these findings
support the concept that morphometric evaluation of the
intervertebral disc, especially segment-specific and poste-
rior disc measurements, may provide valuable insight into
both the progression and clinical implications of lumbar
disc herniation.

From a clinical perspective, a marked reduction in pos-
terior disc height on MRI can offer a simple and objec-
tive way to better understand the severity of lumbar disc
herniation. Beyond traditional disc degeneration grading
systems, measuring posterior disc height provides a clear,
segment-specific, and quantitative description of disc
morphology, particularly in cases of extrusion. While this
tinding should not be interpreted as a definitive staging
criterion or a factor determining treatment choice, it may
help clinicians achieve a more detailed anatomical and ra-
diological appreciation of herniation patterns. Posterior
disc morphometry can serve as a supportive anatomical
reference during routine clinical assessment and follow-up
of patients with lumbar disc herniation.

The limitations of this study include the fact that only
L4-L5 level disc herniation was addressed, with other lum-
bar segments excluded from the assessment. The partici-
pants were aged 40-60 years; therefore, the results are lim-
ited to a single age group. Measurements were performed
manually; automatic or three-dimensional segmentation
techniques were not used. Furthermore, information that
could affect morphometric measurements, such as partici-
pants’ physical activity level, occupational stress, history
of chronic disease, and regular medication use, could not
be obtained due to the retrospective nature of the analysis.
For these reasons, the findings need to be supported by
further prospective studies with larger samples and mul-
tivariate analyses.

CONCLUSION

The findings of this study indicate that intervertebral
disc height is markedly reduced in the presence of lum-
bar disc herniation, with this reduction becoming more
pronounced in the posterior disc segment as the disease
progresses. Posterior disc segment is more susceptible to
collapse in advanced stages of herniation. Degenerative
alterations initially occur at the intervertebral disc level,
while vertebral corpus morphometry remains relatively
preserved. Among the relative indices reflecting the
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geometric distribution of disc height, only the disc height
asymmetry ratio is expected to be different between pro-
truded and extruded cases. Taken together, these findings
suggest that posterior disc morphometry may represent a
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KnnHuuko-aHatomcKa esanyaumja MopdOMETPUjCKUX NPOMEHA NpLU/bEHOBA
NoBe3aHMX ca CTaAujyMmuma AUCKYC XepHuje Ha HuBoy L4—L5 3acHoBaHa Ha

MarHeTHOj pe30oHaHuu

Onyp CeuruH Huwanyn', PuasaH Jnnpns?

'YHuep3utet Kadkac, MeguumHckn dakynteT, Kateapa 3a aHatomujy, Kapc, Typcka;
Ynusep3utet [luyne, Bucoka wkona 3gpaBcTaeHx ycnyra, Atatypk’, Ofierbetbe 3a MeuLMHCKe ycnyre n TexHuke, lujapbakump, Typcka

CAMETAK

YBoa/Lum Linmb oBe cTyauje 6uo je fa ce npoeHn moppome-
Tpuja Tena NpLbeHOBa 1 UHTepBepTEOpaHOT AUCKa Ha HABOY
L4-L5 Kop ocoba ca nymbanHoOM AUCKYC XEPHIjOM, Ca MOCEOHUM
boKycom Ha naeHTMdMKaLujy MOPPOMETPUCKIX MapameTapa
peneBaHTHUX 3a PaAVONOLLKY UHTEPRPEeTaLUjy U3 NepcreKkTBe
KNMHUYKe aHaTomuje.

MeTope PeTpocneKT1BHO Cy aHanu3vpaHy nymbanHu mar-
HETHOPE30HaHTHM CHUMLM 98 ocoba cTapocTy 40-60 rognHa
Ca jefHOHMBOJCKOM ANCKYC XEPHUjOM Ha HMBOY L4-L5 n 184
3[ipaBa MCNUTaHUKa (Ca HOPMaJTHM AVCKOBUMA VN BNCKYC
6y6nrnHrom Ha HuBoY L4-L5). Mpeptba, cpeatba 1 3afiHba Mop-
bomeTpujcka Mepera MHTepBEPTEOPANHOT ANCKa L4-L5 1 Tena
npLbeHoBa L4 v L5 pobujeHa cy Ha CTaHAApAY30BaHNM carvi-
TanHWM paBHUMA 1 ynopeheHa namehy rpyna, kao u nsmehy
NoArpyna ca NpoTpy3unjom 1 eKCTPy3ujom.

Pesynrtatu Hucy youeHe 3HavajHe pasnvke y BUCMHU Tena
npuwsbeHoBa L4 u L5 namehy 3apaBrix v NaTonowWKMX rpyna
(p > 0,05). MebyTum, Npefrba, Cpeara 1 3afihba BUCKHa Jucka
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Ha H1BOY L4-L5 6une cy 3HauajHO CMarbeHe Y MaToMOLLKOj Fpynm
y nopehetby ca 3apaBoM KOHTPONHOM rpynom (p < 0,05). YHyTap
MaToJIOLLKe rpyne, 3aftba BUCMHA ANCKa U NPOLieHaT rybutka
3ajitbe BUCKHE AycKa 61nm Cy 3HauajHO HUXKW Y ClyYajeBrMa ek-
CTpy3uje y ogHOCy Ha NpoTpy3ujy (p < 0,05), Aok npeasa 1 cpes-
tba BUCMHA AMCKa HACY MOKa3ane 3HauajHe pasnuke (p > 0,05).
Mopep Tora, O4HOC acMeTpUje BUCKHE ANCKa 61O je 3HayajHO
HVXKI Y CyyajeBUMa eKCTpy3uje, LUTO ofiparkaBa obpasaly konan-
Ca MCKa Koju je AOMMHAHTaH y 3aarem geny (p < 0,05).
3aK/byyak /1ako je y NaTonoLWKOj rpynu youeH onwTy nag Bu-
CVHE [MCKa, CMakbeHbe HEroBe 3afHe BUCUHE 61O je n3paxe-
HUWje, HapouUTO Y CllyyajeBMMa ekcTpy3uje. OuyBatbe Mopdome-
Tpwje Tena NpLsbeHoBa yKasyje Ha MopdomeTpujcke NPOMeHe
cneunduyHe 3a NaToNorujy ancka. M3 nepcnektuse KIMHWY-
Ke aHaToMWUje, mocTepriopHa MopdomMeTpurja AUCKa MOXKe ce
CMaTpaTn AOAATHVM NapamMeTpoM y PafMoOLLKOj eBanyaLujn
nymbanHe ANCKYC XepHuje.

KrmbyuHe peun: nymbanHa AncKyc xepHuja; H1Bo L4-L5; BUcuHa
AVCcKa; MopdoMeTpUja NpLU/bEHOBA; MarHETHa pe3oHaHLa
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Effects of dexmedetomidine on stress response
during tracheal intubation under general an-esthesia
in patients with poorly controlled hypertension

Yuanxin Sun, Chao Li

Xingwen County Hospital of Traditional Chinese Medicine, Department of Anesthesiology, Yibin, Sichuan,
China

SUMMARY

Introduction/Objective The aim was to investigate the effects of dexmedetomidine (DEX) on hemody-
namics and stress responses during tracheal intubation under general anesthesia in patients with poorly
controlled hypertension.

Methods This study is a prospective, randomized, controlled clinical study, it included 43 patients divided
into an experimental group (n = 28) and a control group (n = 15). The experimental group received an
intravenous infusion of 0.5 pg/kg DEX before anesthesia induction, while the control group was given
an equal volume of normal saline. Heart rate (HR) and arterial blood pressure were recorded at multiple
time points after induction and intubation, and the rate—pressure product (RPP) was calculated. Statistical
analysis was performed using independent sample t-test, Mann-Whitney U test or x* test.

Results At first and third minute after intubation, significant increases in HR, systolic blood pressure, dia-
stolic blood pressure and mean arterial pressure were observed in the control group (p < 0.01), whereas
the experimental group showed no significant changes. All post-intubation hemodynamic parameters
were significantly lower in the experimental group (p < 0.001), with no difference in RPP. No adverse
events or serious complications within seven days post-surgery occurred in either group.

Conclusion DEX effectively inhibits the sympathetic activation response induced by tracheal intubation,

maintains hemodynamic stability, and demonstrates a favorable safety profile.
Keywords: dexmedetomidine; hypertension; intratracheal intubations; hemodynamics

INTRODUCTION

During the induction of general anesthesia,
tracheal intubation - including laryngoscopy
and endotracheal tube placement - induces
intense mechanical and nociceptive stimula-
tion, triggering a stress response in the central
nervous system and leading to pronounced
sympathetic activation [1, 2]. In patients with
poorly controlled hypertension, this stress re-
sponse manifests not only as tachycardia and
abrupt elevation in blood pressure, but also as
increased catecholamine release, which may
precipitate myocardial ischemia, arrhythmias,
or even heart failure, significantly compromis-
ing intraoperative safety and postoperative re-
covery [3].

Commonly used general anesthetics such
as propofol and remifentanil offer advantages
including rapid onset, stable anesthesia, quick
recovery, and effective analgesia. However, their
use in hypertensive patients has notable limi-
tations [4, 5, 6]. High doses or rapid infusion
of propofol can cause respiratory and circu-
latory depression [7]. Although remifentanil
provides strong analgesia and rapid recovery;,
it is associated with postoperative hyperalge-
sia and agitation [8]. Additionally, other an-
tisympathetic agents such as B-blockers have
restricted indications and may not fully meet

the individualized perioperative needs of all
hypertensive patients.

Dexmedetomidine (DEX) is a highly selec-
tive a2-adrenergic receptor agonist with no-
table sedative, analgesic, and sympatholytic
properties [9, 10]. By reducing central sympa-
thetic outflow and catecholamine release, it ef-
fectively attenuates hemodynamic fluctuations
during intense stimuli such as tracheal intu-
bation [11]. The efficacy of DEX in reducing
stress responses during anesthesia induction
and emergence; however, systematic evidence
regarding its efficacy and safety throughout the
intubation process in patients with poorly con-
trolled hypertension remains scarce.

Based on the a2-adrenergic agonist proper-
ties of DEX, we hypothesize that its administra-
tion in patients with poorly controlled essential
hypertension can effectively attenuate sympa-
thetic activation during tracheal intubation
under general anesthesia, thereby improving
intraoperative stability of blood pressure and
heart rate (HR). This study aims to provide a
new pharmacological strategy for perioperative
management in hypertensive patients, poten-
tially reducing the risk of cardiovascular and
cerebrovascular complications.
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METHODS
Study Design

This was a prospective, randomized, controlled clinical
study designed to evaluate the effects of DEX on hemo-
dynamic and stress responses during tracheal intubation
in patients with poorly controlled hypertension.

Subjects

Patients [American Society of Anesthesiologists (ASA class
II)] who underwent general anesthesia with tracheal intu-
bation at Xingwen County Traditional Chinese Medicine
Hospital, Yibin, Sichuan Province, were enrolled in this
study between March 2022 and March 2025. The inclusion
criteria were as follows:

(1) diagnosis of essential hypertension according to
the Chinese Medical Association Hypertension
Prevention and Treatment Guidelines [12], with
a history of standard antihypertensive therapy but
poor blood pressure control (systolic blood pressure
[SBP] 140-180 mmHg or diastolic blood pressure
[DBP] 90-110 mmHg);

(2) age > 18 years, body weight 50-80 kg;

(3) ASA physical status II (mild to moderate systemic
diseases, but these conditions have not resulted in
significant functional limitations);

(4) scheduled for elective surgery under general anes-
thesia with tracheal intubation;

(5) no acute conditions such as myocardial infarction,
stroke, or severe infection based on preoperative ex-
aminations (complete blood count, biochemistry,
electrocardiogram (ECG), chest X-ray, etc.);

(7) provision of written informed consent and ability to
cooperate with research-related assessments.

Exclusion criteria included:

(1) secondary hypertension;

(2) severe cardiac, hepatic, or renal dysfunction (New
York heart association class III-IV heart failure;
Child-Pugh class B-C liver function; glomerular
filtration rate [GFR] < 30 mL/min);

(3) significant arrhythmia (e.g., sinus bradycardia with
HR < 50 bpm, second- or third-degree atrioven-
tricular block), severe tachycardia, or evidence of
myocardial ischemia;

(4) history of allergy to DEX, propofol, remifentanil, or
related anesthetics;

(5) pregnancy or lactation;

(6) neuropsychiatric disorders, severe cognitive im-
pairment, or inability to accurately report adverse
reactions;

(7) active endocrine or metabolic diseases (e.g., hyper-
thyroidism, diabetic ketoacidosis);

(8) other conditions deemed inappropriate for inclusion
by the investigators.
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Randomization and blinding

Eligible patients were randomly assigned in a 1:1 ratio to
either the DEX group or the control (saline) group using a
computer-generated randomization sequence. The alloca-
tion was concealed in sealed, opaque envelopes opened
by an independent research nurse just prior to anesthesia
induction.

To maintain blinding, the study drugs (0.5 ug/kg DEX
or an equal volume of normal saline, both diluted to 20
mL) were prepared by the hospital pharmacy in identical
syringes labeled only with the patient study number. The
anesthesiologist performing the intubation and data col-
lection was blinded to group assignment.

Briefly, a total of 60 patients were initially randomized.
After randomization, 17 patients were excluded from the
final analysis.

Although this study included all eligible patients dur-
ing the study period (n = 43), a post-hoc power analysis
confirmed that this sample size provided adequate power
(> 80%) to detect clinically significant differences in he-
modynamic parameters.

Surgical procedure

Hypertensive patients took their usual morning antihy-
pertensive medications on the day of surgery (excluding
angiotensin-converting enzyme inhibitors or angiotensin
II receptor blockers). All patients followed a preoperative
fasting protocol of 12 hours for solids and eight hours
for clear fluids, which was the institutional standard at
the time of the study. To mitigate potential intravascu-
lar volume depletion, upon arrival in the operating room
and prior to any study drug administration or anesthesia
induction, all patients received a standardized preload
infusion of 5 ml/kg of lactated Ringer’s solution via an
upper limb venous access. Subsequently, all patients re-
ceived pure oxygen via face mask (flow rate 6 L/min).
Under local anesthesia, radial artery catheterization was
performed and connected to a monitor for continuous
ECG, pulse oxygen saturation (SpO,), and invasive blood
pressure (IBP) monitoring. Patients in the experimental
group received an intravenous infusion of 0.5 ug/kg DEX
(Jiangsu Hengrui Pharmaceuticals Co., Ltd., Lianyungang,
Jiangsu Province, China) diluted to 20 mL, administered
via an upper limb vein pump over 10 minutes before in-
duction of general anesthesia. The control group received
an equal volume of normal saline over the same duration.
Immediately after infusion, anesthesia induction was ini-
tiated with the following protocol: intravenous injection
of sufentanil (Humanwell Healthcare Group Co., Ltd.,
Wuhan, Hubei, China) at 0.3 pug/kg over 10 seconds, fol-
lowed by target-controlled infusion of propofol (Jiangsu
Nhwa Pharmaceutical Co., Ltd., Xuzhou, Jiangsu Province,
China) using the Marsh pharmacokinetic model, with
a plasma target concentration set at 3.5 mcg/mL. After
loss of consciousness, vecuronium bromide (Hubei Keyi
Pharmaceutical Co., Ltd., Wuhan, Hubei, China) at 0.1 mg/
kg was administered intravenously, and face-mask-assisted
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ventilation was provided. Tracheal intubation was per-
formed when train-of-four stimulation showed disap-
pearance of T1-T4. If HR decreased to < 50 bpm, 0.4 mg
atropine was administered intravenously; if SBP fell to <
10.6 kPa (=80 mmHg), 1 mg dopamine was administered.

Standardized operating procedure for
endotracheal intubation

To minimize the interference of procedural factors with
the study results, a standardized operating procedure was
implemented for the endotracheal intubation of all en-
rolled patients:

Assessment of intubation difficulty and operator quali-
fications: All endotracheal intubation procedures were per-
formed by two anesthesiologists with more than 15 years
of clinical experience in endotracheal intubation under
general anesthesia. Prior to intubation, airway assessment
was conducted using the Mallampati classification system.
All patients were classified as grade II, indicating favorable
airway conditions and a predicted low intubation difficulty.

Intubation equipment: The same model of video laryn-
goscope was used for laryngoscopic exposure and endotra-
cheal intubation in all patients, ensuring a clear visual field,
gentle manipulation, and technical consistency throughout
the procedure.

Procedure duration: The target time for the entire in-
tubation process - from laryngoscope insertion to confir-
mation of correct endotracheal tube placement — was set
at within one minute. Actual recorded data demonstrated
that intubation was successfully completed within this
timeframe for all patients, with no cases of significantly
difficult intubation or multiple intubation attempts re-
quired. Statistical comparison of the specific intubation
duration between the two groups was not conducted in
this study, as all procedures were performed in accordance
with the same principles of rapidity and gentleness and
completed within a narrow time window.

Procedural consistency: Prior to the study, the two
principal operators engaged in thorough discussions to
standardize intubation techniques, manipulation force, and
the emphasis on minimizing hemodynamic fluctuations.
This step was designed to reduce variability arising from
individual operator habits.

Through the implementation of the aforementioned
standardized measures, we aimed to minimize the impact
of technical variables - other than the study drug inter-
vention (DEX / normal saline) - on the stress response to
endotracheal intubation, thereby enabling a clearer delin-
eation of the effects of the drug intervention itself.

Data collection

Patient demographics, including age, sex, body mass in-
dex (BMI), disease type, duration of hypertension, and
surgical type were collected using a standardized form.
Hemodynamic parameters were recorded, including HR,
SBP, DBP, mean arterial pressure (MAP), and the rate—
pressure product (RPP; HR x SBP) before intubation and
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within 10 minutes after general anesthesia induction.
Adverse events were monitored intraoperatively, including
hypotension (SBP < 90 mmHg), hypertensive crisis (SBP
> 180 mmHg), arrhythmia, and hypoxia (SpO, < 90%).

The specific time points for hemodynamic recording
were defined as follows: TO (0 minutes): immediately after
confirmation of correct endotracheal tube placement; T1,
T3, T5, and T10: one, three, five, and 10 minutes after TO,
respectively. Measurements labeled “pre-intubation” were
taken after anesthesia induction but before the commence-
ment of laryngoscopy.

Selection of hemodynamic baseline: To isolate the
cardiovascular stress response specifically attributable
to tracheal intubation from the effects of anesthetic in-
duction agents, the hemodynamic values measured im-
mediately after anesthesia induction but before laryngos-
copy were designated as the baseline (time 0 min) for all
subsequent comparisons. Although preoperative baseline
values (before anesthesia induction) were also recorded,
the induction agents (propofol and sufentanil) uniformly
caused significant hemodynamic alterations in all patients.
Therefore, using the post-induction, pre-intubation state
as the reference point allows for a clearer assessment of the
additive stress induced by the intubation procedure itself.
This analytical approach was applied identically to both
the experimental and control groups.

Postoperative follow-up at 24 hours, 48 hours, and seven
days included monitoring for infection, bleeding, respirato-
ry/cardiovascular complications, and mortality. Data were
entered via an electronic case report form. Hemodynamic
parameters were automatically recorded by a multi-param-
eter monitor to ensure accuracy and traceability.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 19.0. (IBM Corp., Armonk,
NY, USA). Continuous variables (e.g., age, BMI, hemo-
dynamic parameters) were described as mean + standard
deviation or median (interquartile range) based on nor-
mality. Categorical variables were expressed as frequency
(percentage). Intergroup comparisons were conducted
using independent samples t-test, Mann-Whitney U test,
or X* test, as appropriate. A two-sided o level of 0.05 was
defined for statistical significance.

Ethics: This study was approved by the Medical Ethics
Committee of Xingwen County Traditional Chinese
Medicine Hospital, Yibin, Sichuan Province, and strictly
adhered to the ethical principles of the Declaration of
Helsinki.

RESULTS

Baseline characteristics

Between March 2022 and March 2025, 60 patients were
enrolled and randomized. Following the exclusion of 17

patients for protocol violations or data incompleteness, 15
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Table 1. General characteristics of patients

SunY.and Li C.

DEX improves intraoperative stability of

' Statistical blood pressure and HR
Experimental |  Control
Parameters measure P
group group (x* or t value) . . .
This study systematically evaluated changes in car-
Gender 0.720 0.396 . . . .
diovascular parameters at different time points after
Male 15 6 . Lo .. .
induction in anesthesia in the experimental and con-
Female 13 9 . P
trol groups (Figure 1). In the control group, signifi-
Age (years) 57.75+7.80 | 59.07 = 8.38 0.514 0.610 ! N
, cant increases in HR, SBP, DBP, and MAP were ob-
Body mass index (kg/m?) | 24.95 + 1.36 | 25.03 £ 1.65 0.171 0.865 . K K X
History of hypertension served at the first and third minute after intubation
(years) 453+£262 | 293+£243 1.958 0.057 (p <0.01). Subsequently, at the fifth and tenth minute

Table 2. Type of surgery performed on the patient

after intubation, these parameters returned to levels
not significantly different from those at 0 minute

Types of surgery Number Perc%ntage (p > 0.05). In contrast, when compared to their own
(n) (%) pre-intubation baseline (0 minute), the experimental
Laparoscopic cholecystectomy 28 65.12% . L. NS .
U ithotr . 9,300, group showed no statistically significant changes in
o °t””syt ; Zoe | HR,SBR.DBR or MAP atany of the post-intubation
n r men rger 3 . . . .
L cerep ac.e - = ,Su Ighe Y - - 5 s 650/0 time points (p > 0.05). Throughout intubation, HR,
aparoscopic inguinal nernia repair 3 . .
> P pal . k SBP, DBP, and MAP in the experimental group were
Right femoral fracture open reduction and internal o . 3
fixation 2 4.65% significantly lower than those in the control group (p
Knee arthroscopy 5 4.65% < 0.001). No significant differences in the RPP were
Rotator cuff repair 1 2.33% detected between the two groups at any time point,
Right humeral fracture open reduction and internal ] 233% suggesting that myocardial load was not significantly
fixation i affected under the experimental conditions. These

from the control group (six due to protocol deviation in
anesthetic management, seven due to incomplete hemo-
dynamic data recording, two due to cancellation of surgery
after induction), and two from the DEX group (due to
incomplete data recording). Consequently, the final per-
protocol analysis set comprised 28 patients (15 males, 13
females) in the DEX group and 15 patients (six males, nine
females) in the control group.

As shown in Table 1, no significant difference was
observed in gender distribution between the two groups
(x> = 0.720, p = 0.396). The mean age was 57.75 + 7.80
years in the experimental group and 59.07 + 8.38 years in
the control group, with no statistically significant inter-
group difference (t = 0.514, p = 0.610). BMI values were
comparable between the two groups (experimental group:
24.95 + 1.36 vs. control group: 25.03 £ 1.65, t = 0.171,
p = 0.865). Additionally, there was no significant differ-
ence in the duration of hypertension history between the
experimental group (4.53 + 2.62 years) and the control
group (2.93 + 2.43 years) (t = 1.958, p = 0.057). These re-
sults indicate that the study population was comparable in
terms of demographic and basic metabolic characteristics.

The types of surgery performed on the included patients
are summarized in Table 2. The procedures consisted of
laparoscopic cholecystectomy (28 cases, 65.12%), uretero-
scopic lithotripsy (four cases, 9.30%), knee replacement
(three cases, 6.98%), laparoscopic inguinal hernia repair
and open reduction and internal fixation of right femoral
fracture (two cases each, 4.65%), knee arthroscopy (two
cases, 4.65%), as well as rotator cuff repair and open reduc-
tion and internal fixation of right humeral fracture (one
case each, 2.33%).

DOI: https://doi.org/10.2298/SARH250926017S

results indicate that the intervention in the experi-
mental group may influencing the early cardiovas-
cular response following intubation.

Safety of DEX

A systematic safety assessment was conducted for both the
experimental and control groups. Intraoperative real-time
monitoring showed that no acute adverse events — such
as hypotension (SBP < 90 mmHg), hypertensive crisis
(SBP > 180 mmHg), arrhythmia, or hypoxia (SpO. < 90%)
- occurred in either group. During postoperative follow-up
(24 hours, 48 hours, and seven days), no cases of infection,
bleeding, respiratory complications (e.g., hypoxemia, atel-
ectasis), cardiovascular events (e.g., myocardial ischemia,
heart failure), or mortality were observed in either group.

DISCUSSION

The findings of this study demonstrate that preoperative
administration of DEX in patients with poorly controlled
hypertension undergoing elective surgery significantly re-
duces HR and blood pressure levels during tracheal intuba-
tion compared with the non-intervention control group,
indicating a clear clinical benefit in maintaining hemody-
namic stability. Notably, during the first- to third-minute
post-intubation window — when the stress response is most
intense — patients in the experimental group maintained
relatively stable HR, SBP, DBP, and M AP, whereas the con-
trol group exhibited marked elevations. These results sup-
port the efficacy of DEX in attenuating the stress response
associated with tracheal intubation.

DEX is a highly selective central a,-adrenergic receptor
agonist, and its primary mechanism of action is closely
associated with the inhibition of the central sympathetic
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and anxiolytic effects [17, 18]. Its early ad-
ministration during anesthesia induction
allows for the modulation of preoperative
psychological stress, thereby creating favor-
able conditions for smooth intubation and
subsequent anesthetic maintenance. With
its rapid onset and controllable duration of
action, DEX is suitable for both bolus and
continuous infusion, facilitating individu-
alized hemodynamic management during
surgery. It is particularly noteworthy that
DEX offers distinct advantages in patients
with reduced autonomic regulatory function
or states of sympathetic dominance, such
as those with hypertension, cardiac insuf-
ficiency, or advanced age [17]. Through
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during surgery. This multi-mechanistic
and synergistic profile makes DEX an ideal
agent for managing perioperative circula-
tory instability and reducing the risk of
intraoperative complications, especially in
patient populations characterized by sym-
pathetic overactivation.

Patients with poorly controlled hyper-
tension face significant cardiovascular risks
during tracheal intubation, primarily due
to intense sympathetic activation triggered
by the procedure [19]. As a potent noxious
stimulus, tracheal intubation rapidly elicits
central and peripheral sympathetic excita-
tion, prompting the adrenal medulla to re-

Figure 1. Hemodynamic and other stress responses in surgical patients after anesthesia
and intuba-tion; A — heart rate; B - systolic blood pressure; C - diastolic blood pressure;
D - mean arterial pressure; E — heart rate-blood pressure product; data points labeled
“Pre-intubation (Baseline)” were recorded after anesthesia induction but prior to laryn-
goscopy; TO (0 min) denotes the time point immediately after intubation; *** indicates
a statistical p-value less than 0.001 between the experimental group and the control
group; ## indicates a statistical p-value less than 0.01 between the corresponding time
point in the control group and the control group at 0 minutes; ### indicates a statistical
p-value less than 0.001 between the corresponding time point in the control group and

the control group at 0 minutes

nervous system [13]. By selectively activating a2 recep-
tors in regions such as the locus coeruleus of the brain-
stem, DEX significantly reduces sympathetic tone, thereby
decreasing the release of norepinephrine and other cat-
echolamines [13, 14]. This mechanism plays a key role
in maintaining hemodynamic stability during surgery by
effectively suppressing sympathetic-mediated increases
in HR and blood pressure, particularly during high-stress
events such as tracheal intubation [15, 16]. Moreover,
DEX exhibits a multifaceted pharmacological profile. It
not only provides effective sedation that closely resembles
non-rapid eye movement sleep but also has minimal im-
pact on respiratory drive while offering mild analgesic
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lease large amounts of catecholamines (e.g.,
epinephrine and norepinephrine). This
leads to marked peripheral vasoconstric-
tion, tachycardia, and increased myocardial
contractility. Consequently, blood pressure
rises sharply within a short period, often
reaching or exceeding critical thresholds.
Although these hemodynamic changes are
generally transient and reversible in normo-
tensive individuals, they can result in severe
or even fatal outcomes in patients with poorly controlled
hypertension, whose vascular structure and function are
chronically impaired [20, 21, 22]. Under chronic hyper-
tension, pathological alterations such as arterial stiffness,
reduced vascular compliance, and endothelial dysfunction
are common, significantly diminishing the capacity to reg-
ulate and tolerate acute hemodynamic fluctuations. In this
context, the transient hypertensive peaks induced by intu-
bation - superimposed on already elevated baseline blood
pressure — can readily exceed the autoregulatory thresholds
of vital organs (e.g., heart, brain, and kidneys), thereby
precipitating acute myocardial ischemia, arrhythmias, left
ventricular failure, or even cerebral hemorrhage and aortic
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dissection [23, 24]. This risk is particularly pronounced
in patients with underlying coronary or cerebrovascular
diseases, where intubation-related sympathetic surge may
directly trigger life-threatening events. Furthermore, the
pronounced increase in HR during intubation augments
myocardial oxygen consumption and shortens coronary
perfusion time, elevating the risk of myocardial ischemia
[25]. In hypertensive patients with left ventricular hyper-
trophy or diastolic dysfunction, abrupt elevation in blood
pressure acutely increases left ventricular afterload, po-
tentially inducing pulmonary congestion or acute heart
failure [26]. Therefore, effective suppression of sympathetic
excitation and achievement of hemodynamic stability
throughout all phases of tracheal intubation have become
central challenges in the perioperative management of
patients with uncontrolled hypertension. The findings of
this study underscore the importance of meticulous he-
modynamic control in these patients, particularly during
anesthesia induction and intubation. In clinical practice,
preoperative evaluation of blood pressure control should
be thoroughly conducted, and individualized anesthetic
strategies — such as selecting antisympathetic agents like
DEX, optimizing induction protocols, minimizing intuba-
tion duration, and considering prophylactic pharmacologi-
cal intervention when necessary — should be implemented
based on patient-specific risks [27]. These measures are
essential for reducing intubation-related complications and
enhancing perioperative safety. Personalized and precise
hemodynamic management in high-risk patients repre-
sents a cornerstone of modern anesthetic practice and a
fundamental safeguard for intraoperative patient safety.

In addition to DEX, multiple pharmacological and non-
pharmacological interventions are currently available to
maintain perioperative circulatory stability in hyperten-
sive patients. For instance, short-acting p-blockers such
as esmolol can rapidly control intraoperative tachycardia,
while vasodilators including nitroprusside and nitroglyc-
erin may be used for acute blood pressure management.
Adjunctive agents such as midazolam and fentanyl ana-
logues also contribute to attenuating the stress response
during intubation [28, 29, 30]. Furthermore, refining the
anesthesia induction process, prolonging pre-intubation
oxygenation, and avoiding repeated laryngoscopic attempts
can help reduce the intensity of intubation-induced stress.
However, compared with these conventional approaches,
DEX offers a unique combination of sedative, analgesic,
and antisympathetic properties. Its multi-mechanistic ac-
tion aligns more comprehensively with the perioperative
requirements of hypertensive patients, particularly under
conditions of autonomic hyperactivity.

Despite the promising findings, this study has several
limitations. First, as a single-center prospective observa-
tional study, it may be subject to selection bias, which lim-
its the generalizability of the results. Second, the relatively
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small sample size resulted in insufficient statistical power
for certain subgroup analyses (e.g., patients of differ-
ent age groups or varying durations of hypertension).
Furthermore, the study primarily focused on immediate
intraoperative hemodynamic changes and did not include
outcome measures such as postoperative complication
rates, patient satisfaction, or long-term prognosis. Future
multi-center, large-sample, randomized controlled trials
are warranted to further validate the safety and efficacy
of DEX in high-risk populations. Additionally, the lack
of plasma concentration monitoring of the drug and the
absence of more sensitive indicators such as HR variabil-
ity preclude a deeper understanding of its specific effects
on autonomic nervous function. Further investigation is
needed to elucidate these mechanisms.

CONCLUSION

As a multi-mechanistic and low-risk perioperative adjunct,
DEX represents a valuable intervention for maintaining
hemodynamic stability in patients with poorly controlled
hypertension during high-stress procedures such as tra-
cheal intubation, and its broader clinical application is
warranted.
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EdekTn gekcmegeTommuamHa Ha CTpeCHU OAroBOP TOKOM TpaxeanHe UHTybauuje y
OMNLITOj aHeCcTe3uju Koa 60necHMKa ca noLe peryincaHom XunepTeHsujom

Jyancun CyH, Yao Jin

Okpy»xHa 60HMLa TPAAMLIMOHaNHe KnHecke MeauumnHe ,CuHreer’, Onerbetbe 3a aHectesuonorujy, Jubux, CeuyaH, KnHa

CAXETAK

YBop/Lwmb Linms paga 6uo je ucnutrsake edekata fekcmepe-
TOMMANHA Ha XeMOANHAMUKY 1 CTPECHU OArOBOP TOKOM Tpa-
XearsiHe NHTy6aLmje NoA ONWTOM aHecTe3rjoM Kog 6onecHKa
Ca JioLle KOHTPONCAaHOM XVMEePTEH3jOM.

MeTtope OBo je NpocneKkTVBHA, paHAOMM30BaHa, KOHTPOCaHa
KNVHUYKa CTyAVja Koja je obyxBaTuna 43 6onecHvKa nopesbeHa
y ekcnepvmeHTanHy rpyny (n = 15) n KoHTponHy rpyny (n = 28).
EkcnepumeHTanHa rpyna je npumana MHTPaBeHCKY MHOY3ujy of
0,5 ug/kg nexcvmenetomuariHa npe HAyKLKje aHecTesuje, AOK
je KOHTpOMHa rpyna npumana UCTy 3anpemuHy ¢pr3noNoLIKor
pactBopa. CpyaHa GpeKBeHLMja 1 apTEPUJCKI KPBHU MPUTMCAK
3abenexeHu cy y BuLLe BPEMEHCKUX Tayaka HakoH MHAYKLje
1 MHTybaLmje, N n3padyHar je nponssog GpeKBeHLumje 1 Npu-
Tncka. CTaTucTuKa aHanmsa je ypaheHa Kopuwherbem t-Tecta
3a He3aBlICHe y30pke, MaH-ButHujesor U Tecta nnm x* TecTa.
Pesynrartu lNoka3aHo je fga je cpuaHa pekBeHUMja HAKOH
VHAYKUMje 61na 3HauajHO HIKa Y eKCrieprMeHTaHoj rpynm

DOI: https://doi.org/10.2298/SARH250926017S

y O[HOCY Ha KOHTPOJHY (p < 0,001), 6e3 mehyrpynHe pasnuke
Y KpBHOM NpUTKCKY. HakoH npBor 1 Tpeher MuHyTa of UHTY-
6aLmje, youeHo je 3HauajHo noBehare cpuaHe dpeKkBeHLmje,
CUCTOSHOT, INjacTONHOT 1 CpeAHEr apTePUjCKOTr NPUTHCKA Y
KOHTPONHOj rpynu (p < 0,01), BOK eKcnepuMeHTanHa rpyna Huje
rokasana 3HayajHe npomeHe. CBI XeMOAMHAMCKM MapameTpu
HaKOH UHTY6aLuje 61 Cy 3HaUYajHO HUXKM Y eKCneprMeHTa-
Hoj rpynu (p < 0,001), 6e3 pa3nuke y BpeAHOCTMA NPOK3BOa
dpeKkBeHLMje 1 NpuTtrcka. Huje 6uno HexxerbeHyx gorahaja unm
030U/bHUX KOMMIKaLMja YHyTap cejaM AiaHa HakoH onepavyje
HW'Y jefiHOj rpynu.

3aksbyuak [lekcmegeToMuanH edUKacHO MHXMOMpPa ofroBop
CUMMATMYKe aKTMBaLMje 3a3BaH TPaxeasHOM UHTY6aLnjoM,
ofipXaBa XeMOANHAMCKY CTabUIHOCT U NOKa3yje NoBO/baH
6e36ejHOCHM Npodw.

KmbyuHe peun: fekcMeieTOMUAVH; X1nepTeH3uja; TpaxeanHa
UHTYbaLyja; XeMoguHaMyIKa
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Recreational skiing- and snowboarding-related
injuries — a four-year trauma center cohort from
Kopaonik mountain ski center
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SUMMARY

Introduction/Objective Skiing and snowboarding are popular winter sports with distinct participant
demographics, equipment, and movement patterns. Comparative epidemiological data from Southeast
Europe are limited. The aim of this study was to compare injury epidemiology and injury patterns between
skiers and snowboarders at the Kopaonik Ski Resort, Serbia.

Methods This retrospective descriptive epidemiological study analyzed ski patrol reports and medical
records from the University Clinical Center of Serbia over four winter seasons (2021-2024). Injured partici-
pants aged 4-81 years who received on-site ski patrol assistance and were evaluated at the resort-based
trauma center were included. Participants were categorized according to sport (skiing or snowboarding).
Group differences in demographic, temporal, and environmental characteristics were assessed using x?
tests. Injury types and anatomical distribution were compared using x* or Fisher’s exact tests, and odds
ratios with 95% confidence intervals were calculated.

Results A total of 3368 injured participants were included, of whom 3011 (89.4%) were skiers and 357
(10.6%) snowboarders. Snowboarders were younger and more often male (p < 0.001). They were more
frequently injured on novice slopes, whereas skiers predominated on advanced slopes (p = 0.001). Helmet
use was higher among snowboarders (p = 0.004). Skiers had higher odds of knee and lower leg injuries,
while snowboarders more commonly sustained forearm and hand/wrist injuries. Fractures and disloca-
tions were more frequent among snowboarders, whereas sprains predominated in skiers.

Conclusion Significant sport-specific differences in injury patterns were identified. These findings sup-
port the development of targeted injury prevention strategies and optimization of healthcare services

for winter sports injuries.
Keywords: snowboarding; skiing; injury

INTRODUCTION

Skiing and snowboarding are popular winter
sports, and while they share similar environ-
ments, they differ in demographics, movement
patterns, equipment, and skill level of partici-
pants. Previous studies have shown that snow-
boarders tend to be younger and more often
males compared to skiers [1-5]. Historically,
helmet use was higher among snowboarders,
but recent reports indicate a similar acceptance
level between the two groups [2, 6]. Furthermore,
the temporal patterns of injuries vary, with
skiers being more frequently injured during
weekdays and snowboarders more often on
weekends [4, 7]. Available evidence indicates
that snowboarders sustain injuries on easier
slopes, whereas skiers’ injuries are more evenly
distributed across intermediate and advanced
slopes [2, 8]. Weather conditions have also been
identified as an external risk factor for injuries,
but data comparing skiers and snowboarders
are limited [9, 10, 11].

Additionally, previously published papers
showed different injury patterns in those two

groups. Upper extremity injuries were predomi-
nant in snowboarders, while lower extremity
injuries were more frequent in skiers [1, 2, 4,
12,13, 14].

Kopaonik Ski Center, which was established
in 1964, is the largest ski resort in Southeast
Europe, encompassing 48 alpine ski slopes, 30 ski
trails, and two beginner training grounds, which
can accommodate 12,000-14,000 simultaneous
skiers. Delibasi¢ et al. [15] have shown that the
capacity of the ski lift transportation system at
the Kopaonik Ski Center increased by 58%, and
the injury rate nearly doubled from 2005. to
2010. Furthermore, snowboarding experienced
a significant boom in the 1990s, when most
major ski areas developed separate slopes for
snowboarders. Snowboarding developed with
delay at Mt Kopaonik, where the first snowboard
park opened in 2012. The rapid development
of the largest ski resort in Southeastern Europe
on one side, and the significantly delayed initial
adoption may lead to local differences in epide-
miology of those injuries, underscoring the need
for specific epidemiological data and compara-
tive analyses. Although numerous international
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studies have investigated demographic, temporal, and
environmental factors associated with snow-sport injuries,
to the best of our knowledge, no previous research has
examined those aspects in the Southeastern European
context. This retrospective observational study aimed to
address two primary objectives:

to analyze and compare differences between injuries in
skiers and snowboarders regarding demographic, environ-
mental, and temporal factors;

to compare injury patterns between the two sports in
terms of anatomical location and injury type.

Understanding those factors in the local context is es-
sential for developing targeted injury prevention strategies,
guiding slope management policies, and improving skier
and snowboarder safety. This study presents an opportunity
to contribute valuable insights into the field of winter sports
safety, particularly in the Southeastern European context.

METHODS
Participants and inclusion criteria

This retrospective descriptive epidemiological study was
conducted at Mt Kopaonik Ski Center and included in-
dividuals injured while skiing or snowboarding during
the period spanning from 2021 to 2024. Included partici-
pants were those who received on-site assistance from the
Mountaineer Rescue Service of Serbia (ski patrol) and were
subsequently medically evaluated at the Trauma Center of
the University Clinical Center Serbia, located at the base
of the resort. Participants treated only by the ski patrol or
those who refused medical evaluation were excluded from
the study. Furthermore, only patients with musculoskeletal
injuries were included.

Data collection

The study participants were categorized into two distinct
cohorts based on their injuries sustained during skiing
or snowboarding at the time of injury. Data regarding
demographic characteristics and types of injuries were
obtained from the hospital database system following a
standardized data extraction protocol to ensure consistency.
Information regarding helmet usage, environmental, and
temporal factors was obtained from ski patrol reports. All
participants had a unique ID, which allowed researchers
to link them to databases.

Statistical analysis

All analyses were performed in IBM SPSS Statistics for
Windows, Version 22.0. (IBM Corp., Armonk, NY, USA)
with significance set at p < 0.05. Means and standard de-
viations were calculated for continuous variables and per-
centages for categorical variables. Age was analyzed as a
continuous variable and categorized into predefined groups
(< 15, 15-24, 25-44, 45-64, and > 65 years). Comparisons
between injured skiers and snowboarders were performed

‘ DOI: https://doi.org/10.2298/SARH260122021A
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with the Pearson x? test. Effect sizes (® coefficient and
Cramér’s V) were calculated to determine the strength of
associations. To identify cells contributing most to signifi-
cant x° results the adjusted residuals (AR) were calculated.
AR indicated the degree to which the observed frequency
differs from the expected frequency. Positive AR values
indicated overrepresentation, while negative AR values
indicated underrepresentation. An absolute AR value
greater than 1.96 was considered statistically significant
[16]. AR analyses were considered exploratory, and focused
on identifying the largest deviations from expectation. No
formal correction for multiple comparisons was applied.

Injury distribution across anatomical regions was com-
pared between sports using the x*/Fisher test as above. For
each region, we calculated an odds ratio (OR) with a 95
% confidence interval (95% CI) with OR > 1 meaning the
injury was more common in skiers, and OR < 1 meaning
it was more common in snowboarders.

Ethics: The study was approved by the Ethics Committee
of the University Clinical Center, Number 524/4.

RESULTS

The differences between skiers and snowboarders in terms
of demographic characteristics, temporal, environmental
factors and helmet usage are summarized in Table 1.

The final sample consisted of 3368 injured participants,
including 3011 skiers (89.4%) and 357 snowboarders
(10.6%). Among the patients included in the study, 1713
were female (50.9% and 1655 were male (49.1%). The mean
age of the patients was 31+ 14.68 years.

Differences between skiers and snowboarders
regarding demographic factors

Compared to skiers, a greater proportion of males was
found among snowboarders (58.8% vs. 49.9%, p = 0.001).
Skiers were older than snowboarders (32.3 + 15 vs. 26.3
+ 9.7 years, p < 0.001). When age was categorized, a sig-
nificantly higher than expected number of skiers were
injured among the 45-64-year group (AR = 8.2) while
snowboarders were overrepresented in the 25-44 years
group (AR =4.7) (Table 1).

Differences between skiers and snowboarders
regarding environmental factors

Both skiers and snowboarders were most frequently injured
on easy slopes. However, there was a significant difference
between the two groups with respect to slope difficulty
(p =0.001). A significantly higher than expected number
of skiers was injured on advanced/expert slopes (AR = 3.4),
while this was true for snowboarders on novice slopes
(AR = 2.6). Most of the injured skiers (77.2%) and snow-
boarders used helmets (83.5%), although this proportion was
significantly higher in snowboarders (p = 0.007) (Table 1)
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Table 1. Details of injured skiers and snowboarders

Parameters ‘ Skiers (3011) ‘ AR® Snowboarders (357) ‘ AR? p Effect size
Demographic factors
Male 1503 (49.9) -3.2 210 (58.8) 3.2 0.001 @ =0.055
Gender
Female 1508 (50.1) 3.2 147 (41.2) -3.2
Mean age 32.33+£15.04 26.33 £9.68 0.000°
<15 498 (16.5) -0.7 64 (17.9) 0.7 0.000 V=0.150
Age 15-24 570(18.9) -2.5 87 (24.4) 2.5
9 25-44 1230 (40.9) -4.7 192 (53.8) 47
45-64 660 (21.9) 8.2 13(3.9) -8.2
65+ 53(1.8) 2.1 1(0.3) -2.1
Environmental factors
Novice 392(13) -2.6 64 (17.9) 26 0.001 V =0.069
o Easy 1380 (45.8) -0.7 171 (47.9) 0.7
Slope difficulty -
Intermediate 784 (26) 0.1 92 (25.8) -0.1
Advanced/expert 455 (15.1) 34 30(8.4) -34
Yes 2325(77.2) -2.7 298 (83.5) 2.7 0.007 ¢ =0.050
Helmet
No 686 (22.8) 2.7 59 (16.5) -2.7
Temporal factors
Weekday 1925 (63.9) 2.2 207 (58) -2.2 0.027 ¢=0.038
Day of week
Weekend 1086 (36.1) -2.2 150 (42) 2.2
Morning (8-10) 130 (4.3) 0.4 14 (3.9) -0.4 0.143 V =0.045
Noon (10-12) 842 (28) 0.0 100 (28) 0.0
Time of injury Afternoon (12-14) 990 (32.9) 1.3 105 (29.4) -1.3
Late afternoon (14-16) 925 (30.8) -0.5 114 (31.9) 0.5
Night (18-22) 121 (4) -24 24 (6.7) 24
2021 1059 (35.2) 1.6 110 (34.7) -1.6 0.133 V =0.041
. 2022 831 (27.6) 0.1 98 (27.5) -0.1
Season of injury
2023 617 (20.5) -2.2 91 (25.5) 2.2
2024 504 (16.7) 0.2 58(16.2) -0.2
January 1097 (36.4) 1.7 114 (31.9) -1.7 0.513 V=0.031
February 1054 (35) -0.7 132 (37.2) 0.7
Month of injury March 632 (21) -0.5 79 (22.1) 0.5
April 56 (1.9) -0.1 7 (2) 0.1
December 172 (5.7) -1.0 25(7) 1.0
Yes 65 (2.2) -0.8 10 (2.8) 0.8 0.437 ¢=0.013
Off slope
No 2946 (97.8) 0.8 347 (97.2) -0.8
Optimal 1473 (48.9) -2.3 198 (55.5) 2.3 0.017* V =0.049
Weather conditions Moderate 1292 (42.9) 2.9 125 (35) -2.9
Adverse 246 (8.2) -0.9 34 (9.5) 0.9

AR - adjusted residuals;

astatistically significant differences between groups (p < 0.05) are denoted by boldface p; AR values >1.96 or <-1.96 indicate statistically significant differences
at p < 0.05; b t-test; @ to determine the strength of the association between two variables for 2 x 2 comparations; V (Cramer) for multicategory comparations to

determine the strength of the association between two variables

Difference between skiers and snowboarders
regarding temporal factors

Skiers had a significantly higher proportion of weekday
injuries compared to snowboarders (63.9% vs. 58%), while
snowboarders were more likely to be injured on weekends
(42% vs. 36.1%, p = 0.027) (Table 1).

A significant difference regarding injury risk with respect
to weather conditions was observed (p = 0.017). Although
injuries in both groups most often occurred under optimal
weather conditions, a higher-than-expected number of ski
injuries were sustained under moderate weather conditions
(AR =2.9) (Table 1).
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Time of injury, season of injury, and month of injury did
not significantly differ between skiers and snowboarders
(p > 0.05).

Differences between skiers and snowboarders
regarding injuries

The anatomical distribution of injuries differed significantly
between skiers and snowboarders (Table 2). Lower-limb
injuries were markedly more frequent among skiers, par-
ticularly the knee (39.7% vs. 10.1%; OR = 5.87, 95% CI
4.13-8.34, p < 0.001) and lower leg (10.2% vs. 3.6%, OR = 3,
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95% CI 1.70-5.29, p < 0.001). Thigh and ankle injuries
did not differ significantly between sports (both p > 0.05).

Upper-limb injuries were more frequent among snow-
boarders (62.7% vs. 26.7%, p < 0.001) with the largest
differences in the forearm (OR = 0.14, 95% CI1 0.11-0.188,
p <0.001) and hand/wrist (OR = 0.49, 95% CI 0.342-0.713,
p <0.001). Trunk injuries were less common in skiers than
snowboarders (OR = 0.64, 95% CI 0.43-0.95, p = 0.027).
This difference was mainly due to lower back-pelvis injuries
(OR 0.42,95% CI 0.25-0.70, p = 0.001)

Types of injury
Injury type differed between sports (Table 3). Compared

with snowboarders, skiers had higher odds of sprain (27.5%
vs. 9.8 %; OR = 3.48,95% CI 2.41-4.93, p < 0.001), whereas

Aleksi¢ M. et al.

fracture (20.7% vs. 36.0%; OR = 0.47, 95% CI 0.37-0.59,
p < 0.001) and dislocation (5.2% vs. 10.6%; OR = 0.47,
95% CI 0.32-0.68, p < 0.001) were more frequent among
snowboarders. Differences for contusion, laceration, and
concussion were not statistically significant (all p > 0.05).

DISCUSSION

Almost 90% percent of injuries in our cohort were sustained
by skiers. Recent studies reported the incidence of ski in-
juries being between 62-69.7%, indicating that skiing still
maintains greater popularity compared to snowboarding
[2, 4]. Results from our study demonstrated demographic
differences and confirmed globally observed patterns be-
tween skiers and snowboarders in the local setting. A higher

Table 2. The anatomical distribution of injuries in skiers and snowboarders common in skiers

?OR - odds ratio for injury in skiers relative to snowboarders; OR > 1 indicate injuries more; OR < 1 indicate injuries
more common in snowboarders;
bps refer to x° or Fishers exact test as appropriate; statistically significant differences between groups (p < 0.05) are

denoted by boldface p;
Fishers exact test;

9OR calculated using a continuity correction of 0.5 due to zero cases among snowboarders

Table 3. Comparison of injury types between skiers and snowboarders

?OR = odds ratio for injury in skiers relative to snowboarders;
*Statistically significant differences between groups (p < 0.05) are denoted by boldface p
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proportion of younger population
and males was found among snow-
boarders compared to skiers. This is in

Injured body region n (%) Snsz/:)s Snov:]b(a;jl)rders pb OR? cl accordance with data from previous
Head and neck 33200%) | 304(10.1%) | 28(7.8%) | 0477 | 132 | 0ss_197 | Studies suggesting that snowboard-
Head 228(6.6%) | 204 (6.8%) 24(67% | 0970 | 100 | 0.65-156 | & tends tobemore popular among
Face 59 (1.8%) 59 (2%) 0 (0%) 0.002¢ | 14.4d NC younger demographics, particularly
Neck 45 (1.3%) 41(1.4%) 4(1.1%) 100¢ | 121 | 043-342 | males[1-5,38].

Trunk 211(63%) | 179 (5.9%) 32(9%) | 0026* | 064 | 0.43-0.95 Most injuries in both groups were
Chest 1032.9%) | 93(3.1%) 10(28%) | 0765 | 1.10 | 0.57-214 | sustained on easy slopes. Our results
Back 4(0.1%) 3(0.1%) 1(03%) | 0361¢<| 035 | 0.04-342 | alignwithlimited results reported in
Abdomen 11(03%) | 10(0.3%) 1(03%) | 1.000° | 118 | 0.15-9.29 | literature showing that most injuries
Lower back and pelvis | 93 (2.8%) | 73 (2.4%) 20(56%) | 0.001 | 041 | 025-069 | from both sports occur on easy to
Upper limb 1027 (30.5%) | 803 (26.7%) | 224(62.7%) | 0.000 | 021 | 0.17-027 | intermediate slopes, where the most
Shoulder 429(12.7%) | 362(12%) | 67(18.8%) | 0.000 | 0.59 | 0.44-0.78 | participants spend the majority of
Upper arm 79 (2.3%) 73 (2.4%) 6 (1.7%) 0380 | 145 | 0.63-3.36 | their time [2, 17]. However, our re-
Elbow 41 (1.2%) 32(1.1%) 9(2.5%) |0.035*<| 041 | 0.19-0.87 | sults showed a higher proportion of
Forearm 267 (7.9%) | 164(54%) | 103(28.9%) | 0.000 | 0.14 | 0.11-0.18 | snowboard related injuries on novice
Hand/wrist 211(63%) | 172(5.7%) 39(10.9%) | 0.000 | 049 | 034-0.71 | slopes, and a higher proportion of ski
Lower limb 1766 (52.4%) | 1700 (56.5%) | 66(18.5%) | 0.000 | 571 | 434-7.54 | related injuries on advanced/expert
Thigh 106 (3.1%) | 99 (3.3%) 7 2%) 0174 | 175 | 081-381 | slopes in skiers. This finding sug-
Knee 1231 (36.5%) | 1195 (39.7%) 36 (10.1%) 0.000 | 586 | 4.13-8.34 gests that injured snowboarders are
Lower leg 320 (9.5%) 307 (10.2%) 13 (3.6%) 0.000 | 3.00 | 1.71-5.29 beginners compared to skiers who
Ankle 96 (2.9%) 89 (3%) 7 2%) 0285 | 152 | 070-331 | were more experienced. Lower abil-
Foot 13 (0.4%) 10 (0.3%) 3(08%) | 0152°| 039 | 0.11-143 |ty is a clearly recognized risk factor
Other 32(1%) 25 (0.8 %) 7 2%) 0073 | 041 | 018-097 | for injury [18, 19, 20]. Promotion of

responsible skiing and snowboarding
within one’s limits and abilities with a
special focus on novice snowboarders
should be considered an important
educational task.

A significantly higher helmet usage among snow-

Type of . . boarders compared to skiers found in our study
.7 n (%) Skiin Snowboardin OR? Cl o .
injury i 5 i is in line with results from the 2000s [21, 22, 23]
Dislocation | 193 (5.8%) | 156(5.2%) | 37(106%) |0.000| 046 | 032-0.68 |  but different from recent years results, suggest-
Contusion | 1249 (37.1%) (3171 gso) 121(346%) | 0241 | 114 | 091-1.45 |  ing similar helmet use between the two groups,
X and a dramatical increase in helmet adoption for

Fracture | 745(22.1%) | 619 (20.7%) | 126 (36%) | 0.000 | 0.46 | 0.36-0.58 3 )

. both skiing and snowboarding [2, 6]. The pattern
Laceration | 156 (4.7%) | 140 (47%) | 16(4.6%) | 0922 | 1.02 | 0.61-1.74 bserved i hort s the need t .

T mn r T n T

Sprain 864 (25.7%) | 829 (27.5%) | 35(9.8%) | 0.000| 349 | 2.44-499 | °°°¢ ‘f'e 31}11 lco f[) dsu%ges S p € ,ee,t, f, ¢ e? €
Concussion | 129 (3.8%) | 114(3.8%) | 15(4.2%) | 0.662 | 0.89 | 0.52-1.55 Ln‘ifle ocuse i}r}ne adop 1“;“ satety “11:_ tatives for
Other 32(1%) | 25(0.8%) 72%)  |0.037| 041 | 0.19-0.97 Oth groups, with a special Iocus on SKIErs.

Skiers had a higher proportion of injuries during
the weekdays compared to snowboarders (63.9%
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vs. 58%), while snowboarders were more likely to be in-
jured on weekends (42% vs. 36.1%, p = 0.027). This is in
contrast with previously published works by Chen et al.
[7] and Subast et al. [4], who reported only minor or non-
significant differences between sports. Our results show
a clear temporal difference, suggesting that injury timing
may be sport-specific and that targeted preventive strategies
during peak weekend periods may be particularly relevant
for snowboarders. The higher injury counts on weekends
in snowboarders can possibly be explained by the fact that
snowboarders are younger and less experienced than ski-
ers, and primarily snowboard only on weekends, which is
consistent with results observed in this study.

While most injuries in both groups occurred under
optimal weather conditions, skiers sustained injuries more
often under moderate weather conditions compared to
snowboarders. To the best of our knowledge, prior studies
have not compared weather-related injury risk by sport but
showed that injuries concentrate in favorable or warmer
conditions, and that temperature/visibility influence risk
in both groups [9, 11]. Our results may reflect specific
differences in risk-taking behavior, with snowboarders
being more active only during favorable conditions, po-
tentially increasing their exposure to injury only under
these conditions. It could also be assumed that skiers are
more experienced, thus skiing also when weather condi-
tions are not optimal.

Different anatomical localization in both disciplines of
injuries in our cohort also underline their diversity. The
most frequently affected area in snowboarders was the up-
per extremity, with fractures being the most frequent type
of injury. On the contrary, skiers sustained significantly
more lower extremity injuries, particularly involving the
knee, where sprains occurred with notably higher odds.
The results of our study confirmed the previously well-
established differences in anatomical localization and types
of injuries in both disciplines, which can be explained
by different mechanisms of injuries [1-4, 13, 14, 24, 25].
Snowboarders whose feet are fixed attempt to fall with reflex
arms outstretching, leading to force of injury transition to
the upper limb. On the other hand, skiers are more prone to
torsional forces on their stationary lower limbs during falls
[14]. Evidence-based equipment related injury prevention
measures of knee and wrist injuries should be promoted.
Wearing wrist guards, especially during the learning phase
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CONCLUSIONS

Despite the increasing popularity of snowboarding in
recent years, skiing remains significantly more popular.
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ends. Targeted prevention strategies should be focused on
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MoBpeae y peKpeaTUBHOM CKMjakby M CHOYOOPAUHTY — YETBOPOroAuLLIHa KOXOPTHA
CTYAMja Tpayma LieHTpa Y CKU-LeHTpy KonaoHuk

Munuua Anekcuh'? TrjaHa JosaHosuh', Maja Muumh', CredaH Hokuh?, Visan Tynuh?, MeaH Cenakosuh'? fopaH Tynuh?3,

Emnnuja [ly6rbanut Pacnonosuh'

'YHuBep3uTeTCKN KNMHUYKY LeHTap Cpbuje, LieHTap 3a dusnkanHy megnumty 1 pexabunutauujy, beorpag, Cpbuja;

*YHueep3utet y beorpagy, MeanunHcku gakyntert, beorpag, Cpbuja;

YHNBepP3UTETCKI KNUHUYKY LieHTap Cpbuje, KnuHuka 3a opToneacky xvupyprujy n Tpaymatonorujy, beorpag, Cpbuja

CAXETAK

YBoa/Unm Ckujarbe 11 CHOYOOPANHT Cy MONYNapHU 3UMCKN
CMOPTOBMU KOjui Ce Pa3nuKyjy No AemMorpadpckim Kapaktepuctu-
Kama yYecHVKa, onpemu 1 obpacLimma KpeTarba. KomnapatvBHY
ennaeM1onoLLKN NoAaLy 0 NOBPeAama y OB/IM CMOPTOBMMA Y
jyroncrouHoj EBponu cy orpaHunyenu. Linsb oBe ctyauje 6vo je
[ ce ynopefie enviaemvionoruja n obpacuy nospehrsarba Koa
cKujawa n cHoyboppaepa Ha Ckujanuiuty KonaoHuk y Cpbuju.

MeTtope CnpoBefeHa je peTpocneKkTVBHa JeCKPUMTNBHA
enuaemMronoLLKa CTyamnja 3aCHOBaHa Ha aHan13n U3BeLlTaja
CKU-naTposie 1 MefULMHCKe OKYMeHTaLyje YHUBep3nuTeTCcKor
KnnHMYKor LieHTpa Cpbuje TOKoM YeTrpm 3uMcKe ce3oHe (2021-
2024). YkbyueHu cy noBpeheHn yuecHMLM y3pacTa of 4 fo 81
rofivHe Koju cy 36puHy TV Ha TepeHy 1 NperneaaHy y Tpayma
LIEHTPY Ha CKujanuwTy. icnnTaHmnum cy nofesbeHmn npema BpcTu
crnoprta. Pa3nuke y gemorpadckrm, BpeMeHCKUM 11 aMbujeH-
TaNHUM KapaKTepuUcTUKaMa aHanmsmpate cy x* Tectom. Tun u

DOI: https://doi.org/10.2298/SARH260122021A

aHaTOMCKa JIoKanv3auuja nospesa ynopehusaxu cy npyimeHom
X wnn OuiepoBOr ersakTHOT TecTa, y3 13padyHaBakbe OfjHOCa
waHcy (OR) ca 95% nHTepBanomM Noy3aaHOCTH.

Pe3ynTtatm AHanu3vpaHo je 3368 noBpeheHux yuecHuKa, og
Kojux cy 3011 (89,4%) 6unu ckujawm, a 357 (10,6%) cHoy60p-
Aepw. CHoybopgaepw cy 6unm mnahu n yewhe mywkor nona (p
< 0,001). NMoBpepne Kop cHoyboprepa Yelwhe cy ce jaBrbane Ha
NAKLWKM CTa3ama, AoK Cy CKMjaliv AOMUHMPANMN Ha TEXIM CTa-
3ama (p = 0,001). Ckujawwm cy nmanu sehe nsrnege 3a nospege
KoJieHa 11 MOTKOMEHNLE, oK Cy cHoybopaepu Yelwhe 3ago6mja-
N1 MoBpefe NofAnakTyLe 1 Wwake/3rnoba. Mpenomu 1 nykcawyje
6unu cy yewhu Koa cHoybopaepa, a yraHyha Kog ckujalua.
3aKkmyuak YTBpheHe cy 3HauajHe pa3nuke, cneundunyHe 3a
CropToBe, y obpacLma noBpehuBatba, LWTO yKasyje Ha noTpedy
3a UnbaHOM NpeBeHLMjoM NoBpeaa v yHanpeherwem 3pas-
CTBEHE 3aLUTUTE Y 3MCKIM CMIOPTOBMMA.

KrbyuHe peun: CHoy6opAVHT; CKjatbe; MoBpese
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Screening of urinary tract infections in children using
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SUMMARY

Introduction/Objective Urinary tract infections (UTIs) in children represent a significant public health
problem due to their high prevalence and the need for timely diagnosis and adequate treatment. Au-
tomated methods using fluorescent flow cytometry are increasingly being used in laboratories for the
screening of UTls. The aim of this study was to determine the cutoff values for leukocyturia and bacteriuria
using fluorescent flow cytometry for the screening of urinary tract infections in the pediatric population.
Methods A total of 821 urine samples were cultured, of which 366 samples met the criteria for fluorescent
flow cytometry on the automated Sysmex UF- 4000 analyzer. The counts of leukocytes and bacteria were
compared with the culture results.

Results Of the total urine cultures tested, 209 (25.5%) were positive, and 599 (73%) were negative. There
was a statistically significant difference in the prevalence of uropathogens according to the age of the
children (p < 0.001). The area under the curve (AUC) for leukocyte count was 0.77 (95% Cl: 0.71-0.84),
while the AUC for bacterial count was 0.85 (95% Cl: 0.81-0.89). A low negative likelihood ratio (0) was ob-
served at the bacterial cutoff of 40.1, and the negative predictive value was high (between 91% and 99%).
Conclusion Determination of leukocyte and bacterial counts in urine in children using fluorescent flow
cytometry can serve as an initial test when deciding on urine culture in microbiological laboratories.
These results may indicate the necessity of reducing unnecessary urine cultures while providing faster

confirmation of negative test results.

Keywords: fluorescent flow cytometry; leukocytes; bacteria; cutoff value; urine culture

INTRODUCTION

Urinary tract infections (UTIs) represent one
of the most common bacterial infections in the
pediatric population, affecting all age groups
of children. They constitute a significant pub-
lic health problem globally, given their high
incidence and the need for timely diagnosis
and therapy. Despite the growing problem of
antimicrobial resistance, the use of antibiotics
remains an indispensable part of the thera-
peutic approach in the treatment of UTIs in
children [1, 2]. The incidence of UTIs in chil-
dren varies and depends on age, sex, and race.
The incidence rate is significantly high in both
sexes during the first year of life. Boys have a
higher incidence than girls in the first year of
life, after which the rate declines. Girls are pre-
dominantly affected by UTIs, at a rate of 2—-4
times higher than in boys [3, 4]. Functional
urination disorders are common in recurrent
urinary tract infections. They can cause dam-
age to the upper urinary tract and kidneys, as
well as negatively affect the quality of life of
children, which is why their early detection
and treatment are important [5]. Inadequate
selection of antibiotics may lead to therapeu-
tic failure and contribute to the development
of antimicrobial resistance. Recurrent UTIs,
particularly in children, represent a significant
clinical problem due to consequent irreversible

damage, including scarring of the renal paren-
chyma, progressive impairment of renal func-
tion, arterial hypertension, and the develop-
ment of chronic kidney disease. Evidence from
research indicates a high prevalence of multi-
drug resistance among Gram-negative bacteria,
which represent the most common etiological
agents of UTIs [6, 7]. Microbiological analysis
of urine, that is, urine culture, is still considered
the most reliable method for the detection and
identification of UTI pathogens. The diagnostic
process may be complicated by the presence of
fecal flora, due to colonization of the perineal
region and distal urethra [8, 9]. To minimize
sample contamination, suprapubic aspiration
and catheterization are considered reference
methods for urine collection for culture in
young children. Given the invasive nature of
certain diagnostic procedures, inflammation
in the urinary tract may be indirectly assessed
through quantification of white blood cells
(WBCs) and bacteria in urine [10, 11].
Modern fully automated urine analysis
systems, including combined chemical and
sediment analyzers, as well as devices based
on digital microscopy and flow cytometry,
have become an integral part of routine labo-
ratory practice. These technologies enable stan-
dardized, efficient, and reproducible sample
processing, thereby supporting clinicians in
the early identification and management of
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suspected UTT samples [12, 13]. Fluorescent flow cytom-
etry allows rapid and reliable analysis of urine samples,
enabling UTI screening in less than one minute. An ad-
ditional advantage of this technology is its ability to differ-
entiate between Gram-positive and Gram-negative bacteria
(14, 15, 16].

The aim of this study was to examine the most common
causative agents of UTIs in children and the role of fluo-
rescent flow cytometry as an auxiliary diagnostic method
during microbiological urine analysis.

METHODS

From January to July 2025, we analyzed urine samples from
the Clinic of Pediatric Diseases, University Clinical Center
of the Republic of Srpska (UCC RS), which were routinely
submitted to the microbiology laboratory for culture. The
study was conducted over this six-month period to ensure
consistent laboratory procedures, stable analytical condi-
tions, and an adequate sample size across all age groups,
while minimizing variability related to procedural or orga-
nizational changes over longer study periods. Participants
were stratified into the following age groups to reflect dis-
tinct developmental and physiological stages: 0-6 months,
seven months to four years, 5-9 years, 10-14 years, and
15-18 years.

Urine cultures were performed exclusively in hospital-
ized pediatric patients admitted to the pediatric ward. Both
urinalysis and urine culture were requested only when
clear clinical indications were present, based on the treat-
ing physician’s assessment (e.g., signs or symptoms sugges-
tive of urinary tract infection). Exclusion criteria included:
urine samples obtained as part of routine screening exami-
nations; outpatient urine samples; samples with incomplete
clinical or laboratory data; contaminated urine samples;
and repeated urine samples from the same patient, with
only the first eligible sample included in the analysis.
A total of 906 urine samples obtained through voiding
and urinary catheterization were analyzed, of which 821
samples were included in our study. Of these, 366 urine
specimens met the criteria, that is, a minimum of 2 mL of
urine for fluorescent flow cytometry using the automated
analyzer Sysmex UF-4000 (Siemens Corporation).

Fluorescent flow cytometry is an analytical method that
enables rapid measurement of light scatter and fluorescence
emission produced by adequately illuminated cells or par-
ticles. During analysis, cells or particles are suspended in
a liquid medium and generate optical signals as they in-
dividually pass through a laser light beam. Because mea-
surements are performed separately for each particle or
cell, the results represent cumulative individual cytometric
characteristics. Urine particle analysis is based on sheath
flow principles, whereby each particle within the sample
stream is individually illuminated by laser light, generat-
ing forward-scattered light, side-scattered light, side fluo-
rescence, and depolarized side-scattered light, which are
subsequently converted into electrical signals. In this study,
urine samples were analyzed using an automated urine
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flow cytometer (Sysmex UF-4000, Sysmex Corporation,
Kobe, Japan). The system utilizes a blue laser to enhance
bacterial detection and depolarized side-scattered light to
improve differentiation between erythrocytes and crys-
tals. Fluorescent staining is performed using proprietary
reagents with radio-frequency identification (RFID) tech-
nology to ensure accurate measurement and differentiation
of bacteria. The analyzer enables differentiation of epithelial
cells and urinary casts and allows rapid exclusion of nega-
tive urinary tract infection samples. The UF-4000 provides
quantitative analysis of 17 diagnostic parameters in urine
mode and nine diagnostic parameters in body fluid mode,
with results reported as particles per microliter using man-
ufacturer-provided algorithms. The method allows for the
analysis of physiological and cellular properties of urine and
other body fluids, such as cerebrospinal fluid, pleural fluid,
synovial fluid, and others. The analytical parameters that
the Sysmex UF-4000 can detect and quantify include: eryth-
rocytes, non-lysed erythrocytes, white blood cells (WBCs),
WBC clusters, epithelial cells (squamous, non-squamous,
transitional, and renal epithelial cells), casts (hyaline and
pathological casts), bacteria, fungi, crystals, spermatozoa,
and mucus. The detection range for WBCs on the Sysmex
UF-4000 is 1-10,000/pL, and for bacteria 5-10,000/pL.

Urine cultures were performed using a 1-uL loop on
chromogenic agar plates (BioMérieux, Marcy-I'Etoile,
France) to enable identification and quantification of mi-
croorganisms, incubated at 37°C for 18-24 hours. After
the incubation period, only those samples with signifi-
cant growth (cutoff > 10° CFU/mL) of a single uropatho-
gen were considered to confirm UTIs. For colony counts
between 10* and 10° CFU/mL, results were evaluated in
accordance with the sampling method and the child’s clini-
cal presentation. Negative samples were sterile or mixed/
contaminated with insignificant growth (cutoff < 10° CFU/
mL) and were not further tested. Mixed cultures, defined
as those containing two or more types of uropathogens,
required repeat urine sampling.

Identification of microorganisms was performed ac-
cording to the manufacturer’s recommendations for chro-
mogenic agar plates. For cultures where the microorganism
could not be reliably determined, identification was carried
out using matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF MS, Zhuhai
DL Biotech CO) and an automated identification and an-
tibiotic susceptibility testing system, Vitek 2 (BioMérieux,
Marcy-I'’Etoile, France).

Statistical analysis

For statistical data processing, IBM SPSS Statistics Version
23 (IBM Corp., Armonk, NY, USA) and Microsoft Excel
Office 2019 were used. Descriptive statistics (frequen-
cies and percentages) were applied for the distribution of
categorical data, and the chi-square (x?) test was used to
test associations. Receiver operating characteristic (ROC)
curve analysis was applied to compare the performance of
different parameters, while the values of the area under the
curve (AUC) were used to assess diagnostic accuracy in
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Table 1. Distribution of patient characteristics with urine culture test by age and sex

a single-center study

in urine cultures of the youngest age group

Total Urine culture test results, N (%) Of children (0—6 months). The lowest fre—

Variables N Positive Negative | Contamination p quencies of urinary tract infection causative
N=209(255) |N=599(73)|] N=13(1.5) agents were observed in children aged 10-14

Age years, namely E. coli (5.2%) and Klebsiella
0-6 months Liiad 95 (43.5) 197329) 2(154) spp. (2.2%). Based on the analysis of urinary
7months —4years| 256 76 (36.4) 174(29) 6(46.2) tract infection causative agents in relation to
>-9 years 100 15(2) 83(139) 2(054)  [<000T"  gex different patterns of their distribution
10-14 years 74 7(33) 65(109) 2(154) were observed. E. coli was more frequently
15-18 years 97 160.7) 80(134) 177 isolated in girls (56%), as was E. faecalis
BEX (66.7%), while in boys Klebsiella spp. (53.3%)
Male 389 92 (44) 291 (48.6) 6(46.2) 0.522 and Proteus mirabilis (70%) were more fre-
Female 432 1766 308614) 7(538) quently isolated. However, the observed sta-
;)2(2:33264{?2}(12: & tistical value (p > 0.05) indicated that there

detecting urinary tract infections (UTIs). A p-value < 0.05
was considered significant.

Ethics: Approval for conducting the study was obtained
from the Ethics Committee of UCC RS (01-19-162-2/25)
in order to protect the rights of participants in accordance
with the current Declaration of Helsinki.

RESULTS

The results showed that out of the total urine cultures test-
ed, 209 (25.5%) were positive, 599 (73%) were negative,
and contamination with normal physiological flora was
identified in 13 (1.5%) samples. A statistically significant
difference was observed in urine culture results in relation
to the age of children (p < 0.001). The highest percentage
of positive results was recorded in the youngest children
(0-6 months) at 45.5%, and the percentage of positive
results decreased with age. Although the prevalence of
urinary tract infections was higher in girls (56%), the dif-
ference compared to boys was not statistically significant
(p =0.522) (Table 1).

There was a statistically significant difference in the
distribution of uropathogens in relation to the age of chil-
dren (p < 0.001). Escherichia coli (46.6%) was most fre-
quently isolated in the age group of seven months to four
years, with its frequency decreasing with increasing age.
Klebsiella spp. (68.9%), Enterococcus faecalis (55.6%), and
Acinetobacter spp. (80%) were significantly represented

was no statistically significant difference in
the frequency of isolated microorganisms
from urine between boys and girls (Table 2).

Results derived from automated flow cytometry

Table 3 presents the mean values and medians with in-
terquartile ranges for the number of WBC and bacteria
in two groups of urine samples (negative and positive).
In negative samples, the mean WBC count was signifi-
cantly lower (88.5), while in positive samples it was sig-
nificantly increased (1,166.9). The WBC median count
also showed a large difference: 7.7/uL (IQR 2.7-34.05) in
negative samples and 125.6/pL (IQR 19.1-751.6) in posi-
tive samples. The mean number of bacteria in negative
samples was 781.94, whereas in positive samples it was
markedly increased to 12,453.19 (Table 3).

Table 3. Medians and ranges of white blood cell counts and bacterial
numbers by the UF-4000 device

UF-4.000 Negative Positive

WBC (x) 88.5 1166.9
Median/pL [IQR] 7.7 (2.7-34.05) 125.6 (19.1-751.6)
Bacteria (x) 781.94 12,453.19
Median/pL [IQR] 32(11.4-114.6) 689.3 (150.75-7659.95)

WBC - white blood cells

ROC curves for WBC count and bacterial count in
urine are presented in Figure 1. The area under the curve
(AUC) for WBC count was 0.77 (95% CI: 0.71-0.84), while
the AUC for bacterial count was 0.85 (95% CI: 0.81-0.89).

Table 2. Distribution of types of pathogens causing urinary tract infections in children by age and sex

Variables ‘ Escherichia coli ‘ Klebsiella spp. ‘Enterococcus faecalis‘ Proteus mirabilis ‘ Acinetobacter spp. ‘ Other ‘ p
Age

0-6 months 41 (35.3) 31 (68.9) 15 (55.6) 1(10) 4 (80) 3 (50)

7 months - 4 years 54 (46.6) 7 (15.6) 8(29.6) 6 (60) 0(0) 1(16.7)

5-9 years 8(6.9) 1(2.2) 3(11.1) 3(30) 0(0) 0(0) 0.001*
10-14 years 6(5.2) 1(2.2) 0(0) 0(0) 0(0) 0(0)

15-18 years 7 (6) 5(11.1) 13.7) 0(0) 1(20) 2(33.3)

Sex

Male 51 (44) 24 (53.3) 9(33.3) 7 (70) 2 (40) 2 (40) 0372
Female 65 (56) 21 (46.7) 18 (66.7) 3(30) 3 (60) 3(46.7)

Other - Pseudomonas aeruginosa, Enterococcus faecium, Serratia marcescens, Candida spp.;

*x? =47.447, df = 20;
¥x?=5.372a,df = 5;
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Figure 1. The receiver operating characteristic (ROC) curves for

urinalysis test in children;
WBC - white blood cells; BACT - bacterial

Table 4. Diagnostic accuracy performance of UF-4000 with different cut-off for

WBC/pL and bacteria/pL
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vs. 63.5-72.9%). The low negative likelihood ratio value
(0) for a bacterial cutoff of 40.1 indicated that it was nearly
perfect for ruling out disease. The positive predictive value
(PPV) was low (between 31% and 40%) due to a higher
number of false-positive test results. The negative predic-
tive value (NPV) was high (between 91% and 99%), indi-
cating that the test was very effective in ruling out disease
when negative (Table 4).

DISCUSSION

Our study showed that 25.5% of urine cultures were posi-
tive, while 73% were negative. Negative urine cultures
represent a significant portion of the overall clinical and
microbiological load. The use of highly sensitive diagnostic
tests to rule out UTTs in pediatric patients could contrib-
ute to reducing the number of unnecessary urine cultures,
as well as the inappropriate use of antibiotics in sus-
pected cases of infection [17].

UTIs occur more often in girls than in boys and are

among the most commonly observed bacterial infec-

tions in the pediatric population [11]. Similar to other

literature reports, the results of our study also showed

that UTIs were more frequent in girls (56%) compared

to boys (44%) [18, 19]. These infections were more

frequently recorded in infants and young children than

in school-aged children. This is consistent with the

literature noting that the peak of UTIs occurs dur-

ing the first year of life and then between two and

four years of age, which corresponds to the period of

) Cut-off WBC count/pL Cut-off BACT count/pL

Variables*

134 258 39.8 59.4 40.1 54.4 61.9 95
TP (n) 46 38 40 36 57 54 51 48
FP (n) 97 83 70 23 2 5 8 1
TN (n) 202 216 229 244 215 190 198 231
FN (n) 13 21 19 23 84 109 101 86
SE (%) 78 64.4 67.8 61 96.6 91.5 86.4 81.4
SP (%) 67.6 72.2 76.6 81.6 71.9 63.5 66.6 729
LR+ 24 23 29 3.3 34 25 2.6 3
LR- 0.3 0.5 0.4 0.5 0 0.1 0.2 0.3
PPV (%) 32.2 314 36.4 39.6 40.4 331 338 35.8
NPV (%) 94 91.1 92.3 91.4 99.1 97.4 96.1 95.5

WBC - white blood cells; BACT - bacterial; TP — true positives; FP — false positives;
TN - true negatives; FN - false negatives; SE - sensitivity; SP - specificity;

LR(-) — negative likelihood ratio; LR(+) — positive likelihood ratio; PPV - positive predictive
value; NPV - negative predictive value

The diagnostic efficiency of bacterial count in urine was
significantly higher compared to WBC count (p < 0.001)
(Figure 1).

In Table 4, three different cutoff values for WBC and
bacterial counts were evaluated to assess the performance
of urine flow cytometry in predicting urinary tract infec-
tion. These cutoff values were selected based on a combi-
nation of previously published literature in pediatric popu-
lations and our preliminary ROC curve analysis. Lower
cutoffs were included to maximize sensitivity and reduce
false-negative results, while higher cutoffs were chosen to
increase specificity and reduce false-positive results. This
approach allows comparison of test performance across
a range of clinically relevant thresholds, highlighting the
trade-off between sensitivity and specificity for different
clinical decision-making scenarios. Sensitivity decreased
with increasing cutoff values: WBC count/pL (from 78%
at 13.4 to 61% at 59.4). Sensitivity was also considerably
higher for bacterial cutoff values, particularly at lower
thresholds (96.6% at 40.1 vs. 81.4% at 95). Specificity in-
creased with higher cutoff values and was higher for WBC
than for bacteria at the observed thresholds (67.6-81.6%

‘ DOI: https://doi.org/10.2298/SARH251002020K

toilet training [20, 21]. Similar to other studies on the
causative agents of UTIs in the pediatric population,
in our study E. coli was the most frequently isolated
bacterium from urine [22, 23, 24]. Klebsiella spp., E.
faecalis, and Acinetobacter spp. were the most common
isolates from infants’ urine, which may imply hospital-
acquired infections. In the study by Moghnia et al. [25], of a
total of 3996 urine samples processed, 282 showed signifi-
cant bacteriuria, mostly in boys (185). The most common
isolates also produced Extended-spectrum beta-lactamases,
particularly K. pneumoniae (56%) and E. coli (38.3%) [25].

UTTIs are among the most common and most serious
bacterial infections encountered by pediatricians and gen-
eral practitioners. Although the diagnosis and treatment of
these infections may seem uncomplicated, they still repre-
sent some of the most controversial issues in pediatrics. A
partial source of controversy regarding UTIs arises from
nonspecific clinical presentation, suboptimal methods of
urine sample collection, revised guidelines for radiological
evaluation of the urinary tract, as well as heterogeneity in
therapeutic and preventive approaches [26].

Urine culture is the gold standard in the diagnosis of
UTIs in children and is one of the most common labora-
tory tests. Obtaining a quality urine specimen in children
is quite difficult by voiding, especially in newborns, in-
fants, and children who are not toilet trained. In the era
of laboratory automation, in order to facilitate the work of
laboratory staff and obtain results more quickly, alternative
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methods are being sought to accelerate the process of ob-
taining urine culture results. In patients with negative
results on urine dipstick, microscopic, or automated uri-
nalysis, urine culture is not necessary if other causes of
fever are present [2].

In our study, we assessed the optimal counts of WBC
and bacteria in urine in children using the Sysmex UF-
4000 automated analyzer immediately before urine culture.
The results showed that WBC values were significantly
higher in positive samples [125.6 (19.1-751.6)] compared
to negative samples [7.7 (2.7-34.05)]. The median num-
ber of bacteria per pL of urine in negative samples was 32
(11.4-114.6), and in positive samples it was 689.3 (150.75-
7659.95). Similar results were obtained by Savitri et al. [27],
who evaluated the number of WBCs in infants” urine; the
values in positive samples for WBC and bacteria were 88.5
(27.9-182.5); 400.4 (39.5-44,914.4), and those in negative
samples were 19.7 (0.5-181.8); 51.2 (0-6,283.7). Increased
WBCs in urine in children, diagnosed by a leukocyte es-
terase test or microscopic analysis, indicate inflamma-
tion, most often UTI. However, certain noninfectious
and systemic conditions can lead to false-positive WBC
findings in urine, including infections caused by group A
Streptococcus, Kawasaki disease, and physiological changes
induced by intensive physical activity [9].

In this study, we evaluated different thresholds of WBC
and bacteria in urine associated with positive urine culture
results in the pediatric population using sensitivity, speci-
ficity, PPV, NPV, and positive and negative LR values. ROC
curve analysis assessed the diagnostic value of WBC and
bacteria counts in distinguishing participants with posi-
tive from those with negative urine culture findings. The
obtained area under the curve (WBC AUC = 0.77; bacterial
count AUC = 0.85) indicates satisfactory discriminative
ability, suggesting that WBC and bacteria counts can, to
some extent, differentiate negative from positive urine cul-
ture results. These results are consistent with other studies
that evaluated the significance and role of automated WBC
and bacterial counts using flow cytometry as a screening
test for UTTIs in children [27, 28].

The optimal cutoff value for leukocyturia and bacte-
riuria was 40 cells/uL, with sensitivity of 67% and 96.6%,
specificity of 76.6% and 71.6%, PPV of 36.4% and 40.4%,
and NPV of 92.3% and 99.1%, respectively. The high NPV
of leukocyturia and bacteriuria demonstrated the ability
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CKpUHUHT MHEKLUM]ja YypUHAPHOT TPpaKTa Kog, aeue nomohy dayopecueHTHe
NPOTOYHE LLUTOMETPHje — CTYAMja je[HOT LieHTpa

Hapuja KHexesuh', Qywka JoBuh', Maja Tpaap'?, CHexaHa MeTposuh-Tenuh'?

'YHuBep3utet y baroj Nlyuu, MeguumHcku dakynter, barba Jlyka, Penybnuka Cpncka, BocHa v XepLerosuHa;
2YHUBeP3UTETCKM KNMHUYKY LieHTap Penybnvke Cpricke, batba Jlyka, Penybnnka Cpncka, bocHa n XepuerosrHa

CAXETAK

Yeoa/LUwnm VIHdeKunje yprHapHOr TpaKTa Kop feLe npes-
CTaB/bajy 3HauajaH jaBHO3pPaBCTBEHU NPO6em 360r BUCOKe
yyecTanoctu 1 notpebe 3a 6naroBpeMeHOM AnjarHOCTUKOM 1
afeKBaTHUM Nleyerem. AyTomaT3oBaHa MeToga nomohy ¢nyo-
pecLieHTHe MPOTOYHE LITOMETPUje CBe BULLE Ce AaHAC KOPUCTY
y nabopaTtopujama 3a CKPUHWHF ypUHapHUX nHdekumja. Lumb
OBOT MCTPaxuBama b1o je ofpeanTy rpaHNyHe BpefHOCTH
neykouutypuje n baktepuypuje kopuwherem metoge diny-
OpeCLIEHTHE NPOTOYHE LUTOMETPHje 3a CKPUHUHT MHbeKLMja
YPUHapHOT TpakTa y nefunjaTpujckoj monynauuju.

Metope YkynHo je kyntusucaH 821 y3opak ypuHa, a Kpurepu-
jym 3a dnyopecLieHTHY NPOTOYHY LIMTOMETPW]Y Ha 8y TOMaTCKOM
aHanusatopy Sysmex UF-4.000 3a0Bosbuno je 366 y3opaka. 3a
npeno3HaBame 1 KBaHTUVKaLMUjy MUKPOOpraHm3ama Kopu-
CTune cy ce xpomoreHe nognore. bpoj neykouuta n 6aktepuja
nopeheH je ca peyntatima KyntusaLuje.

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):205-211

Pesynrtatu Op yKynHor 6poja TeCTpaHuX YPUHOKYNTYpa,
209 (25,5%) 6uno je no3mTnBHO, a 599 (73%) HeraTnBHo. Mo-
CTOjana je CTaTUCTMUKYM 3HayajHa pasnnKa y 3acTyrn/beHoCTU
yponaToreHa y ogHOCy Ha y3pacT geue (p < 0,001). MospLumHa
ucnog ROC Kpuse 3a 6poj neykoumTta nsHocuna je 0,77 (95% Cl:
0,71-0,84), a 3a 6poj 6akTtepuja 0,85 (95% Cl: 0,81-0,89). Hucka
BPEeAHOCT HeraTvBHOr ofHoca BeposaTHohe (0,0) 3abenexeHa
je 3a rpaHunyHy BpepHocT of 40,1 3a 6akTepuje, a HeraTBHa
npeaunKTBHA BpeaHOCT 6una je Bucoka (n3mehy 91% un 99%).
3akmyuak OppehrBatbe BpeAHOCTM NieyKouuTa 1 6aktepuja
Y YPUHY Kop Aelie momohy ¢giyopecleHTHe NPOTOYHe LuTo-
MeTpuje MoXe Aa Oye NOYETHUN TECT MPUITUKOM OAYYMBatba
3a KynTMBaLUujy ypuHa y MuKpoburonoLwKum nabopatopujama.
OBw pe3ynTtaTi 61 MOrnY yKa3aTu Ha HEOMXOAHOCT CMatbetba
HenoTpebHe KynTVBaLMje YprHa, @ UCTOBPEMEHO 1 Ha Bpxe
pobujarbe HeraTMBHUX pe3ynTaTa TecTa.

KrbyuHe peun: ¢priyopecrieHTHa NPOTOYHa LIMTOMETPYja; NeyKo-
umnTY; 6aKTepuje; rpaHNYHe BPEAHOCTY; YPUHOKYNTYpa
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SUMMARY

Introduction/Objective Primary open angle glaucoma (POAG) is a chronic, progressive, optic neuropathy
with possible blindness and irreversible changes in the optic nerve head (ONH). Optical coherence
tomography (OCT) is non-invasive method that provides structural glaucoma damage evaluation. OCT
angiography (OCTA) provides qualitative and quantitative assessment of peripapillary microvasculature.
The objective of this study was to determine whether there is a difference in peripapillary capillary vessel
density (VCD) in normal tension glaucoma (NTG), POAG and healthy subjects.

Methods This prospective study included 120 eyes: 40 healthy eyes, 30 eyes with NTG and 50 eyes
with POAG. Ophthalmological examination, central corneal thickness, OCT, OCTA also visual field were
performed.

Results Vessel capillary density total (VCD total) is significantly higher in healthy compared to NTG
and POAG (39.25 + 0.94 vs. 36.79 + 2.50 vs. 37.58 + 1.53; p < 0.001). Peripapillary VCD (VCD perip.) is
lower significantly in NTG and POAG in comparison with healthy subjects (39.21 + 2.62 vs. 40.18 + 1.35
vs.41.29 £ 0.81; p < 0.001). VCD total is significantly lower in NTG compared to POAG (36.79 + 2.50 vs.
37.58 + 1.55; p < 0.001). We found significantly positive correlation between OCT and OCTA parameters
of ONH with mean deviation (MD) index in NTG between retinal nerve fiber layer average with MD
(r=0.370, p < 0.05) also between VCD perip. inf. with MD (r = 0.395, p < 0.05). In POAG, we obtained a
significantly positive correlation between VCD inf. with MD (r = 0.277, p < 0.05) also VCD inside disc with
MD (r=0.395, p < 0.01).

Conclusion Glaucoma patients have a significantly lower vessel density ONH and VCD perip. compared
to healthy subjects. VCD total of ONH is significantly lower in NTG compared to POAG. We obtained a
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positive correlation between OCT and OCTA parameters with MD in NTG and POAG.
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INTRODUCTION

Primary open angle glaucoma (POAG) is a
chronic, progressive, optic neuropathy with
possible blindness and irreversible changes
in the optic nerve. It causes a reduction of the
neuroretinal rim and retinal nerve fiber layer
(RNFL) with relative visual field (VF) defects.
Changes in the VF are prevented with early di-
agnosis and treatment of glaucoma [1].

There are morphologically optic nerve head
(ONH) changes in glaucoma as well as RNFL
thickness decrease (2, 3, 4].

Usually used non-invasive method that pro-
vides structural glaucoma damage evaluation
is optical coherence tomography (OCT) [5].

OCT angiography (OCTA) is non-invasive
and high-resolution method which provides
peripapillary vessel density (angioflow vessel
density) as well as superficial perifoveal vessel
density quantification. Perfused area expressed
as vessel density is a percentage of full exam-
ined of its limited sectors inside retinal layer [6,
7]. Peripapillary vessel capillary density (VCD
perip.) is the most consistent OCTA parameter
in the diagnosis and monitoring of glaucoma

progression [6], and a useful predictor of VF
progression in intermediate and advanced glau-
coma patients [8]. Jia et al. [9] were the first to
describe vessel density reduced measurement
by OCTA in glaucoma.

The aim of this study was to determine
whether there is a difference in VCD perip. in
normal tension glaucoma (NTG) and primary
open-angle glaucoma (POAG) patients as well
as healthy subjects.

METHODS

This prospective research included 120 eyes:
40 healthy eyes, 30 eyes with NTG and 50
eyes with POAG. The study was performed
in Family Civ¢i¢ Practice of Ophthalmology,
Belgrade, from April 2022 to March 2023.

Inclusion criteria were: open angle under go-
nioscopy, early [mean deviation (MD) < 6 dB]
and middle (MD < 12 dB) stage of glaucoma
patients according to Hodapp s classification
[1], age > 18 years. Different inclusion criteria
were specified in:
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- healthy-control group: eyes without glaucoma
with intraocular pressure (IOP) 10-21 mmHg, best
corrected visual acuity (BCVA) = 0.9, normal cup/
disc ratio, RNFL thickness and VCD perip.;

— NTG group: eyes with early and middle stage
(Hodapp’s classification) NTG, with characteristic
change of the ONH and RNFL and MD < 12 dB
without elevated IOP; BCVA = 0.5;

- POAG group: eyes with early and middle stage
(Hodapp s classification) POAG, with typical dam-
age of RNFL and ONH and MD < 12 dB with el-
evated IOP; BCVA = 0.5;

Exclusion criteria: advanced POAG glaucoma
stage, secondary glaucoma, myopia > -6 D, ONH
drusen and other ONH anomalies, trauma, other
ocular diseases, previous laser treatment as well as
ocular surgery (glaucoma or cataract), MD > 12 dB,
unreliable VF patients (false-positive errors > 15%,
false-negative errors > 15%, and fixation losses >
20%).

All patients went through the following exami-
nation procedure: slit-lamp biomicroscopy, BCVA,
Goldmann applanation tonometry, evaluation of
dilated fundus, gonioscopy, central corneal thick-
ness measurement using ultrasonic pachymeter
SP-100 Tomey (Tomey, Nagoya, Japan) and 24-2
threshold test with standard automated perimetry
AP-1000 Tomey (Tomey). Spectral domain OCT
(SOCT REVO 60, software version 11.05, Optopol
Technology, Zawiercie, Poland,) was performed in
RNFL measurements and ONH analysis. OCTA ex-
amination was performed with SOCT REVO 60 with
angio mode, software 11.05 (2021) axial resolution
5um and 60 000 scan per second. The quality of the
obtained recordings was QI > 8.

VCD is defined as the percentage of area occu-
pied by capillaries with flow in the scanned region.
Measurements were made and analyzed in the radial
peripapillary capillaries (RPC) plexus from the in-
ner limiting membrane to the posterior boundary
of the RNFL.

In research, certain statistical descriptive methods are

Table 1. Demographic and clinical characteristics of patients
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Parameters Health NTG POAG p
(n =40) (n=30) (n=50)
X +SD X +SD X +SD
Age (years) 47 (18-74) 60.60 + 14.16 62.36 = 11.64 < 0.001
Gender (M/F), n 16/24 8/22 15/35 0.442
BCVA 0.98 £0.10 0.89+£0.18 0.94+£0.11 NS*
I0P (mmHg) 16.18 £2.73 1547 £2.83 1736 +3.74 < 0.05*
CCT (um) 561.75+£36.45 | 498.73+19.09 | 565.28+28.98 | <0.0001*
MD (dB) 0.52(-3.06-3.45) | -1.57 (-11-1.41) |-1.27 (-4.57-3.61) | <0.001**
M/F — male/female; BCVA - best corrected visual acuity; IOP - intraocular pressure;
CCT - central corneal thickness; MD — mean deviation; NTG — normal tension glaucoma;
POAG - primary open angle glaucoma;
*One Way ANOVA;
**Kruskal-Wallis
Table 2. OCT parameters of the optic nerve head
Health NTG POAG
OCT parameters (n=40) (n=30) (n=50) p
X +SD X +SD X +SD
RNFL aver. (um) 123.45+£9.31 113.33£1842 | 11426+17.24 | <0.01*
RNFL sup. (um) 13938+ 13 130.21£23.06 | 127.36 +20.53 | <0.05*
RNFL inf. (um) 144.58 £ 13.55 127 £26.54 129.42 £24.55 | <0.001*
C/D area ratio 0.29(0.13-0.47) | 0.425 (0.2-0.96) 049+0.13 <0.007**

OCT - optical coherence tomography; NTG - normal tension glaucoma; POAG - primary open
angle glaucoma; RNFL - retinal nerve fiber layer; C/D - cup/disc area ratio;

*One Way ANOVA;
**Kruskal-Wallis

Table 3. OCTA parameters of the optic nerve head

Health NTG POAG
OCTA parameters (n=40) (n=30) (n=50) p

X +SD X +SD X +SD
VCD total 39.25+0.94 36.79+£25 37.58 £1.55 <0.001*
VCD sup. 39+1.92 36.64 + 2.66 3743 +191 <0.001*
VCD inf. 39.19+1.09 36.68 + 3.03 37.45+2.18 <0.001*
VCDins.d 31.53+£261 2796 £4.17 27.33 £4.55 <0.001*
VCD perip. 41.29+£0.81 39.21+2.62 40.18 £ 1.35 <0.001*
VCD perip.sup. 4147 £1.1 39.62 +2.62 4047 +1.31 <0.001*
VCD perip.inf. 41.13+0.85 38.74 +3.01 39.82 +2.07 <0.001*

OCTA - optical coherence tomography angiography; VCD - vessel capillary density;
VCD ins.d - vessel capillary density inside disc; VCD perip. — vessel capillary density

peripapillary; NTG - normal tension glaucoma; POAG - primary open angle glaucoma;

*One Way ANOVA

RESULTS

considered: arithmetic mean, standard deviation, me-
dian, minimum, maximum and percentage. The differ-
ence between the mean values of variables with normal
distribution was analyzed by one-way ANOVA paramet-
ric test. For variables without a normal distribution, the
non-parametric Kruskal-Wallis test was used. Additional
analyzes were performed with the parametric t- test.
Correlation between the investigated parameters was
done with the Pearson’s correlation test and Spearman-R
Order correlation test. Statistical analysis was done in IBM
SPSS Statistics for Windows, Version 26.0. (IBM Corp.,
Armonk, NY, USA). Statistical significance is considered
at level value of p < 0.05.

Ethics: The study has approval of the Local Ethics
Committee and the Medical Faculty University of Novi
Sad, Novi Sad, Serbia (Number 01-39/237/1).
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This prospective research included 120 eyes: 40 healthy
eyes, 30 eyes with NTG and 50 eyes with POAG. There
were 39 (32.5%) male patients and 81 (67.5%) female
patients. Demographic and clinical characteristics of pa-
tients are presented in Table 1. IOP values are significantly
higher in POAG compared to NTG and healthy subjects
(p < 0.05). Central corneal thickness is significantly smaller
in NTG compared to POAG and healthy eyes (p < 0.001).
MD index of VF is significantly higher in NTG and POAG
patients compared to healthy eyes (p < 0.01).

Table 2 shows the OCT parameters of ONH and the
comparison between the groups. Cup/disc area ratio
is significantly higher in NTG and POAG compared to
healthy subjects (p < 0.001). RNFL average thickness is
significantly lower in NTG and POAG patients compared
to healthy eyes (p < 0.01).

www.srpskiarhiv.rs ‘
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Table 4. OCTA parameters of the optic nerve head in NTG and POAG

Civei¢-Kalini¢ N. et al.

Table 6. Spearman-R correlation OCT and OCTA parameters of the
optic nerve head with mean deviation index visual field

NTG POAG
OCTA parameters (n=30) (n=50) p OCT and OCTA Health NTG POAG
X +SD X +SD parameters (n =40) (n=30) (n=50)
VCD total 36.79+25 37.58 £1.55 <0.001° RNFL average -0.132 0.370* -0.124
VCD sup. 36.64 + 2.66 3743 +£1.91 <0.05° RNFL superior -0.089 0.320 -0.155
VCDinf. 36.68 +£3.03 3745+2.18 <0.01° RNFL inferior -0.215 0.301 -0.110
VCD ins.d 27.96 £4.17 27.33£4.55 NS VCD total -0.024 0.357 0.235
VCD perip. 39.21+2.62 40.18 +1.35 <0.001° VCD superior -0.040 0.155 0.122
VCD perip.sup. 39.62+2.62 40.47 +1.31 <0.001° VCD inferior 0.049 0.316 0.277*
VCD perip.inf. 38.74 +£3.01 39.82 £2.07 <0.001" VCDins.d -0.125 -0.013 0.395**
OCTA - optical coherence tomography angiography; VCD - vessel capillary VCD perip. 0.016 0.295 -0.015
denAsity; VCD ir\s.d - yessr‘el capillary density insidg disc; VCD perip. — vessel 4 VCD perip.sup. -0.036 0.103 -0.092
capillary density peripapillary; NTG - normal tension glaucoma; POAG - pri- —
mary open angle glaucoma; VCD perip.inf. 0.033 0.395* 0.044

°t - Test

Table 5. Pearson’s correlation coefficient between RNFL thickness and
OCTA parameters of the optic nerve head

OCT parameters OCTA Health NTG POAG
parameters (n=40) (n=30) | (n=50)
RNFL average VCD total 0.2960 0.1227 0.0056
VCD sup. 0.3915* 0.1315 -0.0637
VCD inf. 0.1149 0.2314 0.0077
VCDins.d 0.2189 0.0200 | -0.3468*
VCD perip. 0.0260 0.0742 0.1973
RNFL superior VCD total 0.2493 0.0130 -0.0123
VCD sup. 0.2384 0.1820 -0.0397
VCD inf. 0.0913 0.0651 -0.0332
VCD ins.d 0.1208 -0.1586 | -0.2669
VCD perip. 0.1177 -0.0353 0.1723
RNFL inferior VCD total 0.1029 0.2055 0.0321
VCD sup. 0.3727* 0.0102 | -0.1129
VCD inf. 0.0312 0.2655 0.0727
VCDins.d 0.0450 0.0403 | -0.3883**
VCD perip. 0.1879 0.1255 0.2436
RNFL temporalis | VCD total 0.0552 0.1199 -0.1955
VCD sup. 0.0629 0.2676 | -0.2325
VCD inf. 0.0768 0.3723* | -0.1442
VCDins.d 0.1420 0.2727 | -0.2228
VCD perip. 0.0955 0.1252 -0.1248
RNFL nasalis VCD total 0.3378* 0.0975 -0.0192
VCD sup. 0.2301 0.2077 0.1023
VCD inf. 0.2836 0.2855 -0.1036
VCDins.d 0.3158* 0.0848 -0.2049
VCD perip. 0.2343 0.0934 0.1021

OCT - optical coherence tomography; OCTA - optical coherence tomography
angiography; RNFL - retinal nerve fiber layer; VCD - vessel capillary density;
VCD ins.d - vessel capillary density inside disc; VCD perip. — vessel capillary
density peripapillary; NTG - normal tension glaucoma; POAG - primary open
angle glaucoma;

*p <0.05;

**p<0.01

OCTA parameters of ONH and comparison between
groups are presented in Table 3. VCD total is significantly
higher in healthy compared to NTG and POAG patients
(39.25 + 0.94 vs. 36.79 £ 2.50 vs. 37.58 £ 1.53; p < 0.001).
VCD perip. is significantly lower in NTG and POAG com-
pared to healthy subjects (39.21 + 2.62 vs. 40.18 + 1.35 vs.
41.29 £ 0.81; p < 0.001).

OCTA parameters of ONH and comparison between
NTG and POAG groups are shown in Table 4. VCD to-
tal is significantly lower in NTG compared to POAG

‘ DOI: https://doi.org/10.2298/SARH241204026C

OCT - optical coherence tomography; OCTA - optical coherence tomography
angiography; RNFL - retinal nerve fiber layer; VCD - vessel capillary density;
VCD ins.d - vessel capillary density inside disc; VCD perip. - vessel capillary
density peripapillary; NTG - normal tension glaucoma; POAG - primary open
angle glaucoma;

*p <0.05;

**p<0.01

(36.79 £ 2.50 vs. 37.58 + 1.55; p < 0.001). VCD perip. is
highly statistically significantly lower in NTG compared
to POAG (39.21 £ 2.62 vs. 40.18 + 1.35; p < 0.001).

Pearson’s correlation coefficient between RNFL thick-
ness and OCTA parameters of ONH are presented in Table
5. We obtained a positive correlation between RNFL aver-
age and RNFL inf. with VCD sup. (p < 0.05) and RNFL
nasalis with VCD total and VCD ins.d (p < 0.05) in healthy
subjects. We found significantly positive correlation in NTG
between RNFL temp. and VCD inf. (r = 0.372, p < 0.05). In
POAG, we obtained a significant negative correlation be-
tween RNFL average and VCD ins.d (r = - 0.347, p < 0.05)
and RNFL inf. with VCD ins.d (r = - 0.388, p < 0.01).

Spearman R correlation OCT and OCTA parameters
ONH with MD index VF are shown in Table 6. We found
significantly positive correlation between OCT and OCTA
parameters of ONH with MD index in NTG among RNFL
average and MD (r = 0.370, p < 0.05) and among VCD
perip.inf. and MD (r = 0.375, p < 0.05). In POAG we ob-
tained a significantly positive correlation between VCD
inf. and MD (r = 0.277, p < 0.05) as well as VCD ins.d and
MD (r = 0.395, p < 0.01).

DISCUSSION

OCTA provide qualitative and quantitative analysis of VCD
of ONH and peripapillary region in glaucoma patients [6].

During aging, in normal eyes there is a decrease in
RNFL thickness, Ganglion Cell Comple thickness, VCD
perip., and superficial macular vessel density. Changes that
occur with aging should be considered during diagnosis
and follow-up of glaucoma patients [10].

Bojikian et al. [11] analyzed 26 healthy, 30 POAG,
and 31 NTG subjects. Healthy eyes showed significantly
higher RNFL thickness average compared to POAG and
NTG (p < 0.0001). Eyes with NTG also had significantly
lower flux and vessel area density compared to normal
eyes (p < 0.0001).
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In our study, we found that VCD total is significantly
higher in healthy compared to NTG and POAG patients
(39.25 £ 0.94 vs. 36.79 + 2.50 vs. 37.58 + 1.53; p < 0.001).
VCD perip. is significantly lower in NTG and POAG com-
pared to healthy subjects (39.21 £ 2.62 vs. 40.18 + 1.35 vs.
41.29 £ 0.81; p < 0.001). Lee et al. [12] shows the results
of VCD perip. between patients with NTG and POAG
compared to glaucoma suspect and control groups. Full
VCD is significantly lower in NTG and POAG compared
to control group (p < 0.001). They did not find statistically
significant VCD between NTG and POAG.

Onishi et al. [13] compared VCD perip. in healthy
eyes (49.12 + 2.80) to POAG (37.63 £ 7.19), p < 0.001;
but not statistically significant in NTG eyes (45.33 + 7.66;
p = 0.692). In this study, there was a significantly difference
among VCD perip.in POAG and NTG eyes (p = 0.030).
Scripsema et al. [14] reported global perfused capillary
density in POAG, NTG, and healthy eyes (33.13 £ 6.23;
36.49 £ 3.18; 41.32 £ 1.96). A statistically significant dif-
ference between the groups was obtained (p < 0.01).

Chen et al. [15] compared VCD perip. in glaucoma to
healthy eyes. In the present study, VCD perip. total was
significantly lower in glaucoma eyes than in healthy eyes
(43.8% + 5.7% vs. 53.3% + 3%; p < 0.001). Pearson’s cor-
relation coefficient showed that VCD perip. total (r = 0.74)
and RNFL thickness (r = 0.65) had strong positive correla-
tion with MD (p < 0.001).

In our study, there is a significantly positive correlation
in NTG among RNFL average and MD (r = 0.370, p < 0.05)
and among VCD perip. inf. and MD (r = 0.375, p < 0.05).
In POAG patients there are a significantly positive corre-
lation between VCD inf. and MD (r = 0.277, p < 0.05) as
well as VCD ins.d and MD (r = 0.395, p < 0.01). Kim et
al. [16] analyzed peripapillary perfusion in NTG (71 eyes)
and control group (71 eyes). Average RNFL thickness were
significantly lower in NTG (78.45 £ 12.66um, p < 0.001)
compared to control group (92.39 £ 9.40um). MD index
VF was significantly lower in NTG compared to control
group (-4.84 + 5.34dB vs. -0.51 + 1.40dB; p < 0.001). VCD
perip. average decreased significantly in NTG compared to
control group (42.77 + 2.67 vs.45.15 £ 1.74; p < 0.001). The
RNFL thickness average correlated positively with average
perfusion density (r = 0.610; p < 0.001).

Petrovi¢ et al. [17] compared results of VCD and VCD
perip. in healthy eyes and different stages of POAG. They
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MepunanunapHU KanunapHU NPOTOK KOZ HOPMOTEH3UBHOT M NPUMAPHOT I1ayKOMa

OTBOpPEHOr yrna

Hatawa Yueumh Kanunuh', Haga Ynsunh', Credan bpyHet?, Mupocnas CrameHKoBuh’

'0¢ranmonotuka opauHauuja,Family Civéi¢, beorpaa, Cpbuja;

?Yuuep3utet y Hosom Cagy, MeguumHcku dpakyntet, KnuHnukm uenTap BojsognHe, OuHa KnuHuka, Hoswm Cag, Cpbuja;
*YHueepauTet y beorpagy, DakynTeT 3a cneuwjanty eaykauujy 1 pexabunutauujy, KnimHnuKo-060MHWYKN LeHTap ,,3Be3aapa’;, OuHa KNnMHIKa,

Beorpag, Cpbuja

CAMETAK

Yeoa/Uusb MpumapHu rnaykom otBopeHor yrna (MroY) je xpo-
HMYHa, MPOrpecnBHa, ONTMYKa HeypornaTuja ca moryhum cne-
NWIOM 1 PeBepP3MOUIHM NPOMeHaMa raBe ONTUYKOT HepBa
(TOH). OnTnyka koxepeHTHa Tomorpaduja (OKT) je HemHBa3wB-
Ha MeTofa Koja Mpy»a NpoLieHy CTPYKTYpHOr olwTehera Kog
rnaykoma. OKT aHruorpaduja (OKTA) npy»a KBanuTaTuBHy 1
KBaHTUTATMBHY NPOLIEHY MepUnanunapHe MUKPOBACKynaType.
Linrb oBe cTyamje je 610 fa yTBpAY Aa i NMOCTOjU pasnivka y
KanunapHOM NPOTOKY nepunanunapHe pervje Koj HOPMOTEH-
3uBHor rnaykoma (HTT), MFOY v 3ppaBux ocoba.

MeTtope OBOM nNpocneKT1BHOM CTyAujom obyxBaheHo je 120
ounjy: 40 3gpasumx ounjy, 30 ounjy ca HTT n 50 ounjy ca MNrOY.
CnpoBegeHy cy o$TanMONOLLKM NPerneq, Mepere LieHTpasHe
nebsbrHe poxraue, OKT, OKTA 1 TecTupare KomnjyTepusoBsa-
HOT BUAHOT MoJba.

Pesyntatm YKynHa rycTviHa KanuaapHUX KpBHUX Cy[0Ba
(TKKC) 6una je 3HauajHo Beha Koa 3gpaBux y nopehemy ca
HTT n MOy (39,25 + 0,94; 36,79 £ 2,50; 37,58 + 1,53; p < 0,001).
lycTHa YKYnHOTr nMepunanuaapHor KanuiapHor ninekcyca

DOI: https://doi.org/10.2298/SARH241204026C

(MKM) 3HavajHo je mara kop HTT 1 MIOY y ogHocy Ha 3gpaBe
(39,21 +£2,62;40,18 + 1,35; 41,29 £ 0,81; p < 0,001). YkynHa FKKC
[OH je 3HauajHO Mama ko HTT y ogHocy Ha IMTOY (36,79 + 2,50;
37,58 £1,55; p < 0,001). YynHu MK je 3HauajHO Marm kog HTT
y nopehetby ca MMOY (39,21 + 2,62; 40,18 £ 1,35; p < 0,001). 3Ha-
yajHy No3uTuBHY Kopenauujy nsmehy OKT n OKTA napametapa
TOH ca cpentbom AeBUjaLmjom UHAeKCa BuagHor nosba (CAMBIM)
pobunu cmo Kog HTT namehy cnoja HepBHYX BNakaHa PeTUHE 1
CAMBI (r=0,370, p < 0,05) 1 Kog NepUNanUNAPHOT KanunapHor
nneKkcyca y porbem cektopy n CAMBII (r = 0,395, p < 0,05). Kog
MrOY 3HayajHy NO3UTUBHY Kopenauwjy obunm cmo n3mehy
IKKC y porwsem cektopy 1 CAWBI (r= 0,277, p < 0,05) n TKKC
yHyTap aucka ca CAWBIM (r=0,395, p < 0,01).

3ak/byuak bonecHuLm ca rmayKoMom Mmajy 3HauajHO Marby
I'KKC FOH u MKIM y ogHocy Ha 3apaBe ocobe. YkynHa IKKC
[OH 3HauvajHo je matba Kog HTT y ogHocy Ha MTOY. No3utneHy
Kopenauujy fobunu cmo nsmehy OKT n OKTA napametapa ca
CpenHOoM feBujaLmjoM HAEKCA BUAHOT nosba kog HTT n MTOY.
KrbyuHe peun: onTuyka KoxepeHTHa Tomorpaduja — aHrnorpa-
dwja; rnaBa oNTUYKOT HEPBa; MHTPAOKYNapHY NPUTHCAK

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):212-216



DOI: https://doi.org/10.2298/SARH250722012Z

UDC: 617.7:616.13/.14-073; 617.7-007.681

ORIGINAL ARTICLE / OPUTUHAJTHN PA]

Optical coherence tomography angiography
microvascular changes in the macular region in
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SUMMARY

Introduction/Objective Glaucoma is the leading cause of irreversible blindness worldwide. It is hypoth-
esized that glaucomatous microvascular changes in the superficial capillary plexus (SCP) may lead to early
structural damage and correlate with visual field defects. The aim of this study was to quantitatively ana-
lyze microvascular characteristics of the SCP in the macular region of healthy eyes and in eyes with vary-
ing severity of open-angle glaucoma (OAG) using optical coherence tomography angiography (OCT-A).
Methods A total of 144 eyes were included in this cross-sectional study, including 109 eyes with con-
firmed OAG and 35 healthy eyes. Based on the Hodapp-Anderson-Parrish classification, patients were
categorized into early, moderate, and severe stage glaucoma. All subjects underwent visual field, optical
coherence tomography, and OCT-A examinations.

Results Significant reductions were observed in macular vessel density across glaucoma stages. Foveal
vessel density decreased from 23 + 1.9% in normal eyes to 13.9 £ 1.8% in severe glaucoma eyes. Foveal
and parafoveal vessel densities were significantly reduced even in early-stage glaucoma. OCT parameters
progressively decreased with glaucoma severity. Total ganglion cell complex thickness decreased from
108.5 £ 5.6 um in healthy eyes to 61.2 + 6.9 um in severe glaucoma eyes. Total peripapillary retinal nerve
fiber layer thickness decreased from 106.2 + 7.9 pm in healthy eyes to 48.7 + 7.5 um in severe glaucoma.
Conclusion Our findings support the hypothesis that macular vessel density decreases progressively
with glaucoma severity. These results reinforce the potential clinical utility of OCT-A in detecting early

glaucoma and monitoring disease progression.

Keywords: glaucoma; vascular density; intraocular pressure; optical coherence tomography

INTRODUCTION

Glaucoma is the leading cause of irreversible
blindness worldwide. It is a multifactorial optic
neuropathy characterized by progressive loss of
retinal ganglion cells (RGCs) and their axons
in both the macular and peripapillary regions,
with characteristic structural changes in the op-
tic nerve head (ONH) and corresponding func-
tional visual field defects [1]. Among the many
risk factors for glaucoma, intraocular pressure
(IOP) is the only modifiable one. It is estimated
that in 2020, approximately 76 million people
were affected by glaucoma, with projections
indicating a 74% increase by 2040 [2].

The primary goal of glaucoma treatment is
to preserve patients’ visual function and qual-
ity of life at an acceptable cost [1]. Lowering
IOP is currently the only proven treatment to
slow disease progression [3]. However, some
patients continue to experience deterioration
despite achieving target IOP, suggesting that
optic nerve ischemia and reduced ocular blood
flow contribute to glaucoma pathogenesis and
progression [4, 5].

Optical coherence tomography angiogra-
phy (OCT-A) is a novel, non-invasive imaging
modality that provides detailed visualization of

the retinochoroidal microvasculature, includ-
ing blood flow around the ONH and macula,
without the need for contrast dyes [6]. Because
RGCs are predominantly supplied by the super-
ficial macular vascular complex, it is hypothe-
sized that glaucomatous microvascular changes
in this layer may lead to early structural damage
and correlate with visual field defects [7, 8].
Therefore, the macular region is considered a
strategic location for detecting and monitoring
glaucoma progression.

The aim of this study was to quantitatively
analyze microvascular characteristics of the su-
perficial capillary plexus (SCP) in the macular
region of healthy eyes and in eyes with vary-
ing severity of open-angle glaucoma (OAG).
Additionally, we sought to investigate correla-
tions between macular vessel density and tra-
ditional structural and functional parameters
of glaucoma.
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METHODS
Study design
Subjects

A total of 109 eyes from patients aged > 40 years with
confirmed OAG in at least one eye were included. The
control group comprised 35 healthy eyes from individuals
over 40 years of age.

All participants underwent a comprehensive ophthal-
mic examination, including: best-corrected visual acuity
(BCVA) using the Snellen chart, slit-lamp biomicroscopy,
IOP measurement with Goldmann applanation tonometry,
central corneal thickness (CCT) measurement (Topcon
Aladdin Optical Biometer, Oakland, CA, USA), gonios-
copy using a Goldmann contact lens, dilated fundus exami-
nation, standard automated perimetry using Octopus 600
(Haag-Streit, Mason, OH, USA), OCT imaging of the ONH
and macula, including retinal nerve fiber layer (RNFL) and
ganglion cell complex (GCC) thickness measurements, and
macular vessel density assessment via OCT-A (Topcon
Maestro 2, IMAGEnet6 software, Oakland, CA, USA).

Inclusion criteria

The inclusion criteria were age > 40 years, a confirmed di-
agnosis of OAG for at least one year, and an open anterior
chamber angle on gonioscopy.

The control group included eyes with IOP < 21 mmHg,
no history of elevated IOP, normal optic nerve appearance
with intact neuroretinal rims and RNFL, and a normal
visual field with no defects.

Exclusion criteria

Exclusion criteria for both healthy and glaucoma groups
included: BCVA < 0.2, spherical refraction > 5 D or myopia
>4 D, pregnancy or breastfeeding, other types of glaucoma
(angle-closure), age-related macular degeneration or other
inherited/acquired macular diseases, uveitis, diabetic or
hypertensive retinopathy/maculopathy, corneal diseases,
history of ocular trauma or previous ocular surgeries (ex-
cept cataract and glaucoma surgery), non-glaucomatous
optic neuropathy, use of medications affecting retinal
function (tamoxifen, antimalarials, phenothiazines, can-
thaxanthin, methoxyflurane), neurological disorders
(Alzheimer’s, Parkinson’s, dementia, stroke).

Glaucoma classification

Based on the Hodapp-Anderson-Parrish classification,
patients were categorized as follows:
« Early-stage glaucoma: Mean deviation (MD) > -6 dB;
» Moderate-stage glaucoma: MD between -6 and -12 dB;
« Severe-stage glaucoma: MD < -12 dB;
« Control group: Healthy eyes.

DOI: https://doi.org/10.2298/SARH250722012Z
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OCT angiography and structural measurements
OCT-A Measurements

OCT-A scans were performed using the Topcon Maestro
2 (IMAGEnet6 software, Oakland, CA, USA). This device
uses an 840 nm light source with an A-scan rate of 50,000
scans per second, providing high-resolution 3D visualiza-
tion of retinal vasculature.

Superficial vessel density (SVD) was automatically cal-
culated as the percentage of the scanned area occupied by
blood vessels. Measurements focused on the SCP, spanning
from the internal limiting membrane (ILM) to the inner
plexiform layer (IPL).

A 3x3 mm? field centered on the fovea was analyzed,
with density assessed in the following:

« Foveal zone (1 mm diameter);

« Parafoveal zones (1-3 mm): superior, inferior, nasal,
and temporal sectors.

OCT and OCT-A image quality review was completed
according to the Imaging Data Evaluation and Analysis
Reading Center protocol on all scans using standard
Topcon Maestro 2 software (IMAGEnet6 software). Poor-
quality scans were excluded from the study and analysis if
one of the following criteria was met: signal strength index
< 45, poor clarity, residual motion artifacts, image cropping
or local weak signal due to vitreous floaters, segmentation
errors, or images with off-center fovea.

OCT structural measurements

All participants underwent ONH and macular imaging,
with measurements including:

« ONH: Disc area, rim area, cup-to-disc (C/D) ratios,
and RNFL thickness

o GCC: Thickness from ILM to inner nuclear layer, in-
cluding nerve fiber, ganglion cell, and IPL layers

Statistical analysis

Results are presented as mean + standard deviation, me-
dian (25th-75th) and number (%). Graphical and math-
ematical methods were used to examine data distribution.
The groups were compared using the x* test. Data were
analyzed using one-way ANOVA or the Kruskal-Wallis
test when three groups were compared. For significant one-
way ANOVA results, Tukey post hoc analysis was used.
Afterward, for the Kruskal-Wallis test, the Mann-Whitney
test was used as a post hoc test. All p < 0.05 values were
considered statistically significant. Statistical analysis was
performed using IBM SPSS Statistics, Version 26 (IBM
Corp., Armonk, NY, USA).

Ethics: This cross-sectional study was approved by the
Research Ethics Committee of the Belgrade Ophthalmology
Center Special Eye Hospital on November 9, 2022 (ap-
proval number: 3/30/2022). The study was conducted in
accordance with the tenets of the Declaration of Helsinki.
Informed consent was obtained from all participants.

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):217-222



Optical coherence tomography angiography

Table 1. Demographic and clinical characteristics of normal, early, moderate, and severe open-angle glaucoma eyes

Parameter Normal n =35 Early n =44 Moderate n = 34 Severen =31 p
Age (y) 55.8+8.8 61+104 64.4+12.1 67.1+10.7 <0.001
Sex (female/male) 20(57.1%) /15 (42.9%) | 27 (61.4%)/17 (38.6%) | 19(55.9%) /15 (44.1%) 7 (22.6%) / 24 (77.4%) 0.005
BCVA (Snellen) 0.9+0.1 0.9+0.2 08+0.3 0.8+0.2 0.003
CCT (um) 562.9+17.7 552.7+31.1 546.6 + 244 5419+ 26 0.007
Linear C/D ratio 04+0.1 0.8+0.1 0.9+0.1 09+0 <0.001
Vertical C/D ratio 04+0.1 0.8+0.1 09+0.1 1+0 <0.001
I0P (mmHq) 16.4+2.2 171+28 165+2.7 16.5+3.2 0.68
MD visual field (dB) 0.5+0.6 -25+18 -88+19 -184+3.6 <0.001

BCVA - best corrected visual acuity; CCT - central corneal thickness; IOP - intraocular pressure; MD — mean deviation

Table 2. Optical coherence tomography structural characteristics of normal, early, moderate, and severe open-angle glaucoma eyes

. Normal Early Moderate Severe p
n=35 n=44 n=34 n=31

Total GCC thickness (um) 108.5+5.6 89.6+13.6 776 +6.6 61.2+6.9 < 0.001
Superior GCC thickness (um) 107.1+49 909+128 792+11.4 625+7.5 < 0.001
Inferior GCC thickness (um) 110+6.9 88 +16.3 76.1+99 60.6 + 6.5 < 0.001
Total pRNFL thickness (um) 106.2+7.9 84+16.4 63.1+10.9 487 +7.5 <0.001
Superior pRNFL thickness (um) 126.1+13.2 98.1+22.2 71.1+£19.8 554+12.7 <0.001
Inferior pRNFL thickness (um) 139+ 13.6 100.8 + 26.1 65.9+13.1 50.9 +6.6 < 0.001
Average Macular thickness (um) 279.7 £11.1 266.1 +15.4 2553+ 14.1 2373+ 147 <0.001

GCC - ganglion cell complex; pRNFL - peripapillary retinal nerve fiber layer

RESULTS

A total of 35 healthy eyes, 44 early-stage glaucoma eyes, 34
moderate-stage glaucoma eyes, and 31 severe-stage glau-
coma eyes met the inclusion criteria.

Demographic and clinical characteristics of normal,
early, moderate, and severe OAG eyes are presented in
Table 1. The mean age increased progressively from normal
eyes (55.8 years) to severe glaucoma eyes (67.1 years). The
proportion of males increased significantly with disease
severity (p = 0.005), with the severe glaucoma group be-
ing predominantly male (77.4%). BCVA declined with in-
creasing severity of glaucoma (p = 0.003). CCT decreased
with increasing glaucoma severity (p = 0.007). The lin-
ear C/D ratio increased with disease severity (p < 0.001).
Post hoc tests showed significant differences between
all severity levels (p < 0.001). Similar to the linear C/D
ratio, the vertical C/D ratio significantly increased with
severity (p < 0.001), with all pairwise comparisons being
statistically significant (p < 0.001). No statistically signifi-
cant difference in IOP was observed between the groups
(p = 0.68). MD worsened with increasing glaucoma sever-
ity (p < 0.001). Post hoc tests showed significant differences
between all groups (p < 0.001), confirming progressive
visual field loss across stages.

The data on structural characteristics of normal, early,
moderate, and severe OAG eyes are presented in Table 2.
Total GCC thickness progressively decreased with increas-
ing glaucoma severity, from 108.5 + 5.6 um in healthy eyes
to 61.2 + 6.9 um in severe glaucoma eyes (p < 0.001). Tukey
HSD tests revealed significant differences between nor-
mal and moderate glaucoma (mean difference: -30.9 pm,
p < 0.001) and between normal and severe glaucoma
(mean difference: -47.3 um, p < 0.001). Both superior and
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inferior GCC thicknesses decreased significantly across
all stages of glaucoma (p < 0.001). Pairwise comparisons
showed significant differences between normal and early
glaucoma, as well as between early and moderate glaucoma
(all p < 0.001).

Regarding peripapillary RNFL (pRNFL) thickness, a
progressive reduction was observed with increasing disease
severity (p < 0.001). Total pRNFL thickness decreased from
106.2 + 7.9 um in healthy eyes to 48.7 + 7.5 pm in severe
glaucoma eyes. Pairwise comparisons showed significant
differences between normal and early (p < 0.001), early and
moderate (p < 0.001), and moderate and severe glaucoma
groups (p < 0.001). Similar trends were observed for supe-
rior and inferior pPRNFL thickness (p < 0.001). The average
macular thickness decreased significantly with increasing
glaucoma severity (p < 0.001), from 279.7 £ 11.1 um in
healthy eyes to 237.3 + 14.7 um in severe glaucoma.

The data on superficial macular vessel density in dif-
ferent retinal regions are presented in Table 3 and Figure
1. Foveal vessel density progressively decreased from
23 £ 1.9% in healthy eyes to 13.9 + 1.8% in severe glau-
coma (p < 0.001). Post hoc analysis showed significant
reductions between normal and early glaucoma (mean
difference: 4.89%, p < 0.001), normal and moderate glau-
coma (6.81%, p < 0.001), and normal and severe glaucoma
(9.13%, p < 0.001). Differences between early and moder-
ate glaucoma (1.92%, p < 0.001) and early and severe glau-
coma (4.24%, p < 0.001) were also statistically significant.

Parafoveal vessel density in the superior sector de-
clined significantly from 44.3 + 2.5% in healthy eyes to
37.2 £ 3.5% in severe glaucoma (p < 0.001). Parafoveal
vessel density in the inferior sector exhibited a similar
pattern, decreasing from 45.4 + 3.2% in healthy eyes to
36.7 £ 2.5% in severe glaucoma (p < 0.001). Parafoveal
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Table 3. Superficial macular vessel density measurements in normal, early, moderate,

Zecevi¢R. et al.

parameters except for temporal and nasal para-

and severe open-angle glaucoma eyes foveal vessel density.
Parameter Normal Early | Moderate | Severe P The correlations between OCT-A vessel
Foveal VD (%) 23+£19 |181+£16|162+22|139+1.8|<0.001 density measurements and structural param-
Parafoveal VD Superior (%) | 443 +2.5 | 40.7+4.2 | 39.6+3.7 | 37.2+3.5 | <0.001 eters in the glaucoma group are presented
Parafoveal VD Inferior (%) 454+3.2 | 403 +53|378+43 | 36.7+25 | <0.001 in Table 4. A strong positive correlation was
Parafoveal VD Temporal (%) | 44.8+2.8 | 44+46 | 424+45| 39+£29 |<0.001 observed between total GCC thickness and
Parafoveal VD Nasal (%) 451+28|43.2+39| 42+45 | 41.3+3.1 | <0.001 macular vessel density measurements in all

VD -

vessel density

parafoveal sectors, with the highest corre-
lation found in the foveal region (r = 0.602,

60

s
=}

30

EOCTA SCP % fovea

8] o paraiovea superior
W OCT A SCP % paraf peri

O o paraiovea Interior
W OCT A SCP % parafovea inferi
B OCT A SCP % parafovea temporal

LN

*

8

p < 0.001) followed by the temporal sector
(r=0.557, p < 0.001). Significant correlations
were also noted in the superior, inferior, and
nasal parafoveal regions (p < 0.001; p < 0.001;
p = 0.025). Conversely, linear and vertical C/D
ratios exhibited strong negative correlations
with vessel density parameters. The strongest
negative correlation for the linear C/D ratio
was in the foveal region (r = -0.607, p < 0.001),
and for the vertical C/D ratio, the most pro-
nounced correlation was also in the foveal
region (r = -0.579, p < 0.001). Total pRNFL
thickness was positively correlated with vessel
density, with the strongest correlation observed
in the foveal region (r = 0.536, p < 0.001).

normal early moderate

severe

Figure 1. Superficial macular vessel density measurements in normal, early, moderate,

and
SCP

Table 4. Correlation between optical coherence tomography angiography (OCT-A) vessel

severe open-angle glaucoma eyes;
- superficial capillary plexus

vessel density in the temporal sector was significantly
lower in glaucoma eyes, decreasing from 44.8 + 2.8% in
normal eyes to 39 * 2.9% in severe glaucoma (p < 0.001).
Post hoc comparisons revealed a significant difference
between normal and severe glaucoma (5.75%, p < 0.001),
while differences between early and moderate glaucoma
were not statistically significant. Parafoveal vessel density
in the nasal sector also declined with disease progression,
from 45.1 * 2.8% in healthy eyes to 41.3 £ 3.1% in severe
glaucoma (p < 0.001). Post hoc analysis between normal
and early glaucoma showed significant differences for all

density measurements and structural parameters in glaucoma group

DISCUSSION

Both the mechanical and vascular theories are
considered to play a crucial role in the patho-
genesis and progression of glaucoma. While mechanical
factors, such as increased IOP and ONH deformation, have
been extensively studied, the vascular hypothesis remains
an area of growing interest. The vascular influence, par-
ticularly in the macular region, warrants further inves-
tigation, as this area is frequently affected in glaucoma
[9]. The irreversible loss of RGCs is believed to be caused,
at least in part, by insufficient blood supply. Given their
high metabolic demand, RGCs are heavily dependent on
the SCP for perfusion. Their unequal distribution within
the retina, with the highest concentration in the macular
region, suggests that macular vessel density
changes may play a role in glaucomatous dis-
ease progression [10].
To further explore these vascular changes,

oA | OCTASCRIIOCT-ASCROCT-A SCR OCT-ASCP we measured and compared macular SVD
N =109 parafovea | parafovea | parafovea | parafovea . .
SCP fovea different st f OAG th
superior | inferior | temporal nasal across ditrerent stages o using the
GCC thickness R | 0602** | 0457* | 0435* | 0557 0.214* Topcon Maestro 2 OCT and OCT-A device.
total pm P | <0001 <0.001 <0.001 <0001 0.025 We also assessed the correlations between
R | -0.607% | -0.415% | -0351%* | -0471% | -0.243* capillary vessel density and structural pa-
linear c/d
P <0.001 <0.001 <0.001 <0.001 0.011 rameters.
cal o/d R | -0.579% | -0347* | -0.330% | -0.424** | -0.224* Our study confirmed that total GCC thick-
verticale P | <0001 | <0.001 <0.001 <0.001 0.019 ness progressively decreased with increasing
PRNFL thickness | R | 0.536** | 0.326** | 0329%* | 0.448% 0.157 glaucoma severity, consistent with findings
total pm P | <0.001 0.001 <0.001 < 0.001 0.102 from the study by Srivastava et al. [11]. Both

SCP - superficial capillary plexus; GCC - ganglion cell complex;
pRNFL - peripapillary retinal nerve fiber layer;

*p<

0.05;

#p < 0.001

DOI: https://doi.org/10.2298/SARH250722012Z

superior and inferior GCC thickness de-
creased significantly across glaucoma stages,
which aligns with findings from Soares et al.
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[12]. Moreover, pairwise comparisons confirmed signifi-
cant differences between normal and early glaucoma, sup-
porting results from Hassanen et al. [13].

These findings reinforce previous reports suggesting
that glaucomatous damage primarily affects the inner
retinal layers, leading to the thinning of these structures.

Regarding the pRNFL thickness, we found a signifi-
cant reduction in all glaucoma stages. Similar trends were
observed for superior and inferior RNFL thickness, align-
ing with findings from previous studies [14]. However,
in contrast to our results, Bhat et al. [15] reported that
inferior pRNFL thinning was the most sensitive marker
for glaucoma detection across all disease stages.

Our results, in line with previous research, showed that
macular SVD was significantly reduced in glaucoma eyes
compared with healthy controls [16]. Specifically, foveal ves-
sel density progressively decreased with glaucoma severity,
consistent with the study conducted by Hwang et al. [17].

Parafoveal vessel density declined significantly across all
disease stages, with notable reductions in superior, inferior,
temporal, and nasal sectors. The nasal parafoveal vessel
density also declined with disease progression, although
post hoc analysis showed that differences between normal
and early glaucoma were not significant for temporal and
nasal parafoveal vessel density. This could be explained
by the fact that these regions have higher vessel density in
healthy eyes [18].

Kurysheva et al. [19] found that SVD was more sensitive
than GCC thickness in distinguishing early glaucoma from
healthy eyes, supporting the idea that vascular changes may
precede structural thinning in some cases.

To further explore the relationship between vascular
and structural changes, we analyzed correlations between
macular vessel density and retinal structural parameters.
Our results showed a strong positive correlation between
total GCC thickness and macular vessel density across all
parafoveal sectors, with the strongest correlation in the
foveal region, followed by the temporal sector. However,
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MUKpOBacKynapHe NPOMEHE Y }KYTOj MP/bU MePEHE ONTUUYKOM KOXEPEHTHOM
Tomorpadmjom ca aHruorpadmjom Kog 6onecHuUKa ca rayKoOMOM OTBOPEHOT YINa

Papa 3euesuh’, Cynunua CpehkoBuh?3, Mapko KoHTuh'

'CneumjanHa ouHa bonHuua beorpapcku odpranmonolukm LueHTap’, Beorpag, Cpbuja;
YHnBep3UTETCKI KNUHUYKK LieHTap, KparyjeBau’, KnnHnka 3a odtanmonorujy, Kparyjesau, Cpbuja;
3YHuBep3auTeT y KparyjesLy, GakynTeT Me[nULNHCKNX HayKa, KaTefpa 3a optanmonorujy, Kparyjesau, Cpbuja

CAXETAK

YBoa/Llum [Maykom je Bogehn y3pok npesep3nbunHor ce-
nuna y ceeTy. MnkpoBacKynapHe rinaykomaTto3He NpoMeHe Ha
HVBOY MOBPLUHOT KanuaapHOT MieKcyca Yy »yToj Mp/bi Mory
[a foBefy [0 CTPYKTYpaHUX MPOMEHa Koje Kopenupajy ca
npomeHama y BUgHoM nosby. Linsb oBe cTyguje je fa ce KBaH-
TUTATMBHO aHaNM3mpa NOBpPLUHY BaCKYNAPHU NAEKCYC XyTe
MpJbe KOA 30paBuUX 0UMjy 1 0UMjy Ca pasnuunTM CTagujymmma
rnayKkoma OTBOPEHOT Yra, ynoTpebom ONTUYKE KOXEPEHTHE
Tomorpaduje ca aHrnorpadujom.

Metope Y ctyaunjy cy ykibyueHa 144 oka — 109 ca gnjarHo3om
rnaykoma oTBOpeHor yrna u 35 3gpaBumx ounjy. [pema Xopan-
AHzepcoH-TapuiLoBoj Knacndukauuju yumreHa je aasba no-
[ena Ha paHu, Cpeary 1 y3HanpeaoBany CTagujym rnaykoma.
CBuM 6onecHMLMMa je ypaheHo NCnuTrBakbe BUAHOT MOJba,
ONTNYKA KOXEPEHTHa ToMorpaduja 1 ONTUYKA KOXEPEHTHa TO-
morpadwja ca aHrrorpadujom.

Pe3syntatu YoueHa je CTaTUCTNYKM 3HaYajHa pepyKLumja rycTmHe
KPBHMX CY[I0BA XyTe MpJbe Yy CBUM CTagujymuma rnaykoma. Oo-

DOI: https://doi.org/10.2298/SARH250722012Z

BeaJlHa ryCTrHa KPBHWX CY[10Ba je peflykoBaHa ca 23 + 1,9% kop
34paBuix ounjy Ha 13,9 + 1,8% Kop y3HanpefoBanor ctagujyma
rnaykoma. DoseanHa 1 napadoBeanHa ryctviHa KpBHUX CyA0Ba
3HayajHo je pegyKoBaHa 1y paHoM cTagujymy 6onectu. Mapa-
MeTpV ONTUYKe KOXepeHTHe ToMorpaduje NPorpecnBHo Cy ce
CMatbMBanyi ca TeXMHOM 060sbetba. YKynHa BpeaHOCT feb/buHe
raHrnujckor henujckor Komnnekca pepykoBaHa je ca 108,5 £ 5,6

UM KOpA 38paBuxX ounjy Ha 61,2 = 6,9 um 'y y3HanpefoBaioMm rna-

yKomy. YKynHa ae6/buHa nepvnanunapHux HepBHUX BllakaHa
peTuHe je cMatbeHa ca 106,2 £ 7,9 um kop 3apaBuix Ha 48,7 +
7,5 umy y3HanpefoBanom cTagujymy rnaykoma.

3aKsbyuak [YCTUHA KPBHUX CY[0Ba Xy Te MPp/be NPOrpecuBHO ce
cMatbyje ca HanpegoBatbem 6onecty. OBM pe3ynTaTu NOACTAYY
noTeHUmjanHy ynotpeby onTnyke KoxepeHTHe Tomorpaduje ca
aHrrorpadunjom y KNMMHNYKOj Mpakcu 3a ieTeKToBakbe paHor
CTagmjyma rnaykoma, kao 1 3a npahere terose nporpecuje.

KrbyuHe peuu: rnaykom; )KyTa Mp/ba; UHTPAOKY1apHU NPUTY-
CaK; ryCTVHa KPBHYIX CyA0Ba
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Analysis of the most common reasons for voluntary
blood donor deferral in Southeast Serbia

Milica Randelovi¢, Zoran Stanojkovi¢
Blood Transfusion Institute of Nis, Nis, Serbia

SUMMARY

Introduction/Objective Criteria for the selection of blood donors (BDs) and criteria for permanent or
temporary postponement of blood donation have a vital role in the safety of blood transfusion. It is a
well-known fact that the BDs deferral has a negative effect on the return of both first and regular donors.
The aim of the study was to analyze the frequency of deferral and the reasons for deferral of voluntary
BDs with an emphasis on temporary deferrals due to low hemoglobin (Hb) levels, in order to identify tem-
porarily deferred donors and advise them properly in order to increase the number of voluntary donors.
Methods The study included voluntary BDs from January 1 to December 31, 2023. A total of 2322 re-
jected voluntary BDs were included in the study. Donors of both sexes, aged between 18 and 65 years,
were included.

Results The overall prevalence of deferred donors was 4.85%. The most common reason for temporary
deferral was low Hb level, identified in 1002 BDs (43.15%). Other reasons included low blood pressure
(265 donors, 11.41%), medication use (172 donors, 7.41%), recent blood donation (133 donors, 5.73%),
high blood pressure (99 donors, 4.26%), thyroid dysfunction (96 donors, 4.13%), and recent surgical
intervention (81 donors, 3.49%).

Conclusion The results of this study suggest that implementing parameters that more accurately reflect
iron status would help ensure donor safety. To protect the health of BDs and maintain an adequate blood
supply, appropriate procedures should be applied, which may include temporary iron supplementation.

Keywords: blood donors; selection criteria; deferral causes; hemoglobin

INTRODUCTION

Transfusion of blood and blood components,
as one of the forms of tissue transplantation, is
an intervention that saves lives [1].

According to the Law on Transfusion
Medicine (Official Gazette of RS No./40/2017),
the preparation of blood and blood compo-
nents includes the activity of promotion, plan-
ning, collection and testing, processing and
distribution of blood and blood components
and is performed in authorized transfusion
institutions. Blood donation is a set of activi-
ties aimed at motivating, informing, educating,
inviting, and gathering blood donors (BDs),
with the aim of providing adequate amounts
of safe blood. Donating blood is a humane
gesture based on voluntariness, gratuity, and
anonymity [2]. This definition is in accordance
with the recommendations of the World Health
Organization related to donation [3].

The Council of Europe supports this ap-
proach by promoting and recommending the
principle of self-sufficiency based on voluntary,
non-remunerated donations [4]. Voluntary
blood donation is primarily a privilege, as only
healthy individuals can serve as the source of
blood - an irreplaceable therapeutic resource
that saves lives and improves the quality of life
for many patients [5].

The main goal of the transfusion service is
to maintain the quality of work, in all segments

related to work with donors, to retain regular
BDs, to recruit new ones and to persuade those
who have stopped donating blood to come
again.

Selection of BDs is carried out according
to established, exclusively medical criteria for
temporary postponement of blood donation or
permanent refusal due to ineligibility for blood
donation, whether blood donation could en-
danger the potential donor or recipient. Donor
selection is conducted without regard to sex,
religion, sexual orientation, political affiliation,
profession, social status, or any other compa-
rable factor [5].

Prior to each blood donation, BD goes
through the same procedure: filling out the
questionnaire for BDs, determining the he-
moglobin (Hb) concentration, determining the
blood group on the plate (at the first blood do-
nation) and a medical examination. The medi-
cal examination consists of an analysis of the
answers given by BD in the questionnaire for
BDs and, accordingly, a well-taken medical his-
tory and physical examination. Following the
physical examination, the physician determines
the eligibility of the BD in accordance with the
established criteria for donor selection and the
criteria for permanent and temporary deferral
from blood donation. General recommenda-
tions include: body weight > 50 kilograms,
body temperature up to 37°C, blood pressure
not lower than 100/60 mmHg (24/13.3 kPa),
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pulse between 50 and 100 beats per minute, Hb values
must be above 135 g/L for men and above 125 g/L for
women, the auscultatory findings over the heart and lungs
must be normal, the pharynx calm, the lymph glands of the
neck and armpits, liver and spleen must not be palpated.
In our country, men can donate blood every three months
(12 weeks), and women every four months (16 weeks) [4].

About 118,54 million blood donations are collected
worldwide [6]. Generally 250,000 blood donations are
collected each year in Serbia (Blood Transfusion Institute
of Serbia, unpublished data, 2018). To maintain a stable
and sufficient blood supply, Serbia’s blood transfusion
system requires approximately 40 BDs per 1000 inhabit-
ants, representing about 4% of the total population [7].
Approximately 3% is the actual percentage of BDs in the
entire population [7] and to guarantee a constant supply
donated blood in Serbia arise from voluntary BDs.

The demand for blood and blood products evolves due
to different factors. As a consequence of improvements
in medicine, rise in the number of transplantations, and
aging of the population the demand for blood and blood
products is increasing [8].

The aim of the study was to analyze the deferral inci-
dence and reasons for BD deferral with emphasis on tem-
porary deferrals due to low Hb levels, in order to identify
temporary deferred donors and properly advise them with
the intention of increasing the number of voluntary BDs
without compromising the quality of blood and the safety
of donors and recipients.

Our further intention was to develop strategies based
on the study results to reduce the rate of deferral of BDs
and improve the rate of return of rejected donors.

METHODS

The study included BDs from January 1, 2023 to December
31, 2023. A total of 2322 deferred voluntary BDs, were
included in the study. BDs of both sexes, aged between 18
and 65 years, were included.

All voluntary BDs included in the study signed the ap-
proval. After completing the BD questionnaire form all
BDs were screened. This form included the basic profiles
of the donors (name, age, sex, address, etc.), medication
intake, medical history, tests or treatment, jaundice, high-
risk behavior, and any other clinically relevant illness.

Pre-donation screening involved a medical history
questionnaire, followed by a physical examination and
Hb measurement.

During the research period, a validated quantitative
method was used to determine Hb concentration from
capillary blood on the Hemo Control analyzer (EKF
Diagnostics, Cardift, United Kingdom), as described in
the literature [9]. The devices were calibrated and regularly
maintained according to the manufacturer’s instructions.

Data were collected from the register of deferred BDs
with reference to age and sex. All data are presented in
the form of table.
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Statistical analysis

Categorical variables were summarized as absolute numbers
and percentages. The overall deferral rate was calculated
as the proportion of deferred donors among all registered
donors. Associations between donor characteristics (sex,
age group, and donation status) and deferral status were
evaluated using the x* test of independence. For compari-
sons between two groups (e.g., male vs. female donors;
first-time vs. repeat donors), 2 x 2 contingency tables were
constructed. For comparisons across multiple age groups, a
2 x 5 contingency table was used. Relative risks (RR) with
95% confidence intervals (CI) were calculated to estimate
the strength of associations. All statistical tests were two-
sided, and a p < 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS Statistics
for Windows, version 29.0 (IBM Corp., Armonk, NY, USA).

Ethics: This retrospective cross-sectional study was con-
ducted at the Blood Transfusion Institute of Nis, Serbia,
after obtaining approval from the Ethics Committee of the
Blood Transfusion Institute of Ni§, Nis, Serbia (No. 1005,
from March 3, 2024).

RESULTS

A total of 47,862 potential BDs were screened during the
study period, 39,264 males (82.04%) and 8598 females
(17.96%). In this period, 45,540 voluntary BDs donated
blood, 38,181 male (83.84%) and 7359 females (16.16%),
and 2322 BDs donors were deferred (deferral rate — 4.85%).
A total of 1239 females (53.36%) and 1083 males (46.64%)
were deferred during this period (Table 1).

Table 1. Donor characteristics and deferral status

Characteristic I;)t:l 37(,){? 25)5 Deferred n (%) | Deferral rate (%)
Sex

Male 39,264 1083 (46.64%)* 2.76
Female 8598 1239 (53.36)* 14.41

Total 47,862 2322 (100) 4.85

*Percentage represents proportion of total deferrals.
Statistical test: x’(1) = 2022.4, p < 0.001
Relative risk (female vs. male): RR = 5.22 (95% Cl 4.87-5.60)

The deferral rate was significantly higher among female
donors compared with male donors (14.41% vs. 2.76%).
A x? test demonstrated a significant association between
sex and deferral status (x*(1) = 2022.4, p < 0.001). Female
donors had a 5.22-times higher risk of deferral compared
with male donors (RR = 5.22, 95% CI 4.87-5.60) (Table 1).

Low Hb was the most frequent cause of deferral, ac-
counting for 1002 cases (43.15% of all deferrals). It was
more common among female donors (737 cases; 59.48% of
female deferrals) compared with male donors (265 cases;
24.47% of male deferrals). Other causes of deferral includ-
ed low blood pressure (11.41%), medication use (7.41%),
recent donation (5.73%), permanent deferral (4.05%), and
other causes (Table 2).

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):223-228



Analysis of the most common reasons for voluntary blood donor deferral in Southeast Serbia

Table 2. Causes of donor deferrals and their proportions

years demonstrated lower and comparable deferral

No. deffered | No. deffered rates ranging from 3.75% to 3.89% (Table 4).

Causes No. deferred (%) S A S ()
Low hemoglobin 1002 (43.15%) | 265 (24.47%) | 737 (59.48%)
High hemoglobin 4(0.17%) 4(0.37%) 0 (0%) DISCUSSION
Low blood pressure 265(11.41%) 98 (9.05%) | 167 (13.48%)
High bIo<?d pressure 99 (4.26%) 89 (8.22%) 0(081%) The assessment of the suitability of potential BDs
U”d?rwé'ght 13 (0.56%) 2 (0.18%) 1(0.89%) depends on the results of Hb measurement, medi-
Medication 172(7.41%) | 126(1163%) | 46 (3.71%) cal history, and physical examination, all of which

i i v 0 0y
Zh:;ond disorders %6 (? z 0;0) 22 (;2? of’) 786 ;6'615?;//") are mandatory before each blood donation [4].

S‘I ma 3 0°) (2. . ) (. 0°) BD selection and deferral criteria are essential
Ep' epsy " ((2) ;ZO//O) f8(25463/0°/) ; (?'iiof) components of transfusion safety and are intended
Mzr:sr?rzr;tci;)n E1 990/(); 0(((')0/) ) 6 E3'710/°; to safeguard the health of both donors and recipi-

0, 0, . 0, . .

Recent surgery 81 (3.49%) 66 (6.09%) 5 (1.21%) ents. It is widely known than BD deferral has ad-

- verse effect on the return of both, first and repeat
Recent donation 133 (5.73%) 108 (9.97%) 5 (2.02%) d Theref .. d
Recent alcohol intake 5(022%) 5 (0.46%) 0(0%) ton(zlrih[lo]. eref Org ];t clls ?eceisarz tto un er(i
Recent tattoo/piercing 34(146%) | 25(231%) | 9(0.73%) stand the reasons for elerraland to sprea
High risk behavior 14 (0.60%) 12 (1.29%) 0(0%) productive strategies to maintain those already
Tick bite 45 (1.94%) 20 3.69%) | 5(0.40%) motivated but temporarily deferred voluntary BDs.
Vaccines 6 (0.26%) 4(0.37%) 2(0.16%) The rate and reasons for deferral differ from
Trauma 4(017%) 4(037%) 0(0%) region to region and from one center to another.
Skin lesions 28 (1.21%) 1901.75%) | 9(0.73%) In our study, 2322 out of total 47,862 registered
Sick leave 21 (1.77%) 31(2.86%) | 10(0.81%) prospective BDs were found unfit to donate due
Giving up before donation | 11 (0.47%) 6 (0.56%) 5 (0.40%) to various reasons. Most of the deferred BDs were
Permanent deferral 94(405%) | 68(6.28%) | 26(2.10%) | females 1239 (53.36%), with men constituting
Others 14 (0.60%) 10 (0.93%) 4(0.32%) 46.64% (1083) of the donors. The prevalence of
Total 2322 1083 1239 deferral in our institute was 4.85%. An interna-

tional comparison reveals that the deferral rate
in this study (4.85%) is relatively lower than the

Overall, 1002 donors (2.09% of all screened donors) were
deferred due to low Hb. The incidence of low Hb deferral
was higher among first-time donors compared with repeat
donors (2.55% vs. 1.95%). This difference was statistically
significant (x*(1) = 14.2, p < 0.001). First-time donors had
a 31% higher risk of low Hb deferral compared with repeat
donors (RR = 1.31, 95% CI 1.15-1.48) (Table 3).

Table 3. Low hemoglobin deferral by donation status

SDt(;?jstlon Total donors L he(mn;)globln Incidence (%)
First-time 11,634 297 2.55
Repeat 36,228 705 1.95
Total 47,862 1002 2.09
Statistical test: x*(1) = 14.2, p < 0.001

Relative risk (first-time vs. repeat): RR = 1.31 (95% Cl 1.15-1.48)

Table 4. Deferral rate by age group

Age group (years) | Total screened | Deferred | Deferral rate (%)
18-25 7519 664 8.83
26-35 11,474 446 3.89
36-45 12,377 464 3.75
46-55 10,581 398 3.76
56-65 5911 350 5.92
Total 47,862 2322 4.85
Statistical test: x*(4) = 496.2, p < 0.001

Deferral rates differed significantly across age groups
(X*(4) =496.2, p < 0.001). The highest deferral rate was ob-
served among donors aged 18-25 years (8.83%), followed
by donors aged 56-65 years (5.92%). Donors aged 26-55
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rates reported in Germany (6.2%), France (10.8%), and
the United States of America (USA) (12.8%) [11, 12, 13].

Various researches have reported a similar deferral rate,
(5.2%) by Nhachigule et al. [14], and (7.2%) by Minj et al.
[15]. Some studies have even had a higher deferral rate
of (24.2%) like study by Oyedeji et al. [16]. As deferral
rates vary, the main reasons for refusing to donate blood
also vary. This variation in delay can be caused by many
reasons such as geographical variation in health problems,
socioeconomic status, different donor selection criteria,
sex variation, etc.

The two types of donor deferrals include temporary, in
which the donor is deferred for a specific period, defined
according to the reason; and permanent, in which the do-
nor is indefinitely deferred from donating blood [17].

We found that temporary deferrals (95.95%) were
more common reasons compared to permanent deferrals
(4.05%). This data is consistent with studies conducted
in France, and the USA [12, 13]. The main permanent
deferral conditions were donors positive for transfusion
transmissible infections, certain chronic systemic diseases
and malignancies.

In our research, low Hb level was the most frequent
cause for BD deferral and since this is a temporary cause, it
gives us space to educate and counsel BDs about the defer-
ral cause and treatment strategy to overcome it, which will
enable them to donate blood in the future. Furthermore,
education and motivation of deferred BDs is of primary
importance, because it helps them to continue with blood
donation later.
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Of all blood donation postponements in our study, 1002
BDs (43.15%) were deferred because of low Hb concentra-
tion, which was the most common reason for temporary
deferral of blood donation. The results of the study from
Croatia show similar values (36.3%) [18], as well as the re-
sults from Slovenia (30%) [19], Romania (30.6%) [19], and
India (51%) [20]. A slightly lower rate of rejection of BDs
due to low Hb concentration was recorded in Turkey 20.7%
[21], while in developed European countries these rates
were significantly lower [19]. Percentage of temporarily
rejected BDs due to low Hb concentration was recorded in
59.48% of women and 24.47% of men, which is quite simi-
lar to some other studies where this percentage was 44.82%
of female donors versus 34.55% of male donors [18].

Each potential BD, regardless of the number of blood
donations, has the Hb value determined every time.
According to EU Directives and The European Directorate
for the Quality of Medicines & HealthCare guidelines, Hb
concentration for donors should be > 135 g/L in men and
> 125 g/L in women, whereas in other countries, these
values differ by 5-10 g/L [4].

One donation of blood (450 ml) includes 210-240 mg
of iron, as 1 mL of red cells contains 1.12 mg of iron [22].
Globally, more than 30% of the world’s population are es-
timated to be anemic and many due to iron deficiency.
Iron deficiency is a common consequence of repeated
blood donations and a strong predictor of low Hb [23].
Insufficient iron stores may hamper the recovery from
subsequent donations, thus risking the development of
low Hb and/or iron-deficient anemia.

The highest number of deferred donors belonged to the
18-25 age group, which is consistent with the findings re-
ported by Gaikwad et al. [24] and Patil and Jayaprakash [25].

The prevalence of low Hb in adolescent BDs, particu-
larly among females, has been noted in previous studies
as well as in the present study [17]. This suggests that low
micronutrient levels in young people contribute to these
tindings, and that improving micronutrient intake could
significantly reduce deferrals due to temporary conditions
such as anemia [24].

Younger age and female sex were identified as the pri-
mary factors associated with absent iron stores, iron defi-
ciency anemia, and deferral from blood donation due to
low Hb levels [26].

Our analysis suggested that there is high prevalence
of anemia even in first time BDs. Of the total of 1002
rejected donors due to low Hb level, 297 (29.64%) were
first time donors. Anemia in females can be associated to
physiological conditions such as menstruation and preg-
nancies. Although anemia in first-time male BDs may be
associated with unrecognized medical conditions, occult
gastrointestinal bleeding, vitamin b12 deficiency, and hy-
perthyroidism [27].

It is considered that BDs are healthy persons and that
they do not need extensive laboratory tests. However, we
have clear evidence that multiple blood donations can put
the donor at risk of developing anemia [22].

According to existing recommendations, transfusion
centers rely on the method of testing Hb before donation,
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which is not the best method for testing iron status in any
case. And with this problem European transfusion centers
deal in different ways. In Denmark, the Czech Republic,
and Italy, ferritin has been introduced as a method to con-
trol the iron status of BDs [5]. In Italy, ferritin is measured
once a year in regular donors. In the Czech Republic, fer-
ritin is measured at the first donation and in selected cases
of repeated donations. In Denmark, ferritin testing is per-
formed in all first donations and every tenth donation. The
Netherlands has defined the values of ferritin at which it
reacts and ferritin controls are performed at the first and
tifth donation [5]. Therefore, with values < 15 ug/L, they
advise a 12-month suspension of blood donation, and with
values < 30 pug/L - six months [20].

The most important predictors for the occurrence of
iron deficiency in BDs as the results of the Danish study are
sex, number of previous donations, time since the last do-
nation, and menopausal status [28]. All things considered,
this large study shows that the most important predictor
for low Hb in regular BDs is low ferritin (< 15 pg/L). They
suggest that these findings provide compelling evidence
for the importance of ferritin monitoring in BDs as a tool
for evaluating donor risk [29].

In the USA, Canada, and countries of the European
Union, these indicators were a clear signal for conducting
studies that introduced iron supplementation after donat-
ing blood. In Denmark, the practice of sending 100 iron
tablets to the home address of a donor with a determined
ferritin level < 15 pg/L has been introduced [5]. If ferritin
is at the level of 15-40 pg/L, the donor is sent 60 tablets
for supplementation [20]. In Serbia there is still no rec-
ommendation to introduce iron supplementation in BDs.

Other causes of deferral among males in present study
beside low Hb level were medication (126), recent dona-
tion (108), low blood pressure (98) and high blood pres-
sure (89), while in females were low Hb level, low blood
pressure (167), thyroid disorders (76) and medication (46).
Recent alcohol intake was seen only in male donors (five),
as well as trauma (four), high Hb level (four) and high-risk
behavior (14).

Blood pressure is declared high or low when it is outside
the range of 100-180 mmHg for systolic blood pressure
and 60-100 mmHg for diastolic blood pressure [4].

Our study showed that 11.41% of BDs were rejected due
to low blood pressure. Low blood pressure represents a rela-
tively common temporary cause of donor deferral in blood
donation services. Hypotension may occur due to several
physiological factors, including dehydration, prolonged
fasting, fatigue, or anxiety associated with the donation
process. These factors may trigger a vasovagal response,
which can lead to a transient decrease in blood pressure
and increase the risk of adverse donor reactions such as
dizziness or fainting. Deferring donors with hypotension
is therefore an important precaution to ensure donor safety
during blood collection. Also, a study by AlNouri et al. [30]
announced that the most common medical examination
cause of deferral was low blood pressure (11.60%).

In our study, high blood pressure had a deferral rate
4.26% and it is detected much more often in males (8.22%)
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than in females (0.81%). This finding may be explained
by the generally higher prevalence of hypertension in
men, particularly in middle-aged and older populations.
Hormonal factors, such as the protective effect of estrogen
in premenopausal women, may contribute to lower blood
pressure levels in female donors. In addition, lifestyle fac-
tors including higher rates of alcohol consumption, smok-
ing, and obesity among men may increase the likelihood
of elevated blood pressure during pre-donation screen-
ing. The leading cause for permanent deferral in study
conducted by Gaikwad et al. [24] was hypertension. This
correlates with the results of the study conducted by Patil
et al. [25], who announced hypertension as the most com-
mon cause of permanent BDs deferral.

One of the most common causes for pre-donation BD
deferral is medication, as revealed in our findings (7.41%).
All of these deferrals can be avoided if a more detailed
list of drugs that should not be taken is made available
to BDs. Still, a large number of people were unsure about
the exact names or specifications of the medications they
were taking.

A study by Oyedeji et al. [16] reported that under medi-
cation was 2.9% and Patil et al. [25], reported even higher
rate of 8.18%.
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AHanu3a Hajuewhux pasnora 3a og6ujarbe 406POBO/BHUX AaBanaL,a KPBM Ha

Teputopuju jyronctouHe Cpbuje

Munuua PaHhenosuh, 3opaH CraHojkoBuh
3aBog 3a TpaHcdy3ujy Kpam Huw, Huw, Cpbuja

CAXETAK

YBop/Llwm Kputepujymu 3a cenekuujy AaBanata u Kputepujy-
MV 32 TPajHO UM MPUBPEMEHO OAJlarake faBakba KpBY UMajy
BUTasHy ynory y 6e36efHoOCTN TpaHCcdy3uje KPBU M OCMULLTbE-
HY Cy [a ocurypajy 3npassbe faBaola 1 npumaoua. Jobpo je
nosHaTa YmkbeHnLa fa ofbujare faBanala KpBy HeraTuBHoO
yTWYe Ha MoBpaTaK Kako HOBMX, Tako 1 PeAOBHUX AaBanalia.
Linrs cTyamje 6o je fa ce aHanu3npajy yuecTanocT 1 pasnosm
3a opbujare [O6POBOLHYIX AaBanaLla KPBM Ca Harnackom Ha
nprBpemeHa oabujarba 360r HUCKOT HUBOA XemMorobumHa (Hb),
KaKko 61 ce faBaoLy UaeHTMGUKOBANV 1 NPABUIHO CAaBETOBASM
y uby noBehara uxoBor 6poja.

MeTtoge Cryamjom cy obyxBaheHn fOOPOBOJbHY 1aBAOLIM KPBU
og 1.jaHyapa fo 31. geuembpa 2023. roguHe. Y ctyamjy cy yKiby-
YeHa yKynHo 2322 ofbujeHa sobpoBosbHa AaBaoLa Kpey 06a
nosa, crapoctu nsmehy 18 n 65 rogrHa.

PesynTatu YKynHa npeBaneHua ogbvjeHnx AaBanaua buna je
4,85%. Hajuewwhn pasnor 3a NpYBpPeMEHO OfJlarakbe faBata

DOI: https://doi.org/10.2298/SARH241009032R

KpBU 6110 je HU3aK HMBO Hb, Koju je yTBpheH kog 1002 gaBaoua
KpBw (43,15%). OcTanu pa3nosu cy yK/byumBanm H3aK KPBHU
nputncak (265 gaBanaua, 11,41%), MegnKaMeHTO3Hy Tepanujy
(172 paBaoua, 7,41%), HepaBHO AaBatbe Kpy (133 gaBaoua,
5,73%), BUCOK KpBHM NpuTKcak (99 aaBanaua, 4,26%), nopeme-
haj dyHKUWje wTnTHe xne3ge (96 paBanaua, 4,13%), HepaBHY
XUPYPLLKY NHTepBeHUWjy (81 aaBanay, 3,49%).

3aksbyuak Pe3yntati oBe cTyauje cyrepuiy aa ou ce Kopuwhe-
tbeM napameTapa Koju npeLm3Huje oapaxasajy cTatyc reoxha
ycnocTtaBuno 6e3beaHuje JaBakbe KpBY 3a AaBaole. Y unby
3alUTKTe 34paBsba AaBanaLla KpBU 1 06e36ehuBatba afieKBaTHIX
3anuxa KpBu, NoTpebHO je NpuMeHNTN ogroBapajyhe npote-
AYpe, Koje MOTY YK/byumBaTu NPYBPEMEHY CynieMeHTaLujy
reoxbem.

KrbyuHe peun: faBaouy KpBu; Kputepujymn cenexuuje; yapoum
ofbujarba; xemornobumH
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Modified mylohyoid nerve anesthesia with 4%
articaine with epinephrine and dexamethasone for
mandibular dentoalveolar surgery

Kristina Buri¢, Nikola Buri¢, Simona Stojanovi¢, Milo$ Tijani¢
University of Ni$, School of Medicine, Clinic of Dental Medicine, Nis, Serbia

SUMMARY

Introduction The use of the modified mylohyoid nerve anesthesia (MMA) technique for dentoalveolar

surgery is uncommon.

Case outline We present a 51-year-old Caucasian female patient experiencing chronic inflammation and
pain in the area of the missing lower left second premolar and molars. Cone-beam CT imaging of the
mandible revealed impaction of the mandibular permanent second premolar; 3.5 mL of 4% articaine
and 1:100,000 epinephrine were administered with 0.5 mL of dexamethasone using the MMA technique
behind the site of the third molar. The pain was measured through the visual analog scale and recorded
a value of 8 mm, with the duration of anesthesia being 270 minutes.

Conclusion Modified mylohyoid nerve anesthesia can be utilized independently as a primary anesthesia
or as a supplementary option for insufficiently effective or failed Halsted anesthesia.

Keywords: mylohyoid nerve; anesthesia; articaine; dexamethasone; dentoalveolar surgery

INTRODUCTION

Dentoalveolar mandibular surgery frequently
involves the treatment of pathologies, such as
impacted teeth, retained roots, and bone cysts
[1]. Tooth impaction is described as a tooth
that has not erupted into its designated posi-
tion in the dental arch due to malposition or
insufficient space [2], with a fully formed root
(closed dental papilla) [3, 4]. Mutations in the
parathyroid hormone 1 receptor (PTHR1)
contribute to primary eruption failure [5]. The
retained roots become “forgotten” in the jaws,
presenting as dental pain and a cystic lesion [6].
The appropriate local anesthesia method
for this purpose is the so-called “mandibular
nerve anesthesia,” even though it is an inaccu-
rate term according to Malamed [7]. This is the
technique of local direct conduction anesthesia
for the inferior alveolar nerve block (IANB),
as outlined by Halsted, and the lingual nerve,
along with the buccal nerve when needed.
However, there are indications of failure in up
to 20% of cases, or even higher [8, 9].
Sillanpéa et al. [10] introduced the mylo-
hyoid nerve mandibular anesthesia (MMA),
achieving anesthesia of the first molar in 21%
of cases. Later, Altug et al. [11] administered
1 mL of 4% articaine HCI with epinephrine
1:200,000 for a sublingual distal injection into
the distal root of the first molar in an effort
to attain anesthesia of the mylohyoid nerve,
achieving local anesthesia in half of the sub-
jects. Clark et al. [12] reported very limited
anesthetic effectiveness for mandibular pre-
molars using MMA. Surprisingly, a recent

report [13] emerged regarding the use of 4%
articaine with a 1:100,000 adrenaline mixture
along with dexamethasone, with the intent of
achieving MMA [14], which demonstrated an
anesthetic success rate identical to 2% lidocaine
with adrenaline 1:100,000 for Halsted’s IANB.

The purpose of this research was to present
the efficacy of MMA as a primary mandibular
anesthesia, utilizing 4% articaine with epineph-
rine and the addition of dexamethasone, for the
dentoalveolar surgery of impacted mandibular
second permanent premolar.

CASE REPORT

The patient’s full verbal and signed consent was
obtained for all diagnostic, anesthetic, and sur-
gical procedures in our department (Informed
Consent), which were in accordance with the
Helsinki Declaration. We received approval
from the ethics boards of our institutions for
the following treatment as well.

Anesthesia variables and protocol

The surgery was performed under local anes-
thesia by modified mylohyoid nerve anesthesia.
The measured variables were as follows: onset
time — the time measured from the moment of
injection to the first sign of anesthesia effective-
ness represented by numbness on the ipsilateral
hemitongue and lip; the patient’s intraopera-
tive pain was measured with a visual analog
scale (VAS); the effectiveness of administered
anesthesia was considered successful if the
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measurements were “no pain up to 4 mm, or a
pain rating of up to 44 mm,” which is consid-
ered mild pain [14, 15]; duration of the anes-
thesia - the time from onset to the cessation of
lip and tongue numbness.

An aseptic plastic 5 mL syringe (Nipro sy-
ringe, Shanghai International Holding Corp.
GmbH (Europe), Hamburg, Germany) served
as a container, which consisted of 3.5 mL of 4%
articaine with 1:100,000 adrenaline (Artinibsa,
40 mg/mL + 0.01 mg/mL adrenaline; Inibsa
Dental S.L.U., Barcelona, Spain) along with 0.5
mL of dexamethasone (4 mg/1 mL), and a ster-
ile needle 21 Gx 1% 0.8 x 40 mm (Nipro nee-
dle, Nipro Europe N.V.,, Zaventem, Belgium).

A 51-year-old Caucasian female patient was
examined because of a recurring left dentoal-
veolar abscess (2-3 times), in the region of the

Buri¢ K. et al.

missing lower left second premolar and molars,
over the previous six months. Physical exami-
nation showed a restriction when opening the
mouth (trismus), with two middle fingers barely
titting interincisally. Medical history revealed
that the patient had undergone gallstone ab-
dominal surgery 6 months before the episodes of dento-
alveolar abscesses.

The X-ray examination, including cone-beam com-
puted tomography (CT) (Sirona Galileos 3D Cone Beam
Scanner®) was performed. The 3D image revealed that the
second premolar was completely embedded in the mandib-
ular bone, with the middle part of the root and the crown
being lingually oriented. The procedure of MMA started
with an angulated needle (107°), which was sublingually
injected through the sublingual mucosa into the projec-
tion of the site of missing the third lower left molar. The
anesthetic maneuver was performed below the attachment
line of the mylohyoid muscle on the mandible, reaching a
depth of approximately 15 mm. After a negative aspiration
test was obtained, approximately 3.5 mL of the anesthetic
solution (articaine + dexamethasone) was slowly deposited
over 10-15 seconds. The remaining = 0.5 mL of anesthetic
solution was buccally injected. With scalpel #15 from the
imaginary position of missing tooth #36 (distally), through
a sulcular lingual incision encompassing teeth #34 and
#33 (medially), a lingual mucoperiosteal flap was elevat-
ed. With the use of a sterile round carbide-steel burr (No.
167-141, Meisinger HM, Neuss, Germany), the crown of
impacted #35 was exposed. The successful extraction of
impacted tooth #35 was performed (Figure 1 A-D). The
elevated mucoperiosteal flap was sutured with single inter-
rupted nonabsorbable sutures (Silk USP 4/0 EP 2, SMI AG
St.Vith, Belgium). The measured postoperative anesthesia
variables were as follows: onset time of the hemitongue and
lip, 1 minute and 2 minutes, respectively; the measured
patient’s intraoperative pain was 8 mm (VAS); duration
of the anesthesia was 270 minutes. The operation time
was 30 minutes. The sutures were removed on the eighth
postoperative day, with an uneventful postoperative course.

‘ DOI: https://doi.org/10.2298/SARH250902023B

Figure 1. A) Cone-beam computed tomography (CBCT) imaging of the left man-
dibular side, showing the impacted second premolar (marked with a white circle); B)
CBCT shows a“hook-like” angulation of the root apex (indicated by the white arrow);
Q) intraoral positioning of the needle for mylohyoid nerve mandibular anesthesia;
D) extracted lower second premolar in one piece, with the root tip as a“hook”

Ethics: The patient has been treated in accordance with the
Helsinki Declaration. Informed consent was obtained from
the patient before the operation, and for the following treat-
ment the Ethics Board approvals of our institutions were
received (No. 14/16-2019-1 EO dated 28th November 2023,
and No. 12-16502/2-6 dated December 21, 2023) as well.

DISCUSSION

Goldberg et al. [9] in their study of IANB found that the
ranges of anesthetic success were as follows: Halsted’s tech-
nique, 25-62%; Gow-Gates technique, 16-44%; and the
Vazirani-Akinosi technique, 13-50%. Failure of Halsted’s
technique includes sensitivity of mandibular teeth, such
as the molars [16], and the mandibular nerve particularly
sensitizes the premolar, canine, and incisor teeth via the
accessory foramina on the lingual mandibular plate, with
an incidence of 60% [17].

We used MMA, which is categorized by the VAS scale as
“no pain — mild pain”” [13] There is evidence that separate-
ly used local anesthesia for lingual infiltration with 1.8 mL
of 2% lidocaine with 1:100,000 adrenaline, as additional
local anesthesia to the standard Halsted’s IANB, with 3.6
mL of 2% lidocaine with 1:100,000 epinephrine, showed
no contributive effect in increasing anesthetic success for
mandibular posterior teeth [18, 19, 20].

The second reason is the presence of nutrient foramina
on the lingual side of the mandible, which are “weak ana-
tomical spots,” through which articaine can pass into the
bone and diffuse into the IAN [21]. The third reason is the
intensification of articaine anesthesia’s pharmacokinetic
properties by adding dexamethasone. The fourth reason
is the possibility that the articaine and dexamethasone

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):229-232
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anesthetic mixture is sufficient for anesthesia success [22].
Stojanovi¢ et al. [23] significantly prolonged the anesthetic
duration ( 592.5 minutes) of 0.75% ropivacaine with the
addition of dexamethasone for Halsted’s IANB. Directly
mixing dexamethasone with anesthetic for perioperative
analgesia provides neural painful signal transmission in
nociceptive C-fibers and blocks ectopic neuronal discharge
[23]. In the presented cases, the VAS scores were 8 mm and
28 mm [14], respectively, indicating anesthetic success in
providing perioperative analgesia (no pain up to 4 mm, or
mild pain up to 44 mm on the VAS) [24], and prolonging
the duration of the anesthesia to 270 minutes.

Other authors who studied the anesthetic efficacy of 4%
articaine vs. 2% lidocaine during the surgical removal of
the third molar found that the duration of the anesthetic ef-
fect of articaine was 231 minutes, and that of lidocaine was
174 minutes, with Halsted’s technique [24, 25]. It is proven
that the concentration of articaine in the alveolus of the ex-
tracted tooth is 100 times higher than that in systemic cir-
culation [26]. Articaine is an amide anesthetic, which has
a combination of an ester group and a thiophene ring; the
thiophene ring enables articaine’s very high lipophilicity
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sodilatation induced by bradykinin. Dexamethasone added
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nerve could act as a neuroprotective drug, which is proven
in clinical practice [27].

The U.S. Food and Drug Administration recommenda-
tion specifies a maximum recommended dose of 7 mg/kg
(11.9 mL) of 4% articaine per visit, without an established
absolute maximum; nonetheless, there is a maximum limit
of 11 cartridges of 4% articaine with 1:100,000 epinephrine
(28, 29, 30].

In conclusion, the modified mylohyoid nerve anesthesia
may have the capacity to act as the main and sole local
anesthesia, or as additional anesthesia for the surgery of
impacted mandibular second permanent premolars.
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MoaudukosaHa aHecTe3nja MUNOXMOUAHOT HEPBA NPUMEHOM 4% apTUKaUHA ca
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CAMETAK

YBopg Ynotpeba MmoandrkoBaHe aHecTe3je MUIOXUOUHOT
HepBa y leHTOaIBe0IapHOj XUPYpPruju je peTka.

Mpukas 6onecHuka MprikasaHa je 51-roguilba NauyjeHTKUba
Ca XPOHWMYHOM ynanom v 6o5om y npepeny Hegoctajyher gorer
NeBOT APYror NPeTKyTHaka 1 KyTkbaka. KOHyCHOM KomnjyTepu-
30BaHOM ToMorpadujom MmaHanbyne ytepheHa je nUHreanHa
Mnakymja MaHANOYNapHOr CTaHOT [PYror NPeTKyTHaka ca
neBe cTpaHe. ANMKoBaHo je 4 m/ aHecTeTMYKOr pacTBOpa Ca-
cTaBsbeHor of 3,5 ml 4% aptukanHa ca 1: 100.000 agpeHanvHa
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1 0,5 ml pekcameTasoHa. E¢pukacHocT MognduKoBaHe aHecTe-
3vje MUJTIOXVIOUAHOT HepBa Y CMatbetby MHTpaomnepaTuBHOT
60na npoLereHa je nomohy Br3yenHe aHanorHe ckane (VAS,
n3paxeHa y mm), Koja je 3abenexuna BpeaHoCT of 8 mm, fOK
je Tpajatbe aHecTe3nje n3Hocuno 270 MUHyTa.

3akmpyuyak MogudrkoBaHa aHecTe3mja MUIOXMOVAHOT HepBa
MO>Ke Ce KOPVCTWTY Kao MPUMapHa aHecTe3wja Uin Kao AoAaTHa
onuuja Koa HeycnelHe Xanctefose aHecTesuje.

KrbyuHe peun: MMnoxmongHu HepBs; aHecTe3unja; apTUKauH;
AeKCaMeTa30H; ieHToaNBeonapHa Xmpypruja
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SUMMARY

Introduction Lyme neuroborreliosis (LNB) represents a neurological manifestation of the infection caused
by Borrelia burgdorferi sensu lato. According to established European diagnostic criteria, confirmed LNB
requires cerebrospinal fluid pleocytosis and evidence of intrathecal antibody synthesis; however, these
criteria are not always fulfilled in clinical practice, which may lead to diagnostic uncertainty.

Case report A 15-year-old girl presented with acute right-sided peripheral facial palsy. Serological test-
ing demonstrated positive IgM and IgG antibodies to Borrelia burgdorferi sensu lato. Cerebrospinal fluid
analysis was not performed, precluding confirmation of neuroborreliosis. Brain magnetic resonance
imaging (MRI) excluded central causes of facial palsy. The patient received empirical antibiotic therapy
in combination with corticosteroids, followed by partial clinical recovery over time. Pre-existing senso-
rineural hearing loss and incidental MRI findings were considered unrelated to the acute presentation.
Conclusion This case highlights the limitations of attributing peripheral facial palsy to Lyme disease
based solely on serological findings. In the absence of cerebrospinal fluid analysis, diagnostic uncer-
tainty remains, emphasizing the need for cautious interpretation of laboratory results and thorough

consideration of alternative etiologies.

Keywords: neuroborreliosis; Lyme disease; peripheral facial paralysis; adolescents; rehabilitation

INTRODUCTION

Lyme neuroborreliosis (LNB) represents a neu-
rological manifestation of infection caused by
Borrelia burgdorferi sensu lato and, accord-
ing to established European Federation of
Neurological Societies criteria, is defined by a
compatible clinical presentation in combination
with cerebrospinal fluid (CSF) pleocytosis, and
evidence of intrathecal antibody synthesis [1].
These criteria are essential for confirming the
diagnosis and distinguishing LNB from other
neurological conditions.

Lyme borreliosis is the most common vec-
tor-borne disease in Europe, with a substantial
and increasing public health burden. Recent
epidemiological data indicate that an average
132,000 cases are reported annually across
Europe, with neurological involvement oc-
curring in a subset of patients [2, 3]. Among
these, peripheral facial nerve palsy represents
one of the most frequent clinical manifesta-
tions, particularly in pediatric populations [1,
4]. However, the presence of facial palsy alone
is not sufficient to establish a diagnosis of LNB
without appropriate CSF findings [1].

In clinical practice, the diagnostic evalua-
tion of patients presenting with peripheral fa-
cial palsy may be challenging, particularly in
regions with higher background seroprevalence
of Borrelia exposure [5, 6]. Positive serological

findings may reflect previous contact with the
pathogen rather than active infection, which
limits their specificity in the absence of confir-
matory CSF analysis [1]. Consequently, attrib-
uting facial nerve palsy to Lyme disease based
solely on serology may lead to overdiagnosis
and misinterpretation of causality.

Although Lyme disease has been associated
with a wide spectrum of neurological manifes-
tations, isolated peripheral facial palsy remains
a typical presentation, whereas involvement of
additional cranial nerves or atypical features
requires careful evaluation [1, 7]. Concurrent
findings, such as sensorineural hearing loss,
should be interpreted with caution, as clinical
and laboratory findings in Lyme disease may be
nonspecific and seropositivity does not neces-
sarily indicate causality; therefore, such find-
ings may represent pre-existing or unrelated
conditions rather than manifestations of acute
infection [3, 7].

This case report describes an adolescent pre-
senting with peripheral facial palsy and posi-
tive Borrelia serology in a setting where CSF
analysis was not performed. The aim of this
report is not to demonstrate confirmed neu-
roborreliosis, but to highlight the diagnostic
uncertainty and limitations associated with in-
terpreting serological findings in the absence of
CSF confirmation, as well as the importance of
considering alternative etiologies.

Received « MpummeHo:
January 7,2026

Revised - PeBusnja:
March 21, 2026

Accepted - NMpuxeaheHo:
April 3, 2026

Online first: April 7, 2026

Correspondence to:

Milan AKSIC

University of Belgrade

Faculty of Medicine

Niko Miljani¢ Institute of Anatomy
Dr Subotica 4/11

11000 Belgrade

Serbia
milan.aksic@emed.bg.ac.rs



234

CASE REPORT

A 15-year-old previously healthy female from a suburban
region of Belgrade was admitted to the pediatric cardiology
department due to palpitations and intermittent chest dis-
comfort. Initial evaluation, including Holter monitoring,
revealed frequent ventricular extrasystoles without struc-
tural abnormalities or hemodynamic compromise. Further
cardiological assessment, including ergospirometry, and
repeat Holter electrocardiogram monitoring, showed no
significant abnormalities. Routine laboratory analysis,
including a metabolic panel and C-reactive protein, was
within normal limits.

During hospitalization, on the first day after admission,
the patient developed acute right-sided facial weakness,
characterized by progressive inability to fully close the
right eye and facial asymmetry (House-Brackmann grade
IV) [8]. She denied fever, headache, recent infection, head
trauma, rash, otalgia, vertigo, or known tick exposure. Past
medical history was notable only for febrile seizures in
early childhood, with no recurrence after the age of five.
Immunizations were up to date, and family history was
negative for neurological or autoimmune diseases.

Neurological examination revealed a peripheral right
facial nerve palsy, including loss of forehead wrinkling, lag-
ophthalmos, flattening of the nasolabial fold, and drooping
of the mouth angle. Motor strength, sensory examination,
cerebellar function, gait, and deep tendon reflexes were
normal. Otoscopic examination showed no signs of middle
ear pathology.

Audiological evaluation was performed as part of the as-
sessment of cranial nerve function. Pure-tone audiometry
demonstrated bilateral moderate-to-severe high-frequency
sensorineural hearing loss (right ear: 2 kHz = 60 dB, 4 kHz
= 80 dB; left ear: 2 kHz = 60 dB, 4 kHz = 65 dB), consistent
with previously documented congenital hearing impair-
ment. Tympanometry was type A bilaterally. Acoustic re-
flexes were reduced at 500 Hz on the right and absent at
higher frequencies bilaterally.

Ophthalmological examination revealed conjunctival hy-
peremia and early signs of exposure keratopathy, and treat-
ment with artificial tears and lubricating gel was initiated.

Laboratory and diagnostic evaluation for infectious and
autoimmune causes included complete blood count, inflam-
matory markers, and serological testing. Serological analysis
for Borrelia burgdorferi sensu lato was performed using a
line blot assay and demonstrated the presence of specific
IgM and IgG antibodies. CSF analysis was not performed.

Brain magnetic resonance imaging and magnetic reso-
nance angiography showed no evidence of central ner-
vous system pathology. An incidental choroidal fissure
cyst without clinical significance was identified (Figure 1).

The patient was treated with intravenous ceftriaxone,
followed by oral doxycycline (100 mg twice daily for
seven days), in combination with corticosteroid therapy.
Supportive management included artificial tears and physi-
cal therapy.

Clinical improvement was observed during hospital-
ization, with partial recovery of facial movements and
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Figure 1. Magnetic resonance imaging diagnostics for exclusion of
central facial palsy - cyst of the choroidal fissure; the patient was ad-
mitted to a pediatric day hospital and received intravenous ceftriaxone,
corticosteroids with gradual tapering, gastroprotection, structured fa-
cial physiotherapy including electrostimulation of the right facial nerve
and facial exercises, and continuous ocular lubrication; coagulation
analysis, including von Willebrand factor antigen and factor Xlll activity,
were within normal limits; cardiac evaluation showed persistent but
hemodynamically insignificant ventricular extrasystoles

improved eyelid closure. No systemic complications were
noted.

After 20 days of hospitalization, the patient was dis-
charged in stable condition with mild residual facial asym-
metry. Outpatient management included continuation of
doxycycline therapy, physiotherapy, and scheduled follow-
up with neurology, otorhinolaryngology, ophthalmology,
and cardiology.

DISCUSSION

Peripheral facial palsy represents a common clinical pre-
sentation in pediatric patients and may be associated
with Lyme disease; however, it is not specific for LNB.
According to established European criteria, confirmed
neuroborreliosis requires CSF pleocytosis and evidence
of intrathecal antibody synthesis [1, 9, 10]. In the absence
of CSF analysis, the present case can only be classified as
suspected Lyme-associated facial palsy rather than con-
firmed neuroborreliosis. This distinction is essential to
avoid overinterpretation of clinical and laboratory findings.

The initial diagnostic consideration in this case includ-
ed the possibility of broader cranial nerve involvement due
to the coexistence of facial palsy and sensorineural hearing
loss [3, 7]. However, audiological findings were consis-
tent with previously documented congenital impairment,
and no additional neurological deficits were identified.
Therefore, the clinical presentation was ultimately limited
to isolated peripheral facial palsy. This highlights the im-
portance of careful interpretation of concurrent findings,
particularly when pre-existing conditions may confound
the clinical picture.

The interpretation of Borrelia serology requires par-
ticular caution. Positive IgM and IgG antibodies may
reflect previous exposure rather than active infection,
especially in regions with higher background seropreva-
lence. Importantly, seropositivity alone is not sufficient to
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establish a diagnosis of active Lyme disease in any clinical
form [7, 11, 12]. In the absence of CSF analysis, neither
neuroborreliosis nor Lyme-associated cranial neuritis can
be confirmed. While lumbar puncture may be deferred
in selected pediatric cases, its role remains central when
neuroborreliosis is considered. Furthermore, alternative
and more common causes of peripheral facial palsy, such
as idiopathic (Bell’s palsy) or viral etiologies, should be
carefully considered, particularly in cases with inconclusive
diagnostic findings [5, 13].

Current guidelines recommend oral doxycycline or in-
travenous ceftriaxone for the treatment of Lyme-associated
peripheral facial palsy, typically administered for 14-21
days [7, 9, 14]. In the present case, a sequential regimen
of intravenous ceftriaxone followed by oral doxycycline, in
combination with corticosteroids, was used. This approach
does not represent a standard treatment strategy and likely
reflects the diagnostic uncertainty at the time of clinical
decision-making. The use of corticosteroids in suspected
Lyme-associated facial palsy remains controversial, with
limited and conflicting evidence regarding their benefit, par-
ticularly in the absence of confirmed neuroborreliosis [15].

Supportive management, including eye protection and
physical therapy, was implemented during hospitalization

REFERENCES

1. Mygland A, Ljgstad U, Fingerle V, Rupprecht T, Schmutzhard E,
Steiner |; European Federation of Neurological Societies. EFNS
guidelines on the diagnosis and management of European Lyme
neuroborreliosis. Eur J Neurol. 2010;17(1):8-16, e1-4.

[DOI: 10.1111/j.1468-1331.2009.02862.x] [PMID: 19930447]

2. Davidson A, Davis J, Brestrich G, Moisi JC, Jodar L, Stark JH. Lyme
Borreliosis Incidence Across Europe, 2015-2023: A Surveillance-
Based Review and Analysis. Vector Borne Zoonotic Dis.
2025;25(10):569-79. [DOI: 10.1177/15303667251363125]

[PMID: 40711909]

3. Marques AR, Strle F, Wormser GP. Comparison of Lyme Disease in
the United States and Europe. Emerg Infect Dis. 2021;27(8):2017-
24.[DOI: 10.3201/eid2708.204763] [PMID: 34286689]

4,  Steere AC, Strle F, Wormser GP, Hu LT, Branda JA, Hovius JW,
et al. Lyme borreliosis. Nat Rev Dis Primers. 2016;2:16090.

[DOI: 10.1038/nrdp.2016.90] Erratum in: Nat Rev Dis Primers.
2017;3:17062. [DOI: 10.1038/nrdp.2017.62] [PMID: 27976670]

5. Papan C, Kremp L, Weil3 C, Petzold A, Schroten H, Tenenbaum T.
Infectious causes of peripheral facial nerve palsy in children-a
retrospective cohort study with long-term follow-up. Eur J Clin
Microbiol Infect Dis. 2019;38(11):2177-84.

[DOI: 10.1007/510096-019-03660-6] [PMID: 31372902]

6.  Mack|, Kohns Vasconcelos M, Ritz N, Zimmermann P. A diagnostic
algorithm for children presenting with peripheral facial nerve
palsy and inconclusive diagnosis of neuroborreliosis. Acta
Paediatr. 2023;112(8):1644-7.[DOI: 10.1111/apa.16841]

[PMID: 37424283]

7. Lantos PM, Rumbaugh J, Bockenstedt LK, Falck-Ytter YT,
Aguero-Rosenfeld ME, Auwaerter PG, et al. Clinical Practice
Guidelines by the Infectious Diseases Society of America (IDSA),
American Academy of Neurology (AAN), and American College
of Rheumatology (ACR): 2020 Guidelines for the Prevention,
Diagnosis and Treatment of Lyme Disease. Clin Infect Dis.
2021;72(1):e1-e48. [DOI: 10.1093/cid/ciaa1215] [PMID: 33417672]

8. MengiE, Orhan Kara C, Necdet Ardi¢ F, Topuz B, Metin U, Alptiirk
U, et al. Comparison of the Reliability of the House- Brackmann,
Facial Nerve Grading System 2.0, and Sunnybrook Facial Grading
System for the Evaluation of Patients with Peripheral Facial
Paralysis. J Int Adv Otol. 2024;20(1):14-8.

[DOI: 10.5152/ia0.2024.231162] [PMID: 38454283]

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):233-236

235

[16]. However, given the limited detail regarding the type
and duration of rehabilitation, its contribution to clinical
recovery cannot be clearly established [17].

This case also underscores the importance of aligning

reported findings with documented clinical data. Follow-up
neurological and audiological outcomes should be interpret-
ed cautiously and, where relevant, clearly presented within
the case description to support subsequent discussion [1, 7].

In conclusion, this case illustrates the diagnostic chal-

lenges in evaluating peripheral facial palsy in the context of
positive Borrelia serology. The absence of CSF analysis pre-
cludes confirmation of neuroborreliosis, emphasizing the
limitations of serological testing alone. Careful adherence
to established diagnostic criteria, critical interpretation of
laboratory findings, and consideration of alternative etiolo-
gies are essential to avoid overstated causal associations.
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CycnekTtHa nepudepHa daumjanHa napanusa yapyKeHa ca najmckom 6onewhy Koa
afloNecLeHTa ca NPETX0AHO AUjarHOCTUKOBAHUM CEH30PUHEYPANHUM ryBUTKOM

CNyXa — ANjarHOCTUYKM U3330B
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CAXETAK

YBogp Jlajmcka Heypobopennosa npefcrasiba HEYpPOOLLKY
MaHndecTaumjy uHdekuuje nsaspaHe b6aktepumjom Borrelia
burgdorferi sensu lato. Npema yTBphEeHM eBponcKmm anjarHo-
CTUYKIM KpUTepurjyMrMa, noTepheHa NajMcka Heypobopeniiosa
3axTeBa MIeoynTo3y y LiepebpocnmHanHoj TeYHOCTU U AOKa3e O
VHTpaTeKasHOj CUHTe3V aHTuTena; MehyTym, 0BU Kputepujymu
Ce He MCMyHaBajy YBEK Y KIMHWYKOj NPaKCH, LITO MOXe A0BECTU
[0 ANjarHOCTNYKE HECUTYPHOCTMU.

Mpuka3s 6onecHuka [lesojumua o 15 rogriHa NpUM/beHa je
360r akyTHe nepudepHe napanuse gecHe ctpaHe nuua. Cepo-
JIOLLKO TecTVpatbe je Nokasano NpUcycTBo No3MTUBHUX IgM n
IgG aHTuTena Ha Borrelia burgdorferi sensu lato. AHanu3a Le-
pebpocnuHanHe TEYHOCTH HIije U3BPLLEHA, YUME je MOTBPAA
Heypobopenvo3e oHemoryheHa. MarHeTHa pe3oHaHLa Mo3ra
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NCKJbyunna je LeHTpasHe y3poke napanuse nuua. bonecHnua
je npummna eMnupujcKy aHTMBMOTCKY Tepanujy y KoMOUHaLmju
Ca KOPTUKOCTEPOUAMMA, HAKOH Yera je BPeMeHOM MOCTUTHYTO
AeNMMUYHO KNMHUYKO Nobosbluakse. MpeTxogHo AnjarHoCTUKO-
BaH CEH30pVHEYpanHN rybutak ciyxa U MHUMAEHTaNHU Hanasu
MarHeTHe pe3oHaHLie CMaTpaHU Cy HermoBe3aHNM ca akyTHOM
npe3seHTaLnjom.

3aksmyyvak OBaj C/lyyaj UCTUYE orpaHuyerba NpunucrBatba
nepvdepHe napanuse amua 1ajMcKoj 601ecT Ha OCHOBY CaMo
CeposIOLLKYX Hanasa. Y o4cycTBy aHanuse LepebpocnHanHe
TEYHOCTY, AMjarHOCTYKa HECMTYPHOCT OCTaje, Harnaluasajyhv
noTpeby 3a ONPe3HOM MHTEPNPETALIMjOM JTabopaTopujcKX pe-
3ynTaTta 1 AeTa/bHUM pa3maTparbem anTepHaTMBHUX eTUONOTIja.
KmbyuHe peun: Heypobopennosa; najmcka bonect; nepndepHa
napanusa dauujannca; agonecLeHT; pexabunurtaumja
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SUMMARY

Introduction Conjunctival malignant melanoma (CMM) is a highly malignant tumor. Due to its low in-
cidence, atypical early clinical manifestations, and diverse pathological forms, it is easily misdiagnosed
or missed in clinical practice, along with extremely poor prognosis. This study aims to report the treat-
ment outcomes of two cases of massive malignant melanoma of CMM to provide insights into clinical
diagnosis and treatment strategies.

Outlines of cases Two cases of massive malignant melanoma of the CMM are reported. Both patients pre-
sented to our hospital due to black masses in the eyelid, which were diagnosed as malignant melanoma
upon examination. After tumor resection, combined treatment with oral administration of temozolomide
capsules and intravenous injection of cisplatin was performed, and no recurrence was observed during
one year follow-up.

Conclusion This study suggests that although CMM is rare and has subtle early symptoms, timely diagno-
sis, thorough surgical resection combined with personalized adjuvant therapy (including chemotherapy,
targeted, and immunotherapy) can improve patient prognosis. Enhancing awareness among clinicians
and patients, and implementing genetic testing-guided precision treatment, are key to improving thera-

peutic outcomes.

Keywords: malignant melanoma; CMM; chemotherapy; case report

INTRODUCTION

Conjunctival melanoma (CM) is a rare and
highly aggressive malignant conjunctival tu-
mor. Its clinical manifestations are easily con-
fused with other ocular diseases, leading to
frequent misdiagnosis or neglect. This can sub-
sequently result in severe visual impairment, a
significant decline in quality of life, and even
death due to distant metastasis. The incidence
of this disease is relatively higher among in-
dividuals with fair skin. The overall incidence
rate is approximately 0.46 cases per 1,000,000
people per year, accounting for about 0.25% of
melanomas in all body sites and about 5% of all
ocular melanomas [1]. CM is the second most
common malignant conjunctival tumor after
conjunctival squamous cell carcinoma [2]. Its
origin can be traced back to the basal melano-
cytes in the conjunctival epithelium. According
to research statistics, about 70% of CM cases
develop from conjunctival melanocytic in-
traepithelial neoplasia or primary acquired
melanosis with atypia, while the remaining
cases may arise from malignant transforma-
tion of pre-existing nevi or spontaneously [3].

At present, there is no standardized treat-
ment protocol for CM. Commonly used thera-
peutic approaches in clinical practice include
surgical resection with or without adjunctive
cryotherapy, topical chemotherapy (such as mi-
tomycin C, 5-fluorouracil, or interferon a-2b),

brachytherapy, proton beam radiotherapy, or
external photon irradiation. For cases with
severe local tissue invasion in the advanced
stage, radical orbital exenteration is required
[4-7]. However, these treatment methods are
associated with a high incidence of postop-
erative complications and a tumor recurrence
rate ranging from 33% to 45% [8, 9]. Therefore,
patients need lifelong follow-up monitoring.
Although significant progress has been made in
the targeted and immunotherapy of cutaneous
melanoma in recent years, the relevant research
data on applying similar therapeutic strategies
(such as anti-BRAF, anti-MEK, anti-PDL]I,
etc.) to the treatment of CM are promising but
extremely limited, mostly derived from single-
patient cases or small case series of patients
with no surgical opportunity before surgery
or advanced disease [10, 11, 12].

Given the rarity of CM, its propensity for
misdiagnosis, and the limitations of current
treatment options, this study aims to provide
a detailed analysis of two cases of conjuncti-
val malignant melanoma (CMM) to explore
the diagnostic and therapeutic processes. It is
hoped that this study will offer clinical physi-
cians more precise diagnostic criteria and more
effective therapeutic strategies as a reference,
while also providing new ideas and directions
for future research on the treatment of CMM.
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REPORTS OF CASES
Patient profile

Patient 1, a 52-year-old man, was admitted to Tangshan
People’s Hospital on December 4, 2021, due to a black mass
on the left palpebral margin. One week prior, a flat black
mass was incidentally found on the left palpebral margin
and conjunctiva, with ulceration and bleeding but no pain.
Orbital computed tomography (CT) showed a thickened,
elevated lesion on the left conjunctiva, with no distant
metastasis. He had no significant medical history and no
abnormalities on full-body examination. Ophthalmic ex-
amination revealed diffuse, flat, elevated black masses in
the upper palpebral margin, 2/3 of the middle and outer
palpebral conjunctiva, central fornix conjunctiva, and up-
per bulbar conjunctiva of the left eye, with a significant
mass in the outer 1/3 of the palpebral margin and scab
coverage (Figure 1).

Patient 2, a 74-year-old male, was admitted to our hos-
pital’s Ophthalmology Department on May 6, 2020, for a
black mass in the right conjunctiva present for 1.5 years.
The mass was discovered 1.5 years ago, smooth, painless,
and without ulceration or bleeding. He underwent surgical
excision at another hospital (details unknown) but received
no further diagnosis or treatment. A year ago, the mass
recurred and a new mass appeared in the lower fornix
of the right eye, which rapidly grew and bled repeatedly
after ulceration over the past two months. The ophthalmic
examination of the right eye revealed adhesions at the up-
per and lower eyelid fissures, and a poorly demarcated,
purplish-black, elevated mass measuring 1.2 cm x 0.8 cm x
0.6 cm was observed in the central lower fornix (Figure 2).

Ocular color Doppler ultrasound revealed a 1.04 cm
x 0.64 cm hypoechoic nodule in the lower eyelid of the
right eye with abundant blood flow signals (Figure 3A).
Malignant melanoma was suspected in both patients.
Orbital CT showed lesions in the lower fornix of the right
eye (Figure 3B).

Surgical methods

After comprehensive imaging assessments, including CT
scans of the head, orbit, and chest, and color Doppler ul-
trasound of the neck, abdomen, pelvis, and urinary sys-
tem, patient 1 underwent extended resection of the left
palpebral margin and CMM, along with blepharoplasty,
conjunctival sac reconstruction, and lateral canthoplasty
under general anesthesia on December 8, 2021. During the
surgery, part of the mass was removed. The patient’s oral
hard palate mucosa was taken to replace the upper eyelid
tarsal plate, with the lower edge of the hard palate mu-
cosa implanted in the lower tarsal sulcus. To reconstruct
the damaged tissues, the patient’s buccal mucosa (inner
cheek lining) was grafted to replace the fornix (the fold
between the eyelid and the eyeball) and the upper bulbar
conjunctiva (the white part of the eye). This graft helped
form a new conjunctival sac to restore normal eye func-
tion. Additionally, the lower tarsal plate (the supportive
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Figure 1. Patient 1: pre-treatment appearance of palpebral margin of
malignant melanoma

Figure 2. Patient 2: pre-treatment appearance of palpebral margin of
malignant melanoma

structure of the lower eyelid) was repositioned to repair the
defect in the lower palpebral margin, ensuring both func-
tional and aesthetic restoration of the eyelid. Meanwhile,
the patient’s buccal mucosa was taken to replace the fornix
and upper bulbar conjunctiva and form the conjunctival
sac, followed by transferring the lower tarsal plate to repair
the lower palpebral margin defect. After the lateral canthal
angle was formed, the skin tissue defect of the eyelid was
covered with a skin flap, completing the eyelid reconstruc-
tion and plasty.

Patient 2 underwent extended resection of the right
upper palpebral CMM, along with blepharoplasty and
resection of the conjunctival mass in the lower fornix of
the right eye under general anesthesia on May 18, 2020.
The entire layer of the upper eyelid and lateral canthus
was removed. The hard palate mucosa was harvested to
replace the tarsal plate, with its lower edge implanted in
the lower tarsal sulcus. After forming the lateral canthal
angle, the eyelid skin defect was covered with a skin flap,
completing the reconstruction.

Immunohistochemical results showed: Melan-A (-),
Ki-67 (+, 60%), CK (-), HMB45 (+), S-100 (+), Vimentin
(+). Genetic testing revealed a BRAF V600E mutation, in-
dicating that targeted therapy with BRAF inhibitors would
be appropriate for this patient. This mutation is signifi-
cant as it guides the therapeutic approach and helps tailor
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Figure 3. Ultrasound image analysis and computed tomography (CT) scan; A —abundant
blood flow signals observed in ocular nodules via conventional ultrasound; B - orbital
CT scan showed a lesion in the right lower fornix

i

nodular type; scale = 100pm

Figure 4. Postoperative histological findings (H&E staining); A — patient 1: postopera-
tive pathological diagnosis: lentigo maligna (melanoma) of the conjunctival malignant
melanoma; B - patient 2: postoperative pathological examination: malignant melanoma,

Patient 2: Postoperative pathological ex-
amination revealed nodular type malignant
melanoma in the vertical growth phase, with
10 mitoses/mm?* and no obvious ulceration
(Figure 4B). Immunohistochemical exami-
nation: Melan-A (-), Ki-60 (+, 60%), CK (-),
HMB45 (+), S-100 (+), Vimentin (+). The
tumor was nodular with peripheral fibrous
tissue (pT3b), no obvious vascular tumor
thrombus, and no tumor-infiltrating lym-
phocytes.

Postoperative chemotherapy regimen

Both patients received a combination sys-
temic therapy regimen consisting of tori-
palimab and cisplatin. Specifically, tori-
palimab injection at a dose of 189 mg was
administered via intravenous infusion once
every two weeks for a total of 12 cycles.
Concurrently, cisplatin injection at a dose
of 40 mg per day was administered via in-
travenous infusion for three consecutive
days per month, with this cycle repeated
every month for a total of six cycles. Three
months post-surgery, the eyelid fissure inci-
sion, transplanted hard palate mucosa, and
buccal mucosa all survived in patient 1, with
the formation of a conjunctival sac without
adhesion or stenosis.

Figure 5. A - healing status of patient 1 three months after conjunctival reconstruction
surgery; B — postoperative healing of the right lower fornix in patient 2

personalized treatment strategies, which are crucial for
managing CMM.

Pathological and immunohistochemical results

Patient 1: Postoperative pathological diagnosis revealed
malignant melanoma of CMM, with 2 mitoses/mm?
(Figure 4A). The tumor measured 2.2 cm X 1 cm in maxi-
mum area and < 2 mm in maximum thickness. Ulceration
and necrosis were present on the mucosal surface, with
submucosal invasion. No vascular or nerve invasion
was observed, and the lateral resection margin and base
were tumor-free, indicating complete excision. No ab-
normal lymph nodes or metastatic lesions were found.
Immunohistochemical analysis confirmed HMB45 posi-
tivity, and genetic testing identified a BRAF p.V600E muta-
tion, which may influence treatment strategies.
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Meanwhile, the size and movement of the
left eyelid move were normal (Figure 5A).
As of the most recent follow-up, one year
and five months after treatment, the patient
remains in good physical condition with no
evidence of metastases.

Patient 2 showed no recurrence of
purple-black elevated mass in the upper
conjunctiva and bulbar conjunctiva of the
right eye three months post-surgery, with a
smooth surface (Figure 5B). After one year
of follow-up post-treatment, the patient was
in good physical condition without any abnormal lesions.

Ethics: This study was conducted in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee of Tangshan People’s Hospital. Written informed
consent was obtained from the participant.

DISCUSSION

A 52-year-old male patient presented with a black mass
on the left eyelid margin, which initially had no ulceration
but later showed signs of bleeding. The incidence of this
disease increases with age, particularly in individuals over
60, who account for more than 50% of cases, while those
under 20 represent only 1%. The disease is more com-
mon in elderly males and individuals of Caucasian descent
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[13]. The two cases reported in this paper were both male
patients, aged 52 and 74 years, respectively. CMM typi-
cally occurs unilaterally, with irregular borders and visible
pigmentation. It often originates from acquired primary
malignant melanoma or, in some cases, from conjunctival
nevus pigmentosus. Clinically, it manifests as a slowly en-
larging mass on the conjunctiva, with significant variation
in initial size, sometimes as small as a grain of rice. Patients
may experience occasional eye redness or a foreign body
sensation, but usually no vision loss. Some masses may
also present with bleeding or exudation [3].

The two cases in this study developed acquired primary
malignant melanoma with a history ranging from one week
to 1.5 years. Patient 2 discovered a black mass on the right
conjunctiva 1.5 years prior to treatment-seeking, which
recurred a year ago and rapidly grew over the previous
two months, causing repeated bleeding after ulceration.

BRAF gene single-base mutations are the most com-
mon genetic variations in malignant melanoma and are a
key target for targeted therapy. In China, the BRAF muta-
tion rate in malignant melanoma is approximately 25.5%,
with 89.1% being the BRAF (V600E) mutation [14]. Other
rare mutations include V600K, V600R, and V600D [15].
Domestic studies have reported BRAF V600E and c-Kit
mutation rates of 7.7% [16]. In this study, one case of BRAF
V600E mutation was detected, while no ¢-Kit gene muta-
tion was found.

A 74-year-old male discovered a black mass on the
right conjunctiva, present for 1.5 years prior to diagnosis.
Initially smooth and non-ulcerated, the mass later grew
rapidly and bled recurrently. CMM is rare and morpho-
logically complex, making diagnosis, especially of non-
pigmented variants, particularly challenging. It should be
differentiated from the following diseases: Conjunctival
nevus pigmentosus [17]: commonly found in the bulbar
conjunctiva and limbus of the eyelid fissure, it is a be-
nign neuroectodermal tumor. It has a smooth surface,
uniform black color, and no ulceration or exudation. The
immunohistochemical Ki-67 proliferation index is usu-
ally < 10%; p53 and cyclin D1 may show diffuse strong
positivity, increasing with disease progression. Melan A
can be expressed in both benign nevus cells and malig-
nant melanoma, but its expression in malignant mela-
noma may decrease with increasing tumor thickness,
reduced disease-free survival, and increased mortality.
Poorly differentiated squamous cell carcinoma [18]: the
most common conjunctival malignancy, it often occurs
at the junction of the palpebral margin skin and conjunc-
tiva, the limbus in the eyelid fissure area, and the lacrimal
caruncle in the medial canthus, with UV exposure as a
key trigger. Some malignant melanomas can mimic this
carcinoma with prominent nucleoli. P40, P63, or CK5/6
are positive markers for poorly differentiated squamous
cell carcinoma, while HMB-45, MelanA, and S-100 are
negative. Poorly differentiated sarcoma [19]: malignant
melanoma cells can be spindle-shaped or polygonal, with
some having abundant pink cytoplasm and deviated nu-
clei, resembling rhabdomyosarcoma. Rhabdomyosarcoma
cells are positive for myogenin and MyoD1, while S-100,
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MelanA, and HMB-45 are negative. Tumor cells can also
appear in bundles, spindle-shaped or cigar-shaped, resem-
bling leiomyosarcoma. Leiomyosarcoma cells are positive
for desmin and SMA, while S-100, MelanA, and HMB-45
are negative. All malignant melanomas are negative for
myogenic markers.

Due to minimal early visual impact, some patients over-
look CMM, delaying treatment. Improving prognosis and
survival depends on understanding the clinical and patho-
logical features of CMM and raising patient awareness for
early treatment.

In this study, both patients underwent extensive tumor
resection combined with postoperative systemic chemo-
therapy of toripalimab and cisplatin, achieving favorable
local control with no signs of recurrence or metastasis dur-
ing the short-term follow-up (1-1.5 years). This outcome
shows positive significance when compared with larger co-
hort studies. An international multicenter study involving
288 CMM patients reported that despite receiving surgery
combined with adjuvant therapies (such as local chemo-
therapy or brachytherapy), the cumulative five-year and
10-year local recurrence rates were as high as 19.3% and
36.9%, respectively [20]. The absence of recurrence in our
cases within a relatively short follow-up period suggests
that the surgical resection combined with immunochemo-
therapy regimen we adopted may provide additional bene-
fits in controlling local recurrence. Currently, the treatment
of CMM is becoming more diversified, and the therapeutic
choices in our cases can be cross-referenced with recent
literature advances. For patients with high-risk factors after
surgical excision, local adjuvant therapy remains a stan-
dard option. Apart from the systemic treatment used in
our cases, local agents (such as mitomycin C or interferon
a-2b) and adjuvant brachytherapy (e.g., iodine-125 plaque)
are commonly employed and effective modalities [21].
Particularly for lesions involving the sclera, postoperative
adjuvant iodine-125 plaque radiotherapy has demonstrat-
ed favorable tumor control rates and potential for vision
preservation in medium-term follow-up [22]. Meanwhile,
immune checkpoint inhibitors (such as anti-PD-1 agents)
have shown promise in the treatment of advanced CMM
[23]. The use of toripalimab in this study was based on
its established efficacy in melanoma treatment [24], and
experience with systemic immunotherapy as postoperative
adjuvant therapy for CMM remains limited. The favorable
outcome in our cases provides preliminary clinical support
for this strategy. Furthermore, the BRAF V600E mutation
detected in patient 2 offers a critical direction for poten-
tial salvage therapy in the future. For advanced melanoma
with BRAF mutations, combination therapy with BRAF/
MEK inhibitors has become the standard. Although the
incidence of this mutation is relatively low in CMM, once
present, targeted therapy represents an important systemic
treatment option.

The two cases of CMM reported in this study, despite
differences in clinical presentation and disease duration,
both achieved good local control and short-term recur-
rence-free survival through comprehensive imaging evalu-
ation, wide surgical excision, and combined postoperative
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systemic chemotherapy. This offers the following insights
for the management of similar clinical cases: CMM often
presents as a painless pigmented lesion in its early stages,
easily overlooked by patients. Clinicians should maintain
a high index of suspicion for any new or changing pig-
mented lesions in the conjunctival region, particularly in
middle-aged to elderly males and individuals of Caucasian
descent. It is recommended to utilize imaging studies such
as orbital CT and color Doppler ultrasound to assess the
lesion extent and vascularity, and to perform early patho-
logical biopsy with immunohistochemistry (e.g., HMB45,
S§-100, Melan-A) for definitive diagnosis. Surgical excision
remains the cornerstone for localized disease, aiming for
histologically complete resection (negative margins). For
extensive or recurrent lesions, wider excision combined
with eyelid reconstruction and conjunctival sac formation
should be considered. Both patients in this study received
postoperative systemic therapy with toripalimab combined
with cisplatin, highlighting the potential value of combined
immunotherapy and chemotherapy in the adjuvant setting.
Furthermore, the detection of a BRAF V600E mutation
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Jleyerbe MacMBHOT MaIUrHOT Me/IaHOMa KOHjyHKTUBE — aHaM3a ABa C/y4aja

Cjao Pyu Lloy', Jy Junr Llanr!, MuHr Pyn Fao', Munr Xya Jan', YeHr Jun [aj?

'HapogHa 6onHuLa TaHwaHa, Oferberbe 3a odptanmonorujy, TaHwa, KnHa;
*HapopHa 6onHuua TaHwaHa, Oferbetbe 3a opanHy v Makcunodauujanty xupyprujy, TaHwaH, Kusa

CAMXETAK

YBog ManurHu menaHom KOHjyHKTUBE NpefcTaB/ba U3pasnTo
MasnrHy Tymop. 360r HUCKe NHLMAEHLjE, aTUMNYHIX PaHUX
KIMHUYKMX MaHecTaLuja 1 pasHOBPCHUX MaTOMOLLKMX 061m-
Ka, Y KNMHWYKOj MPaKCK Ce NaKo NorpeLHo AnjarHoCcTuKyje nnm
npeBrAK, a NPOrHO3a je U3y3eTHO HemoBosbHa. Linsb oBe cTyau-
je je npnKas ncxopa nevera ABa Cylyvaja MaCBHOT ManurHor
MeflaHOMa KOHjYHKTUBE, pafin Npyatba YBUAA Yy KINHUYUKY
ANjarHOCTUKY 1 Tepanujcke cTpareruje.

Mpukas 6onecHuka lNprkasaHa cy ABa ciyyaja MacBHOT Ma-
JIMFHOF MenaHoMa KOHjyHKTIBe. Oba 6oecHuUKa jaBuna cy ce y
HaLly yCTaHOBY 360T LIpHUX TymedaKLuja Ha OYHOM KarKy, Koje
Cy HaKOH UCMUTKBatba ANjarHOCTUKOBAHE Kao ManurHu mena-
HOM. HakoH XvpyplLuKe pecekLuje TyMopa NpUMebeHa je KOM-

DOI: https://doi.org/10.2298/SARH250507022Z

61HOBaHa Tepanyja NepropasHOM NPYMEHOM TEMO30/1I0MUAA 1
VHTPaBEHCKOM MPYIMEHOM LIMCMNIATVHA. TOKOM jeAHOTOANLLHEr
nepuopaa npahera Huje 3abenexeH peLyavB.

3ak/yyak /1ako je ManurHm MmenaHoM KOHjyHKTUBeE pefaKk u'y
paHoj dpa3n Moxe UmaTu CynTuiaHe cMMnToMe, bnaroBpemeHa
AVjarHo3a, TeMesbHa XMpYypLUKa pecekLmja y KombuHauuju ca
VHAVBUAYaNnM30BaHOM afljyBaHTHOM Tepanujom (yKrbyuyjyhu
XemuioTepanujy, LusbaHy Tepanujy 1 UMyHoTepanujy) Mory
nobosblaTy NporHo3y 6onecHrka. Mosehame cBeCTU KoA
KNMHMYapa 1 601ecH1Ka, Kao 1 MprYMeHa NpeLmnsHe Tepanuje
BOHeHe reHeTCKMM TeCTUpakbeM, Kiby4Hu Cy 3a yHanpehere
Tepanujckmx ncxopa.

KrbyuHe peun: ManvrHn MenaHom; ManurHn MenaHoM KOHjyHK-
TVBE; XeMmnoTepanuja; NpuKas cnyyvaja
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New promising repurposed drugs and vaccines
anticancer treatment possibilities — review of the

current reports
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SUMMARY

The potential of repurposing already approved and registered non-oncological drugs and vaccines for the
development of new anticancer treatments is presented. A large number of registered non-oncological
drugs and vaccines modulate key cancer-related processes (such as neoangiogenesis, apoptosis, necrop-
tosis, ferroptosis, autophagy, and aerobic glycolysis) by targeting the same upstream or downstream
molecular biomarkers and signaling pathways, in the same anticancer direction. Beyond individual
agents, combinations of repurposed drugs and vaccines are of greater interest for investigation, as they
may reveal synergistic anticancer effects. Some repurposed drugs and vaccines are outlined for less
toxic, more efficient, and affordable cancer therapies, with potential for further clinical investigations
and possible impact on official clinical treatment guidelines. This review aims to present current reports
of drugs and vaccines repurposed for anticancer treatment.

Keywords: cancer treatment; repurposed drugs; vaccines

INTRODUCTION

The standard oncological treatment regimen,
as defined in the regularly updated Clinical
Practice Guidelines and implemented globally,
typically includes surgery, radiation therapy;,
chemotherapy, hormone therapy, targeted
therapy, immunotherapy, photodynamic and
laser therapy, cryotherapy, thermal therapy,
stem cell therapy, and nanomedicine-based
therapies. Cancer management involves expert
diagnosis, treatment planning, symptom man-
agement, supportive care, and addressing com-
plications related to cancer or its treatments,
such as those arising during radiotherapy or
chemotherapy. Drug and vaccine repurposing
in cancer treatment explores the potential of
previously approved, affordable, and less toxic
or less expensive pharmaceuticals as new weap-
ons in the fight against cancer [1, 2].

DRUG REPURPOSING

Many pharmaceuticals, originally developed for
non-cancer conditions, now demonstrate sig-
nificant potential as cost-effective and less toxic
supportive therapies in oncology. Examples of
such medications include metformin, iver-
mectin, chloroquine, itraconazole, some an-
tibiotics, ribavirin, propranolol, simvastatin,
fenofibrate, acetylsalicylic acid, diclofenac, ce-
lecoxib, omeprazole, caffeine, disulfiram, ur-
sodeoxycholic acid (UDCA), 2-deoxyglucose,

melatonin, vitamin D3, lithium, haloperidol,
COVID-19 vaccine, etc. Selected newer ex-
amples of drug repurposing for cancer therapy
are presented in Table 1. Clinical trials are cur-
rently underway with some of these repurposed
medications, which have shown encouraging
anticancer effects [1, 2].

A large number of the aforementioned reg-
istered non-oncological drugs modulate key
cancer-associated processes (proliferation,
neoangiogenesis, aerobic glycolysis, multidrug
resistance, apoptosis, necroptosis, pyroptosis,
ferroptosis, autophagy) by acting in the same
anticancer direction on overlapping molecu-
lar targets / biomarkers, such as (abbreviations
used: tumor promoter (P), tumor suppressor
(S); effects on other targets: stimulation /, in-
hibition \):

1) Transcription factors: NF-«B a (P - tumor
promoter), p65 (Rel A) (P), Integrins (P), STATs
(P), Nrf2 (S - tumor suppressor), Nanog (P),
KLF4 (P), Sox2 (P), Oct4 (P), NKs (P), HES1,
K13, MUC2 (P), VDR - vitamin D receptor (S),
Hippo \ YAP (P), TCFs (P), LEFs (P);

2) Cell cycle proteins: Cyclin D, (P), CDKs
(P), p21 (S), p27 (S), Ki-67 (P), PCNA (P), Akt
=PKB (P), mTOR (P), EGFR (P), Raf (P), RAS
(P), MAPK (P), PI3K (P);

3) Cell signaling cascade proteins: MDR
(MDPRs, MRP1-7, P-gp tyrosine kinase) (P),
IxB (P), Hedgehog (P), ABC (P), PKC (P, S),
JAKs (P), Wnt / B-catenin (P), ILs (IL1, ILS6,
IL8,IL10, IL17) (P), IGF-1 (P), PTEN (S), Eps8
(P);
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Table 1. Selected newer examples of drug repurposing for cancer therapy

Type of cancer cells tested (in order of incidence) as promising new therapeutic indication
e 9]

Pharm. class / g | = 2 g 5 & - c
b . | 8] ¢8| 5 5 |3 Elg |z 38

S 25| 5|8 |3| 2| E|E| 8| 258 58 |z

) a (V] a = | ] a (@) < w I ] =z 8 () >0
Anti-diabetics
Metformin + + + +
Gliclazide + + + + + +
Antihelmintics
Ivermectin + + + +
Flubendazole + + + + + + +
Anti-malarial
Chloroguine |+ - r [ r+«f+«f 1 [ [ J+1 | |
Anti-fungal
Itraconazole + + +
Clotrimazole + + +
Antibiotics
Doxycycline + + +
Minocycline + + +
Ciprofloxacin + + + + +
Antiviral
Ritonavir + + + +
Nelfinavir + + +
Acyclovir + +
Ribavirin + + + +
Cidofovir + +
Beta-blockers
Propranolol + + + + + + + + + +
Carvedilol + + + + + +
Antihyperlipidemics
Simvastatin + + + +
Fenofibrate + +
Angiotensin receptor blockers
Losartan + + + + + +
Candesartan + + + +
ACE inhibitors
Captopril + + + +
Enalapril +
Direct vasodilators
Minoxidil + +
Hydralazine + + + +
Potassium K* channel inhibitors
Glipalamide + + + +
Verapamil + + + + + +
Calcium channel blockers
Mibefradil + + + +
Nifedipine + +
Immunosuppressive
Rapamycin l+ ¢ r 1 [ [ [ |+
Nonsteroidal anti-inflammatory drugs (NSAID)
Acetylsalicylic acid + + + + + + +
Diclofenac + + + + + + + +
Celecoxib + + + + + +
Etoricoxib + + + +
Antipsychotic
Haloperidol - r r r r r r fr+«fr 1 [ [ J+«7 [ |
Anti-epileptic
Lamotrigine + ‘ + ‘
Mood stabilizer
Lithium N N N
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4) Apoptosis and/or necroptosis associated proteins:
Bcl-2 (P), Bax (S), Cytochrome C (S), PARPs (P), p53 (S),
p63 (S), p73 (B, S), caspase 3, 8,9, 12 (S), p38MAPK (P),
Mcl-1 (P);

5) Death receptors on the cell surface: FAS (S), TRAIL
(P, S);

6) Autophagy (ATG) related proteins: ATG (ATGS5,
ATGYA, ATG12, ATG13) (P, S), LC3 (S), Beclinl (P, S),
p62 (P), PAK1 (P);

7) Antioxidant defense proteins and other targets /
markers: ROS (P, §), COX-2 (PTG S2) (P), iNOS / NO (P),
TNF-a (P), PGE2 (P);

8) Angiogenesis and tumor microenvironment-asso-
ciated proteins: CD31 (= PECAM1) (P), CD34 (P), HIFs
(HIF-1a, HIF-1p, HIF-2a, HIF-2p) (P), VEGF / VEGFR
(P), MEK / ERK (P), CXC (P), CXCL12 (= SDF1) (P),
CXCR4 (P), FAK (= PTK2) (P);

9) Cellular metabolism and metabolic reprogramming
associated proteins: GLUTs (1-13) (P), TLRs (1-24) (P);

10) Embryonic development-associated proteins: TGF-[3
/ SMAD (P);

11) Membrane receptors: PANXI1 (P), P2X4 (P), P2X7 (P);

12) Membrane-bound proteins (transcription factors)
shuttling between the cytoplasm and nucleus: Notch (P);

13) Oncogene addiction targets: PTK (P), MYC (C-,
N-, L-) (P), cABL (P).

Also, the aforementioned drugs modulate various sig-
naling pathways in the same anticancer direction. A sig-
nificant proportion of anticancer signaling pathways are
functionally linked to NF-«B signaling, either upstream,
downstream, or directly [3] (symbols used for effects on
other targets: stimulation /, inhibition \): IxkB (IKK)/NF-
kB/STAT3\apoptosis; EGFR/RAS/Raf/p38/MAPK/MEK/
ERK/Akt/mTOR/NF-«xB/P-gp (MDPR); PI3K/Akt/JNK/
IxkBa/NF-kB/P-gp; TGF-a/PI3K/Akt/mTOR/HIF/IkBa/
NF-kB/HIF/VEGF; PI3K/PKC/NF-xB...; STAT3/PI3K/Akt
/.../NF-kB...; p38/MAPK/PI3K/Akt/.../NF-kB ...; p38/
MAPK/JNK/ERK/Akt/IkBa/NF-kB...; TNF/IkB (IKKa,
IKKa, IKKy = NEMO)/NF-«B...; IL1/IkB/NF-kB...; TLRs/
IkB/NF-«B...; TLRs/IL1/IkB/NF-«B...; TLR4/TNF-q, IL1a/
IkB/NF-kB...; TLRs/p38/MAPK/PI3K/Akt/.../NF-kB...;
TLRs/p38/MAPK/ERK/Akt/TkBa/NF-kB...; PANX1/ILs/
NF-«B...; P2X4, P2X7/ROS/.../NF-kB. Non-oncological
agents such as mebendazole, deoxycholic acid, and folinic
acid stimulate NF-«B, a key cellular signaling pathway that
promotes cell survival and proliferation while inhibiting
apoptosis, thereby fostering pro-tumorigenic processes.

Combining chemically distinct non-oncologic agents
targeting the same anticancer pathways can enhance effica-
cy without increasing toxicity, potentially offering synergis-
tic anticancer regimens. The overlap in anticancer targets
justifies parallel rescue and dose-response experiments.

Among antidiabetic medications, metformin may dem-
onstrate anticancer properties, potentially inhibiting can-
cer cell proliferation, promoting apoptosis, and increasing
cancer cell sensitivity to chemotherapy. Further studies
are crucial to clarify the mechanisms of anticancer effects
and assess the clinical efficacy and safety of antidiabetic
drugs [4].
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Our experimental findings in vivo demonstrated that
metformin administered alone [5] or in combination with
one of the following agents: caffeine [6], disulfiram [7, 8],
nitroglycerin [9, 10, 11], itraconazole [10, 11], or diclofenac
[11, 12] exerted significant anticancer effects against fibro-
sarcoma in hamsters, without inducing observable toxicity.
Importantly, the administered doses were equivalent to
standard therapeutic doses used in humans. Anticancer
effects of examined dual drug combinations were validated
through dose-response experiments and synergism was
determined by Combination Index (CI) analysis (CI < 1).
The hypothesis that the examined combinations act syn-
ergistically against cancer cells through NF-kB inhibition
was successfully tested in rescue experiments by adding
an NF-xB stimulator, such as mebendazole or deoxycho-
lic acid, to these combinations in order to abrogate the
anticancer effects and ‘rescue’ tumor growth. Therefore,
the use of metformin in combination with caffeine, di-
sulfiram, nitroglycerin, itraconazole, or diclofenac may
represent a promising and safe adjuvant anticancer ap-
proach, warranting further clinical investigation [6-12].
We anticipate that the therapeutic efficacy of metformin,
when combined with anticancer therapies, will exceed that
of the same therapies administered without metformin. It
is our expectation that such strategies will provide a more
effective and safer treatment approach in clinical practice,
while also guiding future research into the potential of
metformin in cancer therapy [13].

In a clinical study of patients with advanced cervical
cancer using fluoroazomycin arabinoside, metformin de-
creased tumor hypoxia and improved the cervical cancer
response to radiation [14].

An in vitro investigation on repurposed pharmaco-
logical agents revealed that the combination of disulfiram
and copper gluconate displayed a marked cytotoxic effect
against glioblastoma stem cells [15].

A recent in vitro study repositioned propranolol, a non-
selective beta-blocker commonly used in the treatment
of various cardiovascular conditions, as a promising and
cost-effective therapeutic option for colorectal cancer treat-
ment, identifying T cells as its primary target [16]. Oral
administration of propranolol has been shown to delay
tumor progression and improve survival rates of tumor-
bearing mice in fibrosarcoma and colon cancer models.
Propranolol inhibited tumor angiogenesis and promoted
T cell infiltration. A recent study identified propranolol
as an immunomodulatory agent, suggesting its potential
to enhance immunotherapies with checkpoint inhibitors
in patients with soft tissue sarcoma, and possibly in other
cancer types [17].

An in vitro study demonstrated that propranolol (non-
selective B1/2-adrenergic receptor blocker) and selective
B2-adrenergic receptor blockers induced apoptosis in hu-
man colorectal carcinoma HCT116 cells following radiation
treatment. Furthermore, B2-adrenergic receptor blockade
markedly inhibited tumor growth in vivo in nude mice
bearing HCT116 colorectal cancer xenografts, suggesting
its potential use as an adjuvant strategy to enhance clinical
outcomes of colorectal cancer after radiotherapy [18].
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A recently identified novel class of ciprofloxacin—ami-
no acid conjugates has demonstrated significant potency
against human breast, colon, and lung cancer cell lines.
These results indicate that the proper modification of
ciprofloxacin could lead to the development of promising
anticancer agents through appropriate derivatization in
easy synthetic processes [19].

Itraconazole demonstrated promising properties as an
anticancer agent and may be a potent adjuvant to immu-
notherapy for endometrial cancer [20]. Antifungal drug
itraconazole in vitro effectively inhibited the proliferation
and invasion of Ishikawa cells by inducing apoptosis. In
vivo experiments on tumor-bearing mice further con-
firmed its synergistic potential in combination with im-
mune checkpoint inhibitors: tumor volume and weight
were significantly reduced [20].

A recent study highlighted the anticancer effects of
antihistamine loratadine on lung adenocarcinoma cells,
both in vitro and in vivo. Loratadine inhibited cell pro-
liferation, increased autophagy and apoptotic cell death.
In the mouse model, loratadine reduced tumor growth
and angiogenesis, while promoting autophagy and apop-
tosis. These findings suggest that loratadine may serve as
a potential therapeutic agent for inhibiting lung adeno-
carcinoma progression, warranting further investigation
[21]. A retrospective study involving 4522 patients with
lung cancer during the 2006-2018 period demonstrated a
positive correlation between loratadine administration and
improved survival outcomes, with a dose-dependent effect.
Higher loratadine uptake was linked to better survival rates
in lung cancer patients. Additionally, lung cancer mortality
showed a dose-dependent reduction as the cumulative use
of loratadine increased [22].

The results of a seven-year retrospective study that in-
cluded 734 patients with immunogenic tumors revealed
that patients treated with cationic amphiphilic antihista-
mines desloratadine, cyproheptadine, and ebastine exhib-
ited significantly improved median overall survival and
progression-free survival, along with a nearly 50% reduc-
tion in the risk of all-cause mortality [23].

A retrospective analysis demonstrated that melanoma
and lung cancer patients who received H1-antihistamines
during immunotherapy treatment showed significantly
better clinical outcomes, including improved survival rates.
These results strongly suggest the potential benefit of us-
ing antihistamines in cancer patients with allergies and
elevated plasma histamine levels [24].

An in vitro study conducted on HeLa cells revealed
novel mechanisms of action for azelastine hydrochloride, a
drug commonly used in antiallergic treatment. The results
highlighted the anti-proliferative, cytotoxic, autophagic,
and apoptotic effects of azelastine on HeLa cells, suggesting
its potential for future application in cancer therapy [25].

A recent in vitro study demonstrated that acetylsalicylic
acid produced apoptosis in human colon cancer cell line
HT?29 in a manner that is dependent on its concentration
[26].

A three-year, double-blind, randomized, placebo-con-
trolled trial was conducted with patients diagnosed with

‘ DOI: https://doi.org/10.2298/SARH251116014P
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rectal and colon cancer. A total of 314 patients were admin-
istered acetylsalicylic acid, while 312 received a placebo.
The results indicated that acetylsalicylic acid significantly
reduced the incidence of cancer recurrence compared to
the placebo group [27].

Dysregulation of estrogen receptor alpha, found in
about 70% of breast cancers, is key to the disease initia-
tion and progression. A recent in vitro study suggests that
acetylsalicylic acid may be a potential therapeutic agent
for targeting estrogen receptor alpha, particularly in breast
cancers resistant to tamoxifen [28].

The cytotoxic effects of the novel nano Chitosan-
Paracetamol composite were evaluated using the human
colon cancer cell line HCT-29. The findings highlighted
the potent biological activity of the nano composite, effec-
tively inhibiting the proliferation of colon cancer cells [29].

Recent in vitro and in vivo studies on mouse models
of adenocarcinoma, hepatocellular carcinoma, and breast
cancer revealed that high doses of vitamin C (ascorbic
acid), when combined with oncolytic adenoviruses, pro-
duced notable synergistic antitumor effects, including a
significant increase in the number of T cells [30].

Experiments in vitro on renal carcinoma cell lines and in
vivo on a mouse xenograft model demonstrated that vita-
min C treatment enhanced the efficacy of immunotherapy
and significantly increased the intratumoral infiltration of
T cells, suggesting a potential role of vitamin C in antican-
cer therapy [31].

The combination of vitamin D and sericin demon-
strated significant anticancer effects at low doses against
human non-small cell lung cancer cells. In vitro findings
revealed a strong correlation with in silico analyses, high-
lighting a significant enhancement of apoptosis in lung
cancer cells [32].

A recent study demonstrated that magnetothermody-
namic therapy, utilizing a novel vitamin K3 nanoparticle
complex with copper, zinc, and ferrite, exhibited anticancer
effects both in vitro and in vivo against lung adenocarci-
noma. Complete tumor elimination was achieved in vivo
within 30 days [33]. The synergistic therapy based on vi-
tamin K3 nanoparticles showed significant anticancer ef-
fects by inducing apoptosis, causing tumor regression via
reactive oxygen species (ROS) generation, inhibiting cell
proliferation, and reducing metastasis [33].

A randomized controlled trial (2017-2021) involving
101 patients with hepatocellular carcinoma demonstrated
that the combination of vitamin K and transarterial che-
moembolization exhibited significant anticancer effects
when compared to transarterial chemoembolization alone
[34]. The results demonstrated that vitamin K supplemen-
tation enhanced the anticancer effects of transarterial che-
moembolization by reducing the levels of des-y-carboxy
prothrombin, a well-known factor involved in tumor
growth and angiogenesis, which is produced in hepato-
cellular carcinoma under hypoxia induced by transarterial
chemoembolization [34].

Lithium, primarily utilized in the medical treatment of
psychiatric disorders, exhibits certain anticancer proper-
ties, functioning through mechanisms such as apoptosis,
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autophagy, cell cycle arrest, while also inhibiting prolif-
eration, invasion and metastasis [35]. Lithium has shown
anticancer activity in vitro against various types of cancer,
including myeloma, neuroblastoma, glioblastoma, skin
cancers, gastrointestinal cancers, breast cancer, hepatocel-
lular carcinoma, lung cancer, nasopharyngeal cancer, pan-
creatic cancer, prostate cancer, colon cancer, and lymphatic
tissue cancers. Clinical trials indicate that lithium may
enhance anticancer effects when used alongside standard
therapies in leukemia, small cell lung carcinoma, thyroid
cancer, prostate cancer, and neuroendocrine tumors [36].

An in vivo study conducted on a subcutaneous tumor
xenograft model of colorectal carcinoma demonstrated
that treatment with the probiotic strain Lactobacillus plan-
tarum L168 significantly reduced tumor volume in tumor-
bearing mice [37]. Results demonstrated that Lactobacillus
plantarum L168 and its metabolite, indole-3-lactic acid,
contributed to preliminary activation of CD8* T cell im-
munity against tumor growth and improved the activity
of tumor-infiltrating CD8* T cells by lowering their cho-
lesterol levels [37].

In a preclinical mouse melanoma model, monotherapy
with the probiotic strain Bacteroides fragilis BF839 led to
significant tumor growth inhibition. When combined
with anti-PD-1 antibody, it demonstrated a synergistic
effect, promoting tumor regression. Furthermore, oral
administration of BF839 notably enhanced the efficacy of
immune checkpoint inhibitors in patients with advanced
solid tumors, particularly in the long-term adjuvant treat-
ment cohort, which showed significantly improved overall
survival compared to those receiving short-term adjuvant
therapy [38]. Using the probiotic BF839 to modulate gut
microbiota could present a novel approach to improving
the effectiveness of immune checkpoint inhibitors, particu-
larly in long-term adjuvant tumor treatment [38].

VACCINES

Evidence supporting oncologic applications has been docu-
mented for 15 licensed vaccines. Ten of these: BCG, influ-
enza, diphtheria, pneumococcus, tetanus, human papilloma-
virus (HPV), measles, smallpox, varicella-zoster and typhoid
vaccines already have completed or ongoing clinical evalua-
tions in cancer settings [39]. Among the remaining vaccines,
pertussis, yellow fever, and rotavirus show preclinical activity
that justifies structured clinical testing, while mechanistic
data for the cholera vaccine, together with observational
findings in colorectal cancer, also support further transla-
tional work. Several observations are of particular relevance:
intravesical typhoid vaccine outperformed BCG in a pre-
clinical bladder cancer model; perioperative influenza vac-
cination may counteract surgery-induced NK-cell suppres-
sion; intratumoral measles vaccine has produced objective
responses in cutaneous T cell lymphoma; and HPV vac-
cination has elicited responses in cutaneous squamous cell
carcinoma. Across these examples, vaccines act by initiating
or enhancing anti-tumor immune activity, with outcomes
influenced not only by their immunobiological properties
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but also by administration strategies and their integration
with other (immuno)therapeutic modalities, which war-
rant closer examination in future studies [39]. In contrast,
available evidence for hepatitis B and mumps (excluding the
measles component) remains limited.

Many vaccines, including the COVID-19 vaccine, may
selectively target tumor-associated antigens without affect-
ing healthy cells. Identifying anticancer effects in vaccines
already approved for other indications could significantly
reduce both the time and cost of developing new oncology
treatments. Protective efficacy of a live-attenuated SARS-
CoV-2 vaccine was tested in Syrian golden hamsters and
in mice [40]. Fourteen days after challenge, sera from im-
munized hamsters and mice had high antibody levels and
neutralizing capacity. Immunization protected hamsters
and mice against the virus eliciting neutralizing antibodies
and T cell responses. Spatial (local) host gene expression
near virus-infected sites of the top 100 genes in cancer-
related pathways (mean pathway activity score) such as
MAPK, JAK-STAT, TGF-B and TNF-a correlated with the
immune response [40].

Recent experiments in tumor-bearing mice demonstrat-
ed that SARS-CoV-2 mRNA vaccines sensitized tumors
to immune checkpoint blockade. Administration of these
vaccines within 100 days of starting checkpoint inhibitors
correlated with improved median and three-year overall
survival across multiple large retrospective patient groups,
including patients with immune non-responsive tumors.
These findings indicated that clinically available mRNA
vaccines targeting non-tumor antigens acted as potent
immune modulators, enhancing tumor responsiveness to
checkpoint inhibition [41].

Research in anticancer treatment includes vaccines, not
only well-known ones, like BCG, but also personalized
ones (based on an individual’s specific characteristics).
Immunization with an anticancer vaccine would represent
a dream come true. Tailored mRNA cancer vaccine therapy
(modified for specific populations or groups) represents
an innovative approach aimed at targeting existing tumors
in patients. An mRNA vaccine is engineered to elicit an
mRNA-mediated immune response that specifically targets
cancer cells. As of 2024, several mRNA cancer vaccines are
undergoing clinical trials [42].

Personalized mRNA cancer vaccines constitute an ad-
vanced therapeutic modality that mobilizes the immune
system to target malignant cells via tumor-specific anti-
gens. As malignancies evolve, they accrue somatic muta-
tions that generate neoantigens absent in normal tissues.
Because these neoantigens are patient-specific, they offer
both an opportunity for precision immunotherapy and a
challenge in vaccine development. Clinically, personalized
mRNA vaccines have shown promising outcomes: for ex-
ample, in gastrointestinal cancers they elicited neoantigen-
specific T cell responses and reduced tumor burden [43],
and in late-stage pancreatic ductal adenocarcinoma and in
non-small-cell lung cancer induced tumor size reduction
in combination with pembrolizumab [44]. Despite this
promise, several impediments remain: the manufacturing
workflows are laborious and expensive; mRNA delivery,
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stability and expression in vivo require further optimiza-
tion. To address these issues, investigators are refining
antigen-screening methodologies and exploring novel
delivery platforms. Looking ahead, mRNA tumor vaccines
are poised to become integral components of multimodal
cancer therapy, complementing surgery, cytotoxic chemo-
therapy, radiotherapy and immune checkpoint inhibitors.
They offer the potential to expand therapeutic options,
improve survival and enhance quality of life for cancer
patients. With continued technological maturation and
clinical validation, personalized mRNA cancer vaccines
may become a powerful tool in oncology [45].

New research suggests that oncolytic herpes simplex
virus can be repurposed as a cancer vaccine by removing
a virulence gene. Oncolytic viruses cause direct lysis of
tumor cells, resulting in the release of soluble antigens,
danger signals, and type I interferons that stimulate antitu-
mor immune responses. A synergistic effect was observed
between a modified oncolytic herpes simplex virus and a
phosphoinositide 3-kinase (PI3K) inhibitor, resulting in
suppression of tumor growth, prolonged survival, and the
induction of robust antitumor immunity in a mouse model
of ovarian cancer [46].

CONCLUSION

The fight against cancer can be strengthened through di-
verse strategies, including drug repurposing, anticancer

Popovi¢ D. J. et al.

agents, and vaccines. In alignment with the principle of
‘Primum non nocere), all the aforementioned therapeutic
approaches and treatments possess the potential to im-
prove current oncological practices. In conclusion, repur-
posing approved non-oncological drugs and vaccines offers
a promising strategy for enhancing anticancer treatment
outcomes, particularly as adjunct therapies to improve ef-
ficacy and as preventive measures to reduce the risk of re-
lapse, thus warranting further clinical research to optimize
their therapeutic potential. We hope that this review will
serve as a valuable reference for advancing the clinical ap-
plication of the anticancer effects of repurposed drugs and
vaccines, and contribute to the accelerated development
of combination therapies involving repurposed pharma-
ceuticals for cancer treatment.
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ADDreviauons

ABC - ATP-Binding Cassette

Akt - Protein Kinase B (PKB)

ATG (5, 9A, 12, 13) - Autophagy-Related Genes

Bax - B-Cell Lymphoma 2-Associated X Protein

Bcl-2 - B-Cell Lymphoma 2

Beclinl - Autophagy Related 1

cABL - cytoplasmic Abelson tyrosine kinase

Caspase 3, 8, 9, 12 - Cysteine-Asparatic Proteases

CD31 (PECAM]1) - Platelet Endothelial Cell
Adhesion Molecule 1

CD34 - Cluster of Differentiation 34, a protein
marking hematopoietic stem cells

CDK:s - Cyclin-Dependent Kinases

COX-2 (PTGS2) - Cyclooxygenase-2

CXC - CXC chemokines, a family of small signaling
proteins, CXC motif refers to the sequence of
cysteine residues in the protein, Cys-X-Cys
arrangement, where X is amino acid

CXCL12 (SDF1) - C-X-C Motif Chemokine Ligand
12, (known as Stromal-Derived Factor 1, SDF1)

CXCR4 - C-X-C Motif Chemokine Receptor 4

Cyclin D1 - a crucial cell cycle protein, drives cell
cycle progression by activating CDKs

Cytochrome C —electron-transporting protein crucial
for cellular respiration and apoptosis

EGFR - Epidermal Growth Factor Receptor
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MEK - Mitogen-Activated Protein Kinase

mTOR - Mechanistic Target of Rapamycin

MUC?2 - Mucin 2

MYC (C-, N-, L-) - Myelocytomatosis Oncogene
(C-, N-, L- Types)

Nanog - Homeobox Transcription Factor Nanog

NF-kB - Nuclear Factor Kappa-Light-Chain-
Enhancer of Activated B Cells

Notch - Notch Receptor Signaling Pathway (in
development and tissue homeostasis)

Nrf2 - Nuclear Factor Erythroid 2-Related Factor 2

Oct4 - Octamer-Binding Transcription Factor 4

p21 - Cyclin-Dependent Kinase Inhibitor 1A

p27 - Cyclin-Dependent Kinase Inhibitor 1B

P2X4, P2X7- P2X Purinoceptor (4, 7)

p38 - Mitogen-Activated Protein Kinase p38

P53 - Tumor Protein P53

p62 - Sequestosome 1 Protein

P63 - Tumor Protein p63, a transcription factor, a
member of the p53 family of tumor-suppressor
proteins

p6S (Rel A) - p65 Subunit of NF-xB (RelA)

P73 - Tumor Protein p73

PAK1 - p21-Activated Kinase 1

PANX1 - Pannexin 1

PARPs - Poly(ADP-Ribose) Polymerases
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Eps8 - Epidermal Growth Factor Receptor Pathway
Substrate 8

ERK - Extracellular Signal-Regulated Kinase

FAK (PTK2) - Focal Adhesion Kinase

FAS - Fatty Acid Synthase

GLUTSs (1-13) - Glucose Transporters

Hedgehog - Hedgehog Signaling Pathway

HES1 - Hairy and Enhancer of Split 1 (transcription
factor)

HIF's (HIF-1a, HIF-1f, HIF-2a, HIF-2f) - Hypoxia-
Inducible Factors (1o, 1B, 2a, 2P)

Hippo - Hippo Signaling Pathway (in cell growth)

IGF-1 - Insulin-Like Growth Factor 1

IL1p - Interleukin 1 Beta

ILs (IL1, IL6, ILS, IL10, IL17) - Interleukins

iNOS - Inducible Nitric Oxide Synthase

IxB (IKK) - Inhibitor of kB, regulates NF-xB

IKKa, IKKB, IKKy (= NEMO) - IkB Kinase
Subunits (o, B, y)

IxBa - Inhibitor of kB Alpha, protein that regulates
the Nuclear Factor kappa B (NF-«kB) pathway

JAK - Janus Kinase

JNK - c-Jun N-terminal Kinase

K13 - Kinesin Family Member 13

KLF4 - Kriippel-Like Factor 4

Ki-67 - Antigen for Monoclonal Antibody Ki-67

LC3 - Microtubule-Associated Protein 1 Light
Chain 3

LEFs - Lymphoid Enhancer-Binding Factors

MAPK - Mitogen-Activated Protein Kinase

Mcl-1 - Myeloid Cell Leukemia-1

MDPRs - Multi-Drug Resistance Proteins

MDR - Multi-Drug Resistance
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HoBe o6ehaBajyhe aHTMKaHLepCcKe Tepanuje NpeHametbeHUM IEKOBUMA U
BaKLMHaMa — npernea, HajHoOBUjUX UCTPaAXKUBAHbA

Jywwuua J. Monosuh'2, JoBaH K. Monosuh?3, Kocra J. Monosuh?
'NpxaBHu yHuBep3uTeT y Hoom Masapy, Hosw Ma3ap, Cpbuja;

2Ynneepautet y HoBom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja;
*Cpncko nekapcko ApyLTBo, AKagemuja MeanLMHCKIX Hayka Cprickor nekapckor apyLwTsa, beorpag, Cpbuja

CAMETAK

Y papy ce npukasyje noTeHuunjan npeHamereHnx seh opo-
OpeHNX N PerncTpoBaHNX HEOHKOMOLLKUX JIEKOBa U BaKLMHa
3a pa3Boj HOBIX aHTVKaHLIEPCKUX Tepanuja. Benmkun 6poj pe-
TMCTPOBaHVX HEOHKOJTOLWKMX JIEKOBA M BaKLMHA MofynuLie
K/byuYHe npoLiece noBe3aHe ca KaHLIepoMm (Kao LUTO Cy HeoaH-
rMoreHesa, anonTo3a, HeKponTo3a, GeponTtosa, aytodparmja n
aepo6Ha rnvKonw3a), Aenyjyhn Ha ncte ycxogHe vim HUCXOAHe
MoneKynapHe meTe, b1oMapKepe 1 CUrHaaHe nyTeBe, y UCTOM
aHTUKaHuepckom npasLy. Ocum nojegnHayHux, 3a UCNUTUBA-
e CYy MHOTO MHTEPECAHTHMje KOMOUHaLMje NPeHaMeHEHNX

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):243-251

NeKoBa 1 BaKLUHa rae Moxe 61T OTKPUBEHO CUHEPTUCTNY-
KO aHTMKaHLepCKo AenoBame. Hekn npeHaMereHn NeKOBM
1 BaKLMHE Ce UCTMYY Kao MOTeHLWjanHu KaHAMAATY 33 Matbe
TOKCMYHE, eprKacHMje 1 MpUCTynavyHuje Tepanuje KaHuepa,
Ca MoTeHLMjanoM 3a fasba KIIMHUYKa NCTPaxrBara U Mory-
hym yTuLajem Ha 3BaHUYHE KNMHUYKE CMepHULE NleYera.
Osaj npernep nma 3a LUnb Aa NpefcTaBy pesyntate HajHOBUjUX
NCTpakrBarba HEOHKOJIOLIKMX JIEKOBA 1 BaKLIMHA NMPEHaMerbe-
HIIX 3a Nleyetbe KaHLepa.

KmbyuHe peun: aHTUKaHLepCKa Tepanuja; NpeHaMemeHu ne-
KOBU; BaKUMHe
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SUMMARY

The language of medicine constitutes a specialized register characterized by precision, distinctive func-
tional elements, and historical continuity. Rooted in Latin and Greek, medical terminology has long
served as the foundation of stable cross-linguistic communication. For centuries, Latin functioned as the
lingua franca of medical education, scholarship, and clinical practice, before gradually being replaced
by vernacular languages. After World War II, English emerged as the dominant language of medicine,
supported by the geopolitical influence of Anglophone countries, the rise of international organizations,
and the globalization of medical publishing and education.

The aim of this paper is to critically examine the establishment of English as the new Latin in global
medical communication, highlighting both the benefits and challenges of this phenomenon. The primary
benefits include universality of communication, standardized terminology and education, facilitated ac-
cess to scientific literature, international collaboration, efficiency in crisis situations, as well as increased
visibility and impact of scholarly research. Conversely, the challenges entail linguistic inequality, obstacles
for non-native speakers, loss of linguistic and cultural diversity, bias in research dissemination, and limited
accessibility for patients.

Undoubtedly, medical English has become the lingua franca of the international health care commu-
nity in the 21st century. Yet concerted efforts are required to ensure professional inclusivity, preserve
linguistic diversity, and establish a balance between the principles of efficiency and equity in future
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global medical communication.
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INTRODUCTION

The language of medicine represents a specific
functional professional register [1]. Among
its defining features are a branching semantic
structure encompassing a broad general termi-
nological field and narrow sub-terminological
fields, as well as a balanced parallelism in the
use of both oral and written discourse. When
we add to this the requirement that health care
professionals must use this language of science
and professional practice with great precision
in communication among themselves, with pa-
tients, and with the wider public, the importance
of mastering it becomes even more evident.
Medical languages currently in use across the
world, including medical English, are funda-
mentally rooted in Latin, with a substantial
portion of vocabulary derived from Greek.
These Greco-Latin elements continue to shape
the morphology and semantics of medical ter-
minology, ensuring stability and universality
across linguistic boundaries [2]. For centuries,
Latin served as the lingua franca of communi-
cation within the medical community, both at
the scientific and clinical diagnostic levels. Over
time, however, its role was gradually assumed by
English. One of the aims of this paper is to ex-
amine the timing and reasons for this transition.

More specifically, the aim of this paper - and
at the same time its principal significance - is
to provide a critical reflection on the benefits
and challenges associated with the establish-
ment of English as the dominant language of
today’s global medical community. To this end,
the study employs a diachronic method, a de-
scriptive-comparative approach, and explana-
tory analysis. These methods were employed
to present a succinct historical account of the
evolution of the professional language under
consideration, to delineate and compare the
principal reference sources that have addressed
this subject, and to provide an analytical expo-
sition of the key arguments advanced by both
perspectives.

HISTORICAL BACKGROUND: LATIN AS
THE LANGUAGE OF MEDICINE

There are numerous scholarly studies that ex-
amine the historical perspective of Latin in the
tield of medicine. These works address the role
of Latin in medieval and Renaissance medicine,
its use in medical education, prescriptions, and
scholarly writings, the shift from Latin to ver-
nacular languages, as well as the enduring legacy
of Greek and Latin roots in medical terminology.
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According to Mareckova et al. [3], Latin functioned as
the language of medical treatises, university lectures, and
diagnostic discourse for centuries, thereby ensuring a high
degree of uniformity across Europe’s medical community. It
was equally important in education and practice - medical
curricula in European universities were largely based on
Latin texts, while physicians and pharmacists relied on Latin
prescriptions to guarantee precision and universality [4, 5].

Beginning in the 18th and 19th centuries, Latin gradu-
ally lost its exclusive status as the language of medicine.
The rise of national identities, the expansion of vernacular
scientific publishing, and the democratization of education
contributed to the adoption of local languages in medical
discourse. Medical treatises and textbooks increasingly
appeared in German, French, and other European ver-
naculars, reflecting cultural shifts and the need for broader
accessibility [3]. This transition marked a turning point
in the linguistic history of medicine, as Latin ceased to be
the sole medium of scholarly and clinical communication.
Despite this shift, the legacy of Latin - together with Greek
- remains deeply embedded in medical terminology. The
majority of anatomical, pathological, and pharmacologi-
cal terms are Greco-Latin hybrids, combining Greek roots
with Latin morphological structures. This hybrid system
continues to provide precision, universality, and semantic
stability across languages [2, 6].

THE RISE OF ENGLISH IN MEDICAL COMMUNICATION

During the 19th and early 20th centuries, the linguis-
tic landscape of medical science underwent significant
changes. Scholarly communication was multilingual,
with German, French, and English used almost equally. As
noted by Baethge [7], during the interwar period (1920s-
1930s > 1920s-1930s), German held a dominant position
in clinical research and pathology, while French was par-
ticularly influential in tropical medicine and neurology.
European colonial expansion spread Western biomedical
practices worldwide, embedding English alongside French
in colonial medical institutions [8].

The linguistic balance shifted dramatically after World
War II. The decline of German and French influence co-
incided with the growing geopolitical and scientific domi-
nance of the United States and the United Kingdom. As
a result, English gradually displaced other languages and
became the principal medium of international medical
communication [9]. Keller [8] observes that the subsequent
growth of multinational health organizations, international
medical education, and globalized research networks fur-
ther reinforced English as the default language of medicine.
In short, by the late 20th century, it became the lingua
franca of international medical communication, effectively
replacing the earlier role of Latin.

At present, English dominates medical publishing and
international professional exchange. Leading scientific
journals, including The Lancet, New England Journal of
Medicine, and BM], require submissions in English, while
major databases such as PubMed and the Cochrane Library
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index primarily English-language content [7]. While this
ensures global accessibility, it also highlights issues of mod-
ern medical colonialism [10] as well as linguistic inequality
for non-English-speaking researchers [11]. Beyond pub-
lishing, English is the language of international medical
conferences, professional associations, and collaborative
research networks. Global organizations such as the World
Health Organization and the World Medical Association
conduct their congresses and issue guidelines in English,
thereby enabling communication across borders and fa-
cilitating multinational cooperation [12, 13]. In university
programs and international training initiatives, English has
likewise become the default medium of instruction, pre-
paring future physicians to work in diverse, multinational
environments [14].

BENEFITS OF ENGLISH AS THE NEW LATIN

It can be stated with certainty that there are numerous
benefits to the use of English as the medium of commu-
nication within the international medical community. The
establishment of English as the new Latin has provided
medicine with a unified linguistic framework that ensures
clarity, accessibility, and collaboration across borders.
Standardized medical terminology enables health care pro-
fessionals worldwide to communicate with precision and
without ambiguity, facilitating the exchange of scientific
and clinical opinions, practices, and achievements. This
linguistic uniformity reduces the risk of misinterpretation,
strengthens the accuracy of clinical documentation and
guidelines, and ultimately contributes to safer and more
reliable patient care, particularly for individuals who seek
treatment outside their home countries [3].

As noted earlier, the dominance of English in medical
publishing has further reinforced its role as the global lan-
guage of medicine. According to the findings of Baethge
[7], “analyses of MEDLINE records show that between
1995 and 2009, English articles accounted for 87-90% of
PubMed entries, rising to over 93% by 2010-2014, more
than 95% by 2015-2019, and exceeding 97% in 2020-
20237 Publishing in English therefore guarantees greater
visibility, citation frequency, and recognition, allowing
important findings to reach the widest possible audience
and accelerating the dissemination of innovations across
the global medical community [15].

English also plays a decisive role in education. The
widespread availability of textbooks, teaching materials,
and online resources in English has transformed medical
education into an international enterprise. Students and
young physicians from diverse linguistic backgrounds can
access the same authoritative sources, ensuring unifor-
mity in training and knowledge acquisition. International
medical schools and exchange programs increasingly adopt
English as the language of instruction, preparing graduates
for practice and facilitating their mobility in multinational
environments [14]. In this way, English contributes to the
development of a global medical workforce equipped to
meet the challenges of modern health care.
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Equally important is the role of English in fostering
collaboration. Multinational clinical trials, international
guidelines, and large-scale research projects rely on English
as their working language, enabling diverse teams to co-
ordinate effectively and share results with transparency.
Worldwide medical societies and regulatory bodies orga-
nize their congresses and circulate recommendations in
English, thereby establishing a common linguistic frame-
work for cross-border collaboration [12, 13]. This linguis-
tic standardization strengthens global networks, supports
evidence-based practice, and enhances the efficiency of
collaborative problem-solving in health care [12, 13].

Finally, English simplifies communication among inter-
national companies engaged in biomedical activities. Legal,
financial, and professional interactions are facilitated when
a single language is employed, reducing administrative
complexity and ensuring smoother cooperation in areas
such as pharmaceutical development, medical technology,
and global health initiatives.

Taken together, these benefits demonstrate why English
has assumed the role once held by Latin: it provides medi-
cine with a common linguistic foundation that ensures
clarity, accessibility, visibility, and collaboration. By unify-
ing medical communication across publishing, education,
clinical practice, and international cooperation, English has
become indispensable to the advancement of global health.

CHALLENGES IN GLOBAL MEDICAL
COMMUNICATION

On the other hand, there are challenges and drawbacks
associated with the status of English as a lingua franca.
Relying on a single language for international communi-
cation creates barriers that affect equity, diversity, and the
dissemination of knowledge.

One major concern is the language barrier. Researchers
who are not native speakers of English often encounter
obstacles when preparing manuscripts or presenting at
international forums. These difficulties extend beyond
vocabulary to include rhetorical conventions and stylis-
tic norms that may disadvantage otherwise high-quality
work [11].

Closely connected to this is the issue of inequality.
Mastery of English increasingly serves as a filter for pro-
fessional advancement, determining who gains access to
prestigious journals, collaborative projects, and career op-
portunities. This dynamic reinforces existing hierarchies,
privileging scholars from Anglophone countries while
limiting visibility for others [11, 16].

The predominance of English also contributes to a
loss of diversity. Local medical traditions and indigenous
knowledge systems risk being overshadowed when re-
search is conducted and published exclusively in English.
This reduction in linguistic plurality narrows the epistemo-
logical base of medicine and may hinder culturally sensi-
tive approaches to health care [9].

Another challenge is bias in research dissemination.
Non-English studies are frequently underrepresented in

‘ DOI: https://doi.org/10.2298/SARH260126027V
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indexing services and systematic reviews, despite their
relevance and quality. This selective visibility distorts the
global evidence base, privileging English-language find-
ings while sidelining important regional perspectives [15].

Finally, the dominance of English has profound educa-
tional implications. In countries such as Serbia, and across
Eastern Europe, medical students face the dual respon-
sibility of mastering complex scientific content while si-
multaneously acquiring advanced English skills. This dual
burden places them at a disadvantage compared to peers
in Anglophone contexts.

Taken together, these challenges underscore the paradox
of English as the new Latin: while it facilitates global com-
munication, it also risks excluding voices and perspectives
essential to the richness of medical science. Addressing
these issues requires deliberate efforts to promote linguistic
inclusivity, diversify publication practices, and recognize
the value of multilingual contributions to global health.

CONCLUSION

In summary, medical English today stands as the modern
equivalent of Latin, functioning as the universal language
of health care. Its advantages are clear: a unified linguistic
framework that ensures precision, accessibility, and inter-
national collaboration; enhanced visibility and dissemina-
tion of research; standardized education and training; and
strengthened global networks that support evidence-based
practice. On the other hand, its dominance also brings
challenges: language barriers for non-native speakers;
inequalities in career advancement; loss of linguistic and
cultural diversity; bias in research dissemination; and ad-
ditional burdens on medical education in non-English-
speaking countries.

Future research should explore several important direc-
tions. One question is whether English will continue to
dominate or whether multilingualism may gain ground in
global medical communication. Another promising area
is the role of translation technologies and artificial intel-
ligence in bridging language gaps, potentially reducing in-
equities in publishing and collaboration. Scholars should
also examine strategies to preserve linguistic diversity in
medicine, ensuring that local traditions and non-English
contributions remain visible and valued. Finally, ethical
considerations must be addressed, particularly the need
for inclusivity and fairness in global medical discourse.

Taken together, these reflections highlight both the in-
dispensability of English and the necessity of conscious
efforts to mitigate its drawbacks. By balancing efticiency
with inclusivity, the medical community can ensure that
global communication remains both effective and equi-
table.
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Je3nk meguumMHe faHac: eHrNecKU Kao HOBM NIATUHCKU — NpeAHOCTM U M3a30BU

AnekcaHgap Bynetuh', Hatawa Lenmuh?

'YHuBep3uTet ymetHocTn y beorpapy, DakynteT nprmerbeHnx ymetHocTu, beorpag, Cpbuja;

2YHuBep3uTeT y Huwy, MegnumHckmn dpakyntet, Huw, Cpbuja

CAXETAK

Jesnk meguumHe je cneumnjann3oBaHm je3nykmn pernctap Koju
ce oanviKyje npeunsHoLwhy, ANCTUHKTUBHUM GYHKLMOHAMHIM
enieMeHTMMa N UCTOPUjCKUM KOHTUHYUTETOM. YKoperbeHa y fla-
TUHCKOM 1 FPYKOM je3U1Ky, MeAULIMHCKA TEPMUHOMOIja OCHOB
je cTabunHe mehyjesnyke KomyHviKaLmje. TOKOM BEKOBa, NaTWH-
CKM je CNy>Kno Kao NMHrea dpaHka MeAnLIMHCKOT 06pa3oBakba,
Hay4HOr paja v KNVHMYKe NpaKce, Npe Hero LTO je MocTeneHo
3aMerbeH BepHaKynaprma. HakoH [lpyror ceeTckor paTa, eH-
rNeckm je N0CTao AOMUHAHTHU je3VK MefULIMHE, MOTIOMOTHY T
reonoANTUYKIM yTuLjeM aHMOMOHKX 3eMarba, YCrIOHOM Me-
HyHapogHWx opraHm3aumja 1 rnobann3alyjom MeguLHCKor
13paBallTBa 1 06pa3oBatba.

Lin/b oBora paga jecte fa KpUTUYKKM carnefa ycrnocTaB/batbe
€HIJ1ecKOr je3rKa Kao HOBOT NATUHCKOT Y r106anHoj MefULVH-
CKOj KOMYHMKaLMj1, UCTMUYyhn NpuTom npefHoCTU 1 13a30oBe
oBe rnojaee. [NaBHe NPefHOCTM CY: YHNBEP3ATHOCT KOMyHMKa-
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uuje, CTaHOAPAM30BaHOCT TEPMUHOMOTUje 1 06pa3oBatba, Nak
NPUCTYN Hay4YHOj NuTepaTypu, MehyHapofHa capaaha, edu-
KaCHOCT Y KPV3HUM C/TYaLmjama, Kao 1 3HayajHa BUA/bUBOCT
1 yTUL@j CTPYYHOr NCTpaXkmBarba. HacynpoT Tome, 13a3oBu
Cy: je3nyKa HejefHaKoCT, npenpeke 3a HeM3BOPHE FOBOPHU-
Ke, rybuTak JIMHrBUCTUYKE U KyJTYPOJIOLLKE Pa3sHOINKOCTY,
NPUCTPACHOCT Y AUCEMMHALMNjM NCTPaXKMBaHba, OrpaHnYeHa
[OCTYNHOCT NaumnjeHTumMa.

be3 cymrbe ce MoXe 3aKk/byunTy Aa je MEAULMHCKIN EHINECKN
nuHrea dpaHKa MehyHapoaHe 3npaBcTBEHe 3ajegHuue y 21.
BeKy. MehyTum, notpebHu cy 3ajeAHNYKM Hanopu Kako 6u ce
06e36eauna npodecroHanHa MHKNY3MBHOCT, O4yBasa jesnyka
Pa3HONMKOCT 1 YCMOCTaBWa paBHOTEXa 13Mehy Hauena epu-
KaCHOCTM 1 MpaBUYHOCTM Y 6yayhoj rnobanHoj MeanLHCKO]
KOMYyHMKaLmju.

KrbyuHe peun: MeanLMHCKN EHINECKI; NATUHCKN je3NK; KOMY-
HVKaLuwuja y 34paBCTBY; UCTOPUja MeguLmHe
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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.



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

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 a
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 HasyBe rpadyKOHa 1 JIereHAy 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.



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

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
IIpUXBaTa JOHAIVje Off CIIOH30Pa KOjy CHOCE JIE0 TPOIIKOBA
VIV TPOLIKOBE Y LIeIMHI OHMX ayTOpa KOju HICY y MOryhHOCTH
fla u3MUpe HaKHaJy 3a Iperief WiaHka (y TaKBUM CTydaje-
BUMa ITOTPedHO je 4acOIMCY CTaBUTY Ha YBIUJ, OIIPABJAHOCT
TAKBOT CIIOH30PCTBA).

CITAILE PYKOIIMCA. Onnaju cucTeM 3a HOfIHOLIEH€ pa-
nosa Bopuhe Bac Kpo3 IOCTYIAK yHOCA [IOflaTaKa O YWIAHKY 1
OTIIpeMarba BallliX IaTOTeKa. PyKoImic pajia 1 CBY IIPIIO3N y3
Paj OCTaB/bajy ce CK/bYIMBO eIeKTPOHCKI IPEeKOo CHCTeMa
3a IIp1jaB/bUBatbe Ha MHTEPHET-CTPAHNIIN Jacomca: http://
www.srpskiarhiv.rs

HATIOMEHA. Paj; koju He MCIIyH-aBa yC/IOBE OBOT YIIyTCTBA
He Moxke dutu yuyhen Ha perjensujy u duhe Bpahen ayro-
puMa Ja ra ionyHe 1 ucnpase. [Ipupp>xkaBameM yIyTCTBa 3a
HpHUIpeMy pajia 3HaTHO he ce CKpaTuTH BpeMe LieIOKYITHOT
Ipolieca 10 0djaB/byBamba pajja y YacoIucy, mro he mosurus-
HO YTUIIATY Ha KBaJIMTET WIAHAKA U PEIOBHOCT M3/IaXKerha
Jacomuca.

3a cBe fopatHe MHbOpMaIMje, MOIMMO Jia ce 0dpaTuTe Ha
[io7e HaBefieHe ajipece 1 dpojese TenedoHa.
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CPpIICKO JIEKAPCKO APYIITBO

YpenHumTBO Jaconuca , CpIICKM apXMB 32 L[/IOKYIIHO Jie-
KapcTBO
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Serbian Archives of Medicine, authors should read the In-
structions for Authors, where they will find all the necessary
information on writing their manuscript in accordance with
the journal’s standards. It is essential that authors prepare
their manuscript according to established specifications,
as failure to do so will result in paper being delayed or
rejected. Serbian Archives of Medicine provides no fee for
published articles. By submitting a paper for publishing
consideration, authors of a paper accepted for publication
in the Serbian Archives of Medicine grant and assign all
copyrights to the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine publishes
papers that have not been, either in their entirety or partially,
previously published, and that have not been accepted for
publication elsewhere. Serbian Archives of Medicine publishes
papers in English and Serbian. For better availability and ci-
tation, authors are encouraged to submit articles of all types
in English. The journal publishes the following article types:
editorials, original papers, preliminary and short communi-
cations, case reports, video-articles, images in clinical medi-
cine, review articles, current topics, articles for practitioners,
history of medicine articles, language of medicine articles,
medical ethics (clinical ethics, publication ethics) and regula-
tory standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries, letters
to the editor, book reviews, professional news, In memoriam
and other articles. Original papers, case reports, preliminary
and short communications, review articles, current topics,
video-articles and images in clinical medicine are published
in English only, while other article types may be published in
Serbian if the Editorial Office reaches such decision.

The papers are always submitted with Summary in both Eng-
lish and Serbian, included in the manuscript file. The text of
the manuscript should be typed in MS Word using the Times
New Roman typeface, and font size 12 pt. The text should be
prepared with margins set to 25 mm and onto A4 paper size,
with double line spacing, aligned left and the initial lines of
all paragraphs indented 10 mm, without hyphenation. Tabs
and successive blank spaces are not to be used for text align-
ment; instead, ruler alignment control tool and Toolbars are
suggested. In order to start a new page within the document,
Page Break option should be used instead of consecutive
enters. Only one space follows after any punctuation mark.
If special signs (symbols) are used in the text, use the Symbol
font. References cited in the text are numbered with Arabic
numerals within parenthesis (for example: [1, 2]), in order of
appearance in the text. Pages are numbered consecutively in
the right bottom corner, beginning from the title page.

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be
indicated in the brackets. If a letter-number combination is
used, the number should be precisely designated in superscript

or subscript (i.e., *Tc, IL-6, O,, CD8). If something is com-
monly written in italics, such as genes (e.g. BRCA1), it should
be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a research
project, that should be designated in a separate note at the end
of the text. Also, if the article was previously presented at any
scientific meeting, the name, venue and time of the meeting
should be stated, as well as the manner in which the paper
had been published (e.g. changed title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any research
related to one or more health related interventions in order to
evaluate the effects on health outcomes. The trial registration
number should be included as the last line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medical
research should contain a statement that the subjects’ written
consent was obtained, according to the Declaration of Helsinki,
the study has been approved by competent ethics committee,
and conforms to the legal standards. Experimental studies with
human material and animal studies should contain statement
of the institutional ethics committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript must
be accompanied by a disclosure statement from all authors
(contained within the Submission Letter) declaring any po-
tential interest or stating that the authors have no conflict
of interest. For additional information on different types of
conflict of interest, please see World Association of Medical
Editors (WAME, www.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 flv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used as
a placeholder in the electronic version of the paper, and as an
illustration in the printed version.

If the manuscript is entirely in the Serbian language, photo-
graphs and corresponding legend should be both in Serbian
and English.

Photographs may be printed and published in color, but pos-
sible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the legend
below the respective graph. In the printed versions of papers,
graphs are generally published in black-and-white; therefore,
it is suggested to avoid the use of colors in graphs, or to utilize
colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs and
corresponding legend should be both in Serbian and English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vec-
tors, curves, etc.). The text in the schemes should be typed
in Times New Roman, font size 10 pt. Abbreviations used in
schemes should be explained in the legend below the respective
scheme. If the manuscript is entirely in the Serbian language,
schemes and corresponding legend should be both in Serbian
and English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing techni-
cal assistance, assistance in writing the paper or running the
department securing general support. Financial aid and all
other support in the form of sponsorship, grants, donations of
equipment and medications, etc., should be mentioned as well.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journal’s readers. Therefore, following each reference, its
DOI number and PMID number (if the article is indexed for
MEDLINE/PubMed) should be typed. References should be
numbered in Arabic numerals in order of citation in the text.
The overall number of references should not exceed 30, except
in review articles, where maximum of 50 is acceptable, and in
meta-analyses, where up to 100 references are allowed. The
number of citations of original articles must be at least 80%
of the total number of references, and the number of citations
of books, chapters and literature reviews less than 20%. If
monographs and articles written by Serbian authors could be
included in the reference list, the authors are obliged to cite
them. The majority of the cited articles should not be older
than five years. Use of abstracts as references is not allowed. If
it is important to comment on results published solely in the
form of an abstract, it is necessary to do so within the text of
the article. The references of articles accepted for publication
should be designated as in press with the enclosed proof of
approval for publication.

The references are cited according to the Vancouver style (Uni-
formed Requirements for Manuscripts Submitted to Biomedical
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Journals), rules and formats established by the International
Committee of Medical Journal Editors (http://www.icmje.org),
used by the U.S. National Library of Medicine and scientific
publications databases. Examples of citing publications (journal
articles, books and other monographs, electronic, unpublished
and other published material) can be found on the web site
https://www.nlm.nih. gov/bsd/uniform_requirements.html. In
citation of references, the defined standards should be strictly
followed, because it is one of the essential factors of indexing
for classification of scientific journals.

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.

MEMBERSHIP FEE AND REVIEW AND PUBLICATION
FEES. For an article to be considered for publishing in the
Serbian Archives of Medicine, all its authors and co-authors
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
authors: 6,000 dinars per manuscript;

« Publication fee for each accepted manuscript by domestic
authors: 12,000 dinars per manuscript;

« Review fee for each manuscript submitted by foreign authors:
75 EUR (or 9000 dinars);

« Publication fee for each accepted manuscript by foreign
authors: 150 EUR (or 18000 dinars)

Respective fees must be paid before a manuscript is reviewed
or published. Manuscripts for which the prescribed fees have
not been paid will not be processed further.

Please note that the payment of this charge does not guarantee
acceptance of the manuscript for publication and does not
influence the outcome of the review procedure, in accordance
with the Good Publication Practice. The journal accepts dona-
tions from sponsors to create a sum for payment reductions
or waivers for authors unable to cover the article processing
and publication charges (a justification of the inability to pay
should be provided in such cases). Institutions (legal entities)
cannot by their subscription cover this condition on behalf
of the authors (natural persons). Copies of deposit slips for
membership and article processing charge should be enclosed
with the manuscript. Foreign authors are under no obligation
to be members of the Serbian Medical Society. All the relevant
information can be obtained via email address of the Edito-
rial Oftfice (office@srpskiarhiv.rs) and on the journal’s web site
(http://srpskiarhiv.rs/en/subscription/).

SUBMISSION. The online submission system will guide
you through the process of entering your article details and
uploading your files. All correspondence, including notifica-
tion of the Editorial Office, requests for revision and editors’
decision will be sent by e-mail.

Please submit your manuscript and all enclosures via: http://
www.srpskiarhiv.rs.

NOTE. The papers not complying with these instructions
will not be reviewed and will be returned to the authors for
revision. Observing the instructions for preparation of papers
for the Serbian Archives of Medicine will shorten the time of
the entire process of publication and will have a positive ef-
fect on the quality and timely release of the journal’s issues.
For further information, please contact us via the following
address:

ADDRESS:

Serbian Archives of Medicine Editorial Office
Kraljice Natalije 1

11000 Belgrade

Serbia

Phones: (+381 11) 409-2776, 409-4479
E-mail: office@srpskiarhiv.rs

Website: www.srpskiarhiv.rs
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